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PREFACE

This volume in the series Developments in Medical Virology deals with
viruses involved in diabetes mellitus, a syndrome with a strong genetic
background that causes damage to the regulation of insulin synthesis and
function. Viruses were found either to cause or to stimulate diabetes
mellitus in man and in animal models. The nature of the role of viruses is
described by many of the scientists who participated in the original
studies. To complete the picture, chapters were included that deal with the
insulin gene, the secondary structure of the proinsulin and insulin receptor
polypeptides, pancreatic Langerhans islets, and clinical considerations of
the disease.

The aim of Developments in Medical Virology is to elucidate processes
involving viruses as pathogens of cells and organisms, with special
attention to human diseases. A number of volumes will be devoted to
viruses affecting specific organs (e.g. brain, liver, etc.), while others will
elaborate on the clinical experience in the use of antiviral drugs. The series
is published in parallel with Developments in Molecular Virology, designed
to present an analysis of molecular mechanisms implicated in virus
infection and replicative processes. In addition, the series Developments in
Veterinary Virology provides information on viruses causing diseases in
animals, with special emphasis on aspects of interest to veterinarians.

I would like to express my appreciation to all the authors for their
contributions to this volume, as well as to Dr. J. Hadar for her valued
editorial work, and Mrs. E. Herskovics for excellent secretarial help. The
continued assistance and encouragement rendered by the Publisher and
Vice-President of Martinus Nijhoff Publishing, Mr. Jeffrey K. Smith, are
gratefully acknowledged.

Yechiel Becker
Jerusalem
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A POLYMORPHIC LOCUS NEAR THE HUMAN INSULIN GENE ASSOCIATED WITH
INSULIN-DEPENDENT DIABETES MELLITUS

K. XIANG*, N. SANZ*, J.H. KARAM* AND G.I. BeLL*t

*Metabolic Research Unit, University of California San Francisco, San
Francisco, California 94143 and fChiron Corporation, 4560 Horton Street,
Emeryville, California 94608

ABSTRACT

There is a polymorphic locus near the beginning of the human insulin
gene on chromosome 11 whose size is extremely variable. This locus, the
insulin gene hypervariable region (HWR), is composed of tandem repeats
of a family of related oligonucleotides. Its size varies because of
variation in the number of repeats. Population studies indicate that
the sizes of the HW fall into three heterodisperse classes, designated
1, 2 and 3 in order of increasing size and whose frequency varies bet-
ween racial groups. The common Class 1 allele and the homozygous Class
1 genotype are significantly more frequent (p < 0.001) in Caucausians
with insulin-dependent diabetes mellitus (IDDM) than in patients with
non-insulin-dependent diabetes or non-diabetic controls. The Class 1
HWR allele may be a marker for an allele of a gene which predisposes to
IDDM. Although the identity of this diabetogenic locus has yet to be
determined, possible candidates include: 1) a gene encoding a beta-cell
specific autoantigen; 2) one which determines the susceptibility of the
beta cell to viral infection or its response to such infection; and 3) a
gene which influences beta cell regeneration.

INTRODUCTION

Diabetes mellitus comprises a heterogenous group of disorders whose
etiology seems to be multifactorial with both genetic and environmental
factors contributing to its development (1-3).

Type I or Iinsulin-dependent diabetes mellitus (IDDM) is character-
ized by severe deficiency of insulin secretion due to profound beta cell
destruction. These patients require therapy with exogenous insulin to

Becker, Y (ed), Virus Infections and Diabetes Melitus. © 1987 Martinus Nijhoff
Publishing, Boston. ISBN 0-89838-970-4. All rights reserved.



4

avoid severe hyperglycemia and ketosis. Although this disorder occurs
at any age, its onset is most common in the young and circulating islet
cell antibodies are detected in as many as 80-85% of these patients at
the onset of their disease. In most cases of IDDM, a positive associa-
tion with the Class II major histocompatibility complex (MHC) antigens,
HLA-DR3 and -DR4, suggests that genetic factors on the short arm of
human chromosome 6 (which carries the MHC) contribute to the development
of manifest diabetes. However, monozygotic twin studies by Pyke and his
colleagues (4) show that genetic factors alone are not sufficient to
produce diabetes since as many as 44% of twins in a large series (147
pairs) were discordant for diabetes. Moreover, among Caucasians approx-
imately 50% of non-diabetics are HLA-DR3 or -DR4 and yet only about 0.1%
of the population develops IDDM. These observations support the concept
that additional genetic determinants and/or environmental factors such
as viruses, drugs or toxic chemicals may be required to precipitate the
development of IDDM in individuals having HLA-DR3 and/or HLA-DR4 anti-
gens. This type of diabetes is found primarily in Caucasians of
northern Europe or their descendents. In the United States, which has a
mixed racial population, about 5,500,000 patients are projected to have
diabetes mellitus and the prevalence of IDDM in this group is about 10%
(5). By contrast, in Scandinavia 20% of the diabetic population have
IDDM. In Asia and Africa this form occurs in less than 1% of the diabe-
tic patients.

Type II or non-insulin-dependent diabetes mellitus (NIDDM} is less
well-characterized and probably represents an even more heterogenous
group of patients than Type I. These are patients with a less severe
form of diabetes who do not require insulin therapy for survival. They
show no association with HLA antigens and have no demonstrable circula-
ting islet cell antibodies. This type of diabetes develops more fre-
quently in older individuals, of all racial groups, manifesting itself
most commonly after the age of 40 years and particularly when obesity is
developing or progressing in parallel with advancing age. Concordance
for NIDDM in identical twins approaches 100%, indicating that there is a
significant genetic factor in the etiology of this form of diabetes (4).
The clinical and biochemical features of NIDDM suggest that components
of the insulin-producing beta cell as well as of the insulin responsive
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target cells could be defective. For example, the synthesis of a mutant
insulin or proinsulin molecule or abnormalities in the regulation of
insulin gene expression that result in reduced insulin production could
conceivably contribute to the disease (6). The abnormal pattern of
insulin secretion seen in these patients could be a consequence of lower
insulin content of the secretory granules of their beta cells, reduced
beta cell mass or altered responsiveness of the beta cells to glucose
and other secretory stimuli. The impaired insulin action (7,8) has been
attributed to altered insulin binding to its receptors on target tissues
(liver, muscle and fat cells) as well as to a pronounced defect in the
intracellular action of insulin at a post-receptor level in these
tissues.

THE INSULIN GENE REGION OF CHROMOSOME 11

The isolation and characterization of the human insulin gene has
allowed its role in the etiology of diabetes to be critically examined
(9-12). The human insulin (INS) gene is located on the short arm of
chromgsome 11 in band pl5 (13). The insulin-like growth factor II
(IGF2) gene and the genes of the B-globin complex (HBB) as well as the
proto-oncogene, c-Harvey-ras 1 (HRAS1) are located in the same band, a
region of ~ 20 x 106 base pairs (bp). The IGF2 gene is immediately
adjacent to INS; the genes have the same orientation and are separated
by less than 12.5 x 103 bp (Fig. 1). Linkage studies indicate that the
HBB and HRASL genes are on opposite sides of INS/IGF2; HBB is located ~
10 centiMorgans (cM) (~10 x 106 bp) closer to the centromere than
INS/IGF2 and HRASL is ~ 3 cM (3 x 106 bp) nearer the telomere.

The insulin genes of diabetic and non-diabetic subjects were exam-
ined using the Southern blotting technique for restriction fragment
length polymorphisms (RFLPs) which might be unique to diabetic indivi-
duals and thus indicate a role for this gene in the etiology of diabetes
(14,15). These studies revealed a region of variable size, the insulin
gene hypervariable region (HVR) (Fig. 1), located 365 bp before the
start of insulin mRNA synthesis (Fig. 2). Population studies indicated
that based upon their size (Fig. 3) alleles of the HVR can be divided
into three main classes, designated Class 1, 2 and 3, having an average
size of 570, 1320 and 2470 bp. The seqguence of the HVR (Fig. 2) indica-
tes that it is composed of multiple tandem repeats of 14-15 bp segments
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Fig. 1. Map of the INS/IGF2 region. The positions of exons, the hyper-
variable region (HVR) and the dispersed middle repetitive Alu sequences
are indicated. The vertical lines in the upper part of the figure
denote EcoRI sites. Coordinates are presented relative to the start of
transcription of the insulin gene. The locations of various RFLPs are
noted.

whose consensus sequence is ACAGGGGTGTGGGG. Thus, Class 1, 2 and 3
alleles have an average of 40, 95 and 170 tandem repeats. There can
also be small differences in the size of alleles of the same class due
to the presence of alleles which contain slightly different numbers of
repeats (11). In addition, alleles of the same class can also differ in
nucleotide sequence and thus there may be an infinite number of HVRs of
different sizes and sequences. The HVR is inherited in a Mendelian
fashion and has the same organization in DNA prepared from an insulin-
producing pancreatic islet cell adenoma and white-blood cells of the
same individual.

RACIAL DIFFERENCES IN THE FREQUENCIES OF HVR ALLELES

There are differences in the frequency of Class 1, 2 and 3 alleles
among racial groups (Fig. 4). Class 1 alleles are found in all racial
groups; their frequency varies from 0.57 in African Blacks to 0.98 in
Orientals (Chinese and Japanese). Class 2 alleles occur almost exclusi-
vely in Blacks; their frequency in Caucasians is less than 0.0l and they
have not been reported in any of the other racial groups. The frequency
of Class 3 alleles is lowest in Orientals (0.02} and highest in
Caucasians (0.34), as a conseguence of the differences in the frequency
of the three classes of alleles of the HVWR, Blacks possess the greatest
genotypic diversity and Orientals the least. The differences in allelic



Hypervariable Region
CCCCTCCCTCACTCCCACTCTCCCACCCCCACCACCTTGGCCCATCCATGGCGGCATCTTGGGCCATCCGGGACTGEGG ( ACAGGGGTCCTGGGGACAGGGGTCCGGGGACAGGGTCCTGGG  -806

GACAGGGGTGTGGGGACAGGGGTCTGGGGACAGGGG TGTGGGGACAGGGGTGTGGGGACAGGGGTCTGGGGACAGGGGTGTGGGGACAGGGGT CCGGGGACAGGGRTGTGGGGACAGGGGT -685
CTGGGGACAGGGGTGTGGGGACAGGGGTGTGGGGACAGGGGTC TGGGGACAGGGGTGTGGGGACAGGGGTCC TGGGGACAGGGGTGTGGGEACAGGGGTGTGGGGACAGGGGTGTGGGGAC -564
AGGGGTGTGGGGACAGGGGTCCTGGGGATAGGGGTGTGGGGACAGGGGTGTGGGGACAGGGGTCCCGGGGACAGGGGTGTGGGGACAGGGGTGTGGGGACAGGGGTCCTGGGGACAGGGGT -443
CTGAGGACAGGGGTGTGGGCACAGGGGTCCTGGGGACAGGGGTCCTGGGGACAGGGGTCC TGGGGACAGGGGTCTGGGG ) ACAGCAGCGCAAAGAGCCCCGCCCTGCAGCCTCCAGCTCTCC  -322
TGGTCTAATGTGGAAAGTGGCCCAGGTGAGGGCTTTGCTCTCCTGGAGACATTTGCCCCCAGC TGTGAGCAGGGACAGGTCTGGCCACCGGGCCCCTGGTTAAGACTCTAATGACCCGCTG =201
GTCCTGAGGAAGAGGTGC TGACGACCAAGGAGATCTTCCCACAGACCCAGCACCAGGGAAATGGTCCGGAAATTGCAGCCTCAGCCCCCAGCCATCTGCCGACCCCCCCACCCCAGGCCCT -80

Exon 1
AATGGGCCAGGCGGCAGGGGT TGACAGGTAGGGGAGATGGGC TCTGAGAC TATAAAGCCAGCGGGGGCCCAGCAGCCCTC AGCCCTCCAGGACAGGCTGCATCAGAAGAGGCCATCAAGCA 41

Intron A
G GTCTGTTCCAAGGGCCTTTGCGTCAGGTGGGC TCAGGGTTCCAGGGT GGCTGGACCCCAGGCCCCAGC TCTGCAGCAGGGAGGACGTGGC TGGGC TCGTGAAGCATGTGGGGGTGAGCCC 162

-24 -20
Exon 2 Met Ala Leu Trp Met Arg Leu Leu Pro Leu Leu
AGGGGCCCCAAGGCAGGGCACCTGGCCTTCAGCCTGCCTCAGCCCTGCCTGTCTCCCAG ATCACTGTCCTTCTGCC ATG GCC CTG TGG ATG CGC CTC CTG CCC CTG CT6 271
-10 1 10
Ala Leu Leu Ala Leu Trp Gly Pro Asp Pro Ala Ala Ala Phe Val Asn Gln His Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr Leu
GCG CTG CTG GCC CTC TGG GGA CCT GAC CCA GCC GCA GCC TTT GTG AAC CAA CAC CTG TGC GGC TCA CAC CTG GTG GAA GCT CTC TAC CTA 361
20 30
Val Cys Gly Glu Arg Gly Phe Phe Tyr Thr Pro Lys Thr Arg Arg Glu Ala Glu Asp Leu Gin V Intron B
GTG TGC GGG GAA CGA GGC TTC TTC TAC ACA CCC AAG ACC CGC CGG GAG GCA GAG GAC CTG CAG G GTGAGCCAACCGCCCATTGCTGCCCCTGGCCGCCCC 461
CAGCCACCCCCTGCTCCTGGCGCTCCCACCCAGCATGGGCAGAAGGGGGCAGGAGGCTGCCACCCAGCAGGGGGTCAGGTGCACTTTTTTAAAAAGAAGTTCTCTTGGTCACGTCCTAAARA 582
GTGACCAGCTCCCTGTGGCCCAGTCAGAATCTCAGCCTGAGGACGGTGTTGGCTTCGGCAGCCCCGAGATACATCAGAGGGTGGGCACGCTCCTCCCTCCACTCGCCCCTCAAACAAATGE 703
CCCGCAGCCCATTTCTCCACCCTCATTTGATGACCGCAGATTCAAGTGTTTTGT TAAGTAAAGTCCTGGGTGACCTGGGGTCACAGGGTGCCCCACGCTGCCTGCC TCTGGGCGAACACCC 824
CATCACGCCCGGAGGAGGGCGTGGCTGCCTGCC TGAGTGGGCCAGACCCCTGTCGCCAGCCTCACGGCAGCTCCATAGTCAGGAGATGGGGAAGATGC TGGGGACAGGCCCTGGGGAGAAG 945
TACTGGGATCACCTGTTCAGGCTCCCACTGTGACGC TGCCCCGGGGCGGGGGAAGGAGGTGGGACATGTGGGCGTTGGGGCCTGTAGGTCCACACCCAGTGTGGGTGACCCTCCCTCTAAC 1,066
CTGGGTCCAGCCCGGCTGGAGATGGGTGGGAGTGCGACC TAGGGC TGGCGGGCAGGCGGGCACTGTGTCTCCCTGACTGTGTCCTCCTGTGTCCCTCTGCCTCGCCGCTGTTCCGGAACCT 1,187
Exon 3 50 60
al Gly GIn Val Glu Leu Gly Gly Gly Pro Gly Ala Gly Ser Leu GIn Pro Leu Ala Leu Glu Gly Ser Leu
GCTCTGCGCGGCACGTCCTGGCAG TG GGG CAG GTG GAG CTG GGC GGG GGC CCT GGT GCA GGC AGC CTG CAG CCC TTG GCC CTG GAG GGG TCC CTG 1,282
80 86
Gln Lys Arg Gly Ile Val Glu Gln Cys Cys Thr Ser Ile Cys Ser Leu Tyr Gln Leu Glu Asn Tyr Cys Asn AM
CAG AAG CGT GGC ATT GTG GAA CAA TGC TGT ACC AGC ATC TGC TCC CTC TAC CAG CTG GAG AAC TAC TGC AAC TAG ACGCAGCCTGCAGGCAGCCCC 1,378

Polyadenylation Site
ACACCCGCCGCCTCCTGCACCGAGAGAGATGGAATAAAGCCCTTGAACCAGC CCTGCTGTGCCGTCTGTGTGTCTTGGGEGCCCTGGGCCAAGCCCCACTTCCCGGCACTGTTGTGAGCCC 1,499

Fig. 2. Sequence of the human insulin gene and flanking Class 1 HWR
allele having 34 tandem repeats. The start of insulin gene transcrip-
tion (i.e., the beginning of exon 1) has been designated as nucleotide
1. The number of the nucleotide at the end of each line is noted.

frequencies observed between African and American Blacks presumably
reflects the presence of Caucasian genes in the latter group. The simi-
larity in frequency between Caucasians from northern turope and North
America (this group has a diverse ethnic background and includes indivi-
duals from all parts of Europe and the Middle £ast), suggests that there
is probably little, if any, ethnic variation. The differences in alle-



Fig. 3. Southern blot showing variation in size of the HVR. The pat-
terns observed after digesting lymphocyte DNA of nine individuals with
Pvull and probing with phins310 are shown. The genotype of the subject
is indicated at the bottom of the lane; a and b indicate that this indi-
vidual has two alleles of the same class which can be distinguished by
their size. The right lane contains size markers.

lic frequencies between racial groups indicate that in studies of the
HWR, it is important that affected subjects and controls are the same
race.

THE HYPERVARIABLE REGION AND DIABETES

The proximity of the HVR to the insulin gene and its wunusual
sequence characteristics suggested that it might affect insulin gene
expression and thereby contribute to the deficient insulin secretory
reserve observed in NIDDM patients. The frequencies of the three HVR
classes in diabetic and non-diabetic patients were compared to determine
if it might be a molecular marker for this disease.
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Fig. 4. The frequency of Class 1, 2 and 3 alleles of the HVR in non-
diabetic individuals of different racial and ethnic groups. This sum-
mary was prepared from the data presented in references 14-21 and our
unpublished data for Chinese.

These studies indicated that there is no allelic class that is pre-
sent in only diabetic or non-diabetic subjects (Table 1) and thus the
HVR cannot be wused to identify diabetic or pre-diabetic subjects
(14,22). Associations of the HVR and diabetes have been studied in
Caucasians in North America [San Francisco (14,22) and St. Louis (23)]
and Europe E:openhagen (24) and London (19)], American Blacks {(18),
Orientals [Chinese (l14) and Japanese (14,20,21)], Pima Indians (16) and
inhabitants of the Micronesian Island of Nauru (15). The latter two
groups are particularly interesting because of the very high frequency
of NIDDM among adults (30%). A comparison of the HVR genotypic and
allelic-frequencies between non-diabetic and NIDDM groups indicate that
there are no significant differences in frequency within any of the
racial or ethnic groups (the relevance of such comparisons in Orientals
is questionable given the very low frequency of non-Class 1 alleles in
this group).
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Initial reports had suggested that there was an association of the
larger Class 3 alleles with NIDDM (24,25,26), however recent studies do
not support this conclusion. The association reported by Rotwein and
his colleagues (25,26) was based upon a comparison of allelic frequen-
cies between racially mixed groups and is not confirmed when diabetic
and NIDDM subjects of the same racial group are compared (23). Although
Danish investigators had reported an association of two Class 3 alleles
with NIDDM in an earlier publication, they subsequently concluded that
the Class 3 allele is a marker for the development of atherosclerosis
and they attribute their previously observed association with NIDDM to
the increased prevalence of atherosclerosis in their NIDDM subjects
(27). In contrast to the above groups, in our Caucasian NIDDM patients,
we observed a significantly higher freguency of Class 1 alleles and
homozygous Class 1 genotypes (P=0.025) compared to non-diabetic controls
(14). This has not been confirmed and could reflect the difficulty of
accurately classifying diabetic patients; for example, subjects with a
mild form of IDDM, having only partial beta-cell destruction, may have
clinical features warranting classification as NIDDM. This has recently
been documented (28) wherein as many as 14% of patients classified as
NIDDM were found to have islet cell antibodies suggesting a diagnosis of
mild IDDM.

wWhile the aggregate data in Caucasians indicate that the HVR does
not directly predispose an individual to NIDOM, the heterogeneity of
this disease and the observed differences in the frequency of HVR
alleles between different NIDDM groups suggests that there might be
associations with subgroups of Caucasian NIDDM subjects.

The frequencies of the three classes of HVR alleles were also com-
pared between IDDM subjects and NIDDM or non-diabetic control groups.
In Caucasians with IDDM, the frequencies of HVR Class 1 alleles and the
homozygous Class 1 genotype were significantly higher (P<0.001) than in
non-diabetic or NIDDM groups. This observation has been confirmed (19)
and is also supported by analysis of the combined data obtained from the
various studies (14). The frequency of the Class 1 allele also tends to
be higher in American Blacks with IDDM than in non-diabetic or NIDOM
subjects (18), although the difference is not significant; this could
reflect admixture of Black and Caucasian genes in this group.
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The HVR has also been studied as a marker for other diseases.
However, the reported associations are controversial [an increased fre-
quency of Class 3 alleles in patients with atherosclerosis (27,29)] or
unconfirmed [the association of Class 3 alleles with elevated glycosy-
lated hemoglobin levels (30) or diabetic hypertriglyceridemia (31);
Class 1 alleles with impaired glucose tolerance in acromegalic subjects
(32)]. HVR alleles have also been studied as a possible marker for
islet beta-cell function, but no association with insulin secretory
response was observed (33). Finally the HVR has been used as marker to
study the inheritance of maturity-onset diabetes of the young (MODY), a
rare form of diabetes which does not require insulin therapy and is
characterized by an autosomal dominant pattern of inheritance and a low
frequency of diabetic complications. The insulin gene did not segregate
with this disorder in any of the four families that were examined indi-
cating that the gene defect in these individuals is not close to the
insulin gene (34-36).

CONCLUSION

The association of Class 1 alleles of the insulin gene HVR and IDOM
was unexpected as the absolute insulin deficiency in these patients is
due to the destruction of the insulin-producing beta cells rather than
an abnormality in insulin gene expression. The beta-cell loss in IDOM
is believed to be the result of a specific autoimmune response directed
against the beta cell (37-40). The association of HLA-DR3 and -~DR4
antigens with IDOM suggests that they, or the products of genes linked
to those for HLA-DR3 and -DR4, influence the abnormal immunological
reaction against the beta cell. These antigens are present in more than
90% of IDDM patients. They are also prevalent in ~50% of non-diabetic
subjects, yet only about 0.1% of the population develops IDDM. In fact,
it seems to be a general rule with HLA and disease associations that
only a small proportion of individuals who have the particular HLA anti-
gen actually develop the disease with which it is associated (41). The
reasons for this are not clearly understood but there are four possible
explanations: 1) the disease is heterogeneous and the association only
occurs in a subset of individuals; 2) the association is with a diabetes
susceptibility gene at a closely linked locus whose frequency is lower
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than that of the HLA locus to which it is linked and as a consequence
only a fraction of the chromosomes carrying the HLA allele will also
carry the susceptibility gene; 3) other non-HLA genes also contribute to
diabetes susceptibility; and 4) environmental factors may determine
which individuals develop the overt disease. Clearly, the pathophysio-
logy and heterogeneity of IDDM suggests that each of these explanations
may be relevant to its etiology. They could also explain why only a
fraction of the individuals who have a Class 1 HVR become diabetic.

The role of the HWR in the etiology of IDDM is speculative. It is
unlikely that it is the susceptibility locus as it probably does not
encode a protein (11). The proximity of the HWR to the insulin gene
suggests that it might confer some control over the quantity of insulin
produced. However, available data provides no evidence that HVR alleles
affect insulin synthesis or secretion. Nor is it obvious, how differen-
ces in insulin production could contribute to the immunological destruc-
tion of the beta cell. Thus, it seems likely that the Class 1 HWR is a
marker for an allele of a closely-linked gene which predisposes to IDDM.
Candidate susceptibility genes include those encoding beta-cell specific
antigens (i.e., the target antigens) to which the autoimmune response is
directed as well as loci which might affect the sensitivity or response
of the beta cell to the environmental agent. For example, the Class 1
HWR could be linked to a locus encoding a membrane protein, a variant of
which shares an antigenic determinant with a common virus. In this
case, the autoimmune destruction of the beta cell is a consequence of
the cross-reactivity of a surface protein on normal beta cells with
antibodies and cytotoxic cells directed against an infecting virus. The
diabetogenic locus near the INS gene might determine the susceptibility
of the beta cell to viral infection. In fact, a non-MHC locus has been
identified in mice which determines susceptibility to virally-induced
diabetes (42), possibly by controlling the number of molecules on the
beta cell surface that can function as viral receptors; sensitive
strains have more receptors than those that are resistant. The HWR
could also be a marker for a locus which determines the response of the
beta cell to viral infection, for example by affecting ability of anti-
viral agents like interferon, to inhibit replication (43), or for a gene
which could possibly influence beta-cell regeneration, e.g., IGF-II.
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The notion that this susceptibility geme somehow determines the extent
of viral damage or beta-cell mass is particularly attractive. It
suggests that there may be a spectrum of beta cell destruction: in some
individuals there would be minimal loss of cells and no impairment of
function; in others there could be a slight to moderate reduction in
beta-cell mass which could be a predisposing factor for developing
NIDDM; fimally, the most susceptible individuals, those who also express
HLA-DR3 and -DR4 antigens, would experience severe beta-cell loss and
have overt IDDM. This model predicts that there might be a weak asso-
ciation between Class 1 alleles and NIDDM which is what we have
observed.

Genetic markers linked to susceptibility genes for IDDM have now
been identified on human chromosomes 6 and 11. In addition, the clini-
cal features of the disease suggest that other loci which may be rele-
vant to its pathophysiology have yet to be identified; for example,
there may be genes which determine the severity of the various complica-
tions experienced by individuals with IDDM. OQOur task is now to specifi-
cally identify these susceptibility genes and determine how they
interact and contribute to the etiology of this disease.
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COMPUTERIZED CHOU-FASMAN SECONDARY STRUCTURE ANALYSES OF
PROINSULIN, INSULIN AND INSULIN RECEPTOR POLYPEPTIDES

YECHIEL BECKER

Department of Molecular Virology, Faculty of Medicine, The Hebrew
University, 91 010 Jerusalem, Israel

ABSTRACT

The secondary structures of proinsulin, insulin and the precursor
molecules of the mnsulin receptor {INSR) were determined by a computer
program that utilizes the Chou-Fasman and Robson-Garnier calculations.
These polypeptides have a signal peptide at the N terminus that is cleaved
during transfer through the cell membrane. The insulin receptor
polypeptide contains a domain of 17 hydrophobic amino acids in the 3
subunit which is inserted into the cell membrane. Two thirds of the
polypeptide, the entire o subunit, and part of the § subunit are on the
outside of the cell, and the rest is located in the cytoplasm, having a
reported function of tyrosine kinase. The & subunit of the INSR is
homologous in primary and secondary structure to that of the oncogenes of
the tyrosine kinase family. The computer program GAP allowed
comparison of the primary amino acid sequence of insulin with that of the
insulin-like growth factors | and Il revealing partial homology. A domain
in each of the « and 8 subunits of the INSR was found 10 be partially
homologous with the insulin B chain and promsulin.

Becker, Y (ed), Virus Infections and Diabetes Melitus. © 1987 Martinus Nijhoff
Publishing, Boston. ISBN 0-89838-970-4. All rights reserved.
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INTRODUCTION

The human gene that codes for insulin (1), was found to be located in
the short arm of chromosome Il in band pl15 (2). The proinsulin gene
consists of three exons and two introns coding for a proinsulin
polypeptidel 10 amino acids (aa) in length. A repeated nucleotide sequence
region of variable size (named the insulin hypervariable region (HVR)) is
located 365 base pairs (bp) before the start of proinsulin mRNA (1). The
insulin-like growth factor I (IGF2) gene is located downstream from the
insulin gene. The insulin gene functions in the beta cells in the pancreas
where mRNA for the proinsulin peptides i1s produced. In these cells,
cytopiasmic granules contain the proinsulin molecules which, due to their
ability to fold into secondary and tertiary conformations contain segments
of the polypeptide amino acids {(aa) 25-54 in the B chain and 90-110 in
the A chain} that are cross-linked by the formation of S-S bonds between
two cysteine molecules. Proteolylic cleavage releases a peplide segment
containing aa 57-87 of the proinsulin (C peptide). During transfer of the
proinsulin chain through the membrane into the cvtoplasmid granule, the
signal peptide consisting of aa 1-24 is cleaved off, and the active insulin
molecule is released from the beta cells of the pancreas.

The rapid metabolic effects of insulin are initiated by the interaction
of the latter with specific insulin receptor (INSR) molecules present on the
surface of cells in all tissues and organs in the body (3). The insulin
receptor to which the insulin molecule binds has, upon purification, a

molecular mass (Mr) of 350,000 1o 400,000, and is made up of 1wo < and

two § subunit polypeptides. The isolation and cloning of the human gene
for the insulin receptor (3) provided the complete sequence of the insulin
receptor polypeptide, as well as clues for specific domains in the

polypeptide responsible for passage of the 1370 aa polypeptide through
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the membrane (hydrophobic signal peptide} and its insertion into the cell
membrane (membrane anchorage hydrophobic sequence). [t was also
reported (3) that the insulin receptor polypeptide is related by its primary
aa sequence to the tyrosine kinase family ol oncogenes.

The development of methods to crosslink insulin 1o its receptor has
shown that the o subunit is predominantly labeled by radioactive tnsulin
derivatives (4}, With the use of a radioactive and photoreactive insulin
derivative [ labeled in the side chain of lysine in position 29 in the insulin
B chain {B29}] that is cleavable through an azo linkage. it was possible to
transfer the radioactivity from the insulin B chain to the insulin receptor
subunit. The polypeptide bands of 1 30 Kd (& subunit of the receptor) and
90 Kd (§ subunit of the receptor) were labeled, the former more intensely.
{S). FElastase cleavage of the 130 Kd subunit to low molecular weight
peptides followed by HPLC separation revealed radioactivity in several
short peptides (5).

The availability of the primary amino acid sequence of proinsulin,
insulin receptor (3), insulin-like growth factors, as well as polypeptides
coded by oncogenes of the tyrosine kinase family in computer data banks
(6}, allows for rapid computer analyses to reveal aa homologies that might
help in the elucidation of functional domains in the polypeptides, as well as
the mechanism of action of the insulin receptor (3). A computer program
developed on the basis of the secondary structure predictions of Chou and
Fasman (7) and Garnier er a/ (8) is now available in the University of
Wisconsin Genetic Computer group (UWGCG) software (6). With the aid of
these programs, the secondary structure of proinsulin, insulin and the
insulin receptor polypeptides was studied. It is also possible to compare
both insulin and the insulin receptor polypeptide at the secondary

structure confor mational level.
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[n this chapter. the secondarv structure of human proinsulin and
insulin was compared with that of pig insulin; the secondary structure of
the insulin receptor was compared with that of the epidermal growth
factor receptor and related oncogenes which were reported (3} to resembie
the insulin receptor at the level of the primary aa sequence. Comparison
by compuler of the sequence of the insulin B chain and the insulin receptor

revealed two sequences of partial homology in the INSK.

COMPUTER ANALYSIS OF POLYPEPTIDES

All the aa sequences [except those of the insulin receptor, which were
obtained from Ulirich e7 2/(3)] were [rom the NBRF protein sequence data
bank included in the software received from the UWGCG i6) The
prediction of the secondary structure of the polvpeptide was done with a
computer program submitted to UWGCG by B.A. Jameson and H.Wolf
{University of Munich, FRG). The program calculates the secondary
structure of a peptide, using the Chou-Fasman (71 or Robson-Garnier (8]
predictions and Kyte and Doolittle (9) hydropathic caiculations. The
secondary structure is graphically plotted, using the Gould Colorwriter.

The GAP program of the UWGCG package was used to produce optimal
alignment between two sequences by inserting gaps in either one, as
necessary. GAP uses the alignment method of Needleman and Wunsch (10).
Comparison of two unreiated polypeptides by the GAP programs results in

arandom similarity of 10% or tess.

Fig. 1. Chou-Fasman prediction of the secondary structure of human
proinsulin (A), insulin B chain {aa 25-54) {B), insulin A chain (C} (aa
90-110) (D), and € peptide (aa S7-87). The alpha-helical sequence is
displayed as \/\/ cturns as N\_/" N\~ and £ sheets as or
T, Hydrophilic aa are marked by an octagon and hydrophobic aa
by a diamond ().
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SECONDARY STRUCTURE OF PROINSULIN

The secondarv structure of promsuiin calculated bv the Chou-Fasman
method 1s presented in Fig. 1A, The signal peptide comprises the first 24
aa at the N termmus of the poiypepude and contains a strongly
hvdrophobic x helical sequence of 13 hvdrophobic aa. The sequence aa
25-54 1s the B chain of the mature insulin motecule iFig. 1B} and sequence
aa 90-110 1s the A chain of the mature insulin molecule (Fig. 1D} These
peplides have a 5-sheet conformation. However, the conformation of the
msulin B chain tFig. 1B 1s different from that of the A chain. The C peptide
taa 57-87), which is released from the proinsulin molecuie due to
proteolvtic cleavage, consists of « helical sequences flanked by turns (Fig.
1A and1C) and has the property of strong [iexibility which mav allow the
proinsulin molecule to attain its teruary structure. This, in turn, allows the
development of $-S bonds between two cysteines in each of the A and B
chamns. [t 1s of interest to note that the insulin B chain contains six

hyvdrophobic aa, while the A chain has only two.

COMPARISON BETWEEN HUMAN AND PIG PROINSULINS

The primary sequence of human protnsulin (11-201 was compared by
the GAP program to the sequence of pig proinsulin (21). Table I shows
that the B chain of human insulin (aa 25-54) is identical to the B chain of
pig insulin (aa 1-291}, and the A chain of human insulin (aa 90-1101} is
almost identical to the A chain of pig insulin (aa 62-84). The dillerence is
in aa 54 (T) in human proinsuiin and aa 30 {A} in pig proinsulin. The signal
peptide 1s missing from the pig proinsulin sequence. The difference
between the human and pig proinsulins s expressed in an overall
similaritv of 88% and only 66% homology in the C peptide, as opposed to

almost 100% homology in the A and B chains of the two promnsulins. As
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Fig. 2. Chou-Fasman prediction of the secondary structure of pig
proinsulin. Svmbols as in Fig. 1.

can be seen in Fig. 2, the C peptide of the pig proinsulin has three o helicai

sequences, as compared to two in the human C peptide of proinsulin (Fig.
1A and 1C). The B chain of the pig insulin contains one additional
hydrophobic aa, as compared to the human B chain. The function of the

hydrophobic aa in the B chain of insulin is not yel known.

THE SECONDARY STRUCTURE OF THE HUMAN [INSULIN RECEPTOR
POLYPEPTIDE

The 1370 aa sequence reported by Ulirich ez a/ (3) was analyzed bv
the computerized Chou-Fasman program and is displaved in Fig. 3. The

molecule contains a hydrophobic domain at the N terminus that
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Table 1. Comparison of human and pig proinsulins at the primary amino acid
level (88.095% homology).

1 MALWMRLLPLLALLALWGPDPAAAFVNQHLCGSHLVEALYLVCGERGFFY 50 Human

| T O T O O I I
LT T T o o o A O I I I I A A AR AR

L o e FVNQHLCGSHLVEALYLVCGERGFFY 26 Pig

51 TPKTRREAEDLQVGQVELGGGPGAGSLQPLALEGSLQKRGIVEQCCTSIC 100

| O A B A ) Lot o rrrn rrrrrrrrerrnea
rrr el [ R B AR AN | N I L I A A B B I |

27 TPKARREAENPQAGAVELGG. .GLGGLQALALEGPPQKRGIVEQCCTSIC 74

101 SLYQLENYCN 110

IIIIIIIIII
[

75 SLYQLENYCN 84

Table 2. Amino acid sequence homology between the insulin receptor polypeptide
and the kinase-related transforming protein ros from avian sarcoma virus UR2
(38.734% homology) .

901 1rglspgnyévriratslaéngswtepty%thdyldvp;n?akiiigpi 950 INSR
1 e, DTVTSPDITAIVAVIGAVGLGLTSLTIIiLFGFVWHO 37  ros
951 ifvflfsvvigs%y}flrkéqugplgpl}assnpeylsésdvf?csvy; 1000
38 RWKSRKPASTéQiVLVKEDKELAQLRéMAETVGLANACYAVSTL%SOAEI 87

1001 pdewevsrekitllrelgqgsfgmvyegnardi ikgeaetrvavktvne 1049
IIIIIIIIII I IIIIIII

88 ESLPAFPRDKLNLHKLLGSGAFGEVYEGTALDILADGSGESRVAVKTLKR 137

1050 saslrerleflneasvmkgftchhvvrllgvvskgqptlvvmelmahgdl 1099

I 1 o | I I IIlI 11 T
! [} ' [ [

138 GATDQEKSEFLKEAHLMSKFDHPHILKLLGVCLLNEPQYLILELMEGGDL 187

1100 ksylrs1rpeaennpgrpppthemlqmaae1adgmay1nakkfvhrdla 1149

[ 1 I Eorrrn
et i Lot

188 LSYLRGAR.. KQKFQSPLLTLTDLLDICLDICKGCVYLEKMRFIHRDLA 234

1150 arncmv...... ahdftvkigdfgmtrdiyetdyyrkggkgllpvrwmap 1193

[ | [ I [ I O I T O S R O I
e rrrrend [ L T e S O A O AR I AR A I |

235 ARNCLVSEKQYGSCSRVVKIGDFGLARDIYKNDYYRKRGEGLLPVRWMAP 284

1194 eslkdgvfttssdmwsfgvvlweltslaeqpnglsneqvlkfvmdggyl 1243

IIIIIIII IIIIII [ | [ I I
It o 11 | [N N R |

285 ESLIDGVFTNHSDVWAFGVLVWETLTLGQQPYPGLSNIEVLHHVRSGGRL 334

1244 dquncpervtdlmrmcwqfnpnmrptflelvnllkddlhpsfpevsffh 1293

[} [ [ | [ |
IIII (IR [ ' [ I I | l

335 ESPNNCPDDIRDLMTRCWAQDPHNRPTFFYIQHKLQEIRHSPLCFSYFLG 384

1294 seenkapeseelemefedmenvpldrssheqreeaggrdggsslgfkrsy 1343

| [
385 DKESVAPLRIQTAFFQPL. ... vvet vt innerannosnnecsnnns 402
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Fig. 3. Chou-Fasman prediction of the secondary structure of insulin
receptor {based on the primary aa sequence in ref. 3). The symbols are as
in Fig. 1. The boxes denote possible glycosylation sites. A hydrophobic
signal peptide is located at the N terminus and a membrane anchorage
domain is located at aa 940-970.

corresponds to the 27 aa signal peptide and an extended hydrophobic
domain that corresponds to the membrane anchorage sequence reported
by Ullrich er a/ (3). The o chain of the insulin receptor (Fig. 4A) spans
from aa | {aa 28 in Fig. 3, since the secondary structure analysis includes
the signal peptide) to aa 724 (aa 751 in Fig. 3). The £ subunit (Fig. 4B} is
the rest of the insulin receptor polypeptide and contains the hydrophobic
domain which serves as the membrane anchorage {aa 940-970).

Fig. S presents the secondary structure of the membrane anchorage

domain of the insulin receptor which is present in the § subunit. The
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Fig. 4. Chou-Fasman secondary structure prediction of insulin receptor
alpha subunit (A) and beta subunit (B). Symbols as in Fig. 1.

membrane anchorage domain has a conformation of a £ sheet containing 17
hydrophobic amino acids. Both the o and £ subunits are made of a series
of 8-sheets connected by flexible aa arranged in turns indicating the
flexibility of both subunits. At least four short o helical sequences are
present in the o subunit, while at least eight o helical domains are present
in the § subunit. Seven of these o helical sequences contain hydrophilic aa.

When the polypeptides attain their tertiary structure, the flexible
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Fig. 5. Secondary structure of the membrane anchorage domain of the
insulin receptor polypeptide (aa 940-970) with 17 hydrophobic aa.
Symbols as in Fig. 1.

hydrophilic aa are arranged on the outside and the hydrophobic aa are
inside the folded polypeptide. The full account of the number of o helical
sequences is presented in Fig. 6, which summarizes the properties of the
insulin receptor polypeptide calculated both by the Chou-Fasman and

Robson-Garnier methods.

SECONDARY STRUCTURE COMPARISON BETWEEN INSULIN RECEPTOR

POLYPEPTIDE AND THE TYROSINE KINASES PRODUCED BY ONCOGENES
Ullrich er a/ (3) reported that the protein coded by the oncogene ros

of avian sarcoma virus strain UR2 has a primary sequence homologous

with the insulin receptor tyrosine kinase domain, rather than with all the
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Fig. 6. Physical properties of the insulin receptor polypeptide. The
analysis displays the conformational properties (turns, alpha helices and
beta sheets) calculated according to the methods of Chou-Fasman (7) and
Robson-Garnier (8). Surface probability and flexibility of the polypeptide
are also presented. The program provides an assessment of the antigenic
properties and the possible glycosylation sites in the polypeptide.

known src gene family members. Table 2 shows a 38.734% aa similarity
between the sequence of the insulin receptor polypeptide and the
roscoded protein (22). The homology (using the GAP computer program of
UWGCG) is between the ros aa sequence and the insulin receptor aa
sequence spanning aa 932 (aa 905 in ref. 3, which excludes the 27 aa of the
signal peptide) and aa 1300 (aa 1272, ref. 3) without the signal peptide,
namely the intracytoplasmic domain of the insulin receptor. However, the
tyrosine (ref. 4) in position aa 960 (aa 987 in Table 2) in the insulin

receptor, which is a candidate for autophosphorylation, is not matched by a
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Fig. 7. Chou-Fasman prediction of the secondary structure of erd B
oncogene-coded protein. Symbols as in Fig. 1.

tyrosine in the ros polypeptide. The tyrosine in position aa 1150 (aa 1177
in Table 2), which might also be a candidate for autophosphorylation (4), is
indeed matched by a tyrosine in the ros polypeptide. In fact, the domain
near these tyrosine residues [aall161 (1202 in Table 2) in the insulin
receptor and aa 252-293 in the ros protein] share a 82.926% homology.

In this respect, ros tyrosine Kinase resembles the f§ subunit of the
insulin receptor, but instead of a 200 aa extracytoplasmic domain of the
subunit, ros has a relatively short extracellular domain. Thus, the
subunit of the insulin receptor may have a tyrosine kinase activity like the
ros oncogene protein, but the latter may lack a receptor function.

The insulin receptor polypeptide shows a 21.667% similarity to the
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Table 3. Amino acid sequence similarity between insulin receptor and erb B
oncogene protein (21.667% homology).

851 ennvvhlmwgepkepnglivlyevsyrrygdeelhlcdtrkhfalerger 900 INSR

1 |
L e e mkcahfidgphcvkacpagvl 21 erb B

901 1rglspgnysvriratslagngswteptyfyvtdyldvpsniakiiigpl 950
| | [} [} |

[} ! 1 | !
22 gendtlvrkyadanaveqlchpnetrgekgpglegepngsktpsiaagvy 71

951 ifvflfsvvigsiylflrkrqpdgplgplyassnpeylsasdvipcsvyv 1000
[ [} | [N | [}
I |

[ o |
72 ggllclvvvglgiglylrrrhivrkrtlrrllqerelvepltpsgeapng 121

1001 pdewevsrekltllrelgqgsfgmvyegnardl1kgeaetrvavktvnes 1050

|
122 ahlrilketefkkvkvlgsgafgtiykg.1w1pegekvkipvaike1rea 170

1051 slrerleflneasvmkgftchhvvrllgvvskgqptlvvmelmahgdlk 1100

171 tspkankei1deayvmasvdnphvcrllg1cltstvqlltqlmpygcll 219

1101 sylrslrpeaennpgrpppt1qem1qmaae1adgmay1nakkfvhrd1aa 1150

[ N | [
[ I B | trrrret

220 coinnn. dy1rehkdn1gsqy1lnwcvq1akgmnyleerr1vhrdlaa 260

1151 rncmvahdftvklgdfgmtrd1yetdyyrkggkgllpvrwmapes1kdgv 1200

261 rnvlvktpqhvk1tdfglakllgadekeyhaeggkvplkwmalesilhrl 310

1201 fttssdmwsfgvvlweitslaeqpnglsneqvlkfvmdggyldquncp 1250

311 ythqsdesygvtvwelmtfgskpydglpaselssvlekgerlpqpplct 360
1251 erYtlerm?Yqfnpnmf?tfl?ivnllkddlhpsfpevsffhs$enka? 1300
361 id&ymi%vké&midads%ék%réliaefskmardpprylviquérmhlé 410
1301 eseelemefédT$nvpldr;shcqreeagérdggs?lgfkfsyeehipy; 1350
411 sptdskfyrtl&éeedmedivdadeylvphqgffn;pstsétpllsslsa 460

1351 hmnggkkngriltlprsnps.. ... oeee e nnuenneneeneannss 1370
| |
| |
461 tsnnsatncidrngqghpvredsfvqryssdptgnfleesiddgflpape 510

erb B oncogene (reviewed in 23), as shown in Table 3. The 604 aa
sequence of the erd B protein has the highest homology when aal of ersB

protein is aligned with the insulin receplor sequence aa 880 (27 aa of the
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signal peptide included) and ends at aa 1370 of the insulin receptor, which
is aligned to aa 480 of the er6B protein. A tyrosine is present in the erdB
(aa 289) protein close to the tyrosine aal177 in the insulin receptor. The
membrane anchorage domains of the two polypeptides share homologous
amino acids (aa 958-970 in insulin receptor and aa 79-91 in erHB protein).

The secondary structure of the erd B protein is presented in Fig. 7.
The external portion of the ers B polypeptide has a relatively short and
flexible sequence with many turns and lacks either hydrophilic or
hydrophobic aa, in contrast to the external part of insulin receptor B
subunit (Fig. 4B) which is longer and contains seven hydrophilic and four
hydrophobic domains. The intracelluiar portion of erd B protein has
numerous hydrophilic and hydrophobic domains, as does the intracellular

domain of the insulin receptor § subunit.

COMPARISON OF INSULIN RECEPTOR WITH EPIDERMAL GROWTH FACTOR
RECEPTOR

The ert B oncogene was reported (24) to share a marked homology
with the primary aa sequence of the epidermal growth factor receptor (25,
26). Using the computer GAP program to compare the primary aa
sequences of the two polypeptides, a 83.195% similarity between aa
580-1183 of epidermal growth factor receptor (EGFR) and the 604 aa
sequence of the erdB oncogene protein was obtained (Table 4). The EGFR
is also regarded like erd B protein to function as a tyrosine kinase (24).
Fig. 8 displays the secondary structure of EGFR with the membrane
anchorage domain near aa 650. In spite of the strong homology between
erH B oncogene protein and EGFR, the latter shows only 13.313% similarity
with the insulin receptor polypeptide.

The 21.6% similarity between eré B protein and insulin receptor §
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Table 4. Amino acid sequence homology between erb B protein and epiderml
growth factor receptor (EGFR) (83.195% homology).

551 ENSECIQCHPECLPQAMNITCTGRGPDNCIQCAHYIDGPHCVKTCPAGVM 600 EGFR

PP mkcahfidgphevkacpagvl 21 erb B

601 GENNTLVWKYADAGHVCHLCHPNCTYGCTGPGLEGCPTNGPKIPSIATGM 650

22 gendtlvrkyadanavcqlchpnetrgekgpglegep.ngsktpsiaagv 70

651 VGALLLLLVVALGIGLFMRRRHIVRKRTLRRLLQERELVEPLTPSGEAPN 700

71 vggllclvvvglgiglylrrrhivrkrtlrrllqerelvepltpsgeapn 120

701 QALLRILKETEFKKIKVLGSGAFGTVYKGLWIPEGEKVKIPVAIKELREA 750

| T T T T T T A A A R O A
L T T T T T T T T T T T T O O Y A B

121 qahlrilketefkkvkvlgsgafgtiykglwipegekvkipvaikelrea 170

L T T T T T I T A A O
L T T T T T T U T T T Y O I

751 TSPKAN
[ 1
[ I
tspkan masvdnphverllgicltstvqlitqlmpygelld 220

VMASVDNPHVCRLLGICLTSTVQLITQLMPFGCLLD 800
|
I

171 v

801 YVREHKDNIGSQYLLNWCVQIAKGMNYLEDRRLVHRDLAARNVLVKTPQH 850

I T T O O B A A
L T T T T T T T I O B O |

221 yirehkdnigsqyllnwcvqiakgmnyleerrlvhrdlaarnvlvktpgh 270

851 VKITDFGLAKLLGAEEKEYHAEGGKVPIKWMALESILHRIYTHQSDVWSY 900

L T T T T T T I O O O B
L T T T T T T T A O B B A

271 vkitdfglakllgadekeyhaeggkvpikwmalesilhriythqsdvwsy 320

901 GVTVWELMTFGSKPYDGIPASEISSILEKGERLPQPPICTIDVYMIMVKC 950

T T T T T T T T I A O B A A
I T T T T T T T T T T T T T T A I O A A B O

321 gvtvwelmtfgskpydgipaseissvlekgerlpgppictidvymimvke 370

951 WMIDADSRPKFRELIIEFSKMARDPORYLVIQGDERMHLPSPTDSNFYRA 1000

I T O O A A B I
LI T T T T s T T I I O O O O O B AR I

371 wmidadsrpkfreliaefskmardpprylviqgdermhlpsptdskfyrt 420

1001 LMDEEDMDDVVDADEYLIPQQGFFSSPSTSRTPLLSSLSATSNNSTVACI 1050

I T T T T T A O O O B B B | [
I T T T T T T L O Y O BB O [

421 lmeeedmedivdadeylvphqgffnspstsrtpllsslsatsnnsatnci 470

1051 DRNGLQSCPIKEDSFLQRYSSDPTGALTEDSIDDTFLPVPEYINQSVPKR 1100

[ | [ T T T T T O | AN A O O S A [
[ I | ! | T T T I I O {EN T R N A O A A A [

471 drng.qghpvredsfvqryssdptgnfleesiddgflpapeyvnqlmpkk 519

1101 PAGSVQNPVYHNQPLNPAPS...RDPHYQDPHSTAVGNPEYLNTVQPTCV 1147

II | [ L L T I O B |
I | [ L2 T T I I B

520 pstaqunqunfisltalsklpmdsryqnshstavdnpeylntnqspla 569

1148 NSTFDSPAHWAQKGSHOISLDNPDYQQDFFPKEAKPNGIFKGSTAENAEY 1197

II Lt e rrrrr o
| | T T T T T A I |

570 ktvfesspyw1qsgnhq1nldnpdyqqdflptscs ............... 604
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Fig. 8. Chou-Fasman prediction of the secondary structure of epidermal
growth factor receptor (EGFR). Symbols as in Fig. 1.

subunit suggested a comparison also with EGFR polypeptide. Although the
overall similarity between insulin receptor and EGFR is only 13.313%, there
are domains along the two polypeptides with a stronger homology.
Comparison of the membrane anchorage sequence in the two polypeptides
(Fig. 8 - EGFR and Fig. 3 - insulin receptor) reveals that the domain is near
aa 650 in EGFR, while in the insulin receptor, this domain is near aa 950.
However, the carboxy termini of both polypeptides have the tyrosine

kinase activity.
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Fig. 9. Chou-Fasman prediction of the secondary structure of insulin
growth factors I {A) and I {B). Symbols as in Fig. 1.

COMPARISON BETWEEN PROINSULIN AND INSULIN-LIKE GROWTH FACTORS
1 AND 2 (IGF! and IGF2)

As shown by Bell e 2/ (1), the gene for IGF2 is situated in human
chromosome 11 downstream from the insulin gene, while IGF1 is located
on another chromosome. Since IGF1 and IGF2 have an insulin-like activity
on cell growth, it was of interest to compare the secondary structure of

proinsulin to that of IGF1 and IGF2. The secondary structure of IGF1 (Fig.



35

A hnmmhuu-m%mmnm-l-mnﬂ.‘.’.u
9.5

Hydrophilicit
iydrop -’.{;

200.0

log SurfaceProb . T{‘: Q !
8.1
1.2

Flexibility YA~V
0.8
1.7

Antigenic Index MW
-1.7

CF Turns =—bnotn e n
GF Helices Cd—m Tl M
CF Beta Sheot — L T1
RG Turns sl TS
RG Helices DM M\ _IN
RG Beta Sheet —————OLN 11

Glycos. Site b T

B ) 50 100 150
3.5
Hydrophilicit] B e AL AN,

ZM ﬂ
log Surfach'rob WW\M/

¥

F)cx:b:)zty W
l 7
fintigenic Index %wwm
-1.7

CF Turns A A A an M
CF Helices = A NAe——m
CF Beta ‘ihllt _D_.C_l_.ﬂn__ﬂ__r
J G{ ]urn: B.EL____DD.AD_JL_L
G Helicos =
RG Bota Shest S w— -
Glycoa. Site g '

C | ¥ 0 i
8.5
Hydrophilicity oM gt ot
pEropAlTie gk
log Surfacefreb
o urfaceProb
9 b JL‘/\IV'N’\NV»’/\W\/\/V
1.2
Flaxibility = WA\
(A
1.7
fntigenic Ind.x %Mmai

G, Torns BT e

Glycos. Site o ") o

Fig. 10. Comparison of the calculated Chou-Fasman and Robson-Garnier
predictions for the secondary structure of proinsulin (A), IGF1 (B) and 1GF2
(C).

9A) and IGF2 (Fig. 9B) revealed a signal peptide at the N terminus of the
molecule followed by flexible turns in both molecules with one § sheet (in
IGF1) and a f sheet interrupted by a turn in IGF2.

Comparison of the secondary structure properties of proinsulin, IGF!

and IGF2, calculated according to Chou-Fasman and Robson-Garnier
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methods, is presented in Fig. 10. Comparison of proinsulin primary aa
sequence to IGF1 and IGF2 is presented in Table 5. A 20.0% and 21.818%
similarity between proinsulin and IGF1 and IGF2, respectively, were found.
This comparison at the primary aa level revealed that the homology
between the two IGF polypeptides and proinsulin was with a sequence in
the insulin B chain. Table 6 provides the homologous aa in insulin B chain
and in IGF1 (Table 6A) and IGF2 (Table 6B and Fig. 10). It is of interest
that the homology includes the two cysteines in the B chain which form S-S
bonds with two of the cysteines of the A chain. Homology was not found
between the aa sequence of the insulin A chain and that of IGF! or 1GF2.

This observation suggests that IGF1 and IGF2 have a domain which
closely resembles the B chain of the insulin molecule. It is possible that
IGF1 and IGF2 can mimic insulin binding to the insulin receptor. Ng and
Yip (5) used the labeled B29 lysine side chain of insulin B chain to transfer
the radioactivity from insulin to the insulin receptor. This suggests that
the B chain of insulin interacts with the insulin receptor. The computer
analysis revealing that IGF1 and IGF2 have domains almost identical to the

insulin B chain might be of interest.

DOES THE INSULIN RECEPTOR HAVE A SEQUENCE HOMOLOGOUS TO INSULIN
B CHAIN?

In view of the strong possibility that the insulin B chain binds to the
insulin receptor (9), it was of interest to determine if there are domains in
the insulin receptor polypeptide that resemble the insulin B chain. As
shown in Tables SC, 5D, and Table 6, the insulin receptor contains a
sequence homologous to the insulin B chain between aa 858-878 (in the §
subunit) and aa 217-246 (in the o subunit). It is interesting that the

homology includes two cysteines in either the o or § subunit of the insulin
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Table 5. Comparison of amino acid sequences of proinsulin, insulin-like
growth factors 1 and 2 and insulin receptor.

A. Proinsulin versus insulin-like growth factor 1 (20.0% similarity)

1 SEAMGKISSLPTQLFKCCFCDFLKVKMHTMSSSHLFYLALCLLTFTSSAT 50 IGF1
I [ |
I [ I
L o e MALWMRLLPLLALLALWGPDPAAA 24  Proins.
51 AGPETLCGAELVDALQFVCGDRGFYFNKPTGYGSSSRRAPQTGIVDECCF 100

I
25 FVNQHLCGSHLVEALYLVCGERGFFYTPKTRREAEDLOVGQVELGGGPGA 74

101 RSCDLRRLEMYCAPLKPAKSARSVRAQRHTDMPKTQKEVHLKNASRGSAG 150

75 GSLQPLALEGSLQKRGIVEOCCTSICSLYQLENYCN .............. 110

B. Proinsulin versus insulin-like growth factor 2 (21.818% similarity)

1 MGIPMGKSMLVLLTFLAFASCCIAAYRPSETLCGGELVDTLQFVCGDRGF 50 IGF2

i |
1 MALWMRLLPLLALLALWGPDPAAAFVNQHLCGSHLVEALYLVCGERGF 48  Proins.

51 YFSRPASRVSRRSRGIVEECCFRSCDLALLETYCATPAKSERDVSTPPTV 100
I I

| | | I |
49 FYTPKTRREAEDLQVGQVELGGGPGAGSLQPLALEGSLQKRGIVEQCCTS 98

101 LPDNFPRYPVGKFFQYDTWKQSTQRLRRGLPALLRARRGHVLAKELEAFR 150

99 ICSLYQLENYCN. ...uuittetiiniienneneeeennennnnnnnn. 110

C. Insulin receptor compared to proinsulin (14.545% similarity)
851 ennvvhlquepkepnglivlyevsyrrygdeelhlcdtrkhfalergcr 900 INSR B
III
1 ...... MALWMRLLPLLALLALWGPDPAAAFVNQHLCGSHLVEALYLVCG 44 Proins.

901 lrglspgnysvriratslagngswteptyfyvtdyldvpsniaki1igp1 950
(] | | | I 1
[ | I | I |
45 ERGFFYTPKTRREAEDLQVGQVELGGGPGAGSLQPLALEGSLQKRGIVEQ 94
951 ifvflfsvvigsiylflrkrqpdgplgplyassnpeylsasdvfpesvyv 1000
| |

| |
95 CCTSICSLYQLENYCN. . tvvtiivnunvernneerocnneennnnennns 110

D. Insulin B chain compared to insulin receptor o subunit (23.333%
similarity)

25 ... FVNQHLCGSHLVEALYLVCGERGFFYTPKT............. 54 Ins.
| I ]

] I i | | I [}
651 nithylvfwerqaedselfeldyclkglklpsrtwsppfesedsqkhnqs 700 INSR o
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receptor which are positioned as in the insulin B chain (Table 6).

DISCUSSION

The availability of data banks of amino acid sequences of peptides and
computer programs that calculate, predict and graphically display
secondary structures of proteins made possible the analysis of the
proinsulin and the insulin receptor polypeptide. It was possible to detect
in each polypeptide the rigid (o helix and B sheet) and flexible (turn)
regions and the distribution of hydrophobic and hydrophilic domains in
each polypeptide molecule. The hydrophobic domains at the N terminus of
the insulin receptor form the signal peptide sequence that is utilized in the
transfer of the polypeptide across the cellular membrane. The insulin
receptor has an additional hydrophobic domain which serves as the cell
membrane anchorage aa domain and is present in the 8 subunit of the
insulin receptor. In addition, numerous short hydrophobic domains are
present both in the o and f subunits of the INSR, indicating that when the
polypeptide attains its tertiary conformational structure they will be
present internally, while the hydrophilic domains (mostly turns) will be on
the outside of the folded polypeptide.

Numerous hydrophilic domains can be seen in the INSR polypeptide,
while the proinsulin has a hydrophilic domain only in the cleavage product
designated the C peptide. The latter has a hydrophilic o helical sequence at
its N terminus, followed by turns and an « helix at the carboxy terminus.
It was found (Table 1) that the secondary structure of the insulin C peptide
of human origin differs in its primary and secondary structures from that
of the pig C peptide (Figs. 1A and 2). Recently, it was reported (27) that
the C peptide of proinsulin specifically binds to NEDH rat pancreatic beta

islet-cell-derived tumorogenic cells which secrete insulin. A homologous
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Table 6. Homologous amino acid sequences in proinsulin, insulin-like
growth factors | and 2 and insulin receptor.

Insulin 90

1o

A chain GIVEOCCTSICSLYOLEN'CN

Insulin 25 30 35 40 45 50 54
Bchain FVNQH[LGG|S H[L VE LY Ly AGIERGAFYTPKT
| 1

[}
. [

Ins-like 30 ::35 40 §51 50 55
GF2 RPSETL:C‘GGELVDTLOFV:CFDRGFYFSR A
1y "

Ins-like :' :|

GF1 AGPETLCG ELVIDJALQFV,C'GDRGFYEN T
Insulin 860 865 870 875

receptor HL’CDTRKHEHILERG'@RL@LL

Insulin 190 200 210 219
receptor K[VfCPTI|CK[SH|GCTIAEGLICEHSECLGNCSQP
Insulin

Behain Flv|NoHildds nT]vE Al cqeRcrryTrKT
Insulin 63t 64 15 660

receptor FWERQAEDSE|LIFELD

CLKIGLKLPSRTWSP

synthetic C peptide inhibited glucose-stimulated insulin release from beta

cells /n vivo and in vitro. Thus, the C peptide might serve as a regulatory

peptide for glucose metabolism.

The exact binding site for insulin on the INSR is not fully understood

(C.C. Yip, personal communication). The studies by Ng and Yip (5) revealed

that the radioactivity in insulin chain B29 lysine can be transferred to at

least three positions in the INSR polypeptide.

Ullrich e a/(3) compared the primary aa sequence of INSR to that of

the tyrosine kinase family of oncogenes. Indeed, a 38% similarity was
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found between the § subunit of the INSR and the ros oncogene, but only
21.6% similarity was found with the erd B oncogene. Yei, certain domains
in both polypeptides had a much higher homology. Although erd B
oncogene displays 83.1% similarity with the carboxy terminus of the
receptor for epidermal growth factor (EGFR), the overall similarity between
INSR and EGFR was only 13.3%, close to the background of random
homology between unrelated peptides. The two receptor polypeptides
differ in their secondary structure, but resemble each other in having
numerous hydrophobic and hydrophilic domains. The lack of homology
between INSR and EGFR was also noted when insulin and EGF polypeptides
were compared by the GAP program and by their secondary structure. The
marked difference between INSR and EGFR might indicate that these two
genes diverged markedly during the evolution of man, since it was
reported (28) that in Drosophila, one receptor binds both EGF and insulin.

Insulin receptors isolated from the cellular membranes were found to

have an M. of 350-400 Kd (3) suggesting that iwo INSR polypeptide

subunits are situated closely to each other. In addition, Fehimann ez 4/
(29) reported that 25% of the INSR polypeptides are associated with the
major histocompatibility complex class 1 antigens in mouse liver
membranes. Insulin binding to the INSR activates the receptor’'s tyrosine
kinase (30) due to autophosphorylation of a tyrosine aa 960 (987, including
the signal peptide) or aa 1150 (1177, including the signal peptide 27 aa)
(31). It is possible that conformational changes involving class 1
histocompatibility complex might affect activation of the tyrosine kinase of
the INSR to phosphorylate the histocompatibility polypeptide. This might
serve as a signal to the cell nucleus via its contact with the INSR. The B
subunit of INSR has an ATP binding site (32, 33). The insulin activation of

the INSR protein kinase was found to correlate with the histone kinase
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activity in the cell nucleus (30). It is of interest that phorbol esters which
were found to cause breakage of chromosomal DNA in treated cells were
also found to modulate INSR phosphorylation in cultured hepatoma cells
(34).
Future studies on the binding of insulin to the insulin receptor will
allow analysis of the mode of function of the insulin receptor in relation to

its secondary and tertiary structures.
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ABSTRACT

Monoclonal islet cell antibodies have begun to facilitate
the identification and biochemical characterization of cellu-
lar differentiation molecules. We have developed a series of
murine monoclonal antibody probes directed towards islet endo-
crine cells. Utilizing these antibodies we identified and
biochemically characterized several islet cell antigens. Many
islet cell antibodies appear to react with unique carbohydrate
residues on their antigen molecules. As demonstrated by
immunocytochemistry, islet cells share several monoclonal
antibody-defined antigens and antigenic determinants with
other neuroendocrine cell types indicating common modes of
functional differentiation and specialization.

Some applications of the monoclonal islet cell antibodies
in diagnostic pathology as markers for neuroendocrine tumors
as well as for the analysis of the specific biologic function
of monoclonal antibody-defined antigens illustrate the useful-
ness of monoclonal antibodies as probes to elucidate complex
molecular mechanisms involved in normal and pathological endo-

crine cell function.

INTRODUCTION

Over the last decade it has become increasingly clear
that Type I diabetes mellitus (DM) results from a slowly
progressive, immunologically mediated, islet beta cell de-
struction, initiated in genetically predisposed individuals by
as yet undefined (environmental or non-genetic) factors (1-8).

Becker, Y (ed), Virus Infections and Diabetes Melitus. © 1987 Martinus Nijhoff
Publishing, Boston. ISBN 0-89838-970-4. All rights reserved.
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A prolonged asymptomatic preclinical stage of progressive beta
cell destruction associated with specific immunological ab-
normalities (islet cell antibodies, activated T cells) pre-
cedes the onset of overt Type I DM by several years (2-5).
Autoimmune mechanisms being involved in the beta cell destruc-
tive process in Type I DM are indicated by several lines of
evidence: 1) the demonstration of lymphocytic infiltration of
the islets ("insulitis") early in the course of the disease,
2) clinical association of Type I DM with other established or
putative autoimmune diseases (both endocrine and non-endo-
crine), 3) the increased prevalence of organ-specific auto-
antibodies (thyroid, gastric parietal cells, adrenal gland),
4) the detection of a family of islet-~cell antibodies (islet
cell cytoplasmic antibody - ICA, islet cell cytoplasmic com-
plement fixing antibody - CF-ICA, islet cell surface antibody
- ICSA, and islet cell cytotoxic antibody), 5) demonstration
of abnormalities of cell-mediated immune function, 6) associ-
ation with certain antigens of the major histocompatibility
locus, and 7) studies in animal models of Type I DM (for
review see 9 and 10; 11-15).

Despite these recent advances in our knowledge, the basic
mechanism of the autoimmune beta cell destruction remains
poorly understood. The selectivity of the immune response
which leads to the beta cell destruction in Type I DM appears
to be conferred by unique differentiation antigens ("target"
autoantigens) expressed by the pancreatic islet beta cells.
The autoantibody detected by indirect immunofluorescence
staining of a normal human pancreatic frozen section by sera
of patients with newly diagnosed Type I DM has been conven-
tionally referred to as the cytoplasmic islet cell antibody
(ICA), based on its presumptive binding to antigens located
within the cytoplasm of the islet cells (14). These autoanti-
bodies selectively bind to all the endocrine pancreatic cells,
but not to the exocrine acinar pancreatic cells, ductular
cells or the stromal connective tissue cells. Anti-islet auto-
antibodies have also been detected by the surface staining of
viable human and rodent pancreatic islet cells, and these have
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been referred to as islet cell surface antibodies (ICSA; 15).
These autoantibodies directed against pancreatic islet cells
constitute important predictive and pathogenetic hallmarks of
Type I DM (2, 3, 5, 19-21). Serum or immunoglobulin fractions
containing islet-cell autoantibodies suppress glucose-induced
insulin release (22). Islet-cell antibodies exert this effect
by binding to their corresponding target antigen(s) on the
islet—cell surface. This suggeésts that, besides their role in
autoimmunity, these autoantigens may have a fundamental
physiological role as receptors ("glucose sensor"?) or key
regulatory molecules of endocrine pancreatic islet cells.
Besides their binding to circulating islet-cell autoanti-
bodies, these autoantigens may also be important in the gener-
ation of the cell-mediated anti-islet autoimmune response (9,
10). The evidence for autoreactive T-lymphocytes is provided
by 1) the production of migration-inhibition factor and
lymphocyte blast transformation in response to islet antigens,
2) cell-mediated cytotoxicity against insulinoma cells, and 3)
in vitro inhibition of insulin release by T-lymphocytes from
Type I diabetic subjects. Also, during the course of
"insulitis", mononuclear cells infiltrate (presumably
attracted by the beta-cell autoantigens), and selectively
destroy the beta cells of the intact pancreatic islets as well
as those at foci of beta-cell regeneration. Despite their
central role in the autoimmunity and beta cell destruction of
Type I DM, the biochemical nature and the mechanism of action
of the target islet-cell autoantigens is currently unclear
(except for a single report of a 64 kD islet cell protein,
immunoprecipitated by a few diabetic sera (16)).The poly-
clonality and low titers of circulating islet-cell antibodies
have precluded further detailed analysis of the immuno-
chemistry of islet-cell autoantigens.

Due to their unlimited availability and defined
specifity, monoclonal antibodies (Mabs; 17) represent powerful
probes for investigating the biochemical nature and function
of specialized tissue and cell-specific differentation anti-

gens. Successful applications of these techniques to endocrine
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research include the production of Mabs to endocrine cell
surface differentiation antigens, studies of immunoendo-
crinology to define cell surface target antigens and the human
"organspecific" autoantibodies to define abnormalities of
immunoregulation in diseases such as Graves' disease and DM
(for review see 18).

In view of the paucity of available information concer-
ning the biology and molecular nature of islet-cell antigens,
over the last 5 years, utilizing the hybridoma technique (17),
we have created a library of monoclonal islet-cell antibodies.
These Mabs together with those generated by other investiga-
tors have permitted the preliminary biochemical charac-
terization and functional evaluation of several novel
protein-, glycoprotein-, and glycolipid-islet cell antigens
(23-42).

For this review we will describe the methodology used for
the generation of murine monoclonal islet antibodies, the
tissue distribution and preliminary biochemical charac-
terization of their target antigens, and illustrate with
specific examples successful applications of these Mab probes

to cellular biology and diagnostic pathology.

GENERATION OF MONOCLONAL ISLET CELL ANTIBODIES

Before the advent of Mabs it could be argued that a
serological approach to identification of cellular antigens
had several distinct advantages over conventional biochemical
methodology. With the availability of Mabs these advantages
have become overwhelming in comparison with any other single
approach., The preparation of Mabs does not require pure
antigens, and this is one of the most powerful aspects of the
hybridoma method. The principle of generating Mabs is
relatively simple. Briefly, the splenocytes of an
appropriately immunized mouse (most commonly) are fused with a
myeloma cell line, thus producing a hybrid cell, which retains

the transformed phenotype of the parental myeloma cell (i.e.
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it is effectively immortalized), as well as the specific
antibody producing program of the splenic B lymphocyte. Such
hybridomas are subject to single cell cloning and screening
for production of antibody of the desired specificity. These
selected cells, derived from a single cell producing antibody
are monoclonal and hence produce Mabs.

Our technigues that have been successful in creating
monoclonal islet cell antibodies are essentially the same as
described by Scearce and Eisenbarth (28). Six-week - 0old female
Balb/c mice were immunized by intraperitoneal injections on
day 0, 7 and 14 with human islet cells isolated from cadaveric
human pancreatic specimens (HISL-series) by enzymatic
digestion and gradient centrifugation (42), bovine pancreatic
islet cells (BISL-series), and rat pancreatic islet cells or
RIN cells (RISL-series), suspended first in complete, and
subsequently in incomplete Freund's adjuvant. The final in-
jection did not contain adjuvant and splenocytes were fused on
day 17 with the myeloma cell line P3X63-Ag8 or P3X63-Ag8.653
with the use of the standard polyethylene glycol technique
(28, 31). The resulting hybrids were initially screened for
their reactivity with human, bovine and rat pancreatic islets
respectively with the use of an indirect immunofluorescence
technique on cryostat sections. Positive colonies were cloned
several times by limiting dilution and grown as ascites tumors
in Balb/c mice that had been injected intraperitoneally with
pristane 7 days prior to injection of the hybrids.

Mabs directed against pancreatic islet cells have also
been generated by other approaches such as immortalization of
autoantibody-producing B lymphocytes from humans (24) and
animals with autoimmune diabetes (38-40). In addition, Mabs
initially generated against non-islet antigen preparations
have been shown to react with pancreatic islets during routine

or systematic immunohistochemical screening (44, 45).
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IMMUNOCYTOCHEMISTRY OF ISLET CELL ANTIGENS

The immunoreactivity of Mabs was evaluated by an indirect
immunoperoxidase technigue. Acetone-fixed frozen tissue
sections were incubated with the Mabs (dilution 1:1000-1:4000
of ascites fluid) and subsequently incubated with peroxidase-
conjugated rabbit anti-mouse Ig antibody (dilution 1:100) and
then with peroxidase-conjugated swine anti-rabbit Ig antibody
(dilution 1:100). Peroxidase activity was detected by the
3,3'-diaminobenzidine tetrahydrochloride (DAB) reaction, and

the sections were counterstained with hematoxilin.

Table 1. Immunocytochemistry of islet cell antigens (recognized by HISL Mabs)

Tissue HISL-1 HISL-4 HISL-5 HISL-7 HISL-8 HISL-9 HISL-14 HISL-19 HISL-22

Pancr. Islet ++ +++ +++ +++ +++ +++ +++ +++ +++
Pancr. Acini — + + + + - + + - -
Pituitary, ant. +HH ++ ++ ++ +H+ +H+ +H+ +HH+ +

post. +++ - - +H +++ - - - i+

Adrenal med. +++ 4+ +H+ + +++ +H +++ +++ +H+
cortex. - - - — - - - - -
Thymus epithel. - +H+ +++ ++ - +++ +++ + -
Thymocytes ++ - - - ++ - _ _ _
Parathyroid + - ++ + + +++ +++ - -
Thyroid Foll. + - + + + + + - +
C cells +H+ + + - ++ + + 4+ _
Gut epithel. / / + / / ++ ++ _ /
endocrine / / + / / +H+ +++ ++ /
Liver Par. - + ++ + - ++ ++ - +
Kidney Glom. + - + +++ ++ + + - ++
Tub. - ++ +++ +++ ++ +++ +++ - ++

Table 1 and 2 summarize the immunohistochemical
reactivity spectrum of monoclonal islet cell reactive anti-
bodies on a variety of human neuroendocrine and non-neuroendo-
crine tissues. As noted in the table, none of the Mabs raised
against pancreatic islets was islet-cell specific but cross
reacted with other neuroendocrine or non-neuroendocrine
tissues (Figs. 1-6). This cross reactivity may have develop-
mental and functional significance and may have some impli-

cations in the co-occurrence of multiple autoimmune disorders
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Table 2. Immunocytochemistry of islet cell antigens
(recognized by Mabs BISL-26, BISL-32, A2B5, 3G5, and 4F2)

Tissue BISL-26 BISL-32 A2B5 3G5 4F2
Pancr. Islet Acells Acells +++  +++ 444
Pancr. Acini - - - - -
Pituitary, ant. + / + 4+ 4+
post. - / + - +++
Adrenal med. / / + + +
cortex. / / — - ++
Thymus epithel. - / + - /
Thymocytes / / - + /
Parathyroid / / + + 44
Thyroid Foll. - / / — ++
C cells / / + / ++
Gut epithel. / / — / /
endocrine / / / / /
Liver Par. / / — - —
Kidney Glom. / / - - _
Tub. / / + - -+

involving these cell types. For instance, besides reactivity
with all cells of the pancreatic islet, Mab HISL-19 also
reacted with other cells of the diffuse neuroendocrine system
(DNES, 47), including anterior pituitary cells, C cells of the
thyroid (Fig. 6b), endocrine cells of the gut (Fig. 5b) and
bronchus, the adrenal medulla, and central (Fig. 6a) and
peripheral neurons. The cross reactivity of islet cell anti-
bodies with other neuroendocrine cells illustrates the well-
known interrelationship between the cells of the DNES with
regard to common modes of functional differentiation and
specialization.

With a few exceptions (bronchial mucosa, gallbladder
mucosa (Fig. 6c), small ducts of salivary glands), Mab HISL-19
did not react with other non-neuroendocrine tissues tested. It
seems noteworthy that the reactivity of a single Mab with
different cell types may also reflect identical or cross-—
reactive epitopes on structurally and functionally unrelated
antigens and therefore further biochemical studies have to be

performed in order to exclude this possibility (see below).
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Fig. 1. Immunoperoxidase staining of pancreatic islets (human)
with Mabs HISL-1 (a), and HISL-7 (b). Mab HISL-1 reacted with
islet cells only, Mab HISL-7 reacted also but weakly with the
acinar tissue (frozen tissue sections, counterstained with
hematoxilin).

The species specificity of the Mabs was tested using
human, bovine, and rat pancreatic tissues. All Mabs of the
HISL-group except Mab HISL-19, which also reacted with bovine
tissue, and HISL-22 which reacted also with bovine and rat
tissue, reacted with human islet cells only. BISL-26, -32 and
-37 Mabs reacted with bovine and human islet cells. However,
in contrast to their reactivity with all cells of the bovine
pancreatic islet cells, BISL-26 and -32 immunostained only the
peripheral mantle (probably A cells) of the human pancreatic
islet (Fig. 4a). BISL-30 and -31 were specific for bovine
islet cells. Rat tissues were not tested in this group. Mab
A2B5 and 3G5 and RISL-37 reacted with human, bovine and rat
pancreatic islets, Mab 4F2 was human specific.
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Fig. 2. Immunoperoxidase staining of pancreatic islets (human)
with Mabs HISL-5 (a), and HISL-14 (b). Both Mabs reacted
strongly with all cells of the pancreatic islet and weakly
with acinar pancreatic cells (frozen tissue sections, counter-
stained with hematoxilin).

The cellular localization of the corresponding antigenic
determinants was evaluated using indirect immunofluorescence
staining of isolated, viable islet cells. The antigens de-
tected by Mabs of the HISL-group as well as the antigens
recognized by antibody A2B5, 3G5, and 4F2 were located on the
cell surface (except antibody HISL-19 (questionable result)
and HISL-22, which was cytoplasmic), BISL-26, -30, -31, and
-32 and RISL-39 all reacted with cytoplasmic antigenic
determinants of islet cells. The latter observation is based
on their lack of binding to the surface of isolated viable
islet cells, despite their reactivity with intracellular islet

structural components on frozen pancreatic sections.
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Fig. 3. Immunoperoxidase staining of pancreatic islets (human)
with Mabs HISL-22 (a) and 4F2 (b). Only the islets are stained
(frozen tissue sections, counterstained with hematoxilin).

BIOCHEMICAL CHARACTERIZATION OF ISLET CELL ANTIGENS
Protein and glycoprotein islet cell antigens:

Mabs HISL-9 and HISL-14 react with two different epitopes
of a 100 kD surface glycoprotein as demonstrated by immuno-

affinity purification from non-ionic detergent extracts of
radiolabelled cells (lactoperoxidase-catalized radioiodina-
tion method for selective labeling of cell surface proteins
(46)) using the corresponding Mab immunosorbent columns
followed by sodium-dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE) and autoradiography (29).

As demonstrated by the "Western" immunoblotting technique
using crude NP-40 extracts Mab HISL-19 recognized a series of
four human islet cell proteins (p120, p69, p67, and p56) in
one islet cell tumor (immunocytochemically and clinically non-
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Fig. 4. a. Immunoperoxidase staining of pancreatic sections
(human) with Mab BISL-26. In contrast to its reactivity with
all cells of the bovine pancreatic islet (not shown), Mab
BISL-26 immunostained only the peripheral mantle (A cells) of
the human pancreatic islet. b. Immunostaining of (bovine)
thyroid with Mab BISL-26. Mab BISL-26 reacted strongly with
the thyroid C cells. Thyroid follicular cells demonstrated
only very weak immunoreactivity restricted to the luminal cell
surface with this antibody. c. Immunoperoxidase staining of
human adrenal gland with Mab HISL-5. Mab HISL-5 reacted only
with the cells of the adrenal medulla but not at all with the
adrenal cortex (frozen sections, counterstained with
hematoxilin).

functioning islet cell tumor, IH9; Fig. 7), and one bronchial
carcinoid (32). Another islet cell tumor (gastrinoma, IH13)
expressed the HISL-19 reactive p120, p69, and p67 species
(data not shown), a third islet cell tumor (immunocyto-
chemically and clinically non-functioning, IH14) expressed
only the p 67 species (Fig. 8 and 9). The latter also bound to

concanavalin A lectin, thus indicating its glycoprotein nature
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Fig. 5. Immunoperoxidase staining of (a) human pancreas and
(b) human stomach (antrum) with Mab HISL-19, demonstrating its
selective reactivity with pancreatic islets and gut endocrine
cells (arrows). respectively (formalin fixed and paraffin
embedded tissues, sections counterstained with hematoxilin).

(Fig. 8). The p120 species has also been identified in a
medullary carcinoma and bovine islets. In the human pituitary
gland, Mab HISL-19 recognized a different set of proteins with
molecular weights of 40 and 24 kD (32).

So far the interrelationship between the neuroendocrine
proteins detected by Mab HISL-19 is unknown. It is quite
possible that Mab HISL-19 reacts with the same epitope on
functionally unrelated antigens. However, the possibility of
identical epitopes on variable sized products resulting from
divergent post-translational cleavage and processing from a
common precursor protein cannot be excluded.

Mab HISL-19 immunoaffinity chromatography of a NP-40

insuloma extract (IH14) under nonreducing conditions yielded a
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Fig., 6. Immunoperoxidase staining of (a) central neurons
(hypothalamus) resulting in a ring-shaped reaction pattern
(arrowheads) surrounding the cell nucleus, and (b) thyroid C
cells (arrowheads) with Mab HISL-19 (human tissues). c. Mab
HISL-19 immunoreactivity in gallbladder mucosa showing supra-
nuclear cytoplasmic structures (arrowheads; formalin fixed and
paraffin embedded tissues, counterstained with hematoxilin).

singular specific band of a m.w. equal to 67 kD in this case,
as demonstrated by SDS-PAGE and "Western" immunoblotting (48;
Fig. 9). In the presence of DTT, this protein could be
separated into two apparantly identical subunits of a m.w. of
35 kD each. However, the possibility that the 67 kD protein is
composed of only one 35 kD subunit bearing the epitope recog-
nized by Mab HISL-19 and other low molecular weight subunits
unrecognized by the immunoblot technique, cannot be excluded.
Physical staining of the affinity purified HISL-19 antigen in

SDS polyacrylamide gels with Coomassie Blue failed to give
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Fig. 7. "Western" immunoblotting and immunoaffinity purifi-
cation of Mab HISL-19 reactive islet cell proteins. Lane a:
detergent (NP-40) extracts of a human insuloma (IH9) were
resolved by SDS-PAGE, the proteins electrophoretically trans-
ferred onto nitrocellulose paper and probed for binding to Mab
HISL-19 utilizing an indirect peroxidase technigue. Under
nonreducing conditions, the antibody recognized a series of
four human islet cell proteins (120, 69, 67, and 56 kD). Lane
b and c: differences in affinity properties of the HISL-19
cell proteins (i.e. p120 versus p67-69) has allowed further
separation of these molecular species during Mab HISL-19
immunoaffinity chromatography. The p67-69 species could be
eluted from the Mab HISL-19 immunosorbent column by 0.1M
glycine-HCl, pH 2.5 (lane b), the p120 protein required 3.5M
potassium thiocyanate for elution (lane c).

Fig. 8. Lane a: profile of total cellular proteins of a human
islet cell tumor (IH14) after SDS-PAGE and electrophoretical
transfer onto nitrocellulose paper of a NP-40 extract stained
with amido black. Lane b: overlays with biotinylated concana-
valin A lectin using the Avidin-Biotin-Complex (ABC) method,
demonstrated a major band in a molecular weight range of
67 kD. This protein was identified as the Mab HISL-19 reactive
protein by immunooverlays with Mab HISL-19 (lane c).

any positive result, perhaps due to low amount of protein
present.

Immunoblotting experiments using crude NP-40 extracts
from human gallbladder mucosa (which reacted with Mab HISL-19

by immunocytochemistry) failed to reveal any protein band
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reacting with Mab HISL-19. However, enrichment of the HISL-19
antigen from NP-40 extracts of human gallbladder mucosa by Mab
HISL-19 affintiy chromatography resulted in the identification
of a protein band with identical m.w. characteristics as
described above for the antigen detected by Mab HISL-19 in the
insuloma (48; Fig. 9). These findings demonstrate, that the
67 kD protein similar to "neuron specific" enolase (NSE, 49)
may not be considered as strictly neuroendocrine specific, but
is expressed in a greater amount by neuroendocrine cells than
by some non-neuroendocrine epithelia.

Preabsorption of Mab HISL-19 with the NSE protein and the
anti-NSE antibody with the Mab HISL-19 reactive protein (p67)
respectively, previous to immunostaining, did not abolish
their reactivity with sections of islet cell tumors in both
instances (48). On the other hand, the reactivity of these
antibodies could be blocked after absorption with their cor-
responding antigens., These findings, as well as the different
tissue distribution and different molecular weights (Fig. 9)
distinguish the Mab HISL-19 reactive protein from NSE. Despite
the fact, that chromogranin (50; in contrast to the HISL-19
protein) has never been demonstrated neither cytochemically
nor biochemically to be present in the gallbladder epithelium,
it seems unlikely, that the protein detected by Mab HISL-19
belongs to the chromogranin family. Recent results based on
similar experiments as performed for the differentiation of
the HISL-19 antigen from NSE using a Mab to chromogranin
support this presumption (unpublished observations).

Mabs 4F2 (initially generated following immunization of
Balb/c mice with human T cells (HSB-2 T cell line; 51)) and
LC7-2 (generated following immunization of Balb/c mice with
Pan-1 cell line derived from a ductal adenocarcinoma of the
pancreas; provided by Drs. Vito Quaranta and Steve Levine,
Scripp's Clinic, California) react with epitopes (heavy and
light chain respectively) on a cell surface heterodimeric
glycoprotein (approximate molecular weights 80:40 kD; 52). The
4F2/LC7-2 antigen is of particular interest in terms of the

selected group of cells expressing antigens of identical
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Fig. 9. "Western" immunoblotting after SDS-PAGE of Mab HISL-19
immunoaffinity chromatographed proteins of a human islet cell
tumor (IH14; lane a and b) and human gallbladder mucosa (lane
¢ and d) under nonreducing (lane a and c) and reducing (lane b
and d) conditions. Lane e and f: reactivity of islet cell
proteins (NP-40 insuloma extract) to polyclonal anti-NSE anti-
body under nonreducing (lane e) and reducing (lane f)
conditions using the peroxidase-anti-peroxidase complex (PAP)
technique.

subunit structure. Expression of the 4F2/LC7-2 antigen appears
to be associated with cell proliferation and endocrine func-
tion. All malignant neoplasms and cell lines tested thus far,
as well as many other rapidly proliferating cells express the
4F2/LC7-2 antigen. Endocrine cells expressing the 4F2/LC7-2
antigen include pancreatic islets, parathyroid cells and
thyroid cells. The precise function of this cytosolic calcium
regulatory (see below) cell membrane protein is currently
unknown.

Glycolipid islet cell antigens:

Islet cells express glycolipid surface membrane mole-
cules, and these are defined by Mabs A2B5 (44), 3G5 (27), and
R2D6 (37). Mab A2B5, initially generated following immuniza-

tion of Balb/c mice with chicken retina, reacts with a glyco-
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lipid of neurons with the solubility and chromatographic
properties of a GQ ganglioside (53). Studies of the antigen
expressed by RINm5f rat insulinoma cells have shown that the
antigen is resistant to trypsin but sensitive to neuraminidase
digestion, can be pelleted from a water homogenate, dissolved
in chloroform/methanol and resuspended in water, strongly
indicating its glycolipid nature (44).

Mab 3G5 was generated from Balb/c mice immunized with rat
brain and reacts with a ganglioside common to neurons and
pancreatic islets (27) but distinct from that of A2BS5 as
determined by tissue distribution. Antibody 3G5, adsorbed to
polyvenyl plates, can immobilize islet ganglioside micelles
containing several complex gangliosides. This ability has led
to a solid phase radioassay to detect antiganglioside anti-
bodies. When monoclonal anti-islet antibodies are produced, a
number may react with complex gangliosides, including a
recently described rat B cell specific Mab (37). The assay
should provide a useful screening test for this class of
monoclonals.,

Because of limiting amounts of material, we were unable
to characterize precisely the antigens detected by the other
monoclonal islet cell antibodies. Preliminary results obtained
by the "Western" immunoblotting procedure utilizing a human
thyroid medullary carcinoma substrate are shown in table 3.
The antigens recognized by Mabs HISL-4, -8, -22 and BISL-32

were not detected by the immunoblotting technique.

Table 3. Thyroid C cell proteins defined by
monoclonal islet cell antibodies

Mab Antigen
HISL -1 p135
HISL-5 p93
HISL-7 p28
HISL-9 p100
HISL - 14 p100

HISL - 19 p120
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MONOCLONAL ANTIBODIES AS PROBES FOR ENDOCRINE CELL BIOLOGY AND
PATHOPHYSIOLOGY

Mabs which have been generated to a diverse spectrum of
endocrine cell differentiation molecules have served as power-
ful probes for defining novel cell surface antigens and their
specific biologic functions. It is not surprising, therefore,
that these reagents have proven to be exquisite analytical
tools in essentially all fields of biological research in-
cluding endocrinology.

Rassi et al (54) have shown that Mab A2B5, which reacts
with a GQ ganglioside, inhibited (80-90%) insulin secretion
stimulated by glucose, tolbutamide and N6 monobutyryl cyclic
AMP. This inhibition was dose-dependent (0.67-67 pg/ml Mab).
Another islet cell surface Mab, 3A4, has also been shown to
inhibit significantly glucose-stimulated insulin release with
or without complement present (55). In studies utilizing anti-
glycolipid Mabs A2B5 and 3G5, binding of these Mabs to viable
dispersed parathyroid cells resulted in a marked reduction
(40-50%) of low calcium (0.75 mM) stimulated parathyroid
hormone (PTH) release compared to controls (56). Moreover,
hormone secretion by Mab-treated cells was similar to that
observed from untreated cells suppressed in high extracellular
calcium (1.5 mM). Mab BISL-37, which recognizes an intra-
cellular antigen in the parathyroid cells, had no effect on
PTH secretion. All together, these findings suggest a role for
complex plasma membrane glycolipids in the regulation of
transmembrane signalling/signal transduction and hormone bio-
synthesis/secretion in parathyroid cells, possibly through
their interaction with extracellular secretogouges.

Binding of Mab 4F2 (heavy chain epitope) to human adeno-
matous dispersed parathyroid cells resulted in a marked (53.8%
7.9%) reduction in low calcium - stimulated parathyroid
hormone secretion to levels equivalent to cells suppressed by
high extracellular calcium (Fig. 10a). Typically these func-
tional effects were optimal at antibody dilutions of 1:10000 -

1:100000 ascites fluid. Parallel studies, using the calcium
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Fig. 10. A representative experiment illustrating the para-
thyroid secretory response and cytosolic calcium levels in
Mab 4F2 treated parathyroid cells compared to controls (i.e.
untreated cells (UC) or Mab LC7-2 treated cells). a. Para-
thyroid cells were treated with Mabs 4F2 or LC7-2 and in-
cubated at varying extracellular calcium concentrations in
order to determine the effects of these Mabs on hormone
release. PTH secretion is represented as % of maximal and is
illustrated as a function of extracellular calcium (0.5 mM to
2.0 mM Ca). 4F2 treated cells (squares) prepared from a para-
thyroid adenoma showed a marked decrease in PTH secretion in
low extracellular calcium (0.5 mM to 0.75 mM Ca), which was
equivalent to half-maximal hormone secretion by untreated
dispersed parathyroid cells (circles; i.e. at 1.25 mM extra-
cellular calcium). At maximally suppressive levels of calcium
outside (2.0 mM), PTH release was virtually the same for both
treated and untreated cells. Hormone secretion by LC7-2
(triangles) treated cells was indistinguishable from untreated
cells. b. Dispersed parathyroid cells were loaded by in-
cubation in 15 pM acetoxymethylester Quin-2, then treated with
Mabs 4F2 or LC7-2. Compared to controls, Mab 4F2 treated cells
displayed consistantly higher cytosolic calcium levels at all
extracellular calcium concentrations examined (e.g. 170% to
300% of controls at 0.5 mM and 2.0 mM Ca, respectively).
Cytosolic calcium levels in 4F2 treated cells in low calcium
were approximately equal to cytosolic calcium in LC7-2 treated
cells or untreated controls in high calcium. The elevated
cytosolic calcium values in 4F2 treated parathyroid cells
likely account for the observed reduction in PTH secretion.



62

sensitive dye Quin-2 to measure intracellular free calciunm,
showed that the inhibition of PTH secretion in 4F2 treated
cells was associated with a concomitant increase in cytosolic
calcium (Cai) of 188% in 0.5 mM calcium. These values also
approached Cai levels in control cells incubated in high
calcium (Fig. 10b). Mab controls, P3X63, which did not bind to
dispersed parathyroid cells, and Mab LC7-2 (which recognizes a
different - light chain - epitope of the same cell membrane
glycoprotein as 4F2), did not alter PTH secretion or Cai.
These data suggest that Mab 4F2 binding to its cell surface
antigen inhibits PTH secretion of human adenomatous para-
thyroid cells in vitro, and that the alterations in secretory
function could be accounted for by attendant increase in Cai.
Thus the 4F2/LC7-2 antigen may be an important component of
the calcium sensing and/or signal transducing mechanism in
cells expressing this glycoprotein. In contrast to para-
thyroid, preliminary examination of other cell types (mono-
cytes, HSB-2 T lymphocytes, and islet cells) showed that Mab
4F2 (but not LC7-2) binding caused a decrease in cytosolic
calcium (57).

Using the same in vitro dispersed parathyroid cell
system, in preliminary studies, binding of Mabs HISL-9 and -14
to their corresponding target antigenic epitopes has been
found to stimulate, Mab HISL-5 to inhibit PTH secretion. These
studies serve to illustrate the usefulness of Mabs as probes
to elucidate complex molecular mechanisms involved in normal

and pathological endocrine cell function.

MONOCLONAL ISLET CELL ANTIBODIES: APPLICATIONS IN DIAGNOSTIC
PATHOLOGY

Application of immunocytochemical techniques to the
solution of diagnostic problems in the surgical pathology of
neoplasms has progressed greatly in recent years. In contrast
to conventional polyclonal antibodies, Mabs represent pure
homogenous antibody reagents of defined epitope specificity,
which can be produced in unlimited amounts and have therefore

the potential as ideal probes for immunocytochemical



63

techniques for diagnostic purposes., Unfortunately, the
application of Mabs in routine surgical pathology is limited
since many of the epitopes recognized by the Mabs are
destroyed by fixation procedures and cannot be detected by
immunocytochemistry on formalin fixed and routinely processed
specimens.

To investigate their potential as a tool in the immuno-
cytochemical identification of neuroendocrine differentiated
tumors, we tested the above listed series of monoclonal islet
antibodies for their immunoreactivity on formalin- fixed and
paraffin—embedded tissues. With the exception of Mab HISL-19
(Figs. 5, 6), none of the other antibodies reacted with their
corresponding antigen on formalin-fixed and paraffin embedded
sections of human pancreatic tissues. In subseguent studies
the immunoreactivity of Mab HISL-19 was evaluated on a series
of 124 neuroendocrine und non-neuroendocrine tumors by an

indirect peroxidase technique (48; Tab.4). Mab HISL-19 reacted

Table 4. Immunohistochemical reactivity of Mab HISL - 19
with various neuroendocrine tumors

Tumor type Reactivity

Pituitary adenoma +
Pheochromacytoma

Neuroendocrine carcinoma of the skin
C cell carcinoma of the thyroid
Paraganglioma of the carotid body
insuloma

Carcinoid

-
WO W asE NS

+ o+ o+ o+

Parathyroid adenoma
Melanoma +/—
+/—

+/—

Neuroblastoma
Qat cell carcinoma of the lung

N W e W

strongly with all insulomas (Fig. 1la), carcinoids (Fig. 11b),
pituitary adenomas, paragangliomas, pheochromocytomas, thyroid
C cell carcinomas (Fig. 12a) and neuroendocrine carcinomas of
the skin tested (Fig. 13c). The latter represent a group of
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Fig. 11. Immunoperoxidase staining of a human insuloma (a) and
a carcinoid tumor (b) with Mab HISL-19 (paraffin sections,
counterstained with hematoxilin).

skin neoplasms (Merkel cell tumors) with features of neuro-
endocrine differentiation and are believed to arise from the
Merkel cell (58, 59), which also expresses the HISL-19 antigen
(60; Fig., 13b). The well known variability in the light micro-
scopic appearance of these tumors may lead to considerable
difficulties in distinguishing them from other skin neoplasms
such as malignant lymphomas, melanomas and even poorly
differentiated squamous cell carcinomas. The immunocytochemi-
cal demonstration of neuroendocrine differentiation antigens
such as the HISL-19 antigen is therefore essential in the
diagnosis of ierkel cell tumors (60). In contrast, melanomas,
bronchial oat cell carcinomas and neuroblastomas, which are
known to have neuroendocrine features as evidenced by their

content of NSE and the presence of neurosecretory granules in
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the cytoplasm, were found to show only weak reactivity in a
few tumor cells or be unreactive with Mab HISL-19, These
findings may reflect a loss of antigen expression or
alteration of the antigenic determinant detected by Mab
HISL-19 during the neoplastic process, since the cells from
which these tumors are believed to originate are all reactive
with Mab HISL-19 (i.e. melanocytes, neuroendocrine cells of
the bronchial mucosa, adrenal medulla). Parathyroid adenomas
(as well as normal parathyroid chief cells) did not express
the antigen detected by Mab HISL-19. It seems noteworthy that
the inclusion of the parathyroid into the diffuse neuro-
endocrine system is still controversial, since parathyroid
chief cells lack the obligatory "amine precursor uptake and

decarboxylation" characteristics (61).

Table 5. Immunohistochemical reactivity of monoclonal antibody
HISL - 19 with various nonneuroendocrine tumors
{positive reactivity is restricted to a supranuclear dotlike
staining pattern)

Tumor type Reactivity

Adenocarcinoma of the colon
Adenocarcinoma of the stomach

Adenocarcinoma of the pancreas
Acinus cell carcinoma of the pancreas
Adenocarcinoma of the endometrium

Adenocarcinoma of the bronchus
Ductal carcinoma of the breast
Lobular carcinoma of the breast

Squamous carcinoma of the skin

Transitional carcinoma of the bladder

Papillary and follicular carcinoma of the thyroid
Renal adenocarcinoma

Adrenal cortical adenoma

Malignant lymphoma

Leiomyosarcoma

Leiomyoma of the uterus

n
8
5
1
4
1
3
1
4
6
2
1 +
4
4
8
3
2
5
3
3

Fibroma 3

In order to assess the specificity of the immuno-

reactivity of Mab HISL-19 to neuroendocrine cells and their
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related neoplasms, we tested various non-neuroendocrine neo-
plasms for their reactivity with Mab HISL-19. wWith a few
exceptions, Mab HISL-19 did not react with tumors of this
group including adenocarcinomas from various sites, squamous
cell carcinomas of the skin, transitional carcinomas of the
urinary bladder, thyroid carcinomas of follicular cell origin,
adrenal cortical adenomas, malignant lymphomas and various

benign and malignant soft tissue tumors (Table 5). Positive

Fig. 12. a. Immunoperoxidase staining of a medullary (C cell)
carcinoma of the thyroid with Mab HISL-19. b. Mab HISL-19
immunoreactivity in a human gastric adenocarcinoma revealing
supranuclear dot like structures (arrowheads) in some tumor
cells (paraffin sections, counterstained with hematoxilin).

staining by Mab HISL-19 was observed only in one adeno-
carcinoma of the stomach (Fig. 12b), one adenocarcinoma of the

endometrium and one breast carcinoma (infiltrating lobular
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type). The cytologic reactivity pattern was different from
the strong granular staining of neuroendocrine cells and was
restricted to a small intracytoplasmic paranuclear dot like
structure. A similar staining pattern was observed in some

normal tissues such as small ducts of salivary glands, the

Fig. 13. a. and b, Normal bovine skin stained by an immuno-
peroxidase technique. The section was reacted first for the
antigen detected by Mab HISL-19 (b) yielding a dot-1like
immunoreactive product in some cells lying above the basement
membrane of the epidermis (indirect peroxidase technigue).
After elution of the antibodies with glycine-HCl buffer, the
same section was reacted for NSE (PAP technique) identifying
the Mab HISL-19 reactive cells as Merkel cells. The charac-
teristic ring-like appearance of the NSE immunoreaction is in
contrast to the still visible Mab HISL-19 binding sites
(arrowheads; paraffin sections, no counterstain). c. Neuro-
endocrine (Merkel cell) carcinoma of the skin immunostained
with Mab HISL-19 (paraffin section, counterstained with
hematoxilin).
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respiratory epithelium and the gallbladder mucosa. These
findings suggest that Mab HISL-19 finds potential applications
in diagnostic pathology as an indicator for neuroendocrine

neoplasms.

MONOCLONAL ISLET CELL ANTIBODIES: RELEVANCE TO TYPE I DIABETES
MELLITUS AND ORGAN SPECIFIC AUTOIMMUNITY?

Recent experimental findings 1indicate that the
circulating autoantibodies of Type I DM bind to sialic acid
containing carbohydrate side-chains of islet cell glyco-
conjugates (62). Islet cell reactivity of sera from Type I
diabetic subjects is ablated by gentle periodate oxidation of
the substrate pancreatic sections, a procedure which
selectively modifies sialic acid residues on the target
antigens. Sodium borohydrate reduction restores the islet cell
antigenicity. Moreover, this reactivity is sensitive to
neuraminidase treatment which specifically cleaves sialic acid
residues. Furthermore, immersion of pancreas sections in a 2:1
mixture of chloroform and methanol ablated serum binding to
islets. Limited pronase digestion did not seem to affect the
human serum immunoreactivity. In order to gain a better handle
on the precise molecular species involved in autoantigenicity,
similar studies have been performed using the monoclonal islet
cell antibodies described above.

The binding of Mabs HISL-9, -14, 4F2, and LC7-2 were
unaffected by sodium metaperiodate or chloroform:methanol pre-
treatment of the antigenic pancreatic substrate (63). The
binding of these autoantibodies was, however, diminished by
limited pronase digestion of pancreas sections, indicating
that the epitope for each of these antibodies is protein born.
The binding of Mab HISL-19 was ablated by both periodate
oxidation and chloroform:methanol treatment of pancreas sec-
tions, and is also greatly diminished by pronase digestion;
these are properties consistent with previous studies
identifying HISL-19 antigen(s) as glycoprotein. The
chloroform:methanol sensitivity of the HISL-19 antigen raises

an interesting possibility: while some glycoproteins are known
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to be soluble in chloroform:methanol, it is also possible,

that a proportion of HISL-19 reactivity may arise due to

similar epitopes born on glycolipids. The binding of Mab 3G5

(which is known to bind to glangliosides antigens) was ablated

by both periodate oxidation and chloroform:methanol pretreat-

ment of pancreatic sections. This binding activity was, how-

ever, insensitive to pronase digestion. Further biochemical

and structural analysis is mandatory to establish the

relationship between the various Mab defined islet cell anti-

gens and the bona fide autoantigens actually involved in organ

specific autoimmunity.
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A METHOD FOR LONG-TERM MAINTENANCE OF FIBROBLAST-FREE GLUCOSE-SENSITIVE
ISLET CELL MONOLAYERS FROM ADULT RATS
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ABSTRACT

Long-term survival of functioning monolayer cultures of adult rat
pancreatic islets was obtained by plating islet fragments on dishes coated
with extracellular matrix derived from bovine corneal endothelial cells.
Fibroblast overgrowth was supressed by the use of a monoclonal antifibro-
blast antibody or with sodium ethylmercurithiosalicylate. Sensitivity to
acute stimulation by glucose was preserved for up to 7 weeks in culture.
Further functional competence of the B cells in these monolayer cultures
was indicated by their response to various inhibitors and stimulators
of insulin secretion. The cultured islets were capable of synthesizing
DNA. These findings suggest that the use of ECM-coated plates and removal
of the contaminating fibroblasts enhance the long-term survival of adult
pancreatic islets, with retained functional capacity. This system seems
therefore well suited for studying islet cell physiology and pathology
under controlled chronic in vitro conditions.

INTRODUCTION

Insulin-dependent, type I diabetes is caused by a massive reduction
of the pancreatic B cell mass due to a chronic destructive process which
evolves subclinically during a considerable time (1,2). Intensive research
in recent years has led to the concept that in genetically susceptible
individuals, the combined effect of viral and/or chemical damage and an
autoimmune reaction causes B cell destruction (3). In many cases
appearance of islet cell antibodies precedes glucose intolerance by many
years (4,5), while some antibody-positive individuals may not become diabe-
tic within a Tife-time. Since above a given threshold, even a fraction
of the normal B cell mass may be sufficient to maintain normal glucose
homeostasis (6), it is reasonable to suppose that the rate by which the
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islet repairs itself following an autoimmune attack may be of crucial im-
portance for the development of insulin-dependent diabetes.

Potentially, the deterioration of glucose homeostasis in affected
individuals could be prevented if the capacity of the B cell to regenerate
was increased. For obvious reasons very little information exists regard-
ing B cell replication in man (7). From animal experiments it is known
that only a small fraction of the B cells from fetal and neonatal rats
enters the cell cycle (8). It is known that B cell replication is influ-
enced by age, metabolic status, various hormones, growth factors, and
nutrients (8-13). Most important, it has recently been shown that the
proliferative capacity of islets is genetically determined (14).

In order to answer the basic questions related to islet cell repli-
cation and its significance for the development of type I diabetes, it
is imperative that research is performed under controlled in vitro condi-
tions in islet cell cultures derived from adult donors.

Techniques for culturing pancreatic islets have recently improved
considerably. Islets can be cultured free-floating in suspension (15,16).
This method allows the isolated islets to maintain their original three
dimensional organization and inter-cellular relationships. A similar
organization can also be obtained by culturing islet cells embedded in
collagen gels which promote the reorganization of cells into islet-like
organoids (17). Alternatively, islets can be cultured as monolayers
utilizing intact islets or isolated islet cells and a variety of supporting
surfaces and treatments to promote islet cell attachment, monolayer
formation and long-term survival (18-25). The tissue used for obtaining
monolayer culture usually originated from the fetal or neonatal pancreas,
with very few investigators being successful in obtaining monolayer
cultures from the pancreatic tissue of adult donors. An added complication
to the establishment of islet monolayers is that the culture is rapidly
overgrown by fibroblasts normally contaminating the islet cell preparations
(26,27).

We were recently able to obtain monolayer cultures of adult rat
islets by plating isolated islets on plastic plates coated with extracel-
Tular matrix (ECM) derived from bovine corneal endothelial cells (28).

The ECM was shown to promote cell attachment, proliferation and differen-
tiation of a variety of cells (29). The problem of fibroblast overgrowth
was circumvented either by the use of a monoclonal antifibroblast antibody
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which in the presence of complement is cytotoxic (30), or by treatment
with sodium ethylmercurithiosalicylate (thimerosal)(26).

This report describes the technical aspects of the culture method
and the initial characterization of the cultured cells.

MATERIALS AND METHODS
Isolation and culture of islets

The islets used for culture are prepared by the collagenase digestion
technique adapted from Lacy and Kostianovsky (31).

Male rats from the Hebrew University Sabra strain, 6-8 week old, were
used for all experiments. The pancreata from two rats were quickly removed
and placed in a Petri dish containing Hank's balanced salt solution (HBSS),
pH 7.4. After trimming the tissue free from fat and connective tissue,
the pancreata were minced with scissors. The minced tissue was transfered
into a conical Pyrex tube and washed 3 times with HBSS. Following the
washes 10 mg of collagenase (Serva, Heidelberg, FRG) in 5 ml of HBSS was
added and the tube was shaken vigorously in a water bath at 370 for 5-10
min until a homogenous suspension was obtained, After a brief centrifuga-
tion, the pellet which contains islets and remaining clumps of exocrine
tissue was washed 4 times in 10 ml ice-cold HBSS. Following the last wash,
the pellet was resuspended in HBSS at 40 and islets were collected under
a stereomicroscope using a micropipette. Only the smallest islets (islet
fragments) were collected, as they were shown in preliminary experiments
to attach faster to the culture plates and form monolayers earlier. The
isolated islets, which still contained some remnants of exocrine tissue
and cell debris, were purified by a second isolation under the stereo-
microscope and collected into a sterile conical tissue culture tube
containing serum-free tissue culture medium. From this step on all pro-
cedures were done under strict sterile conditions in a tissue culture
hood. The isolated islets were washed 3 times at room temperature by
resuspension in RPMI 1640 medium containing antibiotics (100 U/ml penicillin
and 100 ug/ml streptomycin) and centrifugation at 150 x g for 5 min.
Following the last wash, the islets were resuspended in RPMI 1640 medium
containing 10% fetal bovine serum and antibiotics at 370 and plated into
10-15 35 mm tissue culture plates coated with extracellular matrix (ECM).
The cultures were maintained at 37° under 10% CO2 in air, and the culture
medium was changed twice weekly.
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Preparation of ECM coated plates
To obtain ECM-coated plates, bovine corneal endothelial cells were

prepared and cultured in presence of fibroblast growth factor as described
by Gospodarowicz et al (29). Following 14 days in culture, the cells were
removed by a brief exposure to 0.5% Triton X-100 in 25 mM ammonium hydro-
xide solution. The ECM-coated plates were washed in phosphate buffered
saline (PBS), pH 7.4 and stored filled with PBS for up to 2 months at 49,
Before use for islet culture, the PBS was removed and the plates were
washed once with culture medium. In some of our experiments, ECM-coated
plates obtained from a commercial source (IBT, Jerusalem, Israel) were
used with similar results.

Fibroblast removal

Fibroblasts were removed either by use of antifibroblast monoclonal
antibody, or with thimerosal.

Islet cultures were treated routinely before each change of medium
as described by Edwards et al (30). After removing the culture medium,
the cells were washed in cold serum-free Hepes (10 mM) buffered RPMI 1640,
and incubated at 49 for 1 hr with the same medium containing 1:500 dilution
of antibody FIB 86.3. After 2 rinses with medium, 1:20 dilution of rabbit
serum in Hepes buffered medium was added and the plates were incubated
at 370 for 2 hr. Following the incubation, cultures were rinsed twice
and regular growth medium was added.

Fibroblast removal with thimerosal was performed as described by
Bratten et al (26). On day 3 or 4 after plating, as fibroblasts started
to emerge, the cultures were exposed to 1 ug thimerosal per ml of serum
containing culture medium for 1-2 days, after which the medium was
replaced by the regular growth medium. Although sometimes a single treat-
ment was sufficient to obtain fibroblast-free cultures, the treatment
may be repeated at a later time of culture as needed.

Insulin secretion by islet monolayers

The function of the B cells was assessed at different times of
culture by measuring glucose-stimulated insulin release and its modulation
by various stimulators and inhibitors of secretion. The following experi-
mental protocol was used for all studies. The culture medium was replaced
by 1 m1 of Krebs-Ringer bicarbonate (KRB) buffer containing 10 mM Hepes,
3.3 mM glucose and 0.25% bovine serum albumin (BSA), pH 7.4. After 60
min of preincubation at 37° under 10% CO2 atmosphere, the buffer was
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discarded and replaced by 1 ml of the same buffer. At the end of further
60 min, the buffer was collected and used for determining the basal rate
of hormone secretion. This buffer was replaced by KRB-Hepes-BSA buffer
containing the test substances, and the incubation continued for another
60 min, at the end of which the buffer was collected for insulin determi-
nation. The collected buffers were centrifuged at 49 (15 min, 150 x g)
to remove dead cells and cell debris, and the supernatants frozen for
hormone assay.

Insulin determination

Insulin was determined by a standard radioimmunoassay technique
using guinea pig anti-porcine insulin antibodies (Serono Diagnostics,
Coinsins, Switzerland) and 20% PEG to separate bound and free hormone.
Rat insulin was used as a standard.

Autoradiography

DNA synthesis in monolayer cultures was determined by incorporation
of 3H-thymidine followed by autoradiography. Cultures were incubated for
20 hr with 10 uCi of 3H-thymidine at 370, The cells were then washed 5
times with ice-cold PBS and fixed with methanol. The plates were coated
with ITford K-5 photographic emulsion, dried and kept for 5 days at room
temperature before developing.

RESULTS

The collagenase method used allowed 200-250 islet fragments to be
collected from each pancreas. Freshly isolated islet fragments were seen
under the phase-contrast microscope to consist of irregular cell clusters
of varying size, lacking a well defined capsule. After 2 days in culture
on plastic plates (Fig. 1A) the islet fragments remained unattached and
their irregular shape was still evident. On the other hand, islet frag-
ments plated on ECM-coated plates were already attached by 3-4 hr, and
after 1 day in culture (Fig. 1B) cells started to migrate away from the
center of the islet, some fragments being already flattened. By the
second day on ECM-coated plates, most of the islets were flattened and
the formation of an epitheloid monolayer was evident (Fig. 1C). After
72 hr in culture all islet cells were spread out forming a monolayer
(Fig. 1D). At this time some binucleated cells were evident (Fig. 1D & 4).
Fibroblast growth usually started to be evident by the 4th day of culture
and unless removed, fibroblasts completely surrounded the islet cells,
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inhibiting further spreading of the cell monolayer.

Fig. 1. Fragmented islets cultured on: A) Plastic plate for 48 hr
B) ECM-coated plate for 24 hr C) ECM-coated plate for 48 hr D) ECM-
coated plate for 72 hr. Phase contrast x 200.

Figure 2A shows an intact islet of Langerhans after 3 days of culture
on ECM-coated plate. As opposed to the islet fragments shown in Fig. 1,
intact islets did not form a monolayer after 72 hr. Still, these islets
were well attached to the plates (Fig. 2A) and started to flatten, with
cells migrating away from the center of the islets. Fibroblasts started
to appear at the periphery of the intact islets already by the second
day of culture. Only after 1 week in culture these large islets formed
a circular monolayer with some of the cells in the center of the islet
remaining in a multilayer and eventually becoming necrotic (not shown).
For this reason we changed our method and collected only the small frag-
mented islets (Fig. 1). Figure 2B shows the same islet as in Fig. 2A after
treatment with antifibroblast monoclonal antibody and complement. While
the islet itself remained intact, the fibroblasts were destroyed.
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Fig. 2. Intact islet after 3 days in culture on ECM-coated plate. A)
Untreated islet surrounded by fibroblasts. B) The same islet after
treatment with antifibroblast monoclonal antibody and complement. Phase
contrast x 100.

Fibroblast-free cultures obtained by this method and grown on ECM-coated
plates maintained a near constant basal (3.3 mM glucose) insulin secretory
activity for almost 3 weeks (Table 1) and responded to a glucose stimulus
(16.7 mM glucose) with 5.4-fold increase of insulin secretion (Table 2).
Unfortunately, due to apparent instability of the hybridomas secreting the
antifibroblast antibodies, the cells Tost their ability to produce the

Table 1: Insulin secretion in islet monolayers
Days in culture Secretion rate
(uU/hr/culture)
4 180 + 18
7 181 + 38
19 149 ; 296

Islet monolayers were grown on ECM-coated plates in
RPMI 1640 medium with 10% FCS. Fibroblasts were re-
moved with antifibroblast monoclonal antibody and
complement. Mean + SEM of 4 plates.
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Table 2: Glucose-stimulated insulin secretion
in fibroblast-free islet monolayers

Treatment Basal secretion Glucose stimulation % change
(wU/hr/culture)

Antibody 180 = 43 972 + 198 540

Thimerosal 297 ; 311 1140 ; 1061 384 ; 341

One-week o1d monolayer cultures were either treated with antifibroblast
antibody and complement, or exposed to thimerosal (1 ug/ml) from day 2
through 8. Glucose-stimulated insulin secretion was measured by expo-
sure to 3.3 mM glucose for 1 hr followed by 16.7 mM for a second hr.
Mean = SEM of 9 observations.

specific antibody. This loss is thought to be due to non-secreting
hybrids, or unrelated hybrids overgrowing the desired hybrids, and may
be controlled by recloning the hybrid cells (32). While this procedure
was in progress, we tested an alternative way to obtain fibroblast-
free islet cultures. The mercurial agent thimerosal was tested for its
ability to eliminate fibroblasts associated with adult pancreatic
monolayer cultures. Figure 3A shows an 8-day old culture grown on ECM-
coated plate. The islet is surrounded by fibroblasts. When the culture
was exposed to 1 ug/ml thimerosal from day 2 through 8 the fibroblasts
were eliminated without affecting islet monolayer morphology (Fig. 3B).
The prolonged exposure to thimerosal did not affect the ability of the
islet culture to respond to a glucose stimulus (Table 2); therefore, it
was used routinely to eliminate fibroblast contamination. Later it
was realized that the time of exposure to thimerosal can be shortened
considerably, and at present a 1 to 2 day exposure to 1 ug/ml thimerosal
is used routinely to circumvent the problem of fibroblast overgrowth.
The capacity of the B cells to respond to different concentrations
of glucose was measured in 1-2 week old cultures following an acute
(1 hr) exposure to glucose. Insulin secretion was increased 5 fold when
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Fig. 3. Islet fragments cultured for 8 days on ECM-coated plates.
A) Untreated islet surrounded by fibroblasts. B) Islet exposed to
1 ug/ml thimerosal from day 2 through 8. Phase contrast x 100.

Table 3: Glucose dose-dependency of insulin secretion in the
absence and presence of 0.1 mM IBMX

Glucose concentration Insulin secretion
(mM) (% of basal)
-IBMX +IBMX
3.3 100 £ 5 344 + 20
5.5 242 + 38 767 + 102
6.9 306 + 51 1028 + 346
8.3 408 + 82 991 + 106
16.7 499 + 68 1367 + 153

Cultures were 1-2 week old. Plates were exposed for 1 hr to
a basal glucose concentration (3.3 mM), followed by a second
hr of exposure to increasing concentrations of glucose without
IBMX and a third hr with 0.1 mM IBMX. Results are mean # SEM
of 3 observations.
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glucose was raised from the basal concentration of 3.3 mM to 16.7 mM
(Table 3). Half maximal effect was obtained at a glucose concentration
of 5.5 mM. As seen from Table 3, the addition of 0.1 mM 3-isobutyl-1-
methylxanthine (IBMX) further augmented insulin release by 3 fold at all
glucose concentrations tested. The islet culture was still responsive

to glucose at 7 weeks of culture, increasing the insulin secretion rate
from 330 + 27 wU/hr/culture to 1386 + 297 uU/hr/culture when exposed to
16.7 mM glucose. The effects of the inhibitors somatostatin and epineph-
rine and of the stimulator glucagon were also studied. Ten ug/ml somato-
statin caused v50% inhibition of the glucose effect (8.3 mM) (Table 4).

Table 4: Effect of hormones on glucose-induced insulin secretion
Hormone Basal secretion Stimulated secretion 8.3 mM glucose
concentration (3.3 mM glucose) (8.3 mM glucose) + hormone
Somatostatin
1 ng/ml 175 + 24 712 + 79 876 + 142
100 ng/ml 200 + 54 676 + 90 527 + 41
10,000 ng/m1l 134 = 67 560 + 72 280 + 78
Epinephrine
1 ng/ml 534 + 44 1191 + 171 989 + 36
100 ng/m1l 228 + 114 1003 + 119 150 £ 20
10,000 ng/ml 124 + 47 552 + 87 83 £ 11
Glucagon
1 ng/ml 384 + 155 1486 + 323 1293 + 224
100 ng/ml 164 £ 70 704 £ 61 1246 + 232
10,000 ng/ml 209 = 137 746 = 132 1313 £ 90

Islet monolayers were 1-2 week old. One hr exposure to 3.3 mM glucose

is taken as the basal secretion rate. The stimulated secretion was
measured by a second one hr exposure to 8.3 mM glucose, and the effect

of the various hormones by a third hr of exposure to different concentra-
tions of hormones in the presence of 8.3 mM glucose. Results are expressed
in wU/hr/culture and represent mean + SEM of 3-4 plates.
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Epinephrine had a maximal inhibitory effect at 100 ng/ml under our
experimental conditions. The adult rat cultured islets were also res-
ponsive to the stimulatory effect of glucagon, 100 ng/ml causing a
further 2-fold increase in insulin secretion as compared to 8.3 mM glu-
cose alone.

Preliminary experiments using 3-day old cultures of adult rat islets
suggest that under in vitro conditions the monolayersgrown on ECM-coated
plates synthesize DNA (Fig. 4). While no quantitative determination of
the rate of DNA synthesis could be obtained using our experimental protocol,
it appears that 2-3% of the nuclei are labeled by 20 hr exposure to
3H-thymidine.

Fig. 4. Autoradiograms of two islet monolayers grown for 3 days on
ECM-coated plates and labeled with 3H-thymidine for 20 hr. Phase contrast
x 200.

DISCUSSION
The use of monolayer cultures derived from the adult rat pancreas
has the advantage over the previously utilized monolayers of neonatal or
fetal pancreatic tissue, in that it represents more closely the physio-
logical state of islets in individuals who are susceptible to type I diabetes.
In vivo all epithelial cells capable of proliferation or long-term
survival are found in apposition to a layer of mesenchimal cells, separated
by a basement membrane. It is clear from this report that the use of ECM
secreted by corneal endothelial cells indeed promoted cell attachment and
formation of monolayer from fragmented islets of adult rats. The cultured
islets were functional for up to 7 weeks in culture as indicated by their
ability to respond to an acute glucose stimulus with a 4~fold increase in
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insulin secretion. The cultures appear to maintain a functional state
also as judged by their response to a number of mediators. While the
glucose-stimulated insulin secretion showed a higher sensitivity to glucose
(ED50 of 5.5 mM, Table 3) as compared to freshly isolated adult rat islets
(33), or cultured islets from neonates (34), IBMX further augmented the
response. The inhibition of the glucose-mediated insulin secretion by
epinephrine is consistent with the observation of Marliss et al (35) in
monolayers of neonatal rat islets and of Rabinovitch et al in isolated
adult rat islets (36). Somatostatin, on the other hand, seems to be less
effective in the monolayer cultures as compared to freshly isolated

islets (37). Work is in progress to investigate the reasons for the
increased sensitivity to glucose and decreased response to somatostatin

in this system. The cultured islets maintained also their responsiveness
to glucagon. DNA synthesis which is also apparent in vitro in islets

from neonatal and fetal rodents (8), still continues in the monolayers
derived from the adult pancreatic tissue.

The data obtained so far suggest that the use of ECM-coated plates
and the elimination of fibroblasts with either antifibroblast antibodies
or thimerosal, promote the formation and long-term survival of functioning
monolayer cultures of adult pancreatic islet cells. This should enable
the use of this culture system as an experimental model to study islet
damage and repair mechanisms under conditions which simulate type I diabetes.
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Clinical considerations of diabetes mellitus
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CLINICAL ASPECTS OF DIABETES TYPE I AND TYPE 11

H. BAR-ON
Diabetes Unit, Hadassah Medical Center, Jerusalem, Israel

ABSTRACT

Diabetes mellitus is a syndrome of various genetic and environmental
etiologies. The hyperglycemia and its associated metabolic, functional and
pathological sequelae apparently have different mechanisms, depending on
the several entities encountered. Two major clinical presentations of
diabetes are reviewed in this chapter and their genetic and pathogenetic
characteristics are described. Patients with diabetes wiil eventuaily
develop micro- and macro-vascular complications, making their lives
increasingly uncomfortable and distressing. A short report on these grave
afflictions, their pathogenesis and course of disease has been given. The
relationship between diabetic control and complications is also discussed.
Although a lot of progress in understanding diabetes and its therapy has
been made in the last six decades, a great deal is still left for future clinical

and basic research to accomplish.

INTRODUCTION

The classic symptoms and signs of diabetes mellitus (DM) (1-6) which
include polyuria, polydipsia, glycosuria, hyperglycemia, ketosis, loss of
weight and coma, were always considered to be due merely to insulin
deficiency. Only recently has it been recognized that the syndrome of DM
is actually comprised of a heterogeneous group of diseases with widely
diverse etiologies, epidemiological presentations, and genetic

Becker, Y (ed), Virus Infections and Diabetes Melitus. © 1987 Martinus Nijhoff
Publishing, Boston. ISBN 0-89838-970-4. All rights reserved.
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predisposition. Two main clinical aspects are encountered in DM, nameiv
the early metabolic derangements and the late pathological changes. It is
still debatable whether these basic phases of the disease are causally
related. It will be better understood if we consider DM as a multifactoriai
disorder culminating in insulin ineffictency that gives rise to
hyperglycemia - the hallmark of all the various diabetogenic insults. The
hyperglycemia and the associated metabotic changes induced bv the loss of
tnsulin activity are not only the biochemical features of the disease but
might become operative in the development of the pathological

complications.

CLASSIFICATION AND DIAGNOSIS

There are two major categories in the new classification (1} of DM
namely, IDDM (Type I, insulin-dependent diabetes mellitus, formerly
known as juvenile onset DM) and NIDDM (Type II, non-insulin-dependent
diabetes mellitus, formerly known as aduit onset DM). In addition, other
associated conditions have been listed in the new classification that include
impaired glucose tolerance (IGT), gestational diabetes mellitus (GDM), and
other types of diabetes.

The criteria for establishing DM have been prepared and reviewed, in
order to standardize the diagnostic methodology and to achieve
international agreement thereon. Currently, the World Heaith Organization
(WHO) and National Diabetes Data Group (NDDG) recommendations are
adopted world-wide (see Table 1).

It is apparent that OGTT is unnecessary in a symptomatic patient with
even a single random plasma glucose of 11.1 mmol/L (200 mg/dL). or
higher. It should be emphasized that when ordering OGTT or performing

blood test for glucose levels, one has to rule out many non-diabetic causes



91

Table 1. Diagnostic criteria for diagnosis of DM and IGT.

Fasting 1/2.tor 1 1/2nr 2 hr
bM
WHO >8.0 (140) Not required 11012000
NDDG 140 (7.8} 200 (11.1) 1200 (1113
IGT
WHO <80 (140) Not required 8-11(140-200)
NDDG <140 (7.8) 200 {11.1) 140-200 (7.8-11.1)

Note: The above are diagnostic criteria for diagnosis of DM and IGT
following 758 OGTT {oral glucose tolerance test). Values are for venous
plasma in mmol/L or mg/dL.

of impaired glucose tolerance, such as liver disease, Kidney disease, other
endocrine diseases (Cushing's disease, active acromegaly, thvrotoxicosis,
pheochromocytoma) or ingestion of certain drugs (thiazide diuretics,
corticosteroids, oral contraceptives, dilantin, alcohol, etc.).

The diagnosis of DM can be confirmed by other indices, as for example
the measurement of glycosylated compounds in the blood. Plasma glucose
reacls non-enzy matically with the hemoglobin in the red blood cell 10 form
several glycosylated hemoglobins (GHb) or could be attached to plasma
proteins. Total concentrations of the glycosylated proteins are correlated
with the levels of circulating plasma glucose. Studies to assess the
sensitivity of measuring GHb as a predictor of giucose intolerance were
mostly disappointing, especially in mild glucose intolerance. However, in
moderate to severe intolerance, the estimation of GHb was found useful in

diagnosing diabetes.



92

By analogy with several other endocrinological afflictions, measures of
plasma insulin levels would be of diagnostic importance; however, as will
be discussed later, glucose intolerance and diabetes might be accompanied
by hypo-normo or hyperinsulinemia. At the present time, the
determination of the insulin response to glucose load alone has a restricted
value in establishing the diagnosis of DM.

Still another way to verify the existence of DM is to perform muscle or
kidney biopsy and to study the capillary basement membrane (2).
Evidence has accumulated to support the view that basement membrane
thickening (BMT) is associated with diabetes. Some authors (3} have
claimed that BMT preceded the clinical syndrome, leading them to the
conclusion that BMT may be part of the disease complex rather than a

resuit of metabolic controt.

INSULIN-DEPENDENT DIABETES MELLITUS (IDDM)
Clinical presentation

The majority of patients presenting with this type of disease are
children below the age of 15, with peak ages of onset at 8, 10, 12, and 14.
Most of the younger patients are admitted to the hospital shortly after the
development of first symptoms. The mean interval between onset of
symptoms and establishment of the diagnosis is cne month.

Approximately 20% of the children have a history of recent infection,
and 22% of the patients enter the hospital in ketoacidosis and/or coma.
There is a trend of peak incidence of IDDM in the autumn and winter.

Genetics of 1DDM

Recently, it has been suggested that IDDM is associated with certain
genes within the histocompatibility complex (HLAJ (4). More than 90% of

the patients with IDDM express the histocompatibility alleles - DR3 or DR4.
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or both. On the other hand, there is a negative association between DR2
and IDDM.

Family studies have confirmed that between identical twins, there is a
50% chance of concordance for the disease, with a 20% chance of
developing the iliness if two haplotypes are shared by the affected sibling
and the unaffected one. If one haplotype is shared, there is a 5% chance,
but if neither haplotype is shared, there is only a 1% chance.

Evidence is accumulating to support the idea that there are also
non-HLA linked genes predisposing to IDDM. It has been shown that the
insulin gene on the short arm of chromosome !1 is flanked by a
polymorphic region with three major alleles. In a study in which IDDM
patients were compared to non-diabetic subjects, one of the alleles (class 1)
was preponderant in diabetic patients. {(5). A linkage between IDDM and
immunoglobulin gene allotype on chromosome 2 was also reported. Given
these data, and especially the concordance of only 50% in identical twins, it
1s clear that environmental agents are also responsible for the development
of 1DDM.

Pathology

In chronic IDDM patients, the most prominent finding, clinically and
biochemically, is absolute deficiency of insulin. The pancreas of a patient
dying of a prolonged insulin deficiency state would show atrophy of the
islets of Langerhans with fibrosis and hyalinization with occasional
deposition of amvloid-like material. No extractable insulin can be found at
this stage. In contrast, in short-term disease, the most chracteristic lesion
in IDDM is insulitis (6), with mononuclear cells of the tymphocyte-plasma
cell line infiltrating the islets. These infiltrates are either located in the
periphery of the islets, or they may actually obscure the isiet structure

completely.
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This inflammatory process around or within the islets is accompanied
by beta-cell destruction or degranulation. In some cases of short duration,
hyperirophic islets with hydropic or ballooning degeneration of the beta
cells might be encountered. Depending on the severity of the disease and
the time of the examination of the pancreas, the proportion of islets
showing degenerative, inflammatory, atrophic or fibrotic changes varies
markedly.

Etiology and pathogenesis

Evidence is accumulating to support the hypothesis that type I DM,
like some other endocrine diseases {e.g. myxedema, Addison’s disease)
results from a continuous and progressive destruction of the
insulin-secreting cells by an autoimmune process (7, 8). The immune
response is mediated by both humoral and cellular mechanisms.

An enormous amount of recently accumulated clinical and
experimental data indicates that, at the clinical onset of the disease,
antibodies towards specific antigens of the islet cell domain circulate in the
plasma and can be identified. These antibodies exert cytotoxic effects on
beta cells and are shown J/n vizro to react with various components of the
hormone-producing cells. The mechanisms of the “insulitis” described
above (see under Pathology) should involve cell-mediated immune
response, and several tests employed in the laboratory confirm this
hypothesis. Moreover, peripheral lymphocytes isolated from patients with
IDDM produced cytotoxic effects against beta cells obtained from animals.

The existence of an array of islet cell antibodies could be established
in the plasma of patients long before the full-blown clinical picture ensued,
or could be detected in the plasma of siblings of diabetic patients who had
no clinical disease (few of these inflicted sibs will develop diabetes later in

the course of their lives). In addition, in some diabetic patients,
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autoimmune responses directed towards other endocrine organs might be
found. [t is assumed that multiple autoimmune reactions encountered in
families with diabetes are responsible for the “polyendocrine deficiency
syndrome” in which several hormone-producing organs f{ail.

The autoimmune response in IDDM is genetically determined, and
more than 95% of type I white diabetics carry the HLA alleles DR3 or DR4,
or both. However, one must implicate environmental factors as playing a
triggering role in the initiation of the autoimmune process. A change in the
normal surface antigens of the beta cell might be caused by an exogenous
factor, making these altered antigens immunogenic.

An abnormality of the immunoregulatory cells might be caused by an
exogenous factor, making these altered antigens immunogenic.

An abnormality of the immunoregulatory cells might be induced by
viruses, and this has been demonstrated in patients infected with
congenital rubella. It has been suggested that mumps or Coxsackie viruses
may directly infect the beta cells and cause diabetes, or that they become
diabetogenic only against a background of a latent or potentially morbid
state.

Toxins and drugs have also been incriminated in the causation of
IDDM. In some cases of the so-called tropical diabetes (9), destruction and
loss of islet tissue are apparent, with areas of atrophy. This disease, with
its wide range of clinical and biochemical features, has been attributed to
consumption of cassava (tapioca), which contains a cyanogenic glycoside
toxic to the pancreas. The toxicity is aggravated by protein malnutrition,
an associated condition in tropical diabetes.

The clinical manifestations of IDDM, as well as all the metabolic
abnormalities, can be ascribed to insulin deficiency. The effects of the

relative excess of other hormones (e.g. glucagon, growth hormone, etc.)
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might also contribute to some of the metabolic features of the disease.

The absolute insulin deficiency that is the halimark of IDDM can be
clinicalty ascertained by measuring plasma C-peptide levels following the
administration of 1.V. glucagon. The lack of any excursion in the plasma
levels of the C-peptide indicates total loss of insulin-secreting cells.
Treatment

The administration of exogenous insulin reverses aimost all the
metabolic derangements of IDDM. This treatment should be accompanied
by dietary recommendations and instructions for exercise programs. It is
beyond the scope of this chapter to analyze the different management
regimes offered to diabetic patients. It is however important to note here
several new approaches and concepts in diabetes control.

Intensive insulin treatment, inciuding multiple daity injections of
short- and long-acting insulins (MDI) or the use of the insulin pump (CSII),
is recommended today. With these systems, tight control can be achieved.
However, certain associated risks (e.g. hypoglycemia, infection at the site of
the needle} render such intensive treatment questionable, especially in
reference to the uncertainly as to whether tight control would actually
prcvent complications.

There is currently a preference to use highly purified insulin
preparations extracted from pancreases of pigs, and also to advise certain
groups of diabetics to use human insulin. The widespread distribution of
the latter within the insulin-dependent diabetic community is so far
hindered by cost considerations.

Another important aspect of diabetic management is the change in the
dietary recommendations concerning carbohydrates. For many years. the
carbohydrate intake recommended in the dietary guidelines was severely

restricted. An increase of up to 50% of complexed carbohydrate is now
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suggested. The consumption of fiver in the diet is also being advanced. as
it was found to be beneficial, and a reduced postprandial plasma excursion
following pectin, guar or legume ingestion has been documented.

Since IDDM is considered to be an immune-modulated disease, a triai
to use immunotherapy has been suggested. Steroids, antithymocyte
globulin, plasmapheresis, levamizole and others were tested for their effect
to restore beta cell function, but they were found to be nefficient or to be
associated with severe adverse reactions. Recently (10}, a drug called
cyclosporin was tried, with some success, within six weeks of diagnosis of
diabetes. This cyclic polypeptide selectively blocks the activation of T
lymphocytes, and it is the main drug used today to suppress rejection of
kidney and heart transplants. However, this immunosuppressive drug is
not free of side effects, which include hirsutism, gingival hypertrophy,
peripheral neuropathy, and most importantly, renal insufficiency and
hypertension. More studies are needed to ascertain the benefits vs. the
risks involved in the use of cyclosporin in young diabetic pattents. It is
also important to recognize the fact that when diagnosis of 1DDM is made,
already 90% of the beta cell mass has been destroyed. It stands to reason,
therefore, that immunosuppressive therapy should be started at the
preclinical stage, in order to rescue a higher proportion of insulin-secreting
beta cells. The possibility to identify people at risk exists, since tests to
detect ongoing beta-cell destruction (specific antibodies, lymphocyte
subpopulations, etc.) are available.

Another method 1o restore beta cell function in chronic diabetics is
pancreas transplantation. The success rate is limited, due to the failure of
the immunosuppressive agents currently used both to prevent rejection
and to avoid the adverse effects thereof. The procedure is restricted to

patients who, simultaneously, need a kidney transplant, i.c. to those who
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come 1o the operating room with multiple organ involvement and failure.
Such patients are, however, less receptive of transplants, and pancreas

transpiantation s sull considered 1o be an experimental method.

NON-INSULIN-DEPENDENT DIABETES MELLITUS (NIDDMi
This disease is more prevalent than IDDM. and for everv three
patients with IDDM. there are 17 patients with NIDDM.

Clinical Presentation

The ypical patient with NIDDM is an cbese person over the age of
forty, usually physically inactive and living in an urban area. Aithough
polydipsia, polyuria and fatigue are the chief complaints i these patients,
all three symptoms are less frequent. and a history of weight loss and
ketosis i1s rare. In some cases, routine blood or urine examinations, done
because of apparently unrelated symptoms, disclose the existence of the
disease. Furthermore, 1t is more common in this type of diabetes 1o
diagnose the disease only after the patient has alreadv developed one or
two complications.

Genetics

The transfer of NIDDM from parents to children is much more
straight-forward than it is in the case of IDDM. If one of the parents has
the disease, the chance of transmission to an offspring is 10-15%. The risk
for a child to develop NIDDM is even higher when both parents have the
disease (rate not determined, but it reaches up to 50%). In studies with
twins, it has been confirmed that the concordance rate for NIDDM is close
to 100%, indicating that the disease is purely genetic. However, no HLA
associations have been incriminated in NIDDM, a fact which clearly
distinguishes this disease from IDDM. This observation caused these

syndromes to be regarded, genetically, as two totally different entities. An



99

extra 1600 or 3400 base pairs of DNA, inserted approximately 500 base
pairs upstream (5} before the transcription initiation site of the insulin
gene on the eleventh chromosome, were identified using the Southern blot
analysis. This length polymorphism (insertion or sometimes deletion) is
more frequent in patients with NIDDM, making this system useful for
predicting people at risk. Whether this polymorphism influences gene
expression and insulin biosynthesis has not been established as vet.

Etiology and Pathogenesis

Being a genetically determined disease, NIDDM is not always
expressed phenotypically. [t would appear that there is a need for an
"environmental diabetogenic” factor or an associated abnormality, in order
for the disease to be clinically manifested. The finding of length
polymorphism in the 5’ flanking region of the human insulin gene was
linked to the defective insulin biosynthesis in NIDDM. A decrease in
insulin secretion as a response Lo various secretagogues is not sufficient
cause for glucose intolerance. Moreover, the absence of the first phase of
insulin secretion following glucose load, which is often the case, is not
enough to explain the continuous and fasting hypergiycemia in NIDDM.

There are at least three more conditions contributing, each alone, or in
concert with others, to the hyperglycemia of NIDDM.

First, an alpha cell dysfunction has been documented (11). Fasung
hyperglucagonemia, despite increased plasma glucose concentrations, has
been recorded in patients with NIDDM. The suppressed glucagon secretion,
which occurs normally following carbohydrate ingestion in the presence or
absence of increased ambient glucose, is non-operative in NIDDM. There is
also an exaggerated response of alpha cells to the 1.V. administration of
certain amino acids in NIDDM patients.

Secondly, a role of increased hepatic glucose production in the fasting
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hyperglycemia of NIDDM has been proven operative (12). In the
non-diabetic situation, a close-loop feedback system that includes the beta
cell, the liver cell in close proximity, and the blood circulation, is
functionally modulated to determine the secretion of insulin according to
the increasing blood glucose levels, which then suppress hepatic glucose
output, eventually decreasing blood giucose levels. In NIDDM, although
there is an impaired beta cell sensitivily to glucose, these cells continue to
secrete insulin. Liver cells, at the same time, are less sensitive to insulin,
therefore continuing to produce more giucose to further increase biood
glucose levels. This latter event only partially increases the capability of
the beta cell to respond with augmented insulin secretion. This cascade of
metabolic-endocrine phenomena results in sustaining the hyperglycemia in
NIDDM.

Thirdly, an insulin resistance state is evident in NIDDM (13} This
situation 1s further exaggerated by obesity. “Diabesity” is a term used
today to denote a typical clinical picture of an overweight NIDDM patient.
Obesity by itself is an insulin-resistant condition, as is type 1l diabetes.
Extensive studies to characterize this peripheral resistance to insulin action
provided ample data to postulate that both receptor and postreceptor
defects play a role. The nature of the specific cellular components and
processes responsible for the resistance to insulin action is still being
debated.

The insulin resistant statcs arc accompanicd by hvperinsulinemia
This is true especially in obesity, hypercorticism and NIDDM. [t has been
suggested that hyperinsulinemia 1s the primary defect in obesity and that
the receptor defect is secondary to the increased ambient insulin, due to
down regulation of the insulin receptors. Hyperinsulinemia develops in an

animal modet isand rat) following an increase in caloric intake and results
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in obesity and insulin resistance. In this model, reduced insulin uptake by
the liver has been demonstrated (14). The absence of an insulin gradient
concentration across the liver might be the primary event in the generation
of hyperinsulinemia and the accompanying obesity. In this speculative
hypothesis, obesity is secondary to hyperinsulinemia, and not the opposite,
as usuaily assumed.

Some other abnormal situations might mimic type Il diabetes. These
include production of abnormal insulin molecules and mutant insulin,
anti-insulin receptor antibody, primary (familial) deficiency of insulin
receptors, and familial hyperproinsulinemia.

Rather than go into details of NIDDM management, we shall review a
few concepts.

Most NIDDM patients can be treated with dietary therapy only, which
includes caloric restriction for the purpose of achieving weight reduction,
since 80% of NIDDM patients are obese. Patients not responding to diet
atlone, and having continuous post-prandial hyperglycemia of more than
200 mg (11.1 mmol), should be advised to use oral hypoglycemic agents.
For patients with severe hyperglycemia, a course of intensive insulin
treatment is recomended, until euglycemia is achieved. Thereafter,
resumption of oral hypoglycemic drug use is suggested.

The oral hypoglycemic agents in widest use today are different types
of sulfonylureas (chlorpropamide, glibenclamide, and glipizide). The
sulfonylureas have pancreatic as well as extra-pancreatic effects. They
enhance insulin secretion by the beta cells, resulting in higher blood insulin
levels, but this effect usually diminishes after several months. However,
euglycemia is maintained, probably through the extra-pancreatic effects of

the drug.
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Another group of oral hypoglycemic drugs is the biguanides, such as
phenformin and metformin. The mechanisms of action of the biguanides is
by promoting the effect of insulin in peripheral tissues. A combination of
insulin with metformin might reduce the requirements for insulin.

Two novel approaches to the delivery of insulin non-parenterally are
now undergoing chinical trials. One is the use of a nasal spray (15} and the
other the administration of rectal suppositories {16}, Both methods
incorporate bile salts or other non-ionic detergents to facilitate the

absorption of the hormone across mucosal barriers.

COMPLICATIONS OF DIABETES MELLITUS

Hyperglycemia is the hallmark of DM, and the diagnosis and gradation
of the severity of the disease are determined by the blood glucose levels
during fasting and following glucose load, or after a meal. In most patients,
however, several other clinical or pathological features will accompany the
acute onset of the disease or will follow. These features are morbid
phenomena, called complications, which are comprised of metabolic,
functional, or structural disturbances. Although the nature of these acute
or chronic complications is still under debate, it is reasonable to assume
that they may be atiributable to the metabolic derangements of the
disease, and that a genetic predisposition contributes to their severity or
time of appearance.

The acute complications of diabetes include diabetic ketoacidosis and
nonketotic hyper-osmolar syndrome. These two acute metabolic
derangements are due to absolute or relative insulin deficiency and are,
therefore, correctible by the administration of the hormone. These grave
and dramatic clinical syndromes are rare since the introduction of insulin

therapy more than sixty years ago. Additional supportive treatment is
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needed in each case in accordance with the precipitating cause (eg.
infection, trauma, stress), and in accordance with the associated metabolic
derangements (e g. degree of dehvdration, electrotyte deficiency, acidosis).

There are several functional disturbances in diabetes worth
mentioning: patients are prone to develop infections of bacterial or fungal
origin. Usually, these are focal processes in the skin, urinary tract,
respiratory tract and the teeth. Various specific infections are encountered
in diabetes, such as mucocutaneous candidiasis, mucormycosis of the skull,
malignant otitis externa, and osteomyelitis of the bones of the feet.

A hypercoagulable state can be demonstrated in diabetes which, by
itself, does not opresent any clinical syndrome, but might be
pathogenetically important in the causation of other complications.
Increased platelet aggregation and augmented blood viscosity with high
levels of blood coagulation factors have been documented.

The structural changes in late complications of diabetes inciude
neuropathy, nephropathy, retinopathy and dermopathy - referred to as
microvascular disease; macrovascular complication consists of accelerated
atherosclerosis, afflicting the peripheral vascular tree, the coronary
arteries, and the central nervous system vasculature.

Diabetic neuropathy is one of the most common disturbances in
diabetes. It is also one of the earliest to appear. The classification of the
neuropathies is as follows:

1.  Symmetric distal polyneuropathy.

2. Assymetric neuropathy which includes cranial mononeuropathy,
peripheral mononeuropathy, and the neuromuscular syndromes.

3. Autonomic neuropathy.
The polyneuropathy presents with symmetric painful sensation,

usually in the lower extremities. The pains are described as shooting or
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burning, occur mostly at night, and are accompanied by hyperesthesia.
There is aiso the asympiomatic type, which is characterized by
hypoesthesia and loss of deep tendon reflexes. The hypoesthesia and the
insensitive feet lead to the development of fool uicers. due to chronic
pressure by tight shoes, or repeated, non-perceived traumas. This type of
neuropathy is ascribed 1o a specific metabolic derangement that occurs in
diabetes, namely the augmented polyol pathway, which culminates 1n an
accumulated sorbitol and fructose contents in the cells. Myoinositoi
depletion also plays a role in this process. Following identification of these
possible mechanisms, therapeutic approaches, including the use of aldose
reductase inhibitors (Sorbinil) and myoinositol administration. have been
employed.

The asymmetric neuropathy consists of a sudden paralysis of an
isolated muscle innervated by either cranial (I1I, VI, IV) or peripheral
nerves {footdrop, carpal tunnel syndrome). It is usually reversible and
pathogenetically related to a vascular occlusion of a small nutrient arteriole
by platelet thrombi.

Autonomic neuropathy includes: neurogenic bladder, gastroparests,
impotence, orthostatic hypotension. Some of these clinical presentations
are disabling, distressing, and disrupting both physically and
psychologically. Attempts to alleviate the symptoms of these complications
are usually disappointing.

More than 85% of patients with long-standing diabetes (over 25 years)
will experience changes in their kidneys and eyes. This holds true
especially for patients with IDDM.

Nephropathy is a progressive functional abnormality of the glomerul:
resuiting in renal insufficiency. Various stages in the development of this

affliction have been described. Surprisingly, hyperfunction of the kidneys



105
can be demonstrated at the onset. Increased glomerular filtration rate
with enlarged kidneys can be shown. However, within several vears, signs
of deteriorating renal function become apparent. with an increasing
amoun! of proteinuria and decreased creatinine clearance. End-stage renal
failure, necessitaung chronic dialysis or kidney transplantation, 1s almost
unavoidable.

The most striking and teared complication in diabetes is the loss of
vision due to retnopathy. For the diabetic patient, impaired sight is
serious for two reasons: he can no longer take care of himself tlike
measuring his own blood glucose, injecting tnsulin, or watching for pressure
sores on his feet), and he iooses the joy of life. Retinopathy has become the
most common cause of blindness in civilized countries. There are two
stages in the development of diabetic retinopathy: (1) Background
retinopathy, and (2} Proliferative retinopathy. The first phase is rarely
svmptomatic but can easily be identified by fundoscopy. The second,
more distressing phase, leads to impaired vision and blindness.

The non-proliferative changes include increased permeability of the
capillaries seen on fluorescein angiography. Soft exudates, representing
capitlary non-perfusion, and hard exudates, representing leakage of lipid
and protein-containing serum from the vesseis, are also seen. In some
cases, edema of the macula, due to leakage, can cause transient impair ment
of vision. Microaneurysms are almost pathognomonic to the background
retinopathy in diabetes and are also seen in the fundus of the eve.

In proliferative retinopathy, new nets of capillaries grow into the
vitreous from the regions in the retina that suffered from ischemic infarcts.
Vasoactive growth peptides originating from the ischemic areas stimulate
the proliferation of small friable vessels. Hemorrhages from these {ragile

vessels result in a further decrease of vision acuity. Moreover, traction on
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the vitreous body, whenever these hermorrhages begin 10 organize and
fibrose, may cause retinal detachments.

New therapeutic modalities, including photocoaguiation and
vitrectomy, may, in many cases prevent deterioration in the condition, or
even restore sight in near-blindness.

Atherosclerosis afflicting large and medium-sized arteries, especially
peripheral vessels, is more common in diabetic patients than in the
non-diabetic population and affects younger people (17). This
macrovascular complication leads to early coronary artery disease, to
episodes of strokes, and to severe peripheral vascuiar disease. The
last-mentioned results in gangrene and  loss of lower extremities.
Although the clinical manifestations of atherosclerosis in diabetics are
similar to those in non-diabetic patients, il seems that the medivm and
small vessels are more prone to mnvolvement in diabetics than in the
general population.

The most important atherogenic factors that play a role in diabetes are
the increased levels of pilasma total cholesterol, decreased concentrations of
HDL, increased levels of certain hormones (growth hormone,
catecholamines, corticosteroids, etc.), abnor malities in platelet function, and
other coagulation factors. It is worth noting that the risk for diabetic
patients to develop macrovascular diseases is even higher in patients with
diabetic nephropathy, due to the associated hypertension and

hyperlipoproteinemia.

DIABETES CONTKOL AND COMPLICATIONS
The introduction of insulin treatment more than sixty, and the
discovery of several hypoglycemic oral drugs some thirty years ago, have

eliminated the immediate threat of death due 1o acute metabolic
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decompensation in diabetes. However, there exists some uncertainty as to
whether these therapeutic modalities can totally eliminate diabetic
complications. Recently, animal experiments and extensive retrospective
and prospective epidemiological studies have shown some relationship
between the development of vascular complications and glycemic controt.
The new treatment strategies for intensive insulin regimes {(insulin pumps
and multiple daily injections) and dietary guidelines to achieve persistent
euglycemia, as well as novel methods to assess near-normal blood glucose
levels tself-monitoring blood glucose and glycosylated protein
measurements) are used as tools to evaluate this relationship.

The medical trend today, although not fully confirmed scientifically, is
to recommend intensive treatment for newly discovered patients, designed
at avoiding hypoglycemic episodes, in order to prevent late vascular
sequefae. This is suggested, even though it is believed that, besides
metabolic abnormalities, genetic predisposition is a contributory factor to
the development of fate complications.

A rough estimate (18) is that 20-25% of diabetic patients will not
develop anv vascular afftiction, or only minimal changes, regardless of
their glucose control.  About 5% of patients will develop severe
complications, even though they have only a slight degree of
hyperglycemia. Thus, a major proportion of the diabetic population may
still benefit from the attainment of near-normal blood glucose levels, in
spite of various genetic predispositions in these patients. It is, however,
currently 1mpossible to classify patients according to their genetic

predisposition.
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AUTOIMMUNITY IN DIABETES

H. MARKHOLST and A. LERNMARK, Hagedorn Research Laboratory, Niels Steen-
sensvej 6, DK-2820 Gentofte, Denmark

INTRODUCTION

Before the turn of the century, insulin-independent diabetes mellitus
(IDDM) was shown to develop in pancreatectomized dogs (1), thus linking
the pathogenesis of the syndrome to the pancreas. Later, insulin was
extracted from the pancreas and proved to ameliorate most of the diabetic
symptoms (2). However, it became clear that insulin was not a cure. In
1965, Gepts reported (3), that the major morphologic alteration in the
pancreas at the onset of IDDM was disruption of the architecture of

the islets of Langerhans and a loss of cells. The number of B cells was
reduced to less than 10% of normal values and in 68% of the pancreata
examined, the islets were infiltrated by mononuclear cells. Islet inm-
flammation, insulitis, is therefore thought to be of pathogenetic impor-
tance (3-6). Infiltration of the islets of Langerhans has also been as-
sociated with experimental diabetes introduced by immunization with in-
sulin (7-8), by multiple injections of low dose streptozotocin (9) or
following infection with diabetogenic viruses (10,11).

Further support to the hypothesis that IDDM has an autoimmune patho-
genesis was obtained from the demonstration of a hypersensitivity reac-
tion to pancreatic antigens (12), islet cell antibodies (13,14) and a
close association to the HLA Tocus on chromosome 6 (15-17). The patho-
genesis of IDDM may therefore be due to an abnormal immune response di-
rected against the pancreatic B cells, causing a specific loss of these
cells and a resulting diabetes. In this chapter some of the autoimmune
relationships to IDDM will be put into perspective. In view of the ra-
pidly growing literature in this field our synthesis will be selective,
?nd the reader, therefore, is referred to additional excellent reviews

18-20).

The normal immune response

The pathway of cellular interactions involved when the immune system
mounts a response against a foreign antigen (fAg) is complex and not

yet fully understood (Fig.1). This pathway is also assumed to be involved
in a reaction against "self antigens" or autoantigens (aAg). In brief,

a fAg is taken up by antigen-presenting cells (APC), which are macro-
phages or macrophage-like cells. The APC process the fAg, and are thought
to present an epitope of the Ag on its surface in conjunction with or
perhaps even bound to a Class II molecule. The latter is encoded in the
major histocompatibility complex (MHC) or HLA on the short arm of the
human chromosome 6.

Becker, Y (ed), Virus Infections and Diabetes Melitus. © 1987 Martinus Nijhoff
Publishing, Boston. ISBN 0-89838-970-4. All rights reserved.
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A T-helper lymphocyte expressing a specific T-cell receptor is activated,
when the Ag-Class II complex is recognized. The activation of T-helper
Tymphocytes provides stimulus to self proliferation and causes clonal
expansion and differentiation of effector cells.

Effector cells are Ag-specific T lymphocytes with either cytotoxic or
suppressive properties and/or B lymphocytes. Cytotoxic T lymphocytes are
able to recognize and kill target cells which express the particular fAg
epitope on their cell surface. However, the killing is restricted to
target cells which share Class I molecules (HLA-ABC region gene products)
with the cytotoxic T Tymphocyte. B lymphocytes express membrane-bound
antibody molecules, which serve as Ag receptors.

These bind circulating fAg, but they will only proliferate and dif-
ferentiate into plasma cells when they receive T cell help (i.e. growth
factors, lymphokines etc). B lymphocytes have also been shown to process
and present Ag. Plasma cells secrete large amounts of antibody (Ab) that
combine to circulating fAg to form complexes. Recent evidence suggests
that each clone of antigen-activated B lymphocytes experiences rapid
somatic mutations at the rate of 10-3 per base pair per cell division
(21) thus modifying the immunoglobin genes to provide an increased Ag
specificity.

The effector mechanism of the Ab includes binding to an invading orga-
nism. This binding results in an effective activation of the complement
pathway. The end result is lysis of the organism. Similarly, an Ab may
bind to the surface of a cell thereby eliminating this cell by the same
mechanism. Antibodies may also arm killer cells (leukocytes, macrophages)
to seek a target Ag on a cell surface to mediate an antibody-dependent
cellular cytotoxic reaction. Finally, an antibody may bind to a specific
receptor either to mimic the receptor ligand or to act as an antagonist.

The formation of Ab seems controlled by the availability of Ag, but
also in part by feedback mechanisms. The latter phenomenon involves the
formation of Ab which recognize the antigen-binding portion of the ori-
ginal Ab. This portion of the Ab is the idiotype and the Ab formed a-
gainst the idiotype is termed anti-idiotypic Ab. Such Ab are thought to
be important effectors of control (22), but have also been implied in
the development of autoimmune disease (23). The clonal expansion of ef-
fector cell populations may, furthermore, be controlled by T suppressor
lymphocytes or vetocells.
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The autoimmune response

It is assumed that the abovementioned cellular interactions are involved
in an immune response which develops against an autoantigen (aAg). A fAg
may induce Ab which crossreact with an aAg. A well-known example of this
is the occasional occurrence of hemolytic episodes during mycoplasma
pneumonia infections, in which Ab known as cold agglutinins also react
with the group I receptor of erythrocytes to cause complement-dependent
hemolysis (24). Infection with group A streptococci may cause rheumatic
fever in an HLA-DR associated manner to involve autoreactivity against
cardiac valve receptors (25). The Yersinia enterocolitica membrane pos-
sesses a saturable binding site (Ag-epitope) for the thyroid-stimulating
hormone to mimic the thyroid cell TSH receptor, which may explain why
epidemics of Yersinia are followed by an increased incidence of Graves
disease (26).

These pathways may be circumvented by factors which induce a polyclo-
nal activation. Such activators are naturally-occurring. Epstein-Barr
virus (EBV) which causes infectious mononucleosis may induce Ab directed
against various aAg present in diverse tissues and cells such as smooth
muscle, nuclear proteins, lymphocytes and erythrocytes (27). Parasitic
(28) or protozoan (29) infections have also been shown to cause unspeci-
fic B lymphocyte stimulation.

Several other mechanisms of a deterioration of the natural tolerance
to aAg may be listed. A phenomenon which still requires an explanation,
is the by now classical associations between certain HLA types and auto-
immune diseases - the hypothesis is that genes encoded in the MHC confer
susceptibility to certain autoimmune reactions. However, the mechanisms
involved remain to be clarified.

If autoimmunity is important in the etiology and pathogenesis of dia-
betes, there is inadequate information concerning the initial steps of
how the islet B-cell becomes the specific target of the immune system.

Genetic susceptibility

IDDM is known to run in families, but the hereditary factor(s) is not
sufficient, since the concordance in monozygotic twins is 50% or less
(19-20). Tissue typing has revealed that 98% of all Caucasian IDDM pa-
tients are DR 3 and/or 4 positive (15-16). However, the incidence of
these particular genotypes in the general population is high, nearly
60%. The DR 3 and/or 4 association seems to be explained by the linkage
of the serologically determined DR-specificities to Class II antigens
encoded for by the D-region in the HLA (Fig. 2).

Classl Classll Class| FIGURE 2.
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The Class II antigens consist of two dissimilar subunits called a and B
chains being M, 34000 and My 29000, respectively. Each D-region locus
encodes one or several @ or 8 chains. A cloned cDNA of one of the HLA-
DQ B chain genes was used in a restriction fragment length polymorphism
(RFLP) analysis to test, whether HLA-DR identical IDDM and control indi-
viduals were different at certain restriction enzyme sites (17). The DR4
haplotype was found (30,31) to be linked to a BamHI restriction site to
generate a 3,7 kb fragment, which compared to the controls was reduced
among the diabetic patients (17). This observation has later been con-
firmed by others (32,33). The BamHI restriction sites were found to be
located in intron sequences of an HLA-DQ B chain gene (34). Further ana-
lyses suggest that the HLA-DQ B chain locus is closer to a diabetogenic
locus than is HLA-DR (35). Complete molecular cloning of HLA-D region
genes will provide gene probes (36) that will be correlated with avail-
able serological tissue typing reagents to define better the gene pro-
duct(s) which provide susceptibility to IDDM. It is still not proven
whether the Class II molecules are involved in the pathogenesis of IDDM.
It cannot be excluded that yet another gene, or genes, in linkage equi-
Tibrium with the Class II molecule genes encodes the factual diabeto-
genic activity.

It is often speculated that several susceptibility genes are needed
for IDDM to develop. Various blood group markers have been studied but
none of them have shown a close and reproducible association to IDDM (37).
The mode of inheritance is therefore still unclear. It should be taken
into account that genes on chromosomes other than chromosome 6 may be
important to promote a diabetogenic activity. Again, it is striking that
about 50% of monozygotic twins remain discordant for IDDM (38) and that
only 13% of children (0-16 years) developing IDDM, in Sweden, have a
sibling or parent with the disease (39). It is therefore generally as-
sumed that yet unknown environmental factors initiate processes that
eventually allow IDDM to develop.

The discovery of the spontaneously diabetic BB rat (40,41) and at-
tempts to breed these animals properly, to study the genetic inheritance,
have provided some evidence for the possibility that a diabetes gene may
be Tocated outside the major histocompatibility complex. The spontaneous-
ly diabetic BB rat presents a diabetes which is essentially inseparable
from the human counterpart (41).

The diabetic BB rat is of the MHC RT1Y background and breeding studies
with congenic lines suggest that the RT1Y haplotype in the B,D, and/or
C/E loci, but not the A, are necessary for diabetes to develop (42). RFLP
analysis of Class I and II genes have failed to give conclusive results
of a genetic polymorphism associated to IDDM (43,44). In our own labora-
tory, Class Il antigen gene probes have not shown a polymorphism between
our diabetic and diabetes-resistant rats (45). A Class I gene in one of
the diabetes-prone BB rat lines was found to be dissociated from diabetes,
but linked to a plasma protein able to bind B2 microglobulin (45) and
therefore thought to be a Class I molecule. Although it cannot be ex-
cluded that minor differences in Class I and II genes exist between other-
wise RT1U jdentical non-diabetic and diabetic rats, there is evidence to
suggest that a susceptibility gene(s) may reside outside the MHC (44).

In summary, the observed tendency to develop IDDM in HLA-DR3 and/or 4
positive individuals may be explained by the close association to the
HLA-DQ locus. The gene(s) located within the HLA complex may control only
IDDM susceptibility, as the concordance among monozygotic twins is less
than 50% and less than 30% among HLA identical siblings. It is therefore
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hypothesized that environmental factors such as viruses or chemical a-
gents are factors necessary to initiate an abnormal immune response which
eventually is directed towards the islet B cells. The role of an environ-

mental factor, such as a virus, may explain observed differences in the
Enc;dence of IDDM with respect to season (46) and geographical Tocation
39).

Islet B-cell autoantigens

A major problem in understanding IDDM is to explain the specific Toss of
the insulin-producing cells. This would be easily done, if antigen-speci-
fic effectors, either CTL or antibodies could furnish the immune system
with a mechanism by which to detect only the pancreatic B cells. What
particular molecule of the B cell may therefore be the target of immune
destruction? Since all islet B cells, including those transplanted, are
erradicated in diabetic BB rats (47), the target is likely to be a mole-
cule specifically and normally expressed on the B cells. The approach to
detect islet autoantigens has been to label islet proteins by metabolic
labelling in vitro and then immuneprecipitate the labelled proteins with
sera from BB rats (48) or subjects with (49) or without (50) IDDM. Ab-Ag
complexes formed are absorbed to Protein A-Sepharose, washed and boiled
in SDS to denature and solubilize bound Ab-Ag. SDS gel electrophoresis

of the solubilized material separates the proteins according to their
electrophoretic mobility. It was detected that autoantibodies in diabetic
sera specifically recognized a protein of about My 64000 (49). The diabe-
tic sera were also able to bind a rat islet B-cell protein of similar mo-
lecular mass, while this protein could not be detected in non-islet tis-
sues (51).

So far, this is the only evidence of possible islet B-cell-specific Ag
which might be involved in the pathogenesis of IDDM. Since the pancreatic
islet cells also synthesize and express Class I antigens (52,53), they
may serve as targets of T-cytotoxic (CTL) killing, if the proper Ag is
presented and seen by the CTL receptor. The nature of the My 64000 pro-
tein remains obscure, except that it is a membrane-associated molecule
and may be present in minor concentrations on the cell surface of human
and rat islet cells. Whether it is a receptor molecule of importance to
specific properties of the B cells such as glucose-stimulated insulin
biosynthesis, storage and release remain to be determined.

How is the autoantigen presented?
It is assumed that the formation of autoantibodies against the islet B
cells is preceded by antigen processing,presentation and activation of
the B lymphocyte circuit, by a proper T helper lymphocyte.

It is still unclear to what extent the islet B cell itself may serve
as an APC. Given an exogeneous challenge such as a viral infection, the
B cell might express Class II antigens and perhaps itself present the
My 64000 autoantigen. Although some Class II molecule positive islet
cells were reported in one subject (5), diabetic BB rats failed to ex-
press Class II molecules in the enclosing islet cells (54). It is there-
fore equally plausible that the initial antigen presentation causing
later B-cell intolerance is initiated away from the islets of Langerhans,
and that the immune recognition of the pancreatic B-cells occurs later on

Effectors of islet B-cell destruction

Several effector mechanisms of B-cell destruction may be listed (Table 1).
In vitro experiments are still the approaches taken to investigate pos-
sibTe mechanisms by which the pancreatic B cells are specifically des-
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troyed. It is noted that passive transfer of IDDM from man to experimen-
tal animals has not been accomplished.

TABLE 1. Possible immune effector mechanisms to destroy the islets of
Langerhans.

Effector Abbreviation Effects on the islet B cell
Islet cell ICSA May inhibit glucose-stimu-
surface antibodies lated insulin biosynthesis
and release

Cytotoxic islet C'AMC May mediate complement-de-
cell antibodies pendent cytotoxicity

Islet cell surface ADCC May mediate antibody-depen-
antibodies dent cellular cytotoxicity
Cytotoxic T Tymphocytes CTL May kill islet B cells due

to autoreactivity with an
islet cell antigen

NK cells May ki1l islet B cells

Islet macrophages May kill islet B cells by
IL-1 cytotoxicity

B lymphocytes
The variable portion of the immunoglobulin molecule - that is the anti-

gen-binding site - is coded for by separate genes for the heavy and light
chains. These genes are present in germline DNA but following antigen
stimulation, the DNA is not only rearranged in the somatic DNA but the
genes for the variable sequences are also the subject of an extensive
degree of mutations.

The net result is highly diverse Ab with different affinities for the
Ag and also variable ability to mediate complement-dependent cytotoxi-
city. The detection of Ab bound to its Ag is therefore highly dependent
on the assay employed. The large number of techniques, which have been
used, makes it therefore difficult to compare results from different
laboratories. Little is known also about blood B Tymphocytes that active-
1y produce antibodies against islet cell Ag. Provided the Ag is available
to coat an indicator red blood cell, it is possible to use a plague assay
(55) to determine the number of B lymphocytes producing antibodies a-
gainst the antigen. Although such experiments remain to be carried out
in IDDM with islet B-cell-specific B lymphocytes, it has been reported
that the number of B lymphocyte plagues spontaneously producing antibo-
dies are increased in newly diagnosed IDDM patients (56,57).

Islet cell antibodies (ICA). Islet cell {cytoplasmic) Ab (ICA) is
detectable by indirect immunofluorescence using frozen sections of human
pancreas (5,13). The ICA are not B-cell specific, as they bind to the cy-
toplasmic determinants in all islet cells, which is evident when double-
antibody analysis is carried out with insulin or proinsulin antibodies
(58). The aAg have not been identified. The significance of the ICA in
the pathogenesis of IDDM has been gquestioned, since the Ab binding is
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intracellular and affects all islet cells.

At the clinical onset, ICA are detected in 60-80% of the patients
(5,13), but recent studies indicate that ICA may also be abundant prior
to the initiation of insulin therapy (59,60). The ICA disappear with
the increasing duration of IDDM, in most patients. The rate of disap-
?eagance was correlated to the titer at the time of clinical diagnosis.

61).

In addition, the decline in C-peptide, perhaps reflecting the number
of islet B cells, was found to be associated to the ICA titers (61).

The levels of ICA in relation to residual B-cell function should be care-
fully evaluated, since in one study, the ICA levels decreased rapidly
during immunosuppressive therapy (62). It is of interest that ICA have
not been detected in the spontaneously diabetic BB rat (20).

Islet cell surface antibodies (ICSA). Autoantibodies directed against
the B-cell surface {ICSA) were detected by incubating dispersed viable
rat islet cells with diabetic sera. After washing, the cells were exposed
to a FITC-labelled second antibody. Bound aAb were visualized in either
%he li§ht microscope or the FACS (fluorescence-activated cell sorter)

14,63).

Alternatively, the ICSA are detected in a radioimmunoassay using e.g.
1257 1abelled Protein A (64), which binds specifically to the F. of most,
but not all, IgG subclasses. The latter assay may therefore not detect
all ICSA, but offers the advantage of being quantitative and sensitive.

The ICSA appear to be B-cell specific at least in IDDM patients that
are younger than 20 years at onset (63). In one series of sera, there
was a good correlation between ICSA and antibodies against the M, 64000
protein (49). The ICSA are readily detected at onset and disappear after
onset, suggestive of a marker of B-cell intolerance (14). The prevalence
of ICSA is lower than that of ICA, and comparative studies have shown
that only about 50% of IDDM sera at the time of clinical onset were both
ICA and ICSA positive.

The ICSA have been detected in the sera of BB rats well ahead of the
time when insulitis is detectable. So far, My 64000 autoreactivity has
been detected already at the time of weaning, which is 60 to 90 days
prior to IDDM (48) - while the 1251 Protein A radioligand assay detected
ICSA about 20 days later (65). Using cell suspensions of purified B cells
and non-B cells, a recent investigation demonstrates that BB rats 100
days or younger at the time of clinical diagnosis have B-cell specific
ICSA (66). The B-cell specific ICSA were also found to mediate comple-
ment-dependent cytotoxicity. A schematized time course of immune pheno-
mena in the BB rat (Fig.3) demonstrates the current view of the natural
history of the pathogenesis in these rats. The passive role of these
islet cell surface autoantibodies in the initial cell intolerance is of
particular interest. ICSA positive serum was shown to mediate (in vitro)
cytotoxicity to cultured B cells in the presence of complement (67).
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Cytotoxic antibodies, however, do not seem restricted to IDDM pa-
tients, since they were found among 30% of first degree relatives (68).
Recently, siblings to IDDM children with ICSA were shown to have elevated
levels of fasting serum proinsulin, which suggests that these aAb are
associated with an altered B-cell function (69). Maybe, a suppressive
mechanism protects the B cell in vivo in the relatives or the cytotoxi-
city in vivo needs the cooperation of other cells, (i.e. killer cells),
to exert their cytotoxicity. The effects of ICSA could, however, be other
than mediating cytotoxicity, and it cannot be excluded that ICSA interact
with molecules on the B-cell surface, which are important to the B-cell
function. Rat islet cells were found to synthesize less (pro-)insulin,
when incubated with fractionated IDDM serum containing ICSA (70), and
in vitro perifusion in the presence of ICSA-containing media revealed a
Tower insulin secretion following glucose-stimulated insulin release (51).

Organ-specific autoantibodies

Apart from Ab directed against islet cells, many studies (18-20) have
shown the presence of a number of aAb against various tissues such as
thyroid, gastric mucosa and adrenal. This break of tolerance, which seems
to affect several endocrine tissues, is not understood. Also in the BB
rat (71,72) there is a similar high prevalence of organ-specific aAb.

In newly diagnosed IDDM patients circulating immune complexes were de-
tected among 25% as compared to 7% of controls (73). Whether these com-
plexes reflect an increased autoimmunity or are of pathological signifi-
cance remains to be clarified.

T lymphocytes
Effector cells of T-cell origin may also be B-cell specific. Evidence of
activated or sensitized lymphocytes was obtained in tests of leucocyte
migration inhibition, demonstrating that IDDM patients were sensitized
against pancreatic antigens (12). Diabetic Tymphocytes have been found
to be toxic and to inhibit insulin release in vitro of rat islets (74).
T-suppressor lymphocytes may be decreased at onset, while NK cells may
either be increased (75) or decreased (76) dependent on the methods used
to detect these cells. NK-1ike cells with specificity for rat islet cells
were detected in the spontaneously diabetic BB rat (77). Reports of in-
duction or acceleration of IDDM in diabetes-prone BB rats following ad-
ministration of Concanavalin A-stimulated spleen cells obtained from
acutely diabetic BB rats raises the question of the pathogenetic role
of cell-mediated B-cell destruction (78,79). Irradiation of these cells
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failed to induce this acceleration of IDDM, however, it also failed to
prevent later development of IDDM (80).

Modulation of effector cell polulations
IDDM may be prevented by various means of effector cell deletion or by
enhancement of protective factors (Table 2). Since these experiments
are not immediately applicable to man and most immune suppressive drugs
have serious side effects, our summary primarily dealswith the BB rat.
Cyclosporin A is an effective drug to prevent the spontaneous dia-
betes in this animal. Early initiation of therapy is necessary (81).
Thymectomy, bone marrow transplantation and blood transfusions are all
drastic approaches of therapy. The conclusions from these experiments
are that the immune system is important to the development of IDDM in
the BB rat. However, specific immunosuppressive treatment directed
against those lymphocyte clones, which precisely direct their activity
against the islet B cells, needs to be developed.

TABLE 2. Methods of prevention of IDDM.

Method Recipient Effect

Cyclosporin A man (recent onset) (81) some,
often transient remission

Cyclosporin A BB rat
a) diabetes prone
age < 40 days (82) 100% permanent prevention
> 40 days  (83) less than 100% prevention
often transient remission

b) diabetes

resistent (82) up to 60% diabetes

induction

Thymectomy (nn) BB rat (84) high protection

Bonemarrow trans-

plantation of:

RT 1 u genotype BB rat (85) high protection

RT 1 1 genotype BB rat (86) no protection

Blood transfusion,

lymphocyte-

transfer BB rat (87) some prevention -
lack of follow-up

Conclusion

The following phenomena relevant to a possible role of autoimmunity in
IDDM are:
1) A prolonged period of apparent B cell autoreactivity precedes on-

set of IDDM;
2) Both humoral and cellular immune effectors may be potential killers

of islet B cells;

3) Early immune intervention may prevent IDDM.

Crucial information on the mechanisms, by which the B cells specifi-
cally are lost, are still needed. Mass isolation and characterization
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of specific B-cell antigens is central to the understanding of the
pathogenesis and etiology of IDDM. Once such antigen(s) become avail-
able, various means exist to obtain a reliable marker of ongoing B-cell
attack and thus restore the tolerance to it by means of specific dele-
tion of critical lymphocyte subsets.
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ABSTRACT

Mumps infection was the first and still is the most frequently
mentioned virus infection in connection with the development

of typeI diabetes mellitus. In 21 mumps-infected children islet
cell antibodies were demonstrated during 1979 to 1981. These
positive results could not be obtained in the subsequent years.
Islet cell surface antibodies, however were detectable in a
high percentage of patients infected with mumps as well as

with other viruses. All but one of those patients showing
anti-islet cell immune activity did not develop diabetes melli-
tus. Their HLA constellation was not comparable with those

of type I diabetic patients. In contrast the HLA constellation
of 7 children who developed diabetes mellitus shortly after
mumps vaccination did include DR4 in each case as well as DR3
in 3 cases.

These findings lead us to reconsider the role of viruses in
inducing autoimmune reactions and possibly autoimmune diseases

such as type I diabetes mellitus.

INTRODUCTION

A large number of recent investigations as well as a
few earlier reports have shown autoimmune mechanism to play
an important role in the pathogenesis of type I diabetes
mellitus. Humoral and cellular islet and B-cell specific im-
mune reactions have been described in vitro as well as in
vivo. Virus infections have repeatedly been suspected of trig-

ger off the pathological autoimmune reactions.

Insulitis

The first indications pointing towards an inflammatory proc-

Becker, Y (ed), Virus Infections and Diabetes Melitus. © 1987 Martinus Nijhoff
Publishing, Boston. ISBN 0-89838-970-4. All rights reserved.
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ess in the pathogenesis of diabetes mellitus date back to
the beginning of the century. 1902 Schmidt (1) described
lymphocytic infiltrates around the islets of Langerhans in
juvenile diabetes mellitus.1940 von Mayenburg (2) described
a similar observation and coined the term "insulitis". In
1965 Gepts (3) was able to confirm these observations by
examining a number of juvenile diabetics having died soon
after diagnosis of diabetes. Nearly 70% of these recent dia-
betics showed cellular infiltrates as described above. At a
later stage of the disease these observations were made only

rarely or not at all (4).

Immunephenomena

In vitro tests, too showed sensitisation of the immune system
against islet cell antigens (migration inhibition, lympho-
cyte stimulation, T-cell cytotoxicity). The results were con-
troversial, however (5-12). A change.within the T-cell sub-
populations - a decrease of suppressor cells and activation
of helper cells - has been described as well as cytotoxic
activity against human insulinoma cells in culture, and
increased DR expression by the lymphocytes (13).

The discovery of islet cell antibodies put a new emphasis on
humoral autoimmune factors in the etiology of type I diabetes
mellitus (14,15). The cause of triggering factors of such an
autoimmune process are at present merely subject to specul-
ation (16).

Virus infection and diabetes mellitus

Reports describing a remarkable coincidence of a virus in-
fection preceding the manifestation of diabetes mellitus date
back to the previous century. The earliest reports in this
respect concerned mumps infection: The Norwegian physician

J. Stang in 1864 reported on a patient developing diabetes
shortly after mumps infection. H. F. Harris in Philadelphia
documented a similar case in 1899 (17). H. Kremer 1947, E.
Henden 1962, W. M. McCrae 1963, Peig et al 1981 made similar
observations (17-21). 1975 Sinaniotis et al reported the de-
velopment of diabetes mellitus after mumps vaccination (22).
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In recent years virus infections other than mumps such as
coxsackie-B, rubella and german measles have been associated
with diabetes manifestation as well (23-27).

Results of epidemiological studies have provided evidence

for an association between mumps infection and diabetes mani-
festation. In 1927 - the preinsulin era - Gundersen reported
an increased mortality rate caused by diabetes mellitus 2-4
years after a mumps epidemic (28). In 1975 H. A. Sultz and
co-workers in Erie-County reported the incidence of diabetes
to parallel that of mumps (29). Approximately 50% of 112
children with diabetes had had mumps or been exposed to mumps
prior to diagnosis. The time interval between infection and
manifestation of diabetes mellitus was about 3.8 years, how-

ever.

ISLET CELL ANTIBODIES (ICA) AND MUMPS

In 1979 we presented the case of a 5-year-old girl becoming
diabetic 3 weeks after contracting mumps. The serum islet
cell antibody (ICA) titre was high (30). Following on this
observation we decided to examine the serum of patients
being admitted to the hospital with mumps for islet cell
antibodies in the years 1979 to 1984. This group of patients
was rather a selected one as only patients with complications
of mumps such as orchitis, meningitis or pancreatitis were
admitted to the hospital.

We were able to demonstrate ICA in 21 out of 127 mumps-in-
fected children. After 1981, however none of these children
was positive for ICA anymore (Fig.1).

Also not a single remaining mumps—infected child developed
diabetes mellitus. To the present day glucose metabolism

in these children has been normal (31).
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Fig. 1: Incidence of positive ICA finding in mumps-infected
children during the years 1979 to 1981.
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Islet cell surface antibodies (ICSA) in virus infections

In contrast with ICA the incidence of islet cell surface
antibodies (ICSA) was relatively high in mumps as well as
other virus-infected patients (31,32). 42 out of 68 mumps-~
infected children (62%), 32 out of 44 patients (73%) infec-
ted with enterovirus and 4 out of 11 with measles were posi-
tive for ICSA, although it was not possible to demonstrate
ICA in sera of these patients. Patients suffering from

type I diabetes mellitus and healthy controls showed ICSA

in 70% and 14% respectively (Fig.2).
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These positive ICSA findings were neither restricted to a
certain time limit as shown for ICA in mumps-infected child-
ren nor was there a direct correlation between virus titre
and concentration of ICSA or ICA.

The follow-up of 15 mumps-infected patients over a period of
18 months uniformly showed a sharp decline in ICA titre over
the first 3 months. A high persistant ICA titre over 9 months
could only be demonstrated in the child with overt diabetes
mellitus. ICSA showed no consistent behaviour over 18 months.

A rise as well as a fall or even no change in concentration
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was obhserved (32).

Mumps vaccination

We were also able to accumulate data of 7 children who de-
veloped diabetes post-mumps vaccination or a combined mumps-
measles vaccination (31). The time interval between vaccina-

tion and diabetes manifestation was 2 to 4 weeks (Tab.1).

PATIENTS | AcE sex | ICA Virus HLA PHENOTYPE DiaseTes (TiME
YEARS TITER | coNTACT| A B c DR AFTER VIRUS CONT.)

1 4 M. 1:2 M 1.29 14,38 w8,- 1.5 ¢

2 5 F. 1:8 M 2,24 7.62 w3.- 2.4 (]

3 S ", 1:8 M 24,w33 | 44,35 wi,- 5.- [}

4 5 [ 1:16 [ 2.28 38,w57 -~ 1.%6 ]

5 7 F. 1:1 M 3,24 18,27 w2,- 4,5 [}

6 8 M. 1:2 M 4,29 U4,w62 | w3.- 7.~ [}

7 8 no| 1:8 " 3,24 | 13,60 | w36 3.v6 30 week
8 9 " 1:16 [ 23,28 4,51 wi,- wb.- (]

9 10 M, 1:2 M 2,24 39,44 w5.- 4,48 (]
10 10 F. 1:1 M 3B.24 y,wS3 | wi.- 2.7 (]
1 1 [ 1:2 [ 2,3 7.462 | w3.- 5.7 ]
12 12 M, 1:16 [} 2.1 18,44 -.- 4.5 [ ]
13 13 F 1:1 ] 24,30 35,45 | wi.- 5.- []

14 19 , 1:32 ] 2.3 44,w60 | w3.wW5 4.6 [)

15 2 Fol npo | mv | L2 8,460 | w3.- 3.4 3R ek
16 16 M, 1:32 "y 2.3 44.w60 | W3S X3 4™ weex
7 3 no| 1:2 my | 232 8462 | w3.- 3.4 20 weex
18 2 no| 1:8 myv | 220 | w51 4,w6 4™ weex
19 16 mo | wo. | mv | 23 8.0 | wi.w? 4.6 20 yeex
2 2 F. N.D. nv | L3 813 | wiwb 3.4 2 weex
21 2 F. 1:16 nv | 23 w35.80 | w3.w4 1.4 3RD yeex

Tab. 1: HLA distribution, ICA titre, age sex and virus con-
tact in 14 mumps-infected and 7 mumps-vaccinated children.
m= wild mumps infection, mv= mumps vaccination,

mmv= mumps-measles vaccination

Each case examined was positive for ICA for a short period
of time. Prospective studies were not possible here since

observations were only made after diabetes manifestation.

HLA-frequencies

Non diabetic ICA-positive mumps infected children did not
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show an increased frequency of HLA-DR3 or DR4 as often found
in type I diabetes mellitus. In direct contrast to this all
the children who developed diabetes mellitus after mumps
vaccination and the child becoming diabetic after mumps in-
fection were DR4 positive, 3 were shown to have DR3 as well
and 6 had Cw3 in addition (Tab.1).

Islet cell toxicity in vitro

The role of humoral immune phenomena in the development of
diabetes mellitus is not entirely clear. Although the majo-
rity of reports favour a minor role only, certain in vitro
investigations have shown islet cell function and viability
to be influenced by ICA or ICSA positive sera (34-39). This
could be indicative of humoral immune phenomena contributing
to the persistence of the disease.

On testing the sera of mumps- and enterovirus-infected pa-
tients for islet-cell toxicity, the results were rather sur-
prising in that they were comparable with those of diabetics

(Fig.3).
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Mumps and enterovirus-infected patients showed islet-cell
cytotoxicity in a number of patients. Sera of a small group
of measles infected patients, however did not show more
cytotoxicity than did the control group (32).

Reaction against common cell surface antigen

The finding of positive ICSA in non-diabetic virus-infected
patients is as unexpected as the islet—cell cytotoxicity
described above. There are some facts however ,pointing tow-
ards these phenomena to be cell non-specific reactions with
surface antigens induced by binding of viruses to the cell
surface. Absorption studies which showed a marked reduction
of antibody titre post-absorption with different cell types
support the above hypothesis. It is probable for identical
antigens to be found on the cell surface - the cell membrane -
of different cell types. These could be demonstrated employ-
ing monoclonal antibodies, too. Therefore, overlap reactions
are conceivable (40,41). The apparent antigen-specific
immune reaction in vitro could thus be viewed as a reaction
against "common cell membrane” and not islet-cell specific
antigens.

During the course of an infection transient inflammatory
processes as well as tissue and organ damage are not uncom-
mon. Usually these reactions do not prove pathological.

The damage to tissue leads to an inflammatory process which
gets halted by the immune system of the organism (40,41).

PATHOGENETIC CONSIDERATIONS

In some genetically predisposed individuals viral adherance
to HLA constellations on the cell surface could lead to
damage to specific organs as well as immune competent cells.
This may disrupt the immunological balance and cause auto-
aggression. The atccumulation of factors such as genetic pre-
disposition, environmental stimuli and individual disposi-
tion may trigger off a persisting organ-specific autoimmune
process e.g. selective failure of blocking suppressor mecha-
nisms (42,43).
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Mumps and diabetes

The finding of ICA in mumps-infected children is surprising
for two reasons: Firstly because it seems to be a temporary
phenomenon, and secondly as only one child developed dia-
betes. Various case reports stating an association between mumps
infection and the development of diabetes are conducive to
speculating that there may be a causal connection with the
induction of a process of autoaggression. On the other hand,
munps infection is very common and its coincidence with an-
other common disease such as diabetes mellitus may not be
of significance. In order to answer this question a prospective
study of considerable dimensions is required. To our know=-
ledge such a study has not been performed.
Vaandrager et al in 1986 did a prospective study on a smaller
collective of patients (44). 242 sera of 184 mumps-infected
patients were investigated one to six weeks after becoming
symptomatic. ICA were not found, 2 children showed antibo-
dies against glucagon cells. 149 children aged 16 to 21
months did not have ICA before or 8 weeks and 2.5 years
after mumps vaccination.None of these children developed
diabetes mellitus. Similar findings were reported by other
groups (45). In contrast to this finding Ratzmann et al

(46) reported a high incidence of ICA after mumps infection.
None of these patients became diabetic either. Fixed pancreatic
sections were used by this group to demonstrate ICA. However,
this procedure is not suitable for ICA demonstration pur-
poses in our opinion because of a high degree of non-specifi-
city which has been documented by other investigators as
well (47-49). Therefore, the results are not comparable with
those of the former authors.
All in all manifestation of diabetes mellitus as well as
temporary ICA positivity after mumps infection and mumps
vaccination has only been observed sporadically. The typi-
cal HLA-constellation was found only in the overtly diabetic
children, not in the mumps-infected ICA-positive children.
These observations and facts taken together indicate that
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additional predisposing factors are required in the develop-
ment of diabetes mellitus. These may be additional environ-
mental influences apart from genetic and individual organ
predisposition (50). The environmental stimuli responsible
for the induction of mechanisms of autoaggression remain to
be elucidated. In any case the agents blamed are much more
common than diabetes. The possibility of a synergistic inter-
play with other factors in genetically predisposed indivi-
duals can, however not be excluded (50).

Autoaggression, a new concept?

In 1984 G.F. Bottazzo and B. M. Dean were able to demonstrate
the induction of DR-expression on endocrine thyroid and later
islets of Langerhans B-cells (50,51). They believed this
finding to be the key to the development of organspecific
autoaggression (52). On the basis of this hypothesis one
could:postulate the following: Certain viruses are able to
penetrate the endocrine tissue of genetically predisposed
individuals without necessarily causing symptoms or signs

of disease. This leads to an increased gamma-interferon
production which in turn causes HLA-DR expression on the cell
surface. These extraordinary DR molecules allow presentation
of cell surface antigens to autoreactive T-cells which se-
crete more interferon. In this way the DR antigen expres-
sion is sustained and further stimulation and activation of

B and T cells is warranted (53). Perpetuation of this pro-
cess is only conceivable in the presence of defective sup-
pressor activity of the immune system i.e. immunological
imbalance. The defect has to be selective and may possibly

be of importance regarding organspecificity because of other
mechanisms not being affected (42,43, 54-56).

We do not at present have a founded explanation for the
temporary occurrence of ICA in mumps-infected children.
Different species of mumps viruses present at different
points in time as shown by monoclonal antibodies may be of
importance (57). In our study a few of many thousands of
children vaccinated against mumps developed diabetes and
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only one child became diabetic after mumps infection. In
spite of this it is remarkable to note the association re-
peatedly reported of mumps and lately also coxsackie-B
virus infection with diabetes mellitus (26).

Virus induced autoimmunity

Virus infections were reported shortly i.e. 2-4 weeks before
diabetes manifestation. During the last couple of years,
however evidence of longterm autoimmune destruction of islet
cells prior to diabetes manifestation has accumulated (25,
50,58). Diabetes only becomes manifest after about 95% of
destruction of islet-cell tissue has occured. It is unlikely,
therefore for the reported cases of diabetes manifestation
following mumps vaccination or infection to be linked direct-
ly. As far as the autoimmune process is concerned this may

be the last straw. It could be due to stimulation of the

immune system during an infection leading to specific inter-

action.
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Fig. 4: ICA in a ten-year-old diabetic boy after mumps infection.
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An isolated observation made during our mumps study may be
interpreted as an example of such a specific interaction be-
tween exogenous mumps infection and production of organ-spe-
cific ICA (Fig.4).

A 10-year-old boy with diabetes of 8 years duration went
down with mumps. Investigations for islet—cell antibodies
over a time span of 2 years before the mumps infection pro-
duced borderline to negative results. 6 weeks after mumps
infection ICA were markedly positive and complement fixing.
ICA remained positive for 6 months and the titre declined
after this. Complement fixation, too could no longer be de-
monstrated by simple immunofluorescence. Three months later the
state of borderline to negative ICA concentration was reached
again and persisted. No further signs of polyclonal immune
activation was shown. These observations could possibly be
interpreted to be an indication for the interaction of cer-
tain viral species with lymphocytic cell clones in the pre-
sence of presensitisation. It may thus be an example of exo-
genous induction of an immune process against endogenous

antigens (5%-61).

CONCLUSION

In summary it can be said that the autoimmune phenomena
alone do not necessarily bring about the development of
diabetes mellitus. This holds true for humoral islet-cell
antibodies as well as islet—cell toxicity. In the majority
of cases these processes occur as normal physiological de-
fense mechanisms of the immune system and can be controlled
and suppressed.They are not regarded primarily pathological
when occurring as part of a normal defense inflammatory
reaction. It is only the persistence and self perpetuation
of an autoimmune process that causes progressive organ
damage and destruction culminating in overt diabetes mel-
litus. A selective defect of the suppressor activity as des-
cribed for other autoimmune diseases may be the cause.

A possible viral induction of this process may have occured

years before, maybe even in utero.
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In conclusion therefore, the autoimmune phenomena following
virus infection and those present at the time of diabetes
mellitus manifestation could provide a clue to the mechanisms
of induction of the disease rather than being directly patho-
genic themselves. Our observation as well as those described
in the literature may be interpreted in this way.
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ABSTRACT

The pancreatic tissue from 131 human cases with fatal herpes
infections were viropathologically examined for islet lesions. Diagnoses of
all cases were confirmed by virus isolation, serological tests and
immunohistochemistry. Focal or massive necrosis, including destruction of
beta cells, intranuclear inclusion bodies and inflammatory changes in islets
were found in 45 cases, in accordance with the existence of viral antigens.
All pancreatic lesions were observed as the expression of a generalized
herpesvirus infection and not as solitary damage appearing only in the
pancreas. The findings suggest the participation of these viruses in damage
to beta cells resulting in diabetes.

If the animal is first treated with a subdiabetogenic dose of beta cell
toxin or reovirus, and then injected with murine cytomegalovirus that
normally produces little or no diabetes, the cumulative insults induce
diabetes. The degu, a rat-like hystricomorph, showed spontaneous
diabetes mellitus with characteristic cytomegalovirus inclusion bodies in

islet cells.

Becker, Y (ed), Virus Infections and Diabetes Melitus. © 1987 Martinus Nijhoff
Publishing, Boston. ISBN 0-89838-970-4. All rights reserved.
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INTRODUCTION

The development of juvenile or other insulin-dependent diabetes in
man has been suspected of having an infectious etiology, namely mumps,
coxsackie, rubella or other viruses (1). A link between virus infection and
the onset of diabetes is supported by a reduction in the number of beta
cells, as well as by inflammatory changes that occur in Langerhans islets (2,
3). Pancreatic lesions in herpesvirus infections (herpes simplex virus: HSV,
varicella zoster virus: VZV; and cytomegalovirus: CMV) have frequently
been found at autopsy of cases infected /n vrero or at the perinatal stage,
or after intensive treatment with immunosuppressant or antineoplastic
drugs (4). Vertical transmission of CMV infection during pregnancy causes
congenital cytomegalic inclusion disease, and perinatal infection produces
latency of the virus in some undetermined organs. HSV produces
generalized neonatal infection, encephalitis, genital herpes, mucocutaneous
and other lesions, and VLV causes varicella in children and herpes zoster in
adults. These two viruses become latent in the sensory ganglia after
primary or secondary infection. In immunocompromised patients,
reactivation of these latent infections, or reinfection from outside,
frequently results in fatal dissemination of the virus. In spite of several
clinical and pathological studies, no direct viropathological evidence has
been presented for the viral etiology of diabetes mellitus, since biopsy of
the pancreas is not usually done.

In mice, several viruses can cause diabetes (5). Encephalomyocarditis
(EMC) virus infects pancareatic beta cells and induces a severe form of
diabetes in certain inbred strains. Characteristic inclusions have also been
found in beta cells of islets in immunosuppressed mice infected with
murine CMV (MCMV) (6). In some circumstances, reoviruses also infect

beta cells and trigger an autoimmune response resulting in a mild form of
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diabetes, characterized by abnormalities in the glucose tolerance test that
generally disappear within several weeks (7). Diabetes may also be
triggered through cumulative environmental insults (8, 9). In the animal
model, the severity of diabetes depends upon the degree of beta cell
damage.

In this chapter, we describe islet lesions in the human pancreas caused
by herpesvirus infection and animal models of MCMV-induced diabetes

mellitus.

HUMAN CASES AND METHODS
Human cases

The clinical and pathotogical records in our laboratory were reviewed
and 131 cases were chosen for examination, out of approximately 1500
cases that were sent from the hospitals and institutions in metropolitan
and other areas of Japan, to determine the virus infection
viropathologically.  All selected cases had generalized herpesvirus
infections in which two or more organs were involved, and viral infections
were confirmed at least by viral antigens and intranuclear inclusion bodies.
Cases with inadequate slides or blocks of the pancreas were excluded. The
number of cases examined is listed in Table 1. No solitary lesion was
recognized in the pancreas. Several hundred more cases were also
excluded, because viral antigens were not demonstrated or the pancreas

sections were not available.

Immunohistochemistry and histopathology

Formalin-fixed and paraffin-embedded materials from all organs
including the pancreas of 131 cases were examined for viral antigens of

herpes group viruses. Diagnoses were determined by virus isolation,
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serological tests, and immunoftuorescence, in cases where frozen materials
were available. The methods of antigen detection were previously
described in detail (10, 11). The indirect immunofiuorescence and
immunoperoxidase method (ABC) were applied for paraffin sections after
trypsin treatment to enhance antigenicity (11). All sections were stained
with all four antisera to HSV (type ! and 2), VZV and CMV. Recent
advances in immunohistochemistry have made it possible to survey
restrospectively those cases in which viropathological studies were not
performed before or during autopsy (10, 12). Serial sections were stained

with hematoxylin and eosin (HE) for histopathological study.

RESULTS

The examined cases with fatal generalized herpesvirus infection are
summarized in Table 1. In all cases, herpesvirus infections were
determined by immunohistochemistry and other virological methods.
Forty-five specimens of pancreas had viral antigens in the islets with or
without characteristic histological findings. In 86 pancreatic sections,
antigens and other histological changes were not recognized. Cases of dual
infection were not included. The distribution of viral antigens of HSV or

Table 1. Human cases with herpes virus infections confirmed by
immunohistochemistry and histopathology

Virus* Total cases Islet lesion

HS YV idinfection 32 6

VZV 31 21

CMYV 58 13

Dual  dinfection
CMV+HSYV 8 3(CMV,HSV)
CMV+VZYV 1 1(vzv)
C MV + Adeno virus 1 1T(CMV)

* Viral antigens were found in several organs by immunofluorescence and/or
immunoperoxidase method ( ABC). Pancreatic islet lesions were confirmed by
direct comparison of histopathological findings with existence of viral
antigens.
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VLV in internal organs differ from each other. The former invades
paranchymal cells more frequently, and the latter the interstitial tissues.
It is quite difficult to differentiate between epidermal lesions by
histopathology, since intranuclear inclusion bodies of HSV closely resemble
those of VZV. These two viral infections should thus be identified by the
presence of viral antigens in tissues. CMYV infection can be diagnosed
without difficulty because of pathognomonic cytomegalic cells with large

inclusions.

HSV infection

Thirty-two cases with generalized HSV infection were submitted for
immunohistochemical study, and HSV antigen was detected in the islets of
six cases with or without histological changes (Table 2). Five were
neonates less than 11 d of age and all isolated viruses were type 1. Seven
cases with type 2 infection showed no antigen in islets.
Immunofluorescence and/or the ABC method revealed HSV antigen in the
islets, ducts, acini, interstitium and vascular endothelia. Diffuse massive or
focal necroses with hemorrhages, eosinophilic degeneration and interstitial

edema were recognized histopathologically. Inflammatory cell reaction

Table 2. Herpes simplex virus infection
with pancreas islet lesion

Case Type Age  Sex
isolated
1. 1 1d F
2. 1 8d F
3. 1 11d F
4, 1 5d F
5. 1 5d F
6. n.d.* 19 yr M (De Sanctis-
Cacchione
syndrome)

*n.d.: not done
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was not seen. Cowdry type A inclusion bodies in the nuclei were clearly
observed in islet cells in Case 1, but giant cell for mation was not found.

The other four cases had no inclusion bodies in the islets, but these were
clearly present in other areas and other tissues. Usually, the main lesions
in generalized neonatal HSV infections are hepatoadrenal necroses which
are surrounded by hemorrhages and characteristic intranuclear
inclusion-bearing cells. Viral antigens and histological changes were also
observed in the pituitary glands, brain, lungs, spleen, trachea, kidneys,
esophagus, thymus, thyroid gland and intestines (Figs. 1-5).

In case 6, the patient with De Sanctis-Cacchione syndrome died of
generalized candidiasis with HSV infection in the tongue, tonsils and
pancreas. Interstitial hemorrhages in the pancreas were prominent, and
antigen was detected, in spite of the absence of nuclear inclusion bodies.
Neither diabetes symptoms nor dermal lesions were recognized clinically in

any of the cases examined.

VZV infection

Pancreatic sections were examined in 31 cases with disseminated VZV
infection confirmed by both immunohistochemistry and other methods.
Islet lesions with viral antigens were revealed in 21 cases {Table 3).
Fourteen cases were associated with malignancies, leukemia or lymphoma,
and two nephrotic syndrome. Only one case (No. 17) had no underlying
disease. Diabetes was not noted in any cases. All cases had skin eruptions
prior to VZV dissemination, but this was not the case for HSV infection in
which dermal lesions were not always present. All patients died within
3-14 days after the appearance of eruptions. Varicella-type infection or
reactivation of latent VZV in the sensory ganglia with its dissemination in

the body occurs in immunocompromised individuals. The clinical records
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Fig. 1. Pancreatic islet in HSV infection. Several intranuclear inclusions are
seen in islet cells. No necrotic changes are observed. HE.

Fig. 2. Most of anislet becomes necrotic with residual cells bearing intra-
nuclear inclusions in HSV infection. HE.

Fig. 3. HSV antigen is positive in the intranuclear inclusions and cytoplasm
of the islet cells. Immunofluorescence.

Fig. 4. HSV antigen was only positive in the cytoplasm of the peripheral islet
cells.  Immunoperoxidase stain.

Fig. 5. Endothelial linings
have intranuclear inclusions
in the small muscular artery.
HE .
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Table 3. Varicella zoster virus infection
and pancreas islet lesions

Case Age Sex Underlying disease*

21.

[ Yy JEUIE [N Ry R [ R R [ g |
CQOWONOAUTEARWN O WONOOTD WN —
e s & e+ s s a4 s s e s e 4 s ® & s s e

31 yr
48 yr
34 yr
35 yr
75 yr
4 yr
40 yr
15 yr
4 yr
11 yr
8 yr
5yr
64 yr
6 yr

7 yr

22 yr
26 yr
6 yr
5yr
47 yr
4 yr

TTTMETT T TINEETIETNXETTZIEZTTIITEXT

T-cell lymphoma
Diffuse bronchiolitis
Malignant 1lymphoma
Hodgkin's disease
Multiple myeloma
Nephrosis

AML + BMT
Nephrotic syndrome
ALL
Medulloblastoma
ALL

ALL

Renal cell carcinoma
AML

ITpP

MaTlignant 1ymphoma
None

ALL

ALL

Collagen disease
AML

*Patients except for No. 17 had dermal
eruption prior to death under treat-
ment with antineoplastic drugs, immuno-
suppressants and radiation etc.

Table 4.

Cytomegalovirus infection with
islet lesion

Case Age Sex

Underlying disease

1.

10.
1.
12.
13.

OO~ TTH w
s e e s s e .

5 mo
45 d
50 d

81 yr
61 yr
57 yr
66 yr
64 yr
51 yr
65 yr
70 yr
28 yr
62 yr

F
M

-

MEZZTNMEZTMEEXZXE

Congenital CID*,
hepatosplenomegaly
Congenital CID,
hepatosplenomegaly
Congenital CID,
premature baby

CMV disease of the colon
Chronic cholecystitis
Lung cancer

Still's disease

Thymic tumor

Malignant plexus papiltoma
Hypoglycemia

AML

A1IDS

Tbc meningitis

*CID: Cytomegalic inclusion disease

suggest both types of infection.
Distribution of viral antigens
in islets, interstitium, acini or

ducts was compatible with the

histopathological changes,
including degeneration,
coagulation  necrosis  and

intranuclear inclusion bodies
without inflammatory
reaction. In some islets, entire
areas were destroyed by
hemorrhages surrounded by
cell debris. Hyalinization was
found in islets of case 13.
small-sized

had

Endothelia  of
muscular arteries
inclusion bodies with antigen
that resembled HSV
dissemination and suggested
generalized viremia  (Figs.
6-11). In six cases

(Nos. 1, 6, 8, 11, 17 and 20),
viral antigens were detected
not only in the pancreas, but
also in the liver, stomach,

kidneys, intestines, rectum,
adrenals, salivery glands, bone

marrow, testes, urinary
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Fig. 6. VZV infection in islet. Intranuclear inclusions were observed in some
islet cells without necrotic changes. HE.

Fig. 7. VZV infection causesnecrotic changes with hemorrhage in an islet
surrounded by cell debris. HE.

Fig. 8. Hyalinosis is observed inanislet in a case of VZV infection. HE.
Fig. 9. Endothelial involvement is seen in a small muscular artery in VZV
infection. HE.

Fig. 10. VZV antigen is observed in the nuclei and cytoplasm of the islet cells.
Immunofluorescence. .

Fig. 11. Immunoperoxidase stain shows VZV antigen in the cytoplasm of the islet
cells.
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bladder, trachea, gallbladder, heart, uterus, ovaries, meninges, lungs,
thyroid, pituitary gland, lymph nodes and dorsal root and trigeminal
ganglia. In tonsils, tongue, esophagus and skin, infection was observed in

squamous epithelium and subepithelial connective tissues.

CMV infection

CMV infection is characterized by giant cells with intranuclear
inclusions and cytoplasmic bodies. The cases in this study were selected by
this histopathological marker, as well as by immunohistochemistry. In
some islets, the viral antigen was detected without clear cytomegalic cells.
We could detect the viral antigens and/or cytomegalic cells in the islets,
acini and ducts without infiltration of inflammatory cells in 13 out of 58
cases (Table 4). In addition, viral antigens and cytomegalic cells were
revealed in the lungs, liver, heart, kidneys, adrenals, thyroid, salivary
glands, spleen, tongue, stomach, intestines, rectum, pituitary gland, brain,
lymph nodes, thymus, esophagus, retina and Auerbach's plexus. The
degree of change varied from case to case. Three (Nos. 1-3) had congenital
infection with hepatosplenomegaly and other symptoms at birth. Systemic
severe CMV infection was revealed in these congenital and several adult
cases (Nos. 6, 7, 12) (Figs. 12-15). CMV infection does not follow the "all or
none” law that is observed in VZV infection. In many cases of CMV
infection, a single cytomegalic cell without the associated histological
lesions appears in some organs, such as lungs, gastrointestinal tract,
adrenals, etc. The latent site and exact reactivation mechanisms of CMV

infection are still unclear.
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Fig. 12. Islet change in CMV infection.

Several cytomegalic cells with Cowdry

A intranuclear inclusions are observed inanislet without necrotic change. HE.
Fig. 13. Focal necrosis is observed in a lower part of the islet with several

cytomegalic cells. HE.

Fig. 15. Virus particles
of CMV in the nucleus and
cytoplasm of cytomegalic
cell in islet. Electron
microscopy.

Fig. 14. CMV antigen is observed
as granules in the cytoplasm of
cytomegalic cells. Immunoperox-
idase stain.
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Dual infection

We had ten cases of dual infection with CMV and another virus (Table
5). Diagnosis of dual infection was made by immunohistochemistry. Case
I, with severe combined immunodeficiency, received a bone marrow
transplantation. Adenovirus (type 3) was isolated and antigens were
observed in the lungs, trachea and eyes; CMV infection was shown in the
lungs, spleen, salivary glands and pancreas. In case 2, CMV lesions were
seen in the lungs, adrenals, urinary bladder and spleen, and HSV lesions in
the pancreas, lungs, trachea and spleen. In cases 3 and 4, pancreatic islets
were damaged by CMV. In case 5, VLV affected the islets with diffuse
massive necrosis and hemorrhages, and also the tonsils, left adrenal gland
and tongue. CMV also made lesions in the bilateral adrenals and lungs.
Combined infection with different herpesviruses can occur in the same
organ or in different organs. Dual infection can be demonstrated
immunohistochemically in misleading cases diagnosed by histological

examination only.

Animal models in cytomegalovirus-induced diabetes mellitus

If an animal is first treated with a subdiabetogenic dose of a beta cell

toxin such as streptozotocin, which reduces the beta cell reserve, and then

Table 5. Dual infection by cytomegalovirus and another virus

Case Age Sex Underlying disease Dual infection* Islet
1. 8mo M SCID+BMT C MV + Adeno CMYy
2. 26 yr M ALL +BMT CMV+HSY HSV
3. 79yr F Malignant lymphema CMV +HS YV CMY
4. 63 yr F Agranulocytosis CMV+HSYV CMV
5. 43yr F Adult T-cell leukemia CM V+ V Z V VZv

*Viral antigens of one or two viruses were detected at the same time in one
or more organs.
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infected with viruses that normally produce little or no diabetes, the
cumulative insults induce diabetes. This section shows that murine
cytomegalovirus (MCMV) infection leads to mild focal beta cell damage, and
that multiple environmental insults increase the severity of diabetes. The
degu (Gcrodon degus ), a rat-like hystricomorph, showed spontaneous
diabetes mellitus with characteristic cytomegalovirus inclusion bodies in

islet cells.

MCMYV and cumulative environmental insults

Newborn NIH Swiss male and female mice wereinfected with the Smith
strain of MCMV (9) or Lang strain of reovirus type 1 that had been
passaged more than seven times in mouse pancreatic beta cell cultues to
increase their tropism for beta cells. Two or four weeks later, the mice
were challenged with either a subdiabaetogenic dose of streptozotocin (1
mg/mouse), which did not alter glucose homeostasis in preliminary
experiments, or with the D variant of EMC virus (5), or MCMV. Each animal
was then bled four times; glucose from non-fasting animals was measured
after 7 and 14 days, and single-point 60-min glucose tolerance tests were
performed 10 and 17 days after infection. Uninfected animals and animals
given only streptozotocin were bled at the same time. The results were
expressed as the glucose index (13). An animal was considered diabetic if
its glucose index was equal to, or exceeded, 3 S.D. above the mean of
uninfected mice.

Table 6 shows that when NIH Swiss male mice were infected with only
MCMYV or reovirus, or given only streptozotocin, diabetes did not develop.
In contrast, when males were infected first with MCMV or reovirus and
then challenged with streptozotocin, 84 and 93%, respectively, of animals

developed diabetes. When males were first infected with MCMV or
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Table 6. Glucose abnormalities produced by multiple enviromental insults in

male mice.
First infection Challenge
CMv Reovirus Strepto- EMC CMV Glucose Percent**
zotocin  virus index diabetic
- - - - 153+ 16* 0
- + - - - 137+ 19 0
- - + - - 178+ 10 0
- - - + - 256+ 81 56
+ - + - - 313+ 88 84
+ - - + - 373+ 70 100
- + + - - 255+ 34 93
- + - + - 4464112 100
- + - - + 185+ 29 5

NIH Swiss mice were infected with 2x105 PFU of MCMV or reovirus, and 4 weeks
later were challenged with sub-diabetogenic dose of streptozotocin or 1x104

PFU of EMC virus, or with 2x105 PFU of MCMV 2 weeks later. Approximately 20
mice were tested in each group. *Mean + S.D. **Percentage of mice with glucose
index 3 S.D. above the mean of uninfected controls 1i.e. males 164+ 17,

females 141+ 13.

Table 7. Glucose abnormalities produced by multiple enviromental insults in
female mice.

First infection Challenge
CMV Reovirus Strepto- EMC CMv Glucose percent**
zotocin  virus index diabetic
- - - - 124+ 34 0
- - - - 133+ 19 0
- + - - 152+ 12 3
- - - + - 182+ 83 20
+ - + - - 253+ 45 93
+ - - + - 214+ 43 81
- + + - - 204+ 54 80
- + - + - 3034121 96
- + - - + 164+ 26 22

See the foot note of Tarb]; 6.

reovirus and then challenged with EMC virus, the percentage of animals
developing diabetes increased from 56% with EMC virus alone to 100%.
However, mice first infected with reovirus and then challenged with MCMV

showed a relatively small increase in the glucose index as compared with
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controls. The reverse experiment was not done, as older mice are less
susceptible to reovirus infection (14). The trend in female mice was
similar to that in male mice, except that the glucose indices were generally
lower (5) (Table 7).

To determine if streptozotocin enhanced virus-induced diabetes by
increasing the susceptibility of islet cells, €.g. by immunosuppressing the
host (15), the number of EMC-infected cells were determined by staining
sections of the pancreas with fluorescein-labeled anti-EMC antibody (9).
Table 8 shows that approximately the same number of, or slightly fewer,
islet cells were infected in streptozotocin-treated mice as in untreated
mice. This suggests that streptozotocin acts by decreasing the beta cell
reserve rather than by increasing the susceptibility of beta cells to
infection. Microscopic examination of sections of pancreas from mice
treated with streptozotocin showed that some beta cells had been
destroyed. Furthermore, quantification by radioimmunoassay revealed
that the insulin content of the pancreas of mice treated with 1 or 2 mg of
streptozotocin was reduced by 15 and 48%, respectively, 12 days later.

It is known that in mice MCMV infects pancreatic acinar cells, but there
is little information about the effect of the virus on islets (6). In man,
inclusion bodies are sometimes found in the islets of Langerhans of
patients suffering from overwhelming CMV infection (2). In the present
study, histopathological examination of islets from MCMV-infected mice
revealed focal cellular infiltrates and pyknotic nuclei in a small percentage
(i.e. 5-15%) of the islets at 7-14 days after infection. Staining of the islets
with a fluorescein-labeled anti-MCMV antibody revealed viral antigen in
10% or less of the islet cells. The mild and focal islet cell damage produced

by MCMYV does not appear to be sufficient to leave the mice diabetic at the
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end of one month, unless the animals are challenged with virus or
chemicals that add to the degree of beta cell damage. The fact that neither
MCMYV nor reovirus produced severe beta cell damage may explain why
only a few mice develop diabetes when first infected with reovirus and
then challenged with MCMV.

Depletion of beta cells in mice by a subdiabetogenic dose of
streptozotocin may provide a useful model for identifying other
diabetogenic viruses, especially those which infect and destroy only a
minimal number of beta cells. The enhancement of virus-induced diabetes
by low doses of streptozotocin also raises the possibility that, in humans, a
series of viral infections or other environmental insults, e.g. chemicals,
drugs or toxins, each producing some beta cell damage, finally results in
overt insulin-dependent diabetes, once the beta cell reserve has been

sufficiently depleted.

Table 8. Percentage of cells in isletsof Langerhans containing viral antigen.

Pretreated with % infected islet cells

Mouse strain streptozotocin
days after infection
2 3 4
C578BL/6 + 2 12 7
C57BL/6 - 2 12 9
SdL/d + 30 36 10
SJdL/d - 41 44 12

Each mouse received sub-diabetogenic dose of streptozotocin intraperitoneally
12 days before infection with 1x104 PFU of EMC virus. At 2, 3 and 4 days after
infection, sections of pancreas from groups of three mice were stained with
fluorescein-labeled anti-EMC antibody and approximate number of cells contain-
ing viral antigen were determined. At each time point, an average of 40 islets
and over 2,000 cells were counted (Reprinted with permission from ref. 13).
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Cytomegalovirus-induced diabetes in (kfodon degus

Spontaneous diabetes mellitus was occasionally observed in the rat-like
degu (16). Characteristic CMV inclusion bodies were seen in istet, acinar
and ductal cells of the pancreas (17). The pancreas in 14 out of 281
animals examined contained CMV inclusion bodies. These 14 degus and ten
of the others also had inclusions in the salivary glands. Ten of out of these
24 degus had clinical signs of diabetes. The electron microscopic study
demonstrated many spherical DNA virus-like particles, 200 nanometers in
size in pancreatic tissues from a diabetic degu.

Clinical evidence of diabetes in the degu was indicated by glucosuria,
elevated fasting blood glucose, or abnormal glucose tolerance in 41 out of
281 (15%) degus. CMV inclusions were seen in the pancreas of seven degus
with and without clinical evidence of diabetes.

Hyperplasia and hypertrophy of islets occurred in the 14 degus with
inclusions in the pancreas. Amyloidosis of the islets was noted in six of 24
degus examined, four of which had inclusions in the pancreatic tissue.

The insulitis in degus with CMV infections is morphologically similar to
that in juvenile-onset diabetes in man (3). The presence of insulitis,
characteristic inclusions of CMV in the pancreas, and clinical evidence of
islet dysfunction suggest cytomegalovirus as the cause of diabetes mellitus
in the degu. Usually, human neonates and immunodeficient patients with
generalized CMV infections succumb; thus, evaluation of future islet cell
function in man is not possible. The effect of CMV infection on islet cell
function in man is not fully understood, and the degu could serve as an
animal model for the study of a possible relationship between CMV and

diabetes.
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PANCREATIC CELL DAMAGE IN CHILDREN WITH FATAL VIRAL INFECTIONS
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ABSTRACT

The rare fatalities from viral infections most commonly occur in
neonates and immunosuppressed older children and adults. With a fatal
viremia, pathologic changes in pancreatic acini, interstitium, and islets
are frequently subtle and may be overlooked. Islet cell degeneration and
necrosis with or without associated inflammation is usually associated with
viral infections or ingestion of chemicals that are cytotoxic for islets.
Insulitis without degeneration or necrosis of islet cells can probably be
attributed to an autoimmune phenomenon. Coxsackievirus B, cytomegalovirus,
congenital rubella, and varicella-zoster were the four viruses most
frequently associated with islet cell cytopathology. Two of these,
Coxsackievirus B and rubella, have been implicated as a trigger for
development of IDDM. Insulin degranulation of beta cells in Coxsackievirus
infections was greater than expected from the degree of cytopathology in
the islets; this was not the case with the other fatal viral infections.
Conversely, 50% or fewer beta cells were degranulated in one case each of
cytomegalovirus and Coxsackievirus B A infections associated with acute-
onset IDDM; two patients with congenital rubella syndrome, one with acute-
onset IDDM and another with long-standing IDIM had no insulin-producing
beta cells. These findings suggest that in some cases of IDDM associated
with acute viral infections, insulin-producing beta cells may be initially
preserved and potentially amenable to protection by therapeutic measures.

INTRODUCTION

The infrequent fatalities in humans due to viral infections usually
occur in the neonate or immunosuppressed older children and adults.
Clinically, except for mumps, involvement of the pancreas as part of a
generalized viral infection is rarely appreciated. Morphologically, as
judged from the reports of fatal cases, the pattern of pancreatic

Becker, Y (ed), Virus Infections and Diabetes Melitus. © 1987 Martinus Nijhoff
Publishing, Boston. ISBN 0-89838-970-4. All rights reserved.
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involvement includes inflammation and necrosis of the acini, interstitium,
and particularly the islets (1-16). In a review of about 10,000 autopsy
records on infants and children from several children's hospitals and
referral centers (1), 150 cases (1.5%) had well-documented disseminated
viral infections due to 14 different viruses as determined from the clinical
records, virus isolation studies, serological titers, and histopathologic
features of viral infections. An additional 100 cases were included in the
survey but will not be included in this chapter because the virus was not
identified and there was no evidence of pancreatic viral cytopathology.

Of the 150 children with fatal viral infections, 28 had cytopathology
of the islets of Langerhans attributed to four different viruses: 1) 4 of 7
cases of Coxsackievirus B (Cx B) infection; 2) 20 of 45 cases of cytomegalo-
virus (CMV) infection; 3) 2 of 14 cases of varicella-zoster (V-Z) infection,
and 2 of 45 cases of congenital rubella syndrome (CRS) (Table 1). One of
children with QMWV infection and an additional case with CRS (7 ) died
within a week after acute onset of IDDM; the child with CMV had prominent
inclusions in the islets (Fig. 1) and the child with CRS had chronic
insulitis. Of the 150 fatal viral infections only 3 cases, each with V-Z,
produced inflammation of the acini and interstitium without insulitis. This
concordance between insular and acinar inflammation conforms with the
derivation of the islets during embryogenesis from totipotential cells in
duct and periacinar cells and the potential for sharing some of the same
viral receptors which are exposed during viremia. Only 20% (31 of 150) of
fatal cases had morphologic evidence of insulitis and/or pancreatitis.

Table 1. Cytopathology of islets in fatal viral infections

Cytopathology Total
Coxsackievirus B 4 7
Cytomegalovirus 20 45
Varicella-Zoster 2 14
Rubella 2 45

Viral infections have been proposed as the trigger for most cases of
IDDM based on epidemiologic and serologic data, clinical case reports, in
vitro viral infections of human pancreatic beta cells in tissue culture, and
the murine models for virus-induced diabetes. Some epidemics of mumps,
rubella and infectious hepatitis have been followed by an increased incidence
of IDIM but it is not clear whether the epidemics directed attention towards
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associated cases of IDDM or whether the viruses resonsible for the epidemics
were diabetogenic (reviewed in ref. 3). Few morphologic studies

have been reported on patients dying of concurrent acute-onset IDDM and
documented viral insulitis and pancreatitis. In the animal model, develop-
ment of a diabetes-like state appears to depend on the extent of the initial
infection and associated destruction of insulin-producing beta cells,
whereas in most humans the putative initial infection by any of multiple
viruses only triggers a common pathway of autoimmune beta cell destruction
leading to IDDM (3).

Fig. 1. Typical (MV inclusions (arrows) without associated insulitis in
islet of 11-year-old male with disseminated (MV infection and diabetic
ketoacidosis after treatment with steroids (Reprinted from ref. 1).
MORPHOLOGY OF VIRAL PANCREATITIS

For a variety of reasons, pancreatic disease may be overlooked during
pathologic studies of disseminated viral infections. Even with proper
tissue preservation, the pathologic changes are often subtle, focal, and
with a minimal or absent cellular inflammatory response, perhaps because
most fatalities occur in patients who are neonates or immmosuppressed. Even
with an intact inflammatory response, infection and necrosis of islet cells
may not elicit an insulitis. Pancreatic islets, separated from the interstitium
by a network of capillaries, may have a rapid and effective mechanism for
removal of degenerating or dead cells before an autoimmune response ensues.



164

For example, with encephalomyocarditis-induced murine islet damage and
diabetes mellitus in otherwise healthy animals, macrophages rapidly remove
necrotic cells without evidence of inflammation (17). Insulitis characterized
by chronic inflammation but without necrosis of islet cells has a presumed
autoimmune basis and almost invariably relates to acute-onset IDDM (18, 19).
Insulitis characterized by degeneration and necrosis and an inflammatory

cell infiltrate suggests the onset of IDIM during a systemic viral infection
(Fig. 2) or damage by a beta cell toxin (Fig. 3), e.g., Vacor, a commercially
available rat poison that kills by causing diabetes (1-3).

Fig. 2. [Insulitis consisting of mantle of small lymphocytes around islet
of 10-year-old boy with Coxsackievirus By infection and diabetic keto-acidosis.
(Reprinted by permission from ref. 2).

Fig. 3. Coagulation necrosis of beta cells in center of islet leaving a rim
of intact alpha cells (arrows) following accidental ingestion of Vacor by
young child.
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Generally, viruses affect the pancreas in a manner similar to other
organs of the same patient. Viruses such as the hepatitis viruses and
rubella may not elicit specific cytopathic changes but may initiate an
associated autoimmune response (Fig. 4). The herpes viruses, particularly
MV and V-Z cause distinctive pathological findings. MV infection is
characterized by markedly enlarged cells, large plecmorphic nuclei containing
basophilic inclusions surrounded by a clear halo, and smaller cytoplasmic
inclusions (Figs. 5 and 6). V-Z infections are characterized by normal-
sized cells with intranuclear but no cytoplasmic inclusions, and various
stages of associated degeneration and necrosis (Fig. 7); multinucleated
giant cells characteristic of V-Z infection in the skin did not appear in
the pancreas. Cx. B group infections produce a spectrum of lesions varying
from minimal degeneration of islet cells without inflammation to mild or
moderate islet cell necrosis and associated infiltration of lymphocytes,

macrophages and neutrophils (Figs. 8-11).

Fig. 4. Insulitis in 6-week-old girl with congenital rubella. Cords of
islet cells are separated from one another by edema and an infiltrate of
mixed inflammatory cells.
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Fig. 5. Intranuclear CMV inclusion bodies (arrows) are seen in an islet
of a neonate with congenital CMV infection.

Fig. 6. Intranuclear inclusion bodies with associated cytoplasmic inclusions
(arrows) are seen in islet of neonate with disseminated (MV infection. (PAS
stain).
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Fig. 7. Congenital varicella-zoster infection in a neonate. The upper
third of islet appears normal, the middle third has typical varicella-
zoster intranuclear inclusions (arrows) and the lower third contains cells
with pyknotic nuclei and scanty cytoplasm. (Reprinted from ref. 1).

Fig. 8. Insulitis composed of a few lymphocytes of varying sizes (arrows)
without associated necrosis aie seen in islet of neonate with Coxsackievirus
B4 infection. (Reprinted by permission from ref. 2).
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Fig. 9, Degeneration and necrosis of islet cells of same neonate with
Coxsackievirus B, infection as Fig. 8 is characterized by pyknotic nuclei
of varying size ‘Earrows) and condensed eosinophilic cytoplasm. (Reprinted

by permission from ref. 2).

Fig. 10. Insulitis with many polymorphonuclear cells (arrows) is seen in
neonate with fatal untyped Coxsackievirus B infection. (Reprinted by
permission from ref. 2).
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Fig. 11. Degeneration and necrosis with lysis of islet cells is character-
ized by indistinct nuclear and cytoplasmic boundaries in same neonate with
Coxsackievirus B, infection as Figs. 8 and 9. (Reprinted by permission
from ref. 2).

The distribution of viral lesions in the pancreas depends to a certain
extent on the virus. MV, V-Z, and Cx B affect both islet and acinar cells,
usually with greater involvement of islets than acinar cells.In infants with
culture-proven Cx B 1,2,4 and 5 viremia, islet cell damage was generally
mild to moderate, varying from clusters of cells with pyknotic nuclei to
necrosis of occasional islets, a pattern apparently characteristic of
Cx B infections (4, 5). All islets are not affected equally. When present,
inflammatory cells include polymorphonuclears, macrophages, and lymphocytes

surrounding individual islets, although most islet cell necrosis has no
associated inflammatory response. Cytomegalic cells of (MV appear in the islet
cells, pancreatic ducts, and periacinar cells, almost always without
associated necrosis. V-Z is characterized by inclusion bodies and prominent
areas of necrosis involving both islet and acinar cells. In fatal acute
infections with insular changes, all types of islet cells including beta and
alpha cells are usually affected. Although mumps has been associated with
pancreatitis and IDIM, there was only one case of fatal mumps infection among
the autopsy reports studied by Jenson, et al. (1), but there were no path-
ologic changes in the pancreas. None of the pathologic changes in the
pancreas of the 31 fatal cases with insulitis and pancreatitis appeared
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severe enough on a morphologic basis to cause clinical pancreatitis, much
less diabetes mellitus (although two were associated with acute-onset IDIM)
which is thought to occur after 80% of the beta cells are depleted or
destroyed.

VIRAL CYTOPATHOLOGY AND IMMUNOCYTOCHEMICAL STAINING FOR INSULIN

Viral cytopathology was correlated with beta cell degranulation in
those cases studied immunocytochemically for insulin. Of 12 cases, 6 had
viral cytopathology (3 had Cx B, 1 had (MV associated with acute-onset
IDDM, 1 had CRS 7 years after acute-onset IDDM and another died with CRS
associated with acute-onset IDIM) and 6 did not have viral cytopathology
(1 Cx A and 1 Cx B, 1 herpes simplex virus, and 2 (MV). In addition to the
150 cases (1) we also examined the pancreas of a 10-year-old boy who developed
acute-onset IDIM and had a murine diabetogenic variant of Cx B4 cultured from
the pancreas (Fig. 2). IDIM was not documented in those children with clinical
evidence of overwhelming disseminated viral infections. Conversely, the
consequences of viral infection were neither a prominent clinical or pathologic
feature in those children who died with concurrent viral infection and acute-
onset IDDM.

The children who died with fatal viral infections and insular changes
but without IDDM had varying degrees of degranulation of beta cells. This
was particularly obvious in Cx B infections, where beta cell degranulation
appeared segmental, involving partial or complete islets (Figs. 12-14).

Many of the degranulated beta cells in Cx infections appeared to be shrunken
and inactive, but still viable. The greatest degree of degranulation was
approximately 60% in one of the patients with Cx infection. I[n patients with
MV and V-Z infection the degree of degranulation correlated fairly well with
the extent of viral cytopathology in the islets (Fig. 15). In patients with
fatal viremia but no pancreatitis, the islets apparently had their full
complement of insulin-producing beta cells although some were partially
degranulated. Thus the Cx infections had a much greater extent of beta cell
degranulation than the other virus infections when islet cell insulin content
was correlated with the degree of cytopathologic changes in the islets.

Of the four cases of viral infections associated with IDIM, two 10-
year-olds with acute-onset IDDM and CMV and Cx B (6) involvement of the islets
had approximately 20-30% and 50% of beta cells degranulated, respectively
(Fig. 16). These findings suggest a functional loss rather than an actual
loss of insulin in these two individuals, who would not be expected to have
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acute-onset IDDM on the basis of at least 50% of insulin capacity of islets
theoretically available for glucose metabolism. On the other hand, the
14-month-old boy with rubella syndrome (7) and the 10-year-old with IDDM

of 7 years duration and CRS had no insulin-producing beta cells in the islets.
The absence of beta cells in CRS with IDDM correlates with the reports relating
complete loss of insulin-producing beta cells to exvlain the loss of insulin
patients with IDDM. This may suggest a different mechanism for IDDM associated
with rubella than IDIM associated with Cx B or CMV.

Fig. 12. Large islet bisected into segments by mixed inflammatory cell
infiltrate in neonate with untyped Coxsackievirus B infection. This islet was
stained for insulin by peroxidase anti-peroxidase (PAP) technique with
segment of islet on right fully granulated (arrows) and segment on the
left containing few granulated beta cells. (Reprinted from ref. 1).
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Fig. 13. Serial section of islet seen in Fig. 8 except stained for insulin
granules (arrows) by PAP technique. Only a few beta cells are granulated
even though there is minimal morphologic evidence of islet cell damage.

Fig. 14. Islet in center of field is mostly degranulated of insulin (PAP
stain) whereas islet in upper right corner appears to be full granulated
(arrows) in child with untyped Coxsackievirus B infection.
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Fig. 15. Islet is partially degranulated of insulin (PAP stain) in neonate
with congenital V-Z infection. Degranulation occurs primarily in beta cells
with V-Z cytopathology (arrows) in contrast to Coxsackievirus B infections

where degranulation often occurs in islet cells without evidence of degeneration

and necrosis.

Fig. 16. Insulitis consisting of small lymphocytes surrounding and infiltrating
islet containing granulated beta cells (PAP stain for insulin) in 10-year-old
boy with Coxsackievirus B infection and diabetic keto-acidosis. Less than

half of beta cells are degenerating and degranulated.
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ABSTRACT

Supporting the hypothesis that Coxsackie B4 (CB4) may cause
pancreopathy and/or be important in the pathcgenesis of human diabetes
mellitus are virologic, serologic, immunologic, genetic and pathologic
studies. The most direct evidence for this relationship is isolation
of the virus from a human pancreas showing histopathologic change
consistent with the patient's diagnosis, juvenile (type 1) diabetes
mellitus. Other laboratory assays, including measurement of islet cell
antibodies and CB4 antibodies in populations of patients with juvenile
diabetes mellitus provide further evidence for viral etiology of this
disease. In the context of epidemiologic study, these and other
observations, including age, sex and seasonal variation have been
assessed. Additionally, positive correlations between certain human
leukocyte antigen (HLA) determinants and viral antigenic responses,
including CB4, have been found in studies of diabetic individuals.

INTRODUCTION

A temporal relationship between the onset of some viral infections
and subsequent development of diabetes mellitus has been recognized
since the turn of the century (1). It is generally accepted that there
is hereditary predisposition to diabetes, however, there is little
agreement on its mode of inheritance. The influence of viruses and
other environmental factors on expression of these genotypes as
clinical diabetes mellitus is uncertain (1-4).

Juvenile insulin - dependent (type 1) and adult onset non-
insulin-dependent (type 2) diabetes are thought to be distinct
entities, based on epidemiologic, genetic and immunologic studies (5).
The concordance rate for diabetes in studies of identical twins has

Becker, Y (ed), Virus Infections and Diabetes Melitus. © 1987 Martinus Nijhoff
Publishing, Boston. ISBN 0-89838-970~4. All rights reserved.
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been reported to be 92% in adult-onset diabetes as compared to 53% in
juvenile diabetes (6). While these observations indicate a strong
genetic influence on the occurrence of adult-onset diabetes, the
discordant results in juvenile diabetics suggest environmental factors
may be important in the etiology of this disease (2).

The hypothesis that viruses are important in the pathogenesis of
juvenile diabetes is supported by its seasonal incidence, abrupt
clinical onset and accumulating seroiogic, immunologic and pathologic
studies of patients with the disease (1,7,8,9). Implicated viruses
include mumps, rubella, Coxsackie B, encephalomyocarditis virus,
Epstein-Barr virus and cytomegalovirus (1,6,7,8,10). The most direct
explanation for viral pathogenesis of the diabetic syndrome is
infection and ultimate destruction of the insulin-producing beta cells
of the islets of Langerhans in the pancreas, however, other hypotheses
include altered immunoresponsiveness in the presence of viral antigens
triggering autoimmune destruction of beta cells (11,12). Additionally,
relationships have been noted between certain HLA serotypes and
immunocompetence in the presence of CB4 and other viruses (13).

Similar to viral oncogeresis, it has also been postulated that viruses
may function as initiators of disease but may not be present at the
time of disease expression (14). This later suggestion would obviously
explain how a virus might be part of the etiology of a disease when all
traces of the virus are absent at the time of diagnosis.

Animal studies have been performed to help elucidate the
association between diabetes and viruses. CB4 has been implicated in
studies including isolation of the virus from a ten-year-old patient
with newly diagnosed diabetes mellitus. The diabetogenic potential of
this virus was supported by mouse inoculation with the human isolate
and subsequent demonstration of hyperglycemia and pancreopathy
including beta-cell necrosis and inflammation in the islets of
Langerhans (9).

CB4 and other picornaviruses have been further studied in various
inbred strains of mice to assess their diabetogenic potential. As with
human studies, multiple factors appear to influence susceptibility to
viral-induced pancreopathy and abnormal glucose tolerance. Pancreatic
damage related to these viruses and resulting in hyperglycemia appear
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to be dependent on genetic factors, (15,16,17), hormonal factors
(15,18,19) and immunologic competency (20,21,).

This chapter addresses pertinent data from these animal models as
well as human data supporting the relationship of CB4 and pancreatic
pathology as it pertains to the clinical disease, diabetes mellitus.

CLINICAL DATA

Several clinical observations in patients with insulin-dependent
diabetes mellitus (IDDM) suggest an acute infectious insult. In newly
diagnosed cases, onset of symptoms is frequently abrupt. Also, many
patients are previously healthy children who lack a positive family
history of diabetes mellitus. In some cases there is a prior medical
history of a viral infection.

One suggestion has been that diabetic members of a family have had
less previous experience with Coxsackie viral infections in infancy and
consequently had a more severe disease with Coxsackie B infections
contracted when they were older. A study supporting this hypothesis
showed that diabetic children had IgG titers >4 to a lower number of
Coxsackie B 1-6 serotypes than age-matched nondiabetic siblings (22).
It has also been shown that there is a more heterotypic Igh response to
Coxsackie B 1-6 as nondiabetic children become older and have
virologically confirmed Coxsackie B infections (23). It does appear,
therefore, that less prior exposure to Coxsackie viruses, in general,
may predispose some individuals to develop a more homotypic serologic
response and, perhaps, more severe illness possibly causing pancreatic
damage and resulting in the clinical syndrome, diabetes mellitus.

Acute "viral Tike" illnesses have been commonly reported prior to
development of diabetic symptoms (24). Onsets of new cases are
recorded more frequently in the winter and late summer - early autumn
months, suggesting an association with common epidemic viruses of
childhood (25). This seasonal incidence has correlated directly with
peak occurrences of enterovirus infections. Gamble recognized a
seasonal pattern, with one major peak at 11 to 12 years and secondary
peaks at 5 and 8 to 9 years (26). He suggested that these peaks might
be related to school entry at 4 to 5 years, transfer to elementary
school at 7 to 8 years, to secondary school at 11 tc 12 years and that
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virus infection might explain these observations (26). Another study,
by Gamble and Taylor, documented that the variation in incidence of new
cases of IDDM was paralleled by a similar variation in the numbers of
jsolations of CB4 virus (27).

While IDDM predominately affects patients under 40 years of age,
sex predilection appears variable, depending on race and geographic
location (28). Constitutional factors, however, such as poor
nutritional status or metabolic and psychic stresses may be important
in determining individual's susceptibility to pancreatic beta cell
injury due to viruses (2). Several reports document the occurrence of
clinical pancreatitis and specific lesions of the islets in
disseminated Group B Coxsackievirus infections in man (29,30).
Although acute enteroviral pancreatitis is uncommon in infants,
children and adults, it has been associated with Coxsackie B viruses,
especially 1, 2, and 4 (31). Pancreatitis seen as a part of
disseminated Coxsackie infections is most commonly seen in neonates or
persons with congenital or acquired immunodeficiency (29). Of the
Coxsackieviruses, CB4 has been implicated most often as diabetogenic in
clinical studies of IDDM (29).

These clinical observations have stimulated investigators to
perform more indepth assessment of the virologic, immunologic and
pathologic status of patients with IDDM.

PATHOLOGY

The first case of a patient having IDDM followed by isolation of a
CB4 virus was reported by Yoon et al in 1979 (9). Following three days
of flu-like symptoms, this ten-year-old boy was hospitalized in
diabetic ketoacidosis and died seven days later (9). His flu-like
illness consisted of fatigue, headache, sore throat, pleuritic chest
pain, anorexia, nausea and myalgia. On admission, he was experiencing
polyuria, polydipsia and abdominal cramps with increasing lethargia.
The patient had chickenpox and mumps several years earlier but no
recent drug or chemical exposure (9). On post-mortem examination,
sections of the patient's pancreas showed lymphocytic infiltrates,
often perivascular, surrounding the islets of Langerhans. This
inflammatory infiltrate penetrated reticular fibers around the islets
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and extended into cellular columns of the islets. The cells of the
jslets were described as "often depeleted... and degenerating”.
Additionally, mild patchy chronic inflammation was noted throughout
acinar tissue (9).

Lesions in the pancreas of persons with insulin-dependent diabetes
mellitus are notoriously variable and no particular finding is believed
to be pathognomonic (32,33,34). The following alterations are
described: (1) reduction in the size and number of islets (Z) increase
in the size of islets (3) beta-cell degranulation (4) glycogen
vacuolation of beta cells (5) hyalin replacement of islets or (5)
leukocyte infiltration of islets (32,33). The most common pattern of
leukocyte response is a heavy lymphocytic infiltrate within and around
isiets (32). Overall, the most common finding is gross reduction of
islet tissue (32,24). In 1965, Gepts reported a description of the
pancreas in patients dying within days or weeks of abrupt onset
diabetes mellitus. All showed reduction in the number of islets and 15
of 22 (68%) had infiltration of islets by lymphocytes (35).

In our laboratory, a fifty percent lethal dose (LDSO) of CB4
(Edwards strain) has been used to infect three inbred strains of mice
with subsequent assessment of the histopathology of their pancreas and
other organs. This particular strain of CB4 was originally isolated
from myocardial tissue of an infant with a generaiized Coxsackie
infection and focal necrosis and inflammation of the pancreas (36).
When C57BL/6, SWR/J and DBA/2 mice were examined, histopathologic
changes varied. By twenty-one days postinfection, 100% of SWR/J mice
showed islet atrophy, acinar necrosis and a marked neutrophilic,
lymphocytic and monocytic interstitial infiltrate with extension to
peri-islet areas. In DBA/2 mice, sixty-six percent of animals showed a
miminal interstitial inflammation (neutrophils, lymphocytes and
monocytes) with occasional lymphocytic infiltration around the islets.
C57BL/6 mice did not manifest any abnormal pancreatic pathology (37).

Interestingly, the diabetogenic effect of the CB4 strain used in
our study also varied by measurements of glucose levels (37). C57BL/6
mice demonstrated abnormal glucose tolerance testing, analogous to
chemical diabetes, despite the lack of pancreatic lesions on light
microscopy. In contrast, SWR/J and DBA/2 strains showed increased
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glucose tolerance seven days post-infection. These latter results are
similar to the so called "remission" or "honeymoon" phase of juvenile
diabetes mellitus when glucose tolerance improves and, in fact,
hypoglycemia may ensue as insulin requirements fall after the initial
diagnosis of disease (38).

These anatomic and clinical laboratory findings in mice
demonstrate that CB4 susceptibility as determined by LD50 values and
pancreatic pathology can be independent parameters and do not
necessarily determine the host glucose tolerance response of a given
genotype. These studies, as with human data, suggest that specific
host factors, i.e. genetics, hormonal factors, immunologic competency,
may be of major importance in determining the diabetogenic potential of
a specific viral agent (37).

Further studies by Loria et al have measured CB4 (Edwards strain)
viral replication in numerous tissues of inbred mice with various
genotypes as follows: C57BL/KsJ with diabetic (db) and misty coat (m)
mutations, C57BL/6J with obese diabetic (ob), yellow obese (AY) and
black (a) mutations and C57BL/Ks, an inbred control genotype. Using
L050 as infective doses, the CB4 concentrations in blood, pancreas,
liver, spleen, heat and aorta were measured 3 days after viral
challenge. Within each genotype, virus concentrations varied
considerably in all tissues except the pancreas, where viral titers
were consistently highest with a mean concentration of 9.54 + 0.1 log
PFU/gr tissue (p <0.001). Based on this study, it was concluded that
neither specific gene mutations (db, m, ob, Ay, a) nor background
genotype, 6J and KsJ, markedly affected CB4 titers in various tissues;
however, this study emphasizes the pancreatopic nature of this virus
(39).

IMMUNOLOGY

Some human cases of IDDM appear to result from direct and massive
infection involving the pancreas such as the patient reported by Yoon
et al in 1979 (9). It now appears, however, that viral pathogenesis
may be more frequently explained as one of several complex
immune-related mechanisms. Both IgG and IgM antibody titers directed
against various Coxsackie viruses as well as islet cell antibodies and
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their possible crossreactivity have now been measured in insulin-
dependent diabetic patients.

In addition to documentation of the histopathologic lesions in the
pancreas of the child reported by Yoon et al in 1979, there also was a
demonstrable four-fold rise in the CB4 antibody titer (9). Prospective
assessment of CB4 titers in another case report showed a greater than
four-fold rise (1:129 to 1:512) three years prior to the clinical onset
of insulin-dependent diabetes (40). Interestingly this latter patient
also had a 1:16 titer of islet cell antibodies three years prior to the
diagnosis of diabetes. Unfortunately, earlier specimens documenting
the first occurrence of these antibodies were not available, thus,
their temporal relationship is unknown.

A study by Orchard et al. of over one hundred new cases of IDDM
using immunofluorescent staining methods for IgM (41) and IgG (42)
showed that 34% had serological evidence of recent Coxsackie B 1-6
virus infection at diagnosis (IgG titer > 32 or IgM titer > 4). The
control group for this study consisted of 57 siblings close in age to
the diabetic group with results showing 42% had evidence of recent
Coxsackie B infection (22). Significant, however, was the observation
that the diabetic children were positive to a Tower number of Coxsackie
B 1-6 serotypes than the age-matched siblings.

Virus-specific IgM levels against Coxsackie B 1-6 have been
assayed in several studies as a marker of current or recent antigenic
stimulus in patients with recently diagnosed IDDM. Of these patients
with elevated antibody titers, specificity is most commonly directed
against CB4 (23,43,44). King et al in 1983 studied the presence of IgM
against Coxsackie B viruses in 28 children with IDDM using an ELISA
technique (23). They found IgM in 11 (39%) children, ten of whom had
specificity against CB4. In contrast, Coxsackie B virus-specific IgM
responses were seen in only 16 of 290 (5.5%) non-diabetic children
serving as age-matched controls. Banatvala et al in 1985, also using
an ELISA method, found Coxsackie B IgM responses directed against a
single serotype in 23 of 37 (67%) children with IDDM, the most common
serotypes being Coxsackie B4 (11/37) or B5 (11/37). Age-matched
nondiabetic controls in this study showed 6% (13/204) positivity in
Coxsackie B virus IgM levels (43). A third study reported by Frisk et
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al in 1985, detected Coxsackie B virus-specific IgM responses in 16 of
24 (67%) patients on the day of diagnosis of IDDM. This study,
employing a reverse radioimmunoassay, showed monotypic responses in 13
of 16 patients, the largest percentage of these directed to CB4 (4/13)
and the others to Coxsackie B 1,2,3 and 5. No Coxsackie B
virus-specific IgM was detected in age-matched nondiabetic children in
this latter report.

It is well accepted now that the majority of insulin-dependent
diabetic patients have islet cell antibodies (ICA) (40,45,46). With
respect to viral pathogenesis of IDDM, one proposed mechanism has been
that the implicated virus and islet cells may share antigenic
determinants; antibodies formed in response to the virus, therefore,
might cross-react with the islet cells. Further support for this
hypothesis comes from a preliminary study by Richens, Quilley and
Hartog reporting that islet cell fluorescence of diabetic serum from
three patients was decreased by prior absorption with Coxsackie B4
virus (11). Additionally, Schernthaner, Ludwig, and Mayr noted @&
significantly higher frequency of ICA in diabetics with moderate or
high (> 1:64) (B4 titers than those with Tow or undetectable levels of
CB4 antibodies (47).

Arguing against the hypothesis that pancreatic islet cells and
Coxsackie viruses share some antigenic determinants are several studies
showing no correlation between CB4 and ICA titers when comparing
pre-infection and post-infection samples from newly diagnosed diabetics
(45,48,49). There are, however, other potential mechanisms whereby
these viruses might be related to ICA. Cellular antigens might be
incorporated into the viral surface during replication such that
antibodies might be produced that would crossreact with islet cells and
the viruses. Also, it is suggested that viral damage to islet cells
might expose cytoplasmic antigens with resultant development of ICA
(45).

In our laboratory, studies of inbred C57BL/KsJ mice, known to
possess db and m mutations, have been performed to assess the host's
jmmune response to CB4 challenge (6). Using the Cunningham-Szenberg
plaque assay procedure (50), db/db infected or uninfected mice with
overt disease demonstrated 100% elevation in spleen IgM counts (p <



183

0.01) while db/m infected mice had a 64% lower IgM cell count than
uninfected mice (p < 0.01). Additionally, infected db/db mice failed
to produce CB4 neutralizing antibodies while db/m and m/m mice
developed high antibody levels 7 and 14 days after challenge. Thus,
while this overtly diabetic animal model has intact spleen IgM-
producing cells, significant CB4 antiboay titers are not produced.
This suggests that genetic predisposition to diabetes and the metabolic
effects of overt disease alter the host's i1mmune response to CB4
challenge (6).

It is clear, however, that mechanisms whereby viral infections are
involved in an autoimmune component of IDDM remain to be explored.

GENETICS

It is generally accepted that there is a hereditary predisposition
to diabetes (51). The heterogeneity of genetic origins giving rise to
diabetes is demonstrated in studies analyzing the inheritance patterns
of insulin-dependent and non-insulin-dependent forms of diabetes.
Although a familial tendency to IDDM has been noted, less than 20
percent of these patients have first-degree relatives with a diabetic
history and family studies have failed to show a definable pattern of
transmission. Autosomal recessive inheritance with variable penetrance
has, therefore, been most widely accepted (2).

Studies of monozygotic twins have been performed to assess the
influence of genetics in diabetes. Categorizing patients by age, three
reported studies have seen > 90 percent concordance among twins over 40
years of age. Contrary to this, approximately 50 percent concordance
was observed in twins less than age 40 years (52,53,54). While this
data supports a strong genetic influence on the occurrence of
maturity-onset diabetes, environmental factors (including viruses) are
felt to be important in juvenile-onset diabetes, possibly precipitating
disease in genetically predisposed individuals (2).

A positive association of IDDM with HLA-DR3 and -DR4 has been
observed in many Caucasoid populations, while a negative association
with DR2 is noted (55,56). Bruserud, Jervell and Thorsby recently
studied the relationship between responses to viral antigens (mumps,
CB4 and varicella-zoster) and HLA-DR3 and -DR4 association in patients



184

with IDDM (13). Antigen-reactive T-lymphocyte (ARTL) responses were
measured in 8 insulin-dependent diabetics and 14 healthy individuals
carrying DR3 or DR4 HLA determinants. With both CB4 and Mumps, DR3-
associated hypo-responsiveness and DR4-associated hyper-responsiveness
were seen inboth diabetic and healthy individuals. No DR-associated
change in response was found with varicella zoster in any subjects
(13). These results are felt to be consistent with the hypothesis that
certain viruses may be important in the etiology of IDDM. The lower
frequency of ARTL to CB4 and mumps in association with DR3 may render
individuals carrying DR3 more vulnerable to infection of beta cells
with these viruses. Further human studies, however, will be necessary
to clarify the immunoregulatory functions of these and other HLA
determinants with respect to the viral immune response.

Extensive work by Loria et al has been performed on inbred
C57BL/KsJd mice to determine whether genetic predisposition to diabetes
mellitus and/or clinical diabetes influence the production of
neutralization antibodies (NA) to CB4 (57,58). Antibody titers were
measured pre-infection, 3-21 days and 1-5 months after L050 infection
of CB4 in C57BL/KsJ mice with m and db mutations. Control mice (m/m,
db/m) showed consistent NA elevations beginning at 3 days post-
infection and reaching maximum titers of > 90% plaque reduction at 7
days post-infection. In contrast, mice homozygous for the diabetic
mutation, db, had no detectable NA titer until after 2 months.
Homozygous db/db mice with no restricted food intake developed
significant hyperglycemia (glucose = 693 mg/d1 2 hours after challenge
of 2 mg glucose/g body weight) during glucose tolerance testing and NA
levels of 90% virus plaque reduction by 3 months post-infection.
Homozygous db/db mice with diet restriction did not develop overt
diabetes and CB4 NA titers were low (approximately 20% plaque
reduction), short-lived and probably represented a non-specific
response. Further study of the C57BL/KsJ db/db mice that did not
develop overt diabetes with food restriction has shown that their
deficient humoral immunity involves general impairment in both total
IgM and IgG production after CB4 infection (59). These mice in which
phenotypic expression of diabetes is prevented by diet restriction
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suggest that immune impairment may be found prior to diabetes onset
when compared to db/db mice with overt diabetes.

Both this animal data and the previously cited human data (13)
suggest significant difference in immune response to CB4 among
genotypes with variable diabetic phenotypic expression.

CONCLUSICN

This chapter summarizes recent human data addressing the
relationship of CB4 and pancreopathy which may be demonstrated
clinically as diabetes mellitus and anatomically with histopathologic
lesions in the pancreas. Clinical evidence, including serologic,
immunologic and genetic data, have been presented which suggest
etiologic involvement of CB4 in IDDM. Epidemiologic studies have shown
seasonal incidence, occurrence of acute "viral-like" illness prior to
diabetic symptoms and prevalence of viral antibodies in IDDM patients
as compared to normal controls. Experimental animal models with
varying genetic backgrounds have been infected with CB4 and add
evidence that this viral-induced pancreopathy may, indeed, result in
diabetes mellitus.

It is clear, however, that while compelling evidence exists to
support CB4-induced pancreopathy resulting in IDDM, the exact etiologic
role of this virus or other external influences, as they relate to
genetic factors, is not yet confirmed. Further development of
experimental models and elucidation of pathophysiologic events that
occur with human coxsackie viral infections will be required for better
interpretation of these relationships.
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DIABETES MELLITUS ASSOCIATED WITH EPIDEMIC INFECTIOUS
HEPATITIS IN NIGERIA

F.C.ADI
Bethsaida Clinic, Box 2211 Enugu, Nigeria.

ABSTRACT

This report concerns nine cases of diabetes mellitus
associated with infectious hepatitis, an epidemic of which
swept through eastern Nigeria between 1970 and 1972 following
the Nigerian civil war. All the patients suffered from
classical acute infectious hepatitis and, as they appeared to
be recovering from this infection, developed symptoms and
signs of diabetes mellitus. They responded quickly to
treatment and after a few months, the diabetes clinically
disappeared. Corticosteroid~glucose tolerance tests carried
out in four of these patients, 12 to 30 months after the
clinical remission of their diabetes, were normal. Contact
with the remaining five patients was lost after a few months
follow-up following clinical remission, probably because they
remained well. It is postulated that the virus that caused
the acute infectious hepatitis may have damaged pancreatic
islet cells, partially or temporarily, to produce an acute

remittant form of diabetes mellitus in these patients.

INTRODUCTION

An association between virus infections and diabetes
mellitus is well documented in both animals and man. Diabetes
mellitus has followed an attack of foot-and-mouth disease in
cattle (1,2). The encephalo-myocarditis (EMC) virus,
especially the M variant, has been shown to cause pancreatic
islet tissue damage, with the development of a diabetes-like
syndrome in mice (3,4,5).

Becker, Y (ed), Virus Infections and Diabetes Melitus. © 1987 Martinus Nijhoff
Publishing, Boston. ISBN 0-89838-970-4. All rights reserved.
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Coxsackie B4 and Bl virus infections have also been shown to
cause pathological changes in pancreatic islet tissue of
suckling mice by Burch and his colleagues (6) and this could
be associated with hyperglycaemia, usually after a lag phase
of 2-3 weeks (7).

The possibility that a virus might cause diabetes mellitus
in man was first suggested in 1899 by Harris (8). Since that
time, a number of virus infections have been reported to be
associated with the onset of diabetes mellitus. The virus
most often incriminated has been the mumps virus. Cole (9)
suggested this association in three young diabetics. Meling
and Ursing (10) reported four cases following an epidemic of
mumps in Sweden when they studied forty children and two adults.
Hinden (11) found reports of 20 cases of diabetes mellitus
following mumps and added a case of his own where severe
diabetes mellitus with coma occurred in a child, about five
weeks after an attack of mumps. Another virus often
suspected is the rubella virus. Forrest et al (12) reported
that in 44 patients with congenital rubella, approximately 20
percent ultimately developed diabetes mellitus or showed an
abnormal glucose tolerance test. Other viral infections
reported to have been associated with diabetes mellitus have
included those caused by cytomegalovirus, tick-borne
encephalitis virus, Coxsackie B4 and Venezuelan equine
encephalitis viruses. Our present experience in Nigeria seems
to indicate that the virus that causes classical epidemic
infectious hepatitis (Hepatitis A virus) or a close relation
of it, can also produce biochemical as well as clinical

diabetes mellitus.

PATIENTS AND METHODS

The nine patients who developed clinical diabetes
mellitus during an attack of acute infectious hepatitis form
part of a group of about 100 such patients seen by the author
during an epidemic of viral hepatitis,which ravaged the
eastern part of Nigeria from 1969 to 1972.The epidemic

started during the dying stages of the Nigerian civil war,
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in what was then known as "the Republic of Biafra". An
estimated seven to eight million people were crammed into a
land space of about 60 by 40 miles (80 by 64 Km) and besieged
for over two years, in what must have been one of the longest
sieges in recent history. With a break-down in public health
measures and severe overcrowding, a classical epidemic of
infectious hepatitis swept through a population already
severely ravaged by starvation and malnutrition. This
background picture might be pertinent in that the nutritional
status of the patients may have played some role in the
development of the diabetes complication. Nevertheless’

it is important to note that the civil war ended in January
1970, but the epidemic of hepatitis continued until 1972, and
all the nine patients reported in this paper were seen
between 1970 and 1972, when the nutritional status of the
people as a whole had considerably improved.

All the nine patients presented with classical symptoms
and signs of diabetes mellitus, with marked wasting and
dehydration associated with polydipsia and polyuria and in
some cases with keto-acidosis. They had glycosuria and a
raised fasting blood sugar. They all required insulin
followed by oral hypoglycaemic drugs for some months. They
then clinically remitted and were followed up for at least
12 months.

During follow up, the patients were made to test their
urine daily with Clinitest tablets for the first four to eight
weeks and thereafter on alternate days. At first no sugar or
glucose was allowed but otherwise the normal African diet,
consisting mostly of carbohydrate foods such as yam, cassava,
maize and rice was unrestricted. The reason for not
restricting the diet was that practically all the patients
when first seen were wasted both from the acute hepatitis,
with its associated anorexia, and from the acute diabetes.

On a free diet and insulin, the diabetes was quickly brought
under control, and since the need for insulin and oral
hypoglycaemic drugs progressively diminished, there was no

need to interfere with the patients' usual diet, following
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withdrawal of all drugs.

Patients were recalled after being followed up, and
remained completely healthy, for varying periods ranging from
12-30 months. Five patients defaulted after being followed
up for less than 12 months and so could not be re-evaluated.
The remaining four patients were each subjected to a modified
corticosteroid-glucose tolerance test using the method of
Fajans and Conn (13). Each patient was given a total of 40
mg of prednisolone in four divided doses on the day before he
reported as an outpatient for a standard glucose-tolerance
test. Blood glucose level was estimated on capillary blood

samples by the method of Folin and Wu.

CASE REPORTS
Case 1

The patient, a 39-year old printer, was first seen and
admitted to hospital in December 1970 with polyuria,
polydipsia and loss of weight over the preceding two weeks.
There was no family history of diabetes mellitus and no past
history of any diabetic episode or glycosuria. He had taken
i1l in September 1970 with severe infectious hepatitis. An
epidemic of jaundice had been raging in the area where he
lived at the time. Someone had advised him to take a lot of
glucose for the hepatitis and he had taken a total of 39 Kg
of glucose powder over the preceding four months. Sometime
in September, he had been given a short course of
prednisolone-15 mg of prednisolone daily for a week. On
examination, he was slightly jaundiced and moderately
emaciated. The urine contained over 2% glucose but no ketone
bodies. Fasting blood sugar was 250 mg/dl.

He was started on soluble insulin 20 units three times
daily just before each meal. Ordinary African type ward diet
was allowed but without any sugar or glucose. The diabetes
was quickly controlled and the insulin requirement
progressively reduced. After two weeks, he was discharged on
chlorpropamide 500 mg daily, reducing to 250 mg daily after

a few weeks follow-up. All anti-diabetic therapy was stopped
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in February 1971. For the next 14 months, despite an
unrestricted diet, he remained healthy and his urine tests
were consistently free of glucose. He was then recalled and

a corticosteroid-glucose tolerance test carried out, which
was quite normal. The patient when last seen in January 1986,

sixteen years later, was quite healthy and fully at work.

Case 2

The patient, a 36-year-old electrician, was first seen
in January 1971 complaining of severe weight loss, marked
weakness, severe polyuria and polydipsia for about three weeks.
There was no family history of diabetes mellitus. He had
been off work for the past eight weeks because of severe
jaundice, an epidemic of which was raging at the time, He
had received a total of 15 mg of prednisolone daily for three
weeks, taken a total of about 13 Kg of glucose powder for the
hepatitis, and was recovering steadily when the diabetic
symptoms appeared.

On examination, he was very emaciated, extremely weak
and grossly dehydrated. His urine contained over 27 glucose
and ketone bodies. There were no facilities for emergency
blood glucose estimation and the patient refused admission to
hospital. He was treated with 3 litres of isotonic saline
intravenously and 40 units of soluble insulin twice daily as
an outpatient. He recovered slowly but steadily over the
next two weeks and his insulin requirements fell progressively
to 40 units daily at the end of this period. He was then
switched to chlorpropamide 500 mg daily, reducing to 250 mg
daily over the next fourteen weeks. He was allowed to eat
normally except for sugar. He gained weight from 51 Kg to his
usual weight of 62 Kg and remained well and his urine
glucose-free. All anti-diabetic drugs were stopped on 29 May
1971. Nineteen months later, a corticosteroid-glucose
tolerance test was normal. When seen more than two years
after stopping all anti-diabetic treatment, the patient was

well and at work.
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Case 3

The patient, a 47-year-old businessman when first seen
on 23 August 1971 had been ill for two weeks with malaise,
vague joint pains, marked tiredness, anorexia and
dark-coloured urine. He had been treated for malaria but was
not improving. He was jaundiced but otherwise looked well.
His urine contained much bilirubin and excess urobilinogen
but no glucose. He weighed 86 Kg. A diagnosis of infectious
hepatitis was made, reinforced by a history of recent contact
with the disease. He improved rapidly with treatment which
included prednisolone 15 mg daily for three weeks. He
regained his strength and appetite and his jaundice had
almost completely disappeared when he began to notice
polyuria, polydipsia and rapidly lost weight despite his good
appetite. After two weeks of suffering from these symptoms,
he again sought medical advice.

There was no family history of diabetes mellitus. He
looked emaciated, his weight having dropped to 70 Kg. The
urine contained more than 27 glucose and a trace of ketones.
Liver function tests were almost normal with a total
bilirubin of 1.4 mg/dl and conjugated fraction of 0.5 mg/dl.
A standard glucose tolerance test the day after his admission
showed a fasting blood sugar of 280 mg/dl and a classical
diabetic curve with the blood sugar remaining as high as 240
mg/dl two and half hours after a 50 g glucose load.

He was treated as usual with soluble insulin followed
later by chlorpropamide and was discharged after three weeks
stay in hospital. He returned to his normal business eating
normally but avoiding sugar and alcohol. Four months later
all anti-diabetic drugs were stopped as patient had remained
well and his urine sugar free. His weight had risen to 82 Kg.
After an uneventful follow-up for 18 months, he was recalled
and a corticosteroid-glucose tolerance test was done and
found to be entirely normal. When last seen in 1985,
fourteen years after the above event, he was quite well and

had no evidence of diabetes mellitus.
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Case 4

The patient, a 28-year-old civil servant, was first seen
on 12 May 1972. Seven weeks previously he had developed
classical acute infectious hepatitis with a positive contact
history. He had been given prednisolone 15 mg daily by his
doctor for two weeks. After about six weeks when his jaundice
had cleared and he was almost fully recovered, he developed
classical symptoms of diabetes mellitus with glycosuria and a
fasting blood sugar of 157 mg/dl. He was admitted to
hospital and treated along the same lines as the other three
patients reported above. He responded promptly to treatment
and was discharged after only ten days in hospital on
chlorpropamide 500 mg daily. This was progressively reduced
and all anti-diabetic drugs discontinued after about seven
weeks treatment. The patient was followed up for one year
during which time he remained healthy and eating whatever he
liked except sugar. He was then recalled and a corticosteroid

glucose tolerance test was carried out which was quite normal.

DISCUSSION

The aetiology of diabetes mellitus though not fully
understood is now known to be multifactorial, embracing
hereditary factors, insufficient production of insulin by
pancreatic islets, overproduction of some other hormones,
circulating insulin antagonists, production of abnormal forms
of insulin and obesity. The role of excessive ingestion of
carbohydrate foods, which must promote a sustained demand for
large amounts of insulin, has not yet been fully eluciated.
The present series of cases suggests that the role of
infections of pancreatic islet tissue by certain viruses
should be more vigorously considered.

Since my report of these nine cases many more such cases
have been seen by both the author and some other Nigerian
doctors (14,15). O0li and Nwokolo (15) for example reported
seeing 11 patients during the same epidemic of acute
infectious hepatitis who developed diabetes mellitus, one of

whom remained permanently diabetic while the remainder
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remitted either completely or partially over a four year
follow-up.

Questions we have to consider are: Was the causative
virus of this epidemic of infectious hepatitis, the
hepatitis A virus usually associated with such epidemics, or
were we dealing with a more virulent strain of the same virus?
Were we seeing in Nigeria an epidemic of classical acute
infectious hepatitis, but being caused by a new type of
hepatitis virus? Was this yellow fever epidemic misdiagnosed?
Could this have been a hepatitis B virus, or hepatitis non
A-non B virus-induced "epidemic"?

From the epidemiological point of view, we can assert
that we had an epidemic of hepatitis that involved a very
large number of people, running into thousands. We had a
situation where overcrowding, poor sanitation and a polluted
water supply set the stage for a "hand-to-mouth" borne
epidemic infection, such as has been known to be caused by the
hepatitis A virus. Hepatitis B and hepatitis non A-non B
virus have not previously been reported to cause such
widespread epidemics in the general population. Nevertheless
Francis et al (16) did carry out some serological tests during
the epidemic and showed that it was not due to hepatitis B
virus. The clinical picture of the individual patients did
not suggest Weil's disease nor a diagnosis of yellow fever.
Furthermore, a World Health Organisation expert on yellow
fever, who was called in by the State Ministry of Health,
found no evidence of yellow fever virus as the cause of the
hepatitis epidemic. From the clinical point of view, the
illness ran the usual course as classically described for
acute infectious hepatitis in all the standard text-books of
medicine, except that in some of the patients, after several
weeks of illness, and usually as they were recovering from
the hepatitis, they developed symptoms and signs of diabetes
mellitus.

Turning our attention to the diabetes, what could have
been the cause? Were these patients potential or latent

diabetics who were predestined anyway to develop diabetes
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mellitus sometime, and who were made clinically overt by the
stress of infection? Were these cases of steroid-induced
diabetes? Could it be that the insulin stores in the
pancreatic islet tissue of these patients were temporarily
exhausted by the prolonged demand of a high carbohydrate or
glucose intake? Or could it be that the virus which caused
the hepatitis also infected the pancreatic islet cells,
preventing them from producing enough insulin and that
healing resulted in restoration of their insulin-producing
capacity?

That these were merely episodes of clinical diabetes
mellitus in latent diabetics is unlikely because none of these
patients had a family history of diabetes nor a previous
history of glycosuria. Moreover when they were eventually
subjected to a corticosteroid-glucose tolerance test, they
were found to be normal. Neither can the mere stress of the
virus infection be held primarily responsible, for the
diabetes manifested itself several weeks after the onset of
the hepatitis and usually as the patients were recovering.
Thus the peak of the stress of the infectious hepatitis had
passed before the onset of the diabetes. The diabetes is
unlikely to have been due to the prednisolone given to some
of the patients. The dose never exceeded 15 mg daily; it was
given for not more than three weeks,and, apart from case 3,
the diabetic symptoms appeared after the prednisolone was
stopped. Moreover when these patients were later challenged
with a corticosteroid-loaded glucose tolerance test, they
showed no abnormality. We are therefore left with two
possibilities: either the capacity of the pancreatic islet
cells to produce enough insulin was temporarily exhausted by
the stimulus of a sustained high carbohydrate intake or the
capacity was diminished by actual infection of the islet cells
by the hepatitis virus. We do not know what role the stimulus
of a prolonged carbohydrate intake plays in the normal person
as regards the possibility of exhaustion of the insulin stores.
One would however expect that with the normally high

carbohydrate diet of the average Nigerian, his pancreatic
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islet <cells should have physiologically adapted to this kind
of stimulus. In disease states however the same argument may
not apply. Seltzer and Harris (17) maintained a prolonged
stimulation of the pancreatic islets by infusing glucose
intravenously for seven days in normal persons; in mild
diabetics and in elderly insulin-dependent diabetics. The
normal subjects showed greatly increased plasma insulin levels,
retained all the infused glucose, and showed no hyperglycaemia.
The mild diabetics showed an intermediate response, but the
elderly patients showed a more pronounced and more persistent
hyperglycaemia and glycosuria. More significantly, the plasma
insulin level of these elderly diabetics rose only for the
first few days of the infusion and then fell almost to zero.
Thus it is possible under certain circumstances to stimulate
pancreatic insulin secretion to a point of exhaustion.

Turning lastly to the possibility that the pancreatic
islet cells may have been infected by the same virus that
caused the hepatitis, one could not ignore the recurring
'coincidences' of acute diabetes mellitus occurring in a
close temporal association with hepatitis in our patients,
especially as there is abundant evidence in both animals and
man that certain viruses can infect the pancreatic islet cells
and produce diabetes mellitus (18). Although not usually
reported as one of such viruses, the hepatitis A virus, or a
close relation, should now be included in the growing list of
such viruses (19). The evidence though purely clinical and
epidemiological is overwhelming and the only question is why
similar observations had not been previously noted in past
epidemics of acute infectious hepatitis.

The latent period between the time of presumed infection
of the pancreatic islets and the appearance of the diabetes
is quite intriguing and may throw some light on the exact
mechanism following infection, which causes the insulin
deficiency. Viraemia occurs very early during the hepatitis
infection and this is probably when the viruses infect the
pancreatic islet cells. Presumably they replicate and cause

damage to the islet cells just as they do in the liver cells.
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In the vast majority of patients, the body defense mechanisms
develop antibodies which successfully eliminate the viruses
from the liver, and the patient makes full recovery usually
within 6-8 weeks. One wonders what is happening to the
viruses in the pancreatic islet cells at this time. Are they
continuing to grow and damage the islet cells merrily immune
to the antibodies against them, until sufficient damage has
occurred to produce diabetes? Does an antigen-antibody
reaction occur at this time within the pancreatic islet cells
producing the damage which precipitates the acute diabetes?
Or is the acute diabetes a manifestation of auto-immune
disorder where the virus damages the islet cells and the
cellular material acts as an antigenic stimulus leading to
the elaboration of islet-cell antibodies which produce further
damage to remaining islet cells? Interesting and intriguing
as these questions are, they fall outside the scope of this
article. However it is pertinent to note that this latent
period had been noted in animal experiments by Martin and
Lacy (20) who found that after surgical removal of 957 of
pancreatic tissue of rats, a prediabetic phase of about three
weeks occurred before the diabetes. In cases of diabetes
mellitus in man following mumps infection this latent period
has lasted from a few weeks to nine months (10,11).

The patients reported here showed latent periods of one
to three months and remained clinically diabetic from
between six weeks and five months. Clearly whatever type of
damage their pancreatic islets suffered it was only partial
or temporary. The possibility that some less fortunate
patients may have suffered a more permanent damage cannot be

ruled out.
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HUMAN VENEZUELAN EQUINE ENCEPHALITIS AND DIABETES
Elena Ryder and Slavia Ryder

Instituto de Investigaciones Clinicas, Facultad de Medicina, Universidad
del Zulia, Maracaibo, Venezuela.

This chapter reviews the effect of Venezuelan equine encephalitis
(VEE) virus on pancreatic beta cells. Experimental studies have been
done in several animals and it has been shown that the virus is capa-
ble of attacking beta cells. In hamsters, the Trinidad strain produced
a massive infection and death occurred very shortly after inoculation;
mature virions and viral antigens were found in the beta cells (1). Three
months after inoculation of the VEE-attenuated strain TC-83 there was no
visible damage to the islets but metabolic studies showed some abnormali-
ties in glucose tolerance tests, although the fasting glycemia levels
were not elevated. The insulin content of each pancreas tested was normal
but the insulin response to glucose was occasionally depressed (1). The
same pattern was described in monkeys by Bowen et al. (2). These inves-
tigators reported that in young (2-3 year o1d) rhesus monkeys infected
with the virulent Trinidad donkey strain of VEE virus, the glucose tol-
erance curves 2, 5 and 10 months after infection were abnormal and that
insulin curves showed a progressive diminution of both, basal and glucose-
stimulated insulin levels. A normal pancreatic histology and insulin
content in these animals were compatible with a defect in insulin release
from beta cells. However in a more controlled study in older monkeys
(3-8 years old) done by the same authors (2) no pancreatic dysfunction
due to epizootic VEE virus or live attenuated VEE (TC-83) vaccine was
observed. The discrepant results were assumed to be due to differences
in the ages of the animals used in the two experiments.

In C57BL/Ks mice, db/db strain, the TC-83 strain produced complete
degranulation of beta cells and an important metabolic alteration char-
acterized by low levels of immunoreactive circulating insulin, low content
of pancreatic insulin and an abnormal glucose tolerance test (3).

Although several epidemiologic studies have suggested a seasonal

Becker, Y (ed), Virus Infections and Diabetes Melitus. © 1987 Martinus Nijhoff
Publishing, Boston. ISBN 0-89838-970-4. All rights reserved.
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incidence in the onset of the insulin-dependent diabetes in humans for
certain viruses such as coxsackie, mumps, rubella and others (4, 5) there
are no reports on the consequent metabolic status after a VEE epidemic.

Human epidemic outbreaks of VEE, confirmed by isolation of virus
and/or presence of antibodies in sera, have occurred in several regions
of the Western hemisphere: Venezuela, Trinidad, Colombia, Ecuador, Central
America, Mexico and Southern United States (6).

In Venezuela the VEE virus produced frequent epidemic outbreaks in a
cyclic manner in the Guajira peninsula of Zulia State, located in the
Western part of the country (Fig. 1). The first report of some clinical
cases was in 1959. In 1962 a large epidemic struck the Guajira with more
than 30,000 cases and 190 fatalities. Three more outbreaks occurred in
the same area in 1968, 1969 and 1973 (6).
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Fig. 1  The map shows the districts from Zulia State (located in the
western part of Venezuela) more often affected by the VEE out-
breaks between 1959 and 1973. The human studies reported here
were performed in this geographical area.
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The virus attacked mainly infants producing important neurological
symptoms (6). Results from autopsies performed on 15 children (2-11 years
old) from the 1962 epidemic, revealed intense hyperemia in all viscera (7)
but there is no mention of specific pancreatic lesions. In none of the
clinical or pathological descriptions of the different human cases is
there any mention of metabolic alterations related to carbohydrate meta-
bolism (6, 8). Follow-up studies on groups of patients who suffered from
the infection during these epidemics in Venezuela (9) and Colombia (10)
did not mention metabolic abnormality as a sequela of the disease.

Moreover, epidemiological data from the same geographical area showed
no abnormal incidence of diabetes among the inhabitants of this particular
zone of Venezuela (11) and the prevalence of carbohydrate intolerance
seems to be the same as in the rest of the country where the presence of
the virus has not been reported (12).

To get a better insight into the problem, in 1978 we performed a
detailed metabolic study on thirteen patients who suffered VEE infection
during the 1969 epidemic [when 1380 cases were confirmed by neutralization
tests (13)] nine years after recovering from the infection, but still with
persisting high titers of antibodies (40 to 640 HIA) (14). This seems to
be the only metabolic study in VEE-infected humans reported in the 1i-
terature.

Serum glucose and insulin immunoreactive levels (Fig. 2) in response
to an oral glucose load revealed that although the shape of the curves
were not strictly similar, we could not find any significant differences
among them that indicated carbohydrate intolerance or an altered insulin
response to glucose as described in hamsters (1) or monkeys (2). Almost
50% of the patients studied were less than 20 years old indicating that
at the time of infection they were infants; the rest were over 45 years
old. Hence, in humans we cannot implicate age as a predisposing factor
for the development of pancreatic alterations as suggested by Bowen et
al. for experimentally infected monkeys (2).

Another approach to find a link between VEE infection and the devel-
opment of diabetes was based on a survey performed among 86 diabetic
patients, ages ranging from 11 to 80 years. The presence of VEE viral
antibodies in this group of patients was compared with that in a similar
number of normal people, from the same geographical zone. Of the 86
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diabetic patients, 9 (10.4%) had antibodies to the VEE virus detectable
at 1:10 or greater dilution of serum, compared to 7 out of 98 controls
(7.1%). This difference was not statistically significant. In addition,
most individuals with antibodies developed diabetes after 40 years of age
and were catalogued as non-insulin dependent or 'maturity onset' diabe-
tics (14).
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Fig. 2 Glucose and insulin responses to an oral glucose tolerance test
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A selected study done on a group of children recognized and trea-
ted as type I diabetics (14) revealed the absence of antibodies to VEE
virus indicating that in those particular cases, there was no participa-
tion of the virus in the development of the disease.

We have no data on the immunological pattern of the population in
the Guajira peninsula and neighboring areas, but we cannot discard the
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possibility of the role of a genetic factor that controls the develop-
ment of virus-induced diabetes in man.

The picture that emerges from the results reviewed is that VEE virus
does not seem to produce a diabetic syndrome as a result of the infection
in humans at least under the circumstances present after the outbreaks
that occurred in South America.
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VIRUS-INDUCED DIABETES IN MICE
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ABSTRACT

Encephalomyocarditis (EMC) virus, Mengovirus 2T and Coxsackie virus B4
can induce diabetes in mice by infecting and destroying pancreatic beta
cells. The destruction of beta cells in EMC virus-infected mice is not
dependent on the immune responses but the genetic background of the host
and genetic makeup of the virus. 1In addition to the acute metabolic
alterations, mice with diabetes for six months show some long-term
complications, including glomerulosclerosis, ocular changes and decreased
bone formation and mineralization. EMC virus-induced diabetes in mice can
be prevented by interferon and/or a live attenuated vaccine. In contrast
to EMC induced diabetes, reovirus type I may cause a polyendocrine disease
characterized by a mild and transient type of diabetes that can be
prevented by immunosuppression. It is concluded that there are at least
two different pathogenic mechanisms for virus-induced diabetes in mice:
the one is direct cytolytic infection of beta cells and the other is the

autoimmune mediated destruction of beta cells.

INTRODUCTION

Insulin~dependent diabetes mellitus (IDDM) results from the
destruction of pancreatic beta cells. During the last several decades,
genetic factors, autoimmunity and viral infections have been extensively
studied as the possible cause of beta cell destruction. The evidence for
virus-induced diabetes comes largely from experiments in animals (1-4), but
several studies in humans also point to viruses as a trigger of this
disease in some cases (2-8).

The best experimental evidence indicating that viruses have an

etiological role in the pathogenesis of IDDM appears to be that of mice

Becker, Y (ed), Virus Infections and Diabetes Melitus. © 1987 Martinus Nijhoff
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infected with encephalomyocarditis (EMC) virus (1, 9). In genetically
susceptible mice, the M-variant of EMC virus can infect and destroy
pancreatic beta cells (1, 9, 10, 14) (Fig. 1). This results in a
diabetes-like syndrome characterized by hypoinsulinemia, hyperglycemia,
glycosuria, polydipsia, and polyphagia. The severity of the diabetes
correlates closely with the degree of virus~induced beta cell damage (11).
In addition to EMC virus, reovirus type I might cause mild and transient
hyperglycemia through the triggering of autoimmune response (12). In this
review, I would like to summarize some of our studies as well as others on

virus-induced diabetes in mice.

I. Direct Cytolytic Infection of Beta Cells.

A group of viruses including EMC virus, Mengovirus and Coxsackie B
viruses can directly infect murine pancreatic beta cells and replicate in
the cells. The replication of viruses in the beta cells results in the
destruction of the cells, and the infected mice subsequently develops
hypoinsulinemia and hyperglycmia.

A. Encephalomyocarditis Virus: Encephalomyocarditis (EMC) virus, one

of the smallest RNA viruses belongs to the picornavirus family (Fig. 2A).
When this virus infects the susceptible cells, RNA and protein synthesis of
the host are inhibited within 3 to 5 hours after infection. Work with EMC
virus involves the most extensively studied animal model for virus induced
diabetes.

1. Genetic Control of EMC Virus-Induced Diabetes: When mice were

infected with the M-variant of EMC virus, only certain inbred strains of
mice, such as SJL/J, SWR/J, DBA/1J and DBA/2J developed diabetes while
other strains, such as C57BL/6J, CBA/J, AKR/J did not develop diabetes (1,
3, 13, 17). When diabetes-prone SWR/J mice were crossed with
diabetes-resistant C57BL/6J mice, the Fl offspring were resistant to
diabetes when infected with the virus (1, 3, 13). More than 20% of the F2
offspring, however, developed diabetes when exposed to the virus,
indicating that susceptibility was inherited as an autosomal recessive
trait. When the resistant Fl progeny were backcrossed to the resistant
C57BL/6J parents, the offspring also were resistant to the development of
EMC virus-induced diabetes. In contrast, when the resistant Fl progeny

were backcrossed to the susceptible SWR/J parents, approximately one-half
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Fig. 1. Immunofluorescent reactions in serial section of pancreas of: (1)
a control mouse (left panel): note the peripheral localization of the
non-B-cells. (2) a hypoglycemic mouse 3 days after infection (middle
panel): glucagon and PP-immunofluorescent cells are still located at
islets periphery; several somatostatin immunofluorescent cells can be seen
in the center of the islet, (3) a hyperglycemic mouse 21 days after
infection (right panel): note the reduction of islet size, scarcity of
insulin-immunofluoresent-cells and abundance of glucagon-immunofluorescent
cells; PP-and somatostatin-immunofluorescent-cells are scattered throughout
the islet (X 165).
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of the offspring developed diabetes (Table 1). Although the situation may
be more complex, the data are consistent with the idea that EMC
virus~induced diabetes follows Mendelian inheritance and that

susceptibility is primarily controlled by a single locus (13).

*
TABLE 1: Genetic Control of EMC Virus-Induced Diabetes

Strains of Mice Number of Mice Diabetes (7)
SWR/J 33 88
C57BL/6J 33 0
(SWR/J x C57BL/6J)F1 45 0
Fl1 x C57BL/6J 70 5
Fl x SWR/J 93 46

An animal was scored as diabetic if its glucose index was 3SD above
the mean of 346 uninfected animals.

What is the nature of the genetic factors controlling the development
of virus-induced diabetes in mice? One possibility is that host
differences in the capacity of the virus to replicate in beta cells might
determine which strains of mice would develop diabetes. Measurement of
virus titer revealed that EMC virus replicated to a greater extent in the
islets from mice susceptible to EMC virus-induced diabetes than in the
islets from resistant strains of mice (14). Moreover, the number of beta
cells infected with EMC virus in a susceptible strain was about 10 times
higher than in a resistant strain (l4). Furthermore, evidence that the
severity of virus-induced diabetes is secondary to the degree of viral
replication in islet cells from studies on the Fl and F2 offspring of
susceptible and resistant strains of mice (15). These studies showed that
blood glucose and plasma insulin levels in EMC virus-infected Fl mice
remained within the normal range, and that virus titers in islets of Fl
mice were similar to those found in islets of resistant mice. In contrast,
F2 mice segregated into two groups, one group with plasma insulin and blood
glucose levels within the normal range and the other group with low plasma
insulin levels and high glucose levels, Analysis of individual F2 mice
revealed two groups: one with viral titers approaching the susceptible

mice and the other with titers similar to those of the resistant mice.
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Fig. 2. (A) Electron microgram of purified D variant of EMC virus
particles prepared by CsCl gradient centrifugation. The size of the virion
is approximately 25 nm in diameter; (B) electron micrograph of reovirus
particles in pancreatic beta cells of mice 5 days after infection. The
size of the virus is approximately 75 nm in diameter.
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Thus, there is a good correlation between viral replication and the
subsequent development of clinical diabetes. Why are beta cells from SWR/J
mice more susceptible to infection that beta cells from C57BL/6J mice?
Experiments measuring viral attachment showed that at least twice as much
virus attached to the pancreatic beta cells from susceptible mice as from
resistant strains of mice (16). These data suggest that there may be more
receptors for EMC virus on the surface of beta cells from susceptible mice.

2. Isolation of the Diabetogenic and Non-diabetogenic Variants of EMC

Virus: The development of diabetes after infection with the M-variant of
EMC virus was not consistent. Statistically significant differences were
consistently found upon repetition of the same experiment and between cages
within experimental groups (17). Moreover, when the M-variant of EMC virus
was grown in mouse embryo fibroblast cultures, the diabetogenic activity of
the virus markedly diminished in contrast to the passage of the virus in
mice (Table 2) (18). These findings suggest that the stock pool of EMC
virus was made up of at least two populations of virus: one diabetogenic
and tropic for insulin-producing beta cells and the other non-diabetogenic
with no tropism for insulin-producing beta cells. To see whether this was
the case, individual plaques selected from the stock pool were cloned
several times and inoculated into mice (19). As shown in Figure 3, Two
clones (Nos. 82 and 108) produced diabetes, two (Nos. 5 and 16) produced
only minimal changes in blood glucose, and two (Nos. 125 and 162) gave
intermediate results. Clones 108 and 16 were plaque-purified two more
times. When clone 108-D-II (designated the D variant) was inoculated into
SJL/J male mice, diabetes developed in more than 907 of the animals. 1In
contrast, none of the mice inoculated with clone 16-B-I1 (designated the B
variant) developed diabetes (Fig. 4).

3. Differences and Similarities Between the Diabetogenic and

Non-diabetogenic Variants of EMC Virus: The bucyant density on CsCl

density gradient and capsid polypeptides on polyacrylamide gels of these
two variants could not be distinguished. Molecular hybridization studies
with radiolabeled DNA complementary to D variant and B variant RNAs failed
to distinguish the D and B variants (20). However, oligonucleotide
finger-printing after Tl-digestion of the RNAs from these two variants
revealed a difference in at least one spot (20). An oligonucleotide about
25 bases long was missing from the B variant but present in the D variant

(Fig. 5).
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ISOLATION OF DIABETOGENIC AND NON-DIABETOGENIC EMC-VIRUS

M-Variant of EMC Virus
{grow in SME}

(15%) : 1’21 +58

Purified EMC Virus

(23%) :lf7_;l§

Passaged EMC Virus
in Pancreatic B-Cell Cultures
(52%) : 240 + 70
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Fig. 3. 1Isolation of diabetogenic and nondiabetogenic variants of EMC
virus. The M variant of EMC virus was passaged 5 times in murine
pancreatic beta-cell cultures. The virus was then passaged 5 additional
times in SJL/J male mice. The virus was sergally plaque-purified. SJL/J
male mice were inoculated with virus (5 x 107 PFU) and blood glucose was
measured. The mean glucose index of 110 uninfected SJL/J male mice was 145
+ 19 mg/dl. Any mouse with a glucose index greater than 240 mg/dl, which
was 5 SD above the mean, was scored diabetic. ' ( )" represents percent
diabetes and " —— " represents mean * SD of glucose index. The data were
compiled from 20 mice per group.
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TABLE 2: Induction of Diabetes in Swiss NIH Mice with Different Doses and
Preparation of Virus.

Source of Virus Dose (PFU/mouse) Glucose Index Diabetes(a) ¢3)
Mouse Passaged 10§ 245 = 97 40

104 213 £ 90 31

106 330 + 117 63

10 172 + 32 10
Tissue Culture 10§ 139 = 46 5
Passaged IOA 159 + 71 3

106 165 =+ 27 0

10 260 + 80 45
(a)

Any mouse with a glucose index greater than the 3 SD above the mean of
uninfected animal was scored as diabetic.
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Fig. 4. Blood glucose levels of mgce infected with the D or B variant of
EMC virus. Each mouse received 10  PFU of virus. At the times indicated,
the mice were bled, and nonfasting glucose (NFG) levels were determined.
Each point represents the mean of ten animals; vertical bars are the SD. D
variant (@-), B variant (), M variant ¢@), and uninfected control €-{F-9).



217

Fig. 5. Fingerprints of EMC RNA. Unlabelled RNA (2 to 3 pg) was digested
with ribonuclease Tl and calf intestine alkaline phosphatase for 45 min at
37°C. The digested RNA was precipitated with ethanol after extraction of
the reaction mixture with phenol-chloroform. The fragmggted RNA was heated
at 70°C for 3 min and then terminally labelled with [Y-""P]ATP using T4
polynucleotide kinase. The labelled oligonucleotides were separated by
two-dimensional gel electrophoresis. Solid arrow indicates one D-variant
specific spot which contains about 25 nucleotides and dot arrow indicates
the location which is missing the spot from B-variant.

Biological differences between these two variants are even more
severe. Light microscopy revealed that the D variant, but not the B
variant, produced severe beta cell damage (Fig. 6B) (19). Fluorescent
microscopy using fluorescein-labeled anti-EMC antibody, showed that in mice
inoculated with the D variant of EMC virus, approximately ten times more
beta cells became infected than in mice inoculated with the B variant of
EMC virus (Fig. 6A). Moreover, by measuring infectious virus, 10 to 100
times more virus was recovered from islets of mice infected with the D
variant than from those with the B variant (19). Tissue culture
experiments showed that the D variant induced little if any interferonm,
whereas substantial amounts of interferon were produced by the B variant

(19).
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Fig. 6. Section of pancreas from mice infected with the EMC-D virus (A,
B), Coxsackie B4 virus (C, D) or Mengovirus 2T (E, F). (A) Section
obtained 3 days after infection with the EMC-D virus and stained with
FITC-labeled anti-FMC virus antibody. The majority of the cells in the
islets contain viral antigens. The surrounding acinar cells show little
fluorescence (x 350). (B) Section taken 7 days after infection with EMC-D
virus showing extensive inflammatory infiltrate in the islets of Langerhans
and beta-cell necrosis. Hematoxylin-eosin stained (x 550). (C) Section
obtained 4 days after infection with Coxsackie B4 virus and stained with
FITC-labeled anti-Coxsackie B virus antibody. Most of the cells in the
islet of Langerhans contained viral antigens. The surrounding acinar cells
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are free from viral antigen (x 350). (D) Section of pancreas 5 days after
infection with Coxsackie B4 virus showing extensive infiltrate of islet
with lymphocytes (H and E x 500). (E) Section obtained 2 days after
infection with Mengovirus 2T and stained with FITC-labeled anti~Mengovirus
antibody. The majority of the cells in the islets contain viral specific
antigens (x 550). (F) Section taken 6 days after infection with Mengovirus
2T showing complete loss of normal islet architecture and severe
coagulation necrosis (x 550).

Despite these differences, the D and B variants could not be
distinguished antigenically by a sensitive plaque neutralization assay
(19). Antibody made against the D variant neutralized both the D and B
variants. Conversely, antibody made against the B variant neutralized the
D and B variants equally well. Furthermore, competition radioimmunoassays
also failed to reveal any major differences between the two variants (21).
These studies illustrate the potential difficulty in identifying
diabetogenic viruses in nature. Based on standard serologic tests, it
would be difficult to distinguish the diabetogenic D variant from the
non-diabetogenic B variant.

4, Mechanism for the Destruction of Pancreatic Beta Cells by the D

Variant of EMC Virus: What is the mechanism involved in the destruction of

beta cells? 1Is the destruction of beta cells due to the autoimmune
response? Several investigators have suggested that immune mechanisms may
be involved in EMC virus (M-variant)-induced diabetes. Jansen and
coworkers reported that 500 R X-irradiation protected mice from
virus-induced IDDM (22). Buschard et. al., in experiments with two strains
of nude mice, reported that these mice did not develop virus-induced
diabetes, whereas their heterozygous littermates became diabetic (23, 24).
Mortality was high in some of the experiments, and both groups of
investigators infected mice with the M-variant of EMC virus, which, in the
strains of mice that they used, did not produce severe diabetes.

Our studies with the D-variant of EMC virus do not support an immune
mechanism (25). We have tested athymic nude mice, thymectomized mice, and
chemically immunosuppressed mice and have found them no less susceptible to
EMC virus-induced diabetes than normal animals (Table 3). Furthermore,
immunosuppression by anti-lymphocyte serum (ALS) did not prevent the
induction of EMC virus~induced diabetes. Passive transfer of lymphocytes
from spleen or peripheral blood of highly diabetic SJL/J mice into normal

SJL/J mice failed to produce diabetes. In crosses of susceptible and
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*
TABLE 3: Induction of Diabetes in Nude Mice

Strains Virus Infected Glucose Index Diabetes (%)
CD-1 nu/nu + 339 + 109 86

- 135 + 14 0
CD-1 +/nu + 249 + 90 71

- 142 £+ 17 0
NIH Swiss nu/nu + 211 + 90 45

- 132 + 10 0
NIH Swiss +/nu + 200 = 72 33

- 125 * 8 0

Mice with a calculated glucose index greater than 5 SD above the mean
of uninfected controls were considered diabetic.

TABLE 4: Relatio?gyip of Diabetes and H-2 Haplotypes in Crosses of SJL/J
and C57BL/6J Mice

Number of Number of
H-2 (b) Animals Diabetiic)
Strain Genotype Tested Animals Diabetes (%)
SJL/J s/s 77 75 97
C57BL/6J b/b 50 0 0
Fl b/s 45 5 11
Fl x SJL/J s/s 65 33 51
b/s 55 29 53
F1 x C57BL/6J b/b 52 2 4
b/s 37 2 5
(@) Male mice were inoculated i.p. with 1 x 105 PFU of EMC-D virus.

Control mice were inoculated with an equal volume of Eagle's minimal
essential medium with 57 fetal bovine serum (the vehicle used for the
virus).

(b)
(c)

H-2 genotypes were determined by hemagglutination.

An infected animal was considered diabetic if its glucose index
exceeded the mean of uninfected controls by 3 SD.
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resistant mice, the inheritance of susceptibility did not show an
association with H-2 haplotype (Table 4). Recently, Vialettes and
colleagues failed to find evidence for a thymic-dependent, cell-mediated
immune response in EMC (M-variant) virus-induced diabetes (26). Studies of
the pathogenesis of EMC virus-induced diabetes mellitus also argue against
an immune component. As do other picornaviruses, EMC virus rapidly infects
and lyses host cells. In the case of EMC virus infection of pancreatic
beta cells, evidence of this lysis can be seen within 24 to 48 hours. The
virus destroys large numbers of beta cells and many of the surviving cells
contain viral antigens in the cytoplasm, as determined by
immunofluorescence. In this early phase of the infection, there is little
or no evidence of an inflammatory response. There is also no indication
that EMC virus modifies the host cell surface by inserting viral antigens
or that the virus triggers an autoimmune response (e.g., no evidence of
islet cell cytoplasmic antibody or islet cell surface antibody). In the
case of EMC-D virus-induced diabetes, at least in the strains of mice used,
the contribution of the immune response to the pathogenesis of the disease
appears, at the most, to be very minor. In contrast to the negative
results of studies on autoimmune mechanisms, the severity of diabetes
correlated closely with the degree of beta cell damage. The degree of beta
cell damage also correlated closely with the degree of virus multiplication
in the beta cells. Furthermore, EMC virus-induced diabetes in mice can be
prevented by a live attenuated vaccine (27). Thus it is concluded that the
D variant of EMC virus can infect, multiply and directly destroy pancreatic
beta cells in genetically susceptible mice independently of an autoimmune
process.

5. Long-Term Complications of EMC Virus-Induced Diabetes: The

separation of the M-variant of EMC virus into the D- and B-variants has
made it possible tc study some of the long-term complications of diabetes
(28). The D variant, in the absence of the B variant, produces far more
severe and prolonged diabetes than the original M variant of EMC virus.
The kidney of mice that had been diabetic for 6 months showed by light
microscopy both diffuse and nodular type of glomerulosclerosis (Fig. 7),
and electron microscopy revealed a two- and four-fold increase in the
thickness of the glomerular basement membrane. These findings are typical

of those seen in humans with the Kimmelstiel-Wilson type of diabetic
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Fig. 7. Kidney sections from uninfected controls and EMC-infected mice
that were diabetic for 6 months. Light microscopy of (a) control mouse
showing normal glomeruli, tubules and Bowman's capsule (double arrows).
(b) diabetic mouse (6 months duration) showing prominent nodular
glomerulosclerosis (long arros) and thickening of Bowman's capsule (double
arrows) (periodic acid-Schiff. X 145). Transmission electron micrographs
of kidney from a diabetic mouse (d) showing marked thickening of the
peripheral glomerular capillary basement membrane (F——-) compared with an
uninfected control (c) (X 15,750). Scanning electron micrograph of kidney
from diabetic mouse showing (f) focal effacement of the normal glomerular
epithelial cells with loss of foot processes (arrow) compared with (e) the
usual surface pattern of epithelial cells having abundant arborizing foot
processes (double arrow) in normal kidney (X 3,700). Sections were
prepared by standard methods and examined using a Philips 400 electron
microscope or a JEOLSM35 scanning electron microscope.
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glomerulosclerosis. In addition to the glomerular changes, the diabetic
animals showed some of the same type of early ocular changes found in
retinal vessels (e.g., a decrease in pericytes) of patients with diabetes
mellitus (Fig. 8). 1In addition, there was a four- to six-fold increase in
mortality of the highly diabetic animals as compared to control animals.

Furthermore, decreased bone formation and mineralization which were found

Fig. 8. The corneal epithelium of uninfected mice (a) show the usual
stratification (cross) and glycogen content (periodic acid-Schiff; x 236).
Cornea from mice that were diabetic for 6 months (b) show irregular
stratification and moderate oedema of the epithelium, particularly of the
basal layer (long arrow) (periodic acid-Schiff; x 230). The stroma (S) and
Descemet's membrane (short arrow) are normal. (c) Micrograph of retinal
capillaries obtained by trypsin digestion from uninfected mice, showing the
normal pericyte distribution (arrow). (d) A significant decrease in the
number of pericytes is observed in retinal capillaries from the diabetic
mice. (e) Scanning electron micrograph of retinal capillaries obtained by
trypsin digestion from uninfected mice, showing the normal pericyte
distribution (arrows). (f) A moderate decrease in the number of pericytes
is observed 1in the trypsin digest of retinal capillaries from mice that
were diabetic for 6 months (x 308).
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in diabetic patients, were also seen in diabetic mice at 30-180 days after
infection with EMC-D virus (29). These endocondral bone changes are not
due to the virus-induced tissue damage, but to the persistent metabolic
alterations. Thus, the animal model is valid in the sense that virus can
produce both the early metabolic changes and at least some of the long-term

complications of diabetes.

6. Inhibition of Virus-Induced Diabetes: The non-diabetogenic B

variant of EMC virus completely inhibited the induction of diabetes by the
D variant of EMC virus: 104 PFU of the D variant produced diabetes in 957
of the infected animals, while the B variant, at 104 PFU, failed to produce
diabetes in any of the animals. Moreover, when the B variant was
inoculated with the D variant at a 1:1 ratio, only 607 of the mice
developed diabetes. When the B and D variants were mixed at a ratio of
9:1, only about 11%Z of the mice developed diabetes, and none developed
diabetes when the B and D variants were mixed at a ratio of 99:1 (19).
Furthermore, when the mice were first inoculated with the B variant and
then given the D variant at different times thereafter, none of the animals
developed diabetes (19).

To see whether the inhibition of D variant-induced diabetes by the B
variant was due to differences in the capacity to induce interferon, mice
were infected with the D or B variant and, at various times thereafter,
sera were drawn and assayed for interferon. Substantial amounts of
interferon were induced by the B variant within 12 hr. In contrast, peak
interferon titers were not reached until 30 hr after infection with the D
variant, and the maximum titers were approximately 307 of that with the B
variant (19). These results suggested that induction of interferon by the
B variant may inhibit replication of the D variant at an early stage of
infection. Because interferon disappeared from the circulation within 4
days after inoculation of the B variant, protection observed after 4 days
after infection is most likely a result of the presence of cross-reacting
neutralizing antibody. Thus, interferon (early) and antibody (later),
acting in combination, appear to contribute to the B-variant-induced
inhibition of diabetes in mice infected with the D variant of EMC virus.

Recent studies have shown that virus-induced diabetes can be prevented
by a live attenuated vaccine (27). Mice were immunized with the

non-diabetogenic B variant of EMC virus and challenged 30, 43 or 90 days
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later with the diabetogenic D variant of EMC virus. Diabetes did not
develop in any of the immunized mice, but it did develop in approximately
80% of the unimmunized controls (Table 5). Before the challenge, serum
samples were drawn and saved for measuring the titer of neutralizing
antibody to the D variant of EMC virus. Neutralizing antibody titers were
over 1000 at 30 days after immunization and close to 500 at 90 days. These
studies show that, at least in mice, virus-induced diabetes can be
prevented by a live attenuated vaccine (27). In addition to prevention of
diabetes by live-attenuated vaccine, EMC virus-induced diabetes can also be
prevented by the repeated administration of interferon or an interferon

inducer (e.g., poly I:C) (30).

TABLE 5: Prevention of*Virus—Induced Diabetes by Immunization with a
Nondiabetogenic Variant

Infected
Unimmunized Immunized Uninfected
Days After Glucose Diabetes  Glucose Diabetes  Glucose Diabetes
Immunization Index (%) Index (%) Index (%)
30 339 + 78 87 162 + 12 0 155 *+ 14 0
43 378 * 84 78 172 + 13 0 158 + 13 0
90 307 * 89 75 168 *+ 15 0 161 * 16 0

Any mouse with a glucose index greater than 240 mg/dL, which was 5 SD
above the mean of uninfected mice, was scored as diabetic. Each group
contained 10 to 20 mice.

B. Mengovirus: Antigenically, the D variant of encephalomyocarditis
(EMC) virus and the 2T variant of Mengovirus cannot be distinguished by
hyperimmune sera; however, these two viruses are quite different in their
tissue tropisms and mortality in mice (31). The D variant of EMC virus
induces diabetes mellitus in strains of susceptible mice, but does not
produce neuropathology or kill mice (32). In contrast, Mengovirus 2T
produces severe brain cell damage and high mortality (31, 32). By nucleic

acid hybridization, these two viruses differ by about 20 percent; moreover,
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binding studies suggest that they recognize different viral receptors on
the same cell (31).

The plaque-purified Mengovirus 2T infects and destroys pancreatic beta
cells as demonstrated by immunofluorescence and histopathological
examination (Fig. 6 E and F). However, it has been difficult to study the
tropism of the virus for beta cells because of the rapid onset of paralysis
and death after infection. Therefore, the capacity of this virus to infect
the beta cells and produce diabetes has to be studied early in the course
of infection. It is interesting to note that the spectrum of host
susceptibility to Mengovirus-induced diabetes is strikingly different from
that produced by the D variant of EMC virus. Both viruses produced
diabetes in SJL/J mice, but only Mengovirus produced abnormal glucose
tolerance tests in the strains of mice which are resistant to EMC-induced
diabetes such as C57BL/6J, CBA/J, C3H/J, CE/J and AKR/J (32).
Immunofluorescent studies revealed that Mengovirus infects pancreatic beta
cells from those mice, but EMC virus did not. Moreover, examination of
islets of Langerhans from Mengovirus-infected mice revealed marked
necrosis, severe inflammatory infiltration, and a decrease in the insulin
content of the pancreas. To determine whether destruction of islet cells
correlated with viral replication, islets from C3H/J mice infected with
either Mengovirus or EMC virus were assayed for infectious virus. At one
and two days after infection, a significantly higher titer (10 to 100 fold)
of the virus was observed in the mice infected with Mengovirus. These
studies showed that strain differences in the induction of diabetes by EMC
virus and Mengovirus could be due to the degree of virus replication in
pancreatic beta cells (32).

The precise mechanism by which Mengovirus infects pancreatic beta
cells in the strains of mice resistant to EMC virus is not known. One of
the many possibilities is that Mengovirus and EMC virus are distinct
viruses that bind to different receptors on the beta cell surface. In
different mouse strains, there may be quantitative differences in the
expression of those receptors. Evidence in support of such a mechanism has
been reported by Morishima et. al., who found that the rate of binding of
Mengovirus to neuronal cell lines was five to ten times greater than the
rate of EMC virus binding (31). Furthermore, receptor saturation
experiments showed that unlabeled Mengovirus and EMC virus effectively

blocked the binding of labeled homologous, but not heterologous virus,
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suggesting that these two viruses have different receptors on the cell
surface. Thus, receptors specific for Mengovirus may be broadly expressed
on the beta cells of mice, while those for EMC virus may be restricted to a
few strains.

Regarding pathogenic mechanism, mengovirus can also infect, replicate
and directly destroy pancreatic beta cells independently of autoimmune
responses. We have found neither evidence of disturbances in T-cell
subpopulations nor the production of autoantibodies against pancreatic
islet cells in mengovirus-induced diabetic animals. However, it is
difficult to exclude the possibility that neurologically regulated hormones
may contribute to some extent to the abnormalities in glucose homeostasis.

C. Coxsackie B Viruses: Earlier studies showed that Coxsackievirus

B4 did not produce diabetes when inoculated into mice (33). However, by
repeatedly passaging Coxsackievirus B4 in murine-enriched pancreatic beta
cell cultures (approximately 707 beta cells), it has been possible to
enhance the diabetogenic capacity of this virus (34). However, it is very
difficult to get a pure beta cell tropic virus since the cells in primary
cultures are a mixture of several different cell types (34, 35). Coxsackie
virus B4 that had been passaged l4 times in cultures enriched for
pancreatic beta cells prepared from SJL/J mice can infect and destroy the
pancreatic beta cells in certain strain of mice (Fig. 6 C and D). The
destruction of beta cells resulted in a decrease in insulin content of the
pancreas. This in turn led to hypoinsulinemia and the subsequent
development of hyperglycemia. The reduction of immunoreactive insulin
correlated inversely with the elevation of blood glucose. This, the
destruction of beta cells by the Coxsackievirus B4 appears to be
responsible for the development of diabetes (34, 35). As in the_ case of
the M-variant of EMC virus, the degree of beta cell damage is, in all
probability, responsible for the observed differences in the metabolic
response of individual animals. 1In the majority of animals, hyperglycemia
is transient. This may very well be due to the fact that a sufficient
number of beta cells are left intact after the infection so that
proliferation and/or hypertrophy of these cells result in metabolic
compensation. During the acute phase of the infection, viral antigens were
found in the islet of Langerhans (Fig. 6C).

The capacity of Coxsackievirus B4 to induce diabetes is influenced by

the genetic background of the host. As in the case of EMC virus, only
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certain inbred strains of mice developed diabetes when exposed to
Coxsackievirus B4, and male mice developed more severe diabetes than female
mice. Moreover, the strains of mice known to be susceptible to EMC-induced
diabetes were also found to be susceptible to Coxsackievirus B4-induced
diabetes. Similarly, the strains of mice that were resistant to
EMC-induced diabetes did not develop diabetes when exposed to
Coxsackievirus B4. The only exception thus far appears to be DBA/1J and
DBA/2J mice, which developed diabetes when infected with EMC virus but were
resistant to the disease when exposed to Coxsackievirus B4.

II. Virus-Induced Autoimmunity and Transient and Mild Hyperglycemia.

In the previous section, the infection of beta cells with EMC, Mengo
and Coxsackie B viruses, and development of diabetes in mice were
discussed. In contrast to EMC, Mengo and Coxsackie B viruses, reovirus
type I seem to be somehow associated with autoimmunity in the pathogenesis
of a diabetes-like syndrome in mice.

A. Reovirus Type I: Since reoviruses produce a variety of lesions in

newborn mice, we passaged reovirus type 3 in cultured pancreatic beta cells
to see whether the virus can be adapted to the beta cells. When the beta
cell-passaged virus was infected into suckling SJL/J male mice, some of the
infected animals showed an abnormal response in glucose tolerance tests 10
days after infection (36). By immunofluorescence, specific viral antigens
were found in some beta cells as well as in acinar cells. By electron
microscopy, viral particles were detected in the cytoplasm of some beta
cells. Surviving animals remained mildly hyperglycemic for about three
weeks, and then returned to normal.

More recently, mice infected with reovirus type 1, which was passaged
in pancreatic beta cell cultures, developed transient diabetes and a
runting syndrome (12). The runting syndrome consisted of retarded growth,
oily hair, alopecia and steatorrhea. Inflammatory cells and viral antigens
as well as virus particles were found in the islets of Langerhans (alpha,
beta and delta cells) (Fig. 2B) as well as in the anterior pituitary
(growth hormone-producing cells). Examination of sera from infected mice
revealed autoantibodies that reacted with cytoplasmic antigens in the
islets of Langerhans, anterior pituitary, and gastric mucosa of uninfected
mice. To rule out the role of these autoantibodies in the pathogenesis of
reovirus-induced diabetes, infected SJL and NFS mice were treated with

different immunosuppressive drugs. The administration of either
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anti-lymphocyte serum, anti-thymocyte serum, or cyclophosphamide reduced or
prevented the development of reovirus-induced diabetes (37). In addition,
virus-infected immunosuppressed mice gained weight at almost the same rate
as uninfected controls, and mortality was greatly decreased. Thus, Onodera
et. al., concluded that autoimmunity does play a role in the pathogenesis
of reovirus-induced diabetes (12).

Precisely how reovirus infection triggers the development of
auto-antibodies is still unclear, but viruses have often been suspected as
a cause of autoimmune disease. In contrast to reovirus type 1, reovirus
type 3 does not induce autoantibodies in mice and does not infect the
pituitary. The critical difference between reovirus type 1 and type 3
seems to reside at the level of the sigma-1 polypeptide responsible for
virus tropism. Therefore, it is speculated that a single viral molecule
appears to control pituitary infection and autoantibody production. In
view of the histopathological changes seen in lymphoid organs of
reovirus-infected mice, it could be possible that specific subsets of
lymphocytes may have receptors for the virus. Thus, both infection of
hormone-producing cells and infection of virus with cells of the immune
system may be required to initiate the production of autoantibody (12).
The precise relationship between infection of reovirus type 1, the
induction of autoantibodies and development of diabetic syndrome remains to

be determined.

ITI. Persistent Infection of Pancreatic Beta Cells and Mild Hyperglycemia.

In the previous two sections, cytolytic infection of beta cells by EMC
virus and reovirus-induced autoimmune-mediated destruction of beta cells
were discussed. More recently, it was shown that lymphocytic
chorinomeningitis (LCM) virus produces a persistent infection in beta cells
and mild glucose intolerance in mice (38).

A. Lymphocytic Choriomeningitis Virus: Oldstone and colleagues

reported that lymphocytic choriomeningitis (LCM) virus persistently
infects murine pancreatic islet cells (38). In their studies, viral
nucleoprotein was detected predominantly in the pancreatic beta cells by
double-labeled immunofluorescent antibody technique. Electron microscopy
confirmed these findings by showing virions budding from the beta cells.
Persistent infection was associated with the chemical evidence of diabetes

including hyperglycemia and abnormal glucose tolerance. However, the
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virus-infected islet cells showed normal anatomy and cytomorphology.
Neither beta cell destruction nor lymphocytic infiltration was routinely
observed. The end result is a chemical and morphologic picture similar to
that observed in early stages of adult-onset diabetes mellitus.

One of the possible mechanisms by which the virus might cause diabetes
is through the establishment of an infection that might shut off the
"luxury functions" of insulin-producing beta cells (38, 39). The other
possibility is that the persistent infection may also result in a gradual
reduction in the number of functioning beta cells since the regenerative
capacity of beta cells is thought to be poor (39). The precise mechanism
by which LCM-virus induces diabetes remains to be investigated.
Nevertheless, this new finding is very interesting and important for

studies on diabetes in humans and animals.
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THE INTERFERON SYSTEM IN ENCEPHALOMYOCARDITIS (EMC) VIRUS-INDUCED
DIABETES MELLITUS

S.H. COHEN AND G.W. JORDAN
Division of Infectious & Immunological Diseases Department of

Internal Medicine University of California at Davis School of Medicine
Sacramento, California

ABSTRACT
Two closely related plaque variants selected from the M-strain of

encephalomyocarditis (EMC) virus differ in their ability to cause
murine diabetes mellitus. EMC-D infection causes diabetes in
susceptible strains of mice while EMC-B does not cause diabetes but
EMC-B interferes with the production of diabetes by the D variant.
These characteristics are due to the greater ability of EMC-B to
induce interferon in mice compared to EMC-D. Concomitantly, EMC-B is
more sensitive to the action of exogenous interferon because local
interferon production is amplified in interferon-primed cells infected
with EMC-B. These properties are determined by the interferon-
inducing particle (ifp) phenotype of the variants. EMC-B is
phenotypically ifpt whereas EMC-D is ifp~. The ifp phenotype is a
critical factor in determining the outcome of infections with the B
and D variants of EMC virus.
INTRODUCTION

In 1968, Craighead and McLane showed that the inoculation of
genetically susceptible strains of mice with the M-strain of
encephalomyocarditis (EMC) virus results in diabetes mellitus. They
showed that the virus replicates in pancreatic beta cells, and causes

insulitis and hyperglycemia (1). However, not all infected animals

Becker, Y (ed), Virus Infections and Diabetes Melitus. © 1987 Martinus Nijhoff
Publishing, Boston. ISBN 0-89838-970-4. All rights reserved.
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become diabetic and the proportion of diabetic mice varies with the
passage history of the virus and the extent of damage to the islets of
Langerhans (2,3). In 1978 Yoon et. al. plaque selected two variants
of the M-strain for and against the ability to cause diabetes. The
EMC-D variant causes diabetes in 1007% of susceptible mice whereas
EMC-B, which can infect the mice and spread to the pancreas, does not
cause diabetes. Diabétes caused by EMC-D 1is present 3 days after
infection in association with beta-cell destruction. Additional
experiments with this model demonstrate that co-inoculation of mice
with different proportions of the two variants results in metabolic
abnormalities of varying severity because EMC-B interferes with the
production of diabetes by EMC-D (4,5). Because these two variants
were present together in the M-strain which is only partially
diabetogenic, this model provides an opportunity to study the
mechanism by which the B and D variants interact to modulate the

outcome of infection.

INTERFERON SYSTEM IN VIVO
Infection of mice with EMC-B results in higher titers of

circulating interferon in comparison with mice infected with EMC-D.
Maximum circulating interferon titers induced by EMC-B appear earlier
and are about three times higher than those following infection with
EMC-D (4). Higher titers of interferon are also observed within hours
in the peritoneal fluid, the site of inoculation in this model,
following infection with EMC-B when compared with EMC-D (6). These
differences in the interferon response of mice to the B and D variants
which occur both at the site of inoculation and in the blood and are
detectable after only a few hours suggest a role for the interferon

system in determining the diabetic outcome of this infection.
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This hypothesis is supported by several lines of evidence.
First, interferon or interferon inducers prevent murine diabetes
mellitus following EMC-D virus infection. Repeated injections of poly
1:C or mouse fibroblast interferon are necessary and must be given
both pre- and post-infection (7). Second, when SJL mice were
pretreated with anti-interferon globulins to neutralize circulating
interferon, the titers of EMC-B virus in pancreas, brain and heart
were comparable to those attained by the D variant in tissues of
untreated mice. Also, a four-fold rise in the number of pancreatic
islet cells containing EMC-B viral antigens was observed, indicating
that the B variant infected more cells when circulating interferon was
neutralized. Third, although infection with EMC-B in untreated mice
is asymptomatic, in SJL mice given anti-interferon globulins the
mortality rate was 40% and of the survivors 40% became diabetic (7).
Therefore, use of anti-interferon globulins demonstrated that the
interferon system is one determinant of the diabetic outcome in EMC
virus infection.

Other comparisons of the B and D variants have not revealed
differences that could explain the difference in diabetic outcome.
The B and D variants are antigenically similar and are
indistinguishable by reciprocal neutralization tests. Neutralizing
antibody reaches peak titers by the seventh day after infection of SJL
mice with EMC virus. Comparison of mice infected with the EMC-B or
EMC-D variants revealed no difference in the time of appearance or
titer of neutralizing antibodies (4). Because insulin deficiency and
hyperglycemia are present at 48 hours after infection, before the

humoral immune response is detectable, the difference in outcome of
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infection with EMC-B and D is not related to the humoral immune
system.

Cultured mouse beta-cells can be infected by a variety of
nondiabetogenic EMC viruses. Similarly, beta cells from strains of
mice which do not become diabetic are susceptible to infection by the
M-stain of EMC virus 12_13532(8). The number of pancreatic islet
cells containing viral antigens in vivo can be increased by
pretreatment of the mice with anti-interferon globulins as previously
described (7). Therefore, the development of diabetes after EMC-D, but
not EMC-B, infection does not appear to be determined by the presence
or absence of cell receptors for the respective viruses.

Taken together, these results demonstrate that the induction of
interferon normally limits the replication and diabetogenicity of EMC-
B virus. Conversely, it would appear that the relative inability of

EMC-D to induce interferon is a virulence factor.

INTERFERON INDUCTION IN VITRO
The evidence indicating a role for the interferon system in vivo

as an explanation for biological differences between B and D led to
studies of the relationship of the interferon system to the growth of
these variants in vitro. Mouse embryo cells co-infected with EMC-B
and D yield reduced amounts of EMC-D. EMC-B induces more
interferon than EMC~D in mouse embryo and mouse L-cells in vitro which
correlates with this phenomenon of interference (9). Also, murine
peritoneal macrophages inoculated in vitro produce more interferon
following infection with EMC-B than with EMC-D (6). Thus the ability
of EMC-B to induce more interferon and to interfere with the
replication of EMC-D in cell culture parallels the in vivo ability of

EMC-B to interfere with the production of diabetes by EMC-D.
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SENSITIVITY TO INTERFERON IN VITRO
EMC-B was shown to be more sensitive to inhibition by exogenous

interferon than EMC-D in experiments comparing interferon-induced
inhibition of virus yield and plaque reduction on mouse embryo cells
and mouse L-cells (Ly), cell lines which respond to interferon
inducers. This difference was most obvious at low interferon
concentrations and low multiplicities of infection (9). A line of L-
cells (Lsp) that responds to exogenous interferon, but not to
interferon inducers, was used to study the mechanism of the different
interferon sensitivity of EMC-B and EMC-D. Using this cell line, B
and D were equally sensitive to exogenous interferon, indicating that
the greater interferon sensitivity of EMC-B is due to its ability to
induce additional (endogenous) interferon in cells pretreated with
interferon (9). Interferon-treated cells produce higher titers of
interferon more rapidly than untreated cells, a property called
"priming" (10). The priming phenomenon was also demonstrated when Ly
cells were infected with the B and D variants and observed for
cytopathic effect. 1In untreated cells, both viruses caused cytopathic
effects, but when these cells were pretreated with interferon, greater
protection was seen in cells infected with EMC~B. The difference in
the cell sparing effect on Ly cells was most prominent at low

interferon concentrations (Fig. 1).
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Figure 1

Mouse Ly cells treated with mouse fibroblast interferon and
infected with the B or D variant of EMC virus. The cells in 60 mm
petri dishes were pretreated with 2 or 16 units of interferon for 18
hours at 37°C and inoculated with virus at a multiplicity of infection
(M.0.1.) of 4. After a one hour absorption period 3 ml of MEM-2 were
added and cultures were incubated. Photomicrographs were taken at 24
hours post infection.
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In contrast, equal protection against the cytopathic effects of B
and D was observed on interferon-treated Lsp cells which do not
respond to interferon inducers (9).

To further demonstrate the role of locally induced interferon,
monolayers of Ly and Lsp cells were exposed to various concentrations
of poly I-C for 18 hours before infection (9). L cells respond to
poly I-C by becoming sensitized for augmented interferon production
but no interferon is produced until a viral infection or other
induction event occurs (10, 11, 12) . Virus replication, as measured
by plaque formation, on Ly cells after EMC infection was reduced by
pretreatment with 10 pg/ml of poly I-C. The inhibition of both size
and number of plaques was greater for EMC-B as compared with EMC-D.
Pretreatment with poly I-C did not affect plaque number or size of
either variant when Lsp cells were infected (9). These results
indicate that EMC-B induces additional interferon locally which is
responsible for its increased sensitivity to interferon.

The difference in interferon sensitivity of the EMC variants is
similar to observations made for a mutant of mengovirus, a related
picornavirus of mice. Simon et. al. isolated an interferon-sensitive
(is-1) mutant of mengovirus after mutagenesis with nitrous acid (13).
Marcus et.al. established that the is-l mutant of mengovirus is
interferon-sensitive because it induces endogenous interferon which
further increases resistance of the infected cells. 1In contrast, the
wild type does not have this property (14). This pair of mengovirus
variants was used to study interferon induction. The is-l variant
induced high titers of interferon while the wild type induced none.
Thus, two different interferon-inducing particle (ifp) phenotypes were

defined when the initial multiplicity of infection was maintained
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using anti-mengovirus serum. The relationship between interferon
yield and input multiplicity indicated that a single particle per cell
induced a quantum yield of interferon while a second particle
inhibited interferon production. Thus, the is-1 variant was defined
as ifp*. The ifp' phenotype is associated with increased sensitivity
to interferon and is less cytopathic to cells because the priming
effect amplifies local interferon production. Furthermore, because a
second ifp+ particle per cell suppresses interferon production, these
phenomena are observed best at low multiplicities of infection.
These phenomena are also best observed at interferon concentrations
which are high enough to prime cells for interferon production but
insufficiently high to completely inhibit viral growth. In contrast,
the ifp~ phenotype of the mengovirus wild type is associated with
relative interferon insensitivity and greater cytopathology (14).
Though each ifp+ particle induces a quantum amount of interferon
per cell, viruses with the ifp+ phenotype can interact with cells to
induce interferon in two fundamentally different ways when the
initial input multiplicity is maintained by antisera (15). 1In the
type 1 response, the interferon yield increases with increasing
multiplicity of infection as a greater percentage of cells are
infected with one or more viral particles and induced to produce
interferon. The number of cells infected increases until it plateaus;
similarly the interferon yield increases and plateaus at a maximum
yield. This type of multiplicity-interferon yield response is seen
when aged chick embryo cells are infected with avian reovirus. The
type 2 response differs in that a single ifp+ particle induces a
quantum amount of interferon, whereas interferon induction is

suppressed in cells infected with two or more ifp+ particles as has
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been described with the mengovirus is-1 mutant (15). The B and D
variants of EMC virus are analogous to the interferon-sensitive mutant
and wild-type mengovirus. EMC-B is phenotypically ifp+, exhibiting a
type 2 induction response on L cell monolayers on which the input

multiplicity is maintained with anti~-EMC serum while EMC-D induces

very little interferon & is phenotypically ifp~ (9) (Fig. 2).
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Figure 2

Dose-response curve relating multiplicity of EMC-B, maintained
with anti-EMC serum, to the interferon yield of mouse Ly cells at 18
hours. The abscissa represents the multiplicity of plaque-forming
particles (PFP) per cell as assayed on mouse Lsp cells. The dashed
curve represents the Poisson distribution (shown as the per cent of
the maximum probability) for the class of cells infected with only one
PFP (r=1) where m=MOI and P=e-®m’/r!. The symbols represent the mean
of two samples from four different experiments. Maximum interferon
units produced were ®=240 2 =240 & =480 and 0=960. (Reprinted with
permission from Ref. 9).
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THE BIOLOGICAL ROLE OF THE IFP PHENOTYPE
The B and D variants of EMC virus were selected from the M-strain

based only on their ability to cause diabetes in mice (14).
Concomitantly, different ifp phenotypes were obtained which have been
shown to control the diabetic outcome in this model (9) (Table 1),

Table 1
Biological Properties Associated with the ifp Phenotype of EMC Virus

VARTANTS
B b
ifp Phenotype + -
One hit interferon induction + -
Interferon sensitivity + -
cell sparing + -
SJL mice
Circulating interferon High, early Low, late
Diabetes Mellitus - +

The B and D variants provide an example of the biological role of
different ifp phenotypes which co-exist and interact as one
determinant of the virulence of viruses in nature. The passage
history of the M-strain can alter its diabetogenic potential to
resemble co-infection with different proportions of the B and D
variants (4, 16, 17). Passage of EMC-D in different cell lines can
alter its diabetogenic potential. (18) 1t is possible that ifp~ could
give rise to ifp' variants as occurred with the mengovirus wild type

and is-1 mutant. Thus, the ifp phenotype must be considered along



243

with other viral properties such as temperature sensitivity, defective
interfering particles and cell receptor interactions for a complete
understanding of viral pathogenesis.
CONCLUSION

The interferon system plays a major role in EMC virus-induced
diabetes mellitus. The in vitro phenomena related to the ifp
phenotype parallel the in vivo findings in this model infection.
Therefore, we propose the following mechanism by which the ifp
phenotype acts in vivo to alter the outcome of EMC viral infection.
The amount of interferon produced by the peritoneal macrophages after
intraperitoneal inoculation of EMC virus depends on the ifp phenotype
or mixture of ifp phenotypes of the infecting strain. Relatively
higher circulating interferon titers occur within a few hours of EMC-B
virus infection. Circulating interferon reaches the target orgauns and
engenders an antiviral effect. More importantly, this first exposure
to interferon primes the cells of the target organ, in this case
islet cells of the pancreas, to rapidly produce increased amounts of
endogenous interferon locally upon exposure to the infecting virus.
Once the virus reaches this local environment, the ifp phenotype is a
critical factor in determining the outcome. Therefore, EMC-B will be
contained by the augmented antiviral activity of the interferon-primed
pancreatic cells while EMC-D encounters minimally primed pancreatic
cells less able to halt tissue destruction and the resultant diabetes
mellitus.
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VIRAL MECHANISMS LEADING TO DIABETES MELLITUS - A SUMMARY

Y. BECKER
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University, Jerusalem, Israel

ABSTRACT

The nature of the viral mechanisms leading to destruction of
pancreatic beta cells or cessation of insulin production is still not fully
understood. A link between the class | hypervariable region (HVR) and
insulin-dependent diabetes meillitus (IDDMi was noted in  which
autoantibodies to beta cell membrane antigens are svnthesized against
specific HLA types (DR-3 and DR-4) and lead to destruction of the
insulin-producing beta cells. Coxsackie B4, infectious hepatitis and
congenital rubeila viruses find receptors on the beta cells that aliew for
virus infection and cell destruction. Mimicry between virus antigens and
beta cell membrane antigens leads to the appearance of istet cell antibodies
{ICA), as in the case of mumps virus infections. Members of the
herpesvirus group infect beta cells, causing cessation of insulin production
and the production of antibodies to viral antigens that crossreact with
insulin {insulin autoantibodies}, as occurs in chickenpox.

Helmke (!} indicates that ‘reports describing a remarkable
coincidence of a virus infection preceding the manifestation of diabetes
mellitus date back to the previous century’. He quotes as the earliest
report in respect to mumps infection the Norwegian physician, ] Stang
who, in 1864, reported a patient developing diabetes shortly after mumps
infection. These observations, and many others which followed (1},
revealed the connection between infection of man with viruses such as
Coxsackie B4, reovirus, rubella, mumps and herpesviruses and the

development of diabetes metllitus (2-8). The chapters in the present

Becker, Y (ed), Virus Infections and Diabetes Melitus. © 1987 Martinus Nijhoff
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volume deal with these studies. This summary is intended to describe
pussible mechanisms by which viruses affect the beta celis and fead 1o the
development of diabetes meliitus. It is based on our knowledge of the
insulin gene and its hvpervariable region {HVR: 91
Two forms of the diabetes mellitus syndrome are known: IDDM -
insulin-dependent  diabetes meilitus  {tvpe 1, and NIDDM -
noninsulin-dependent diabetes mellitus {tvpe 2! HVR and IDDM can be
described as follows*:
1. HVR located upstream of the 5 end of the human insulin gene. is
associated with IDDM. In Caucasians with [DDM, the frequencies of
HVR class | alleles and the homozygous class | genotype were
signiftcantly higher than in non-diabetic or NIDDM groups.
2. IDDM is associated with class [I major histocompatibility complex
{MHC) antigens HLA-DR3 and DR4.

Absolute insulin deficiency is due to destruction of beta cells and not

(3

abnormality in the expression of the insulin gene.

4.  The diabetogenic locus (HVR) near the insulin gene might contain a
gene encoding a beta-cell-specific autoantigen that may determine
the susceptibility of the beta cell to virus infections.

Environmental factors, in addition to a genetic predisposition o
IDDM, lead to the full expression of the disease. Human viruses with a
predilection for pancreatic beta cells, were suspected of being one of the
environmental factors that can cause IDDM. Yoon er a/ (10) reported in

1979 on a virus infection in a child who died of diabetic ketoacidosis. The

" Data from Xiang, K. ez a/ (9.
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data presented in this volume on the involvement of members of several
virus families in diabetes are summarized in Table 1. Viruses can cause
IDDM by different mechanisms that involve direct desiruction of the beta
cells by infection (Table 1, Blj, and possible mimicry between viral
antigens and beta-cell surface antigens, leading 1o appearance of islet cell
antibodies (ICA) (1, 11) (Table 1, B2). Varicella virus, a member of the
herpesvirus family, was found to cause the appearance of antibodies to
insulin (insulin autoantibodies) in 81% of chickenpox patients studied (11}.
In addition, it was reported by Kurata ez 2/ (12) that a generalized HSV
infection led to the destruction of beta cells, resulting in diabetes (Table 2B.
3 and 4).

In Table 1, B6, two additional possibilities were included as
speculation: a) virus-induced destruction of central nervous system cells
producing the hormone vasopressin, which is responsible for stimulating
beta cells to produce insulin; and b) mimicry between an infecting virus
and insulin receptor polypeptide, that could result in receptors
nonresponsive to insulin. Further studies might clarify if such mechanisms
of virus-induced damage play a role in diabetes. Venezuelan equine
encephalitis (VEE) virus (16) was reported in several studies to lead to a
reduction of insulin in monkeys. Nevertheless, VEE epidemics in Venezuela
and Colombia did not increase the incidence of diabetes.

The HVR situated in chromosome 11 at position 5 to the insulin gene
constitutes the 14-nucleotide sequence ACAGGGGTGTGGGG repeating
numerous times (Table 2; 9). Studies on herpes simplex virus type |
(HSV-1) (17-19) revealed that repeat sequences are present in the viral
genome at a 3’ position to two immediate-early (1E) genes: IE1 (18) and IES
(19). The IEl gene is followed by eight repeats of 16 nucleotides and IES

by nine repeats of 15 nucleotides (Table 2}. [t is of interest that the insulin
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Table 1. Viral infections leading to damage of insulin-producing beta

cells or cessation of insulin production

Type of mechanism Viruses
A. Non-viral, genetically Genetic association with class |

[y

(95

controtled destruction of HVR and HLA DR-3 and DR-4. The

beta cells by autoantibodies diabetic locus near the insulin gene might
also determine the susceptibility of the
beta cells to virus infections (9)

Virus-induced damage to beta cells:

. Destruction of heta cells due  Coxsackie B4 (13)

1o virus infection and Infectious hepatitis {14)
replication. Specific predi- Congenital rubella (15)
lection for beta cells due to

presence of cellular glvco-

proteinis)serving as

virus receptors on cell surface

. Antibodies to viral antigens  Persistent mumps virus infection

on beta cell membrane mimic (epidemic 1977-1981) {1, 11)
islet-cell autoantibodies (ICA)

in destruction of beta cells

{mimicry)

Virus infection of beta cells  Herpesviruses: HSV-1, varicella zoster,
lead 10 nuclear inclusion cytomegaltovirus (12)

bodies and cessation of

insulin granule production

Antibodies to virus antigens  Varicella virus in chickenpox (12}
resembling insulin auto-

antibodies {[AA) react with

insulin and cause insulin

depletion

Persistent virus infections Mumps, congenital rubelia (1, 15}

Possibie additional mechanisms {speculation}:

a. Virus infections leading to the suppression of the hormone
vasopressin which stimulates pancreatic beta cells to produce insulin

b. Virus antigen mimicry of insulin receptors
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gene HVR repeat shares the sequence AGGGGTG with the repeal sequence
of the HSV-1 IE! gene and an aimost identical sequence with the repeat
sequence of HSV-1 IES (Table 2}. These two viral genes are expressed in
HSV-1 infected cells early in the replicative cycle. It is possible that the
repeal sequences are recognized by the host cell, subsequently leading to
the transcription of the viral IE genes. Repeat sequences can be found near
the Epstein-Barr herpesvirus gene which codes for the EB nuclear
antigen-1 {EBNA-1)and 5 to the T antigen gene in SV40 (Table 2).
Hayward er a/ (17} indicated that a 400-repeat of nine nucleotides
GAGCTGGGG 1s present in the immunoglobulin switch region and in introns
of a number of cellular genes, such as Z-globin, y-globin and Ig variable
region (Table 2).

It is possible that the repeatl sequences at or near specific genes in
the cellufar and viral genomes serve as recognition sites to direct the
cellular transcription machinery to genes near the repeat sequences, as
described for HSV-1. It is, therefore, possible to speculate that viruses
infecting beta cells might have the ability to interfere with the function of
the HVR §' to the insulin gene and thus interfere with the expression of the
insulin gene and cause IDDM in infected individuals. Alternatively, Xiang
et af (9) suggest that HVR may include a gene encoding a
beta-cell-specific autoantigen which determines the sensitivity of beta cells
to viral infection or its response 1o such infection”. The predilection of
Coxsackie B4 virus to beta cells may suggest the presence of a specific
receptor for this virus on beta cells. In addition, the appearance of ICA
antibodies after persistent mumps virus infection (1) may indicate that a
viral protein shares an antigenic domain with a membrane protein specific
to beta cells, and that the antiviral antibodies act as autoantibodies to beta

cells and cause cell destruction and IDDM. It should be noted that mumps
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Table 2 Comparison of repeat sequences in the hvpervariable region of the
insulin gene with repeat sequences in other cellular and

viral genes

Cellular and viral genes  No. of repeats Repeal sequence Ref.
Insulin gene HVR ACAGGGGTGTGGGG 9

Class 1 40x

Class 2 95x

Class 3 170x
Viruses 17
HSV-1 3 10 IE] 8x TGAGGGTGCGTCGGGG 18
HSV-1 3 10 IES 9x GGTGAGGGGTGGGTG 19
EBV BamHIK coding for EBNA-1 80x GGGGCAGGA 17
EBV BamHI1Y 14x TGGTGGGGG 17
SV40 5 toT antigen 3x GGGCGGAGTTAGGGGCGGA 17

Mammalian cells: DNA

Ig switch region 400x GAGCIGGGG 17
Z-globin intron 70x CGGGG 17
Z-globin intron 40x ACAGTGGGG AGGGG 17
Introns of y-globin, actin, 6-180x CA 17

y-interferon, Ig variable region,
3 and 5 flanking to o-globin.
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virus is implicated as having other effects in humans, such as brain
complications and heart damage (20).

Studies in the last decade have established the importance of virus
infections as possible causative agents triggering the development of
diabetes mellitus type 1 (IDDM). Future studies might shed light on the
exact mechanisms of virus-induced IDDM, and prevention of virus infection
teading to IDDM would reduce the incidence of diabetes resulting from
virus - infections.  Effective  antiviral drugs such as acyclovir
(acycloguanosine), which can be used for the treatment of generalized
HSV-1 in neonates and children (12), may, in time, extirpale the disease
and thus prevent deaths due to IDDM, as reported by Kurata er a/ {12}
Further studies on HVR and the proinsulin gene, and an the properties of
virus-coded proteins and regulatory sequences in viral genomes, are
needed for the elucidation of the role of viruses in diabetes mellitus in

man.
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Malnutrition, and tropical diabetes, 95

Maturity-onset diabetes of the young
(MODY)

hypervariable region (HVR) of insulin
gene as a marker for, 12
Melanomas, with human pancreatic islet cell
(HISL) monoclonal antibodies (Mabs),
63 (figure), 64-65
Mengovirus
glucose and, 226
interferon sensitivity to, 239-241
murine diabetes and, 225-227
Merkel cell carcinoma, with human
pancreatic islet cell (HISL) monoclonal
antibodies (Mabs), 63-64, 67 (figure)
Metformin, in non-insulin-dependent
diabetes mellitus (NIDDM), 102
Methylxanthine (IBMX), in fibroblast-free
glucose-sensitive monolayers culture,
82, 84
Microvascular disease, in diabetes
mellitus, 103
N6 monobutyryl cyclic AMP, in
monoclonal antibody (Mab) studies of
insulin secretion, 60
Monoclonal islet-cell antibodies (Mabs)
advantages of, 45-46
autoaggression and, 136
autoimmune disorders and, 48
biochemical characterization of, 52-59
cross reactivity of, 48-49
diagnostic pathology and, 62-68
endocrine cell biology and
pathophysiology and, 60-62
4F2/LC7-2 antigen expression with,
57-58
generation of, 46-47
glycolipid islet cell antigens with, 58-59
hybridoma technique with, 46
immunocytochemistry of, 48-51
parathyroid hormone (PTH) release and,
60-62
protein and glycoprotein islet cell antigens
and, 52-58
species specificity of, 50
type I insulin-dependent diabetes mellitus
(IDDM) and, 68-69
Mumps, 127-139, 251-252
autoimmunity in, 137-138
early reports of, 128-129, 247
epidemiological studies of, 129
histocompatibility complex (HLA)
antigens HLA-DR3 and -DR4 and,
132-133, 183-184
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immune system phenomenon in, 128

insulin-dependent diabetes mellitus
(IDDM) etiology and, 95, 135-136,
144, 162, 176, 190, 247

insulitis and, 127-128

islet cell antibodies in, 129-134

islet cell toxicity in vitro with, 133-134

vaccination and, 128, 130

Muscle biopsy, in diabetes mellitus (DM)

diagnosis, 92

Nasal spray, in non-insulin-dependent
diabetes mellitus (NIDDM), 102
National Diabetes Data Group (NDDG),

90, 91 (table)
Nephropathy, diabetic, 103, 104-105
Neuroblastomas, with human pancreatic
islet cell (HISL) monoclonal antibodies
(Mabs), 63 (figure), 64-65
Neuroendocrine tumors, with human
pancreatic islet cell (HISL) monoclonal
antibodies (Mabs), 63-64, 67 (figure)
Neuron specific enolase (NSE), 57
Neuropathy, diabetic, 103-105
classification of, 103
Non-insulin-dependent diabetes mellitus
(NIDDM) (Type II), 98-102
classification as, 90
clinical presentation of, 98
differential diagnosis in, 101
etiology and pathogenesis of, 99-101
genetic factors in, 4, 98-99
hyperinsulinemia in, 100-101
hypervariable region (HVR) of insulin
gene and, 8-11
insulin resistance state in, 100
insulin secretion pattern in, 4-5
treatment of, 101-102

Oat cell carcinomas, with human pancreatic
islet cell (HISL) monoclonal antibodies
(Mabs), 63 (figure), 64-65

Obesity

hyperinsulinemia in, 100-101
insulin resistance state in, 100
non-insulin-dependent diabetes mellitus
(NIDDM) with, 98
Oncogene c-Harvey-ras 1 (HRASI) gene, 1

Oncogene ros, in insulin receptor secondary
structure comparison, 27-29, 40
Oral hypoglycemic agents
control and complications with, 106-107
infectious hepatitis and, 191
non-insulin-dependent diabetes mellitus
(NIDDM) and, 101-102

Pancreas
Coxsackie B4 (CB4) virus and, 175-185
viral infections and, 161-162
Pancreas transplantation, in insulin-
dependent diabetes mellitus (IDDM)
treatment, 97-98
Pancreatitis
Coxsackievirus B infection with, 178
insulin-dependent diabetes mellitus
(IDDM) with, 163
morphology of, 163-170
Paragangliomas, with human pancreatic
islet cell (HISL) monoclonal antibodies
(Mabs), 63
Parathyroid adenomas, with human
pancreatic islet cell (HISL) monoclonal
antibodies (Mabs), 65
Parathyroid cells
complex plasma membrane glycolipids
and, 60
4F2/LC7-2 antigen expression with, 58
Parathyroid hormone (PTH), and
monoclonal antibodies (Mabs), 60-62
Phenformin, in non-insulin-dependent
diabetes mellitus (NIDDM), 102
Pheochromocytomas, with human
pancreatic islet cell (HISL) monoclonal
antibodies (Mabs), 63
Picornaviruses, 176-177, 210
Pituitary adenoma, with human pancreatic
islet cell (HISL) monoclonal antibodies
(Mabs), 63
Plasmapheresis, in insulin-dependent
diabetes mellitus (IDDM) treatment, 97
Platelet function, and diabetes mellitus,
103, 106
Polyendocrine deficiency syndrome, 95
Polyneuropathy, in diabetes mellitus,
103-104
Prednisolone, with infectious hepatitis,
192, 194, 197
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Proinsulin, 253
comparison between human and pig,
22-23
computer data bank analysis with, 19
computerized Chou-Fasman secondary
structure analysis of, 22
hydrophilic domain of, 38
insulin gene function and, 18
insulin-like growth factors 1 and 2 (IGF1
and IGF2) secondary structure
compared with, 34-36
rat pancreatic beta islet-cell derived
tumorogenic cells binding to, 38
Proliferative retinopathy, 105-106
Protein malnutrition, and tropical
diabetes, 95
Proto-oncogene c-Harvey-ras 1 (HRAS1)
gene, 5

Racial differences
hypervariable region (HVR) of insulin
gene allele frequencies and, 6-8, 11
non-insulin-dependent diabetes mellitus
(NIDDM) incidence and, 9, 10 (table)
Rat pancreatic islet cell (RISL) monoclonal
antibodies (Mabs)
generation of, 47
species specificity of, 50
Rat poison, and insulin-dependent diabetes
mellitus (IDDM), 164
Reoviruses, 247
autoimmunity and hyperglycemia and,
228-229
environmental insults and, 155-158
pancreatic lesions in, 144-145, 210
Retinopathy, diabetic, 103, 105-106
background to, 105
encephalomyocarditis (EMC) virus and,
223-224
proliferative, 105-106
Ros oncogene, in insulin receptor
secondary structure comparison,
27-29, 40
Rubella
insulin-dependent diabetes mellitus
(IDDM) etiology and, 95, 129, 144,
162, 176, 190, 247
islet cells and, 162, 171
pancreatic changes with, 165

viral cytopathology in, 170
Runting syndrome, and reoviruses, 228

Somatostatin, in fibroblast-free glucose-
sensitive monolayers culture, 82, 84

Spontaneous diabetes, 114

Src oncogene, in insulin receptor secondary
structure comparison, 28

Steroids, in insulin-dependent diabetes
mellitus (IDDM) treatment, 97

Streptozotocin, in cytomegalovirus (CMV)-
induced diabetes mellitus, 154, 155,
157, 158

Sulfonylureas, in non-insulin-dependent
diabetes mellitus (NIDDM), 101

SV 40 virus, 251

Tapioca, and tropical diabetes, 95
Thimerosal, in fibroblast-free glucose-
sensitive monolayers culture, 80
Thyroid auto-antibodies, and beta cell
destruction, 44, 118
Thyroid cells
4F2/LC7-2 antigen expression with, 58
human pancreatic islet cell (HISL)
monoclonal antibodies (Mabs) and,
49, 55 (figure), 59
T-lymphocytes
effector cells and, 112
insulin-dependent diabetes mellitus
(IDDM) and, 45, 118-119
mumps and, 128
Tolbutamide, in monoclonal antibody
(Mab) studies of insulin secretion, 60
Toxins
insulin-dependent diabetes mellitus
(IDDM) etiology and, 95, 164
Tropical diabetes, 95
Twin studies
Coxsackievirus B infection and, 183
insulin-dependent diabetes mellitus
(IDDM) and, 93, 113, 114
non-insulin-dependent diabetes mellitus
(NIDDM) and, 98
viruses and, 175-176
Tyrosine kinase family
computer data bank analysis with, 19
human insulin receptor polypeptide
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secondary structure compared with,
27-31, 39-40

University of Wisconsin Genetic Computer
group (UWGCG) software, 18, 21

Vacor, and insulin-dependent diabetes
mellitus (IDDM), 164
Varicella zoster virus (VZV)
antigen distribution for, 146-147
cytomegalovirus (CMV) infection with,
154
histocompatibility complex (HLA)
antigens HLA-DR3 and -DR4 and,
183-184
immunohistochemical study of, 148-152
islet cells and, 162, 249
pancreatic lesions in, 144, 166, 167
(figure), 169
viral cytopathology in, 170
Venezuelan equine encephalitis (VEE) virus,
201-205
antibodies in, 203-204, 249
carbohydrate metabolism and, 203
diabetes mellitus onset and, 190, 205
genetic factor in, 205
human epidemic outbreaks of, 202-203

Viral infection, 125-205

antigen distribution for, 150-152

autoimmunity in, 137-139

beta cell degranulation in, 170-173

distribution of insular and acinar
inflammation in, 162, 169

early reports of, 128-129

hypervariable region (HVR) of insulin
gene as marker for, 13-14

insulin-dependent diabetes mellitus
(IDDM) etiology and, 95, 162—163,
209-210

insulin staining in, 170-173

multiple infections in, 163

murine studies of, 207-244

pancreatic cell damage with, 161-173

pathogenetic considerations in, 134-138

summary table of, 250

twin studies of effects of, 175-176

see also specific infections

VZV, see Varicella zoster virus (VZV)

World Health Organization (WHO), 90,
91 (table)

Yellow Fever, 196
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