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FOREWORD

Mullis’s invention of the polymerase chain reaction (PCR) and its appli-
cation to the detection and analysis of specific nucleic acid sequences
revolutionized virtually all areas of molecular biology and has given us a
wealth of new applications. Similarly, perfection of techniques for gene
amplification in situ may be expected to fuel accelerated developments in
the heightened understanding of embryogenesis and organogenesis as
well as the pathogenesis of infectious, genetic, immunologic, neoplastic,
and other disease processes. More than 300 papers describing the use of
these techniques have already appeared, but the procedures remain cum-
bersome and difficult to reproduce, with many potential variables (as re-
viewed by Komminoth and Long). Bagasra and co-workers have pro-
vided a great service in giving us this comprehensive protocol. They have
included hints and laboratory secrets that frequently get left out of scien-
tific papers, making repetition of published experiments so problematic.
This monograph should prove immensely useful not only for the novice
but also for the experienced worker striving for maximum specificity or
sensitivity in qualitative searches for cells containing low levels of genes
or messenger as well as for those seeking greater sensitivity, precision,
and reproducibility in enumeration of such cells.

As one of the true pioneers in the field, Bagasra has brought a wealth
of experience to the preparation of this protocol. I recall our first discus-

xi
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xii FOREWORD

sion of in situ amplification in his laboratory at the University of Medi-
cine and Dentistry of New Jersey. We were preparing a collaborative pro-
tocol for study of the transmission of HIV-1 from mother to fetus using
conventional PCR. In the course of the discussion, we realized that al-
though PCR had great potential for early diagnosis of infant infection for
studies of pathogenesis it would be incalculably valuable to be able to
use the same amplification technique to detect individual HIV-1-infected
cells, to distinguish between latently and productively infected cells, and
to differentiate maternal from infant cells in tissue sections and in cyto-
centrifuged or cytofluorographed cell suspensions. I guessed that a num-
ber of large laboratories would be working on such applications and
urged Bagasra—at the time a lone researcher—not to enter the race.
Fortunately, he did not heed my advice and, in fact, spent much of his
spare time developing his technique for in situ amplification. By the time
he moved to Temple University and St. Christopher’s Hospital for Chil-
dren in 1990, he had already found at least preliminary solutions to the
most vexing problems, and he made the system work for complementary
HIV-1 DNA in presumed latently infected cells in which HIV-1 DNA and
RNA were undetectable by direct hybridization. This was described in
the Perkin Elmer Cetus periodical Amplifications. He and 1 filed half a
dozen grant applications to develop the technique or use it in conjunc-
tion with other assays for study of the pathogenesis of perinatal AIDS
infection—none of which was funded. Rather, most were returned with
bitter criticism by experts, who claimed that it would be impossible to
preserve cell integrity at the temperatures required to anneal DNA and
impossible to prevent diffusion of the new amplification products from
the cell—even after data and photomicrographs were presented to show
that these problems had already been partially surmounted. Because we
were unable to fund his work, by 1991 Bagasra had to move to Thomas
Jefferson University. At that time, the assay had become sufficiently pre-
cise in recovery of HIV-1-infected cells added to populations of unin-
fected cells and reproducible to such a degree as to give us confidence in
our findings that both adults and children had many more infected cells
in their peripheral blood than had previously been suspected. At Jeffer-
son, Bagasra refined the assay; definitively documented the relatively
high proportion of CD4+ lymphocytes and monocytes containing HIV-1
DNA; and went on to initiate innovative applications of the technique to
a variety of basic problems, particularly the pathogenesis of HIV-1 infec-
tion.
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In 1990, Haase and co-workers, working independently of Bagasra, re-
ported success in accomplishing in situ amplification with an interesting
innovation: the use of a set of multiple overlapping primers to produce
amplification products spanning more than 1000 base pairs, which are
large enough to slow diffusion from their site of origin. However, the ef-
ficiency of amplification in this system is low, and Bagasra found that the
large number of cycles required to get sufficient amplification frequently
leads to more nonspecific labeling than with the use of single primer sets.
Nuovo and co-workers implemented yet another innovation, that of in-
corporating digoxigenin-labeled nucleotides into the PCR amplicons so
that the in situ PCR products might be detected directly by histochemical
techniques. Komminoth and co-workers, however, have shown that such
direct labeling is frequently associated with a false-positive labeling of
cells. Patterson and Wolinsky developed a curious variation: amplifying
and labeling cellular signals in tubes, then characterizing the cells
through flow cytometry. Bagasra’s approach to in situ amplification of
gene sequences (described in this protocol) appears to be especially sen-
sitive and specific. Specificity can be further increased by use of more
than one set of primers for different genes from the same organism or
from different regions of the same gene or message.

Even with the aid of this manual, today gene amplification in situ re-
mains a difficult research procedure. Conceptually, however, it offers
tremendous potential as an aid to clinical diagnosis through its ability to
detect a single copy of a specific microbial, neoplastic, messenger, or
mutated nucleic acid sequence in a cell smear, cell suspension, tissue sec-
tion, or chromosome. A key challenge for the future will be the simplifi-
cation of these techniques so they can be brought to the laboratory of the
clinical pathologist.

HaroOLD W. LISCHNER, M.D.

Professor of Pediatrics and Microbiology/Immunology
Chief of Pediatric Immunology Section

Director of Pediatric AIDS Program

Temple University School of Medicine and

St. Christopher’s Hospital for Children

Philadelphia, Pennsylvania
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PREFACE

I know nothing except the fact of my ignorance.
—Socrates, as reported by Diogenes Laetius

Possibly we shall one day know a little more than we do now.
But the real nature of things, that we shall never know, never.
— Albert Einstein

Pass beyond forms, escape from names, flee titles and awards, walk
towards meaning.

—Rumi

In situ polymerase chain reaction (PCR) is a powerful invention, allow-
ing an investigator to visualize the presence of a single-copy gene, an in-
dividual virus, or a low abundance RNA signal in its original location in-
side a cell or tissue. Never before has a technique quite so sensitive been
available to scientists who work in cytology or histology, and it is our
hope that reproducible practice of the technique will serve as a well-
spring from which will flow new understandings in biology and medi-
cine.

Simultaneously, we wish to point out that in situ PCR is a relatively
new technique that still exhibits characteristics of both science and art.
DNA and RNA are, by themselves, each exceedingly complex phenom-

Xy
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ena; but when these genetic molecules do their thing inside the complex
milieu of whole cells and tissues, they sometimes exhibit characteristics
that will probably always defy complete understanding. Empirical work
has led to substantial knowledge of what works and what does not exper-
imentally; and in this volume, we communicate this practical knowledge
as best we can. But readers should realize that in situ PCR represents a
sharp edge in research; sometimes it cuts through to greater understand-
ing and sometimes it just cuts the self-confidence of those investigators
who choose to play with it.

By no means do we wish to discourage any scientist from trying in
situ PCR; rather we just wish to point out that ignorance still abounds in
the field, and many promising pathways remain unexplored. This repre-
sents great opportunity for the imaginative scientist, and we encourage
investigators to explore what might seem to be, at first glance, far-fetched
ideas. But please practice a bit with simpler systems first, for much prac-
tical knowledge on the manipulation of signals, cells, and detection sys-
tems must be learned before proceeding onto the pioneering work.

Where has this protocol come from? For the past four years, one of us
(OB) has offered numerous workshops and seminars on in situ PCR in an
effort to communicate to as many investigators as possible the in situ
techniques that were developed in his laboratory at Thomas Jefferson
University. Simultaneously, the other author (JH) has worked in industry
to develop instrumentation to drive the reaction with increasing ease and
reproducibility. Between the two of us, we have listened to and tried to
answer the myriad questions that constantly arise from the ever-curious
seminar participants and from inquiring scientific colleagues. In doing
so, we have learned much about what matters need special clarification,
where technical problems often arise, and how to best present the subject
matter in a manner that will be comprehensible to nonspecialists in mole-
cular biology as well as to nonspecialists in tissue morphology.

We have tried to cover as many aspects of in situ PCR as possible, but
we have included only those aspects with which we have personal experi-
ence. Thus this volume represents a specific viewpoint, and it is not in-
tended to be a comprehensive textbook of all matters pertaining to in situ
PCR. Rather it is intended to be a practical manual for use in the labora-
tory, and we hope the many photos will prove especially instructive.

We are especially indebted to Sashamma Thikavetapu, Lisa Bobroski,
and Patricia Whittle, who assisted in numerous workshops and who gave
us many excellent suggestions. We also wish to thank the entire staff of
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the in situ laboratory at Thomas Jefferson University, all of whom have
played an important role in the development of this protocol. We also
wish to thank the Bagasra family—Theresa, Alexander, and Anisah—
who cheerfully tolerated the two of us trying to iron out the various de-
tails while working in the basement of the Bagasra home in Laurel
Springs.

Last, we wish to thank the many scientific colleagues who participated
in the in situ seminars, for they provided the impetus for the development
of this protocol. We have always been most impressed by the imagination
of these individuals, who are constantly proposing new and exciting ap-
plications for in situ PCR. It is our fervent hope that you, the reader, will
prove to be just as imaginative. In fact, it is our fervent hope that this
very volume will become stained with the many colors that can now be
used for multiplexed hybridization of PCR products—marks that you
leave behind as you blaze new pathways to scientific discovery.
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CHAPTER |

REVIEW OF THE
PCR TECHNIQUE

This chapter is a primer for those investigators for whom molecular tech-
niques are a relatively new experience. Many of those interested in per-
forming in situ polymerase chain reaction (PCR) do not come from a
molecular biology background; rather they are often pathologists, for ex-
ample, skilled in careful tissue preparation and exacting histological
analysis but not in the design of oligonucleotide primers and probes.
Thus this chapter is an overview of the relevant molecular information. It
reviews the history of the PCR technique, describes how it works, and
details many of the technical points important for successful gene ampli-
fication. For those already familiar with these matters, perhaps the sec-
tions on the design of primers and probes might prove useful, particularly
in regard to obtaining sequence information over the Internet. Otherwise,
those investigators skilled in molecular biology might wish to skip to
subsequent chapters, where the in situ methodologies are detailed.

KARY MULLIS’S INVENTION:
THE POLYMERASE CHAIN REACTION

In the mid-1980s, Kary Mullis, a biochemist working for the Cetus Cor-
poration, invented a method to identify a specific DNA sequence in an
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2 REVIEW OF THE PCR TECHNIQUE

aqueous solution that contains myriad sequences of DNA and then to
geometrically amplify the targeted sequence millionsfold through a semi-
automated procedure that takes just 1 or 2 h. This synthetic process
makes available enough of the targeted DNA for ready analysis by con-
ventional laboratory techniques, even if there was just one molecule of
the DNA in the solution to start with.

According to Mullis, this invention originally sprang from a scheme
he was devising to keep employed several technicians who worked in his
laboratory. The lab specialized in synthesizing short chains of DNA
called oligonucleotide primers (oligos), and apparently demand within
the Cetus Corporation for these synthesized molecules was insufficient to
justify the level of staffing Mullis was then enjoying. He was, therefore,
trying to devise some sort of new application for the oligos that would
consume large quantities of the lab’s product. Following his famous drive
one weekend up the Mendicino coast of California and his “Eureka!” ex-
perience at a highway rest area, the polymerase chain reaction (PCR) was
born.

Since those salad days of PCR, methods have been found to simplify
the procedure, particularly through the use of thermally stable poly-
merase enzyme, and to automate the process, through the adaptation of
microprocessor-controlled thermal cyclers. Furthermore, reverse tran-
scriptase (RT) reactions have been added, if one wishes to identify and
amplify targeted RNA sequences by first converting them to cDNA tem-
plates; this is sometimes called RNA PCR.

Application of PCR has now spread far and wide throughout biotech-
nology. In particular, the reaction has found many uses in molecular biol-
ogy laboratories for identifying and generating large quantities of DNA
for routine assays, for example, as well as for cloning, gene mapping,
and engineering new forms of DNA through in vitro mutagenesis. In
medicine, PCR has proven useful not only for the identification of infec-
tious agents but also in the diagnosis of genetic disease and in the under-
standing of the pathogenesis of disease processes. In forensic science,
PCR has revolutionized the practice of DNA fingerprinting and HLA typ-
ing. In plant genetics, PCR has created new tools for analyzing and ac-
celerating breeding experiments as well as easing the chore of precise
taxonomic classification. The list goes on and on; and in 1993, the Nobel
Prize Committee recognized Mullis’s seminal contribution and awarded
him the Nobel Prize in Chemistry for his invention.

-= scanned & DJVU-converted by MUSAND =-
-= musand @ front. ru =-



-= contents P. 4 =- -= NOT FOR SALE! =-

THE MECHANISM OF THE CHAIN REACTION 3
THE MECHANISM OF THE CHAIN REACTION

How exactly does PCR work? Actually, the reaction represents one of
those amazingly simple insights that in hindsight almost every investiga-
tor wonders why he or she did not think of it first. The researcher simply
takes a sample of biological material that contains DNA (or RNA) and
processes it to extract the nucleic acids; this extraction procedure can of-
ten be as simple as boiling the specimen for 10 min with chelex resin.
The biological sample can be almost anything: a bacterial culture, the
root of a hair follicle, the pulp of an ancient tooth, a tissue sample from
an autopsy performed thirty years ago, or even a fossil leaf from a peat
bog. After the sample of DNA is free of its matrix, it is placed into a
small tube along with an aliquot of a thermally stable DNA polymerase
enzyme (a protein that constructs DNA from components); some salts
which are necessary for polymerase to function; and a supply of the par-
ticular nucleotides from which DNA is built, called deoxyribonucleoside
triphosphates (ANTPs). Last, a set of critical ingredients is added—the
aforementioned oligonucleotide primers, which are short segments of
single-stranded DNA that have been artificially produced in a DNA syn-
thesizer. These primers initiate the chain reaction.

Oligonucleotide Primers

Primers are typically 18 to 22 bases long, and they represent the exact
DNA sequences at the beginning and at the end of the gene of interest.
The reason they are only 18 to 22 bases long is that there are four possi-
ble nucleotides at any specific spot in DNA (ie, G, A, T, or C), so each lo-
cus has one chance in four of being any particular one. The chance of a
random match for a 20-mer primer (or 20—base pair oligo primer) to any
anonymous strand of DNA would be 1:4%, or less than one chance in a
trillion.

These primers are, therefore, extremely specific to the precise genetic
sequence an investigator is seeking. But how is a researcher to know ex-
actly what the primer sequence should be? Usually you rely on knowl-
edge that has been previously gleaned about particular genes, and there is
an enormous databank-—called GenBank, accessed through the Los
Alamos National Laboratory and the National Library of Medicine—that
supplies such information through the World Wide Web or via modem
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4 REVIEW OF THE PCR TECHNIQUE

free of charge (http://www.ncbi.nlm.nih.gov). A researcher can also
look to the scientific literature for published sequences from prior experi-
ments or can purchase preoptimized primers from a vendor.

However, for the genetic pioneers, knowledge of the DNA sequence
must often be developed de novo, perhaps by reverse transcribing and se-
quencing an mRNA of interest or perhaps by reading a protein then figur-
ing out all the possible DNA sequences that could have encoded it. Then
the investigator prospects the genome with something known as degener-
ate primers, which are mixed sets of primers that can accommodate all
the possible sequences that can encode the protein of interest. When try-
ing to do something new, designing primers can take a lot of thought and
effort.

Denaturation and Annealing

After the primers have been made, they are put into a plastic tube with
the other reaction components, and the tube is sealed and placed into a
thermal cycler. The cycler then drives the mixture up to denaturation
temperature, typically 92° to 94°C. At these temperatures, the hydrogen
bonds between the base pairs along the two strands of the double helix of
DNA become so strained that they can no longer hold the two strands to-
gether. The DNA molecules in the specimen separate (or denature), and
each molecule becomes two completely independent, but complemen-
tary, single-stranded molecules of DNA.

Then the thermal cycler drives the temperature of the mixture down to
a predetermined annealing temperature, usually between 50° and 60°C.
At these temperatures, the various single strands of DNA are urgently
looking for complementary mates with whom they can pair bond, if the
two match up exactly. However, the original mates of the long strands of
experimental DNA find themselves vastly outnumbered by all the smaller
bits of DNA—the synthetic oligo primers. The relatively high concentra-
tion of the primers (usually more than 10'° to 10! per reaction) makes
them ubiquitous in the solution, at least compared to the relatively few
copies of the original strands of DNA. If a primer molecule should dis-
cover that one of the long strands of DNA contains a complementary re-
gion that exactly matches its 18 to 22 bases, the primer latches onto the
long strand almost instantly (or anneals). Together, the primer and the
long strand form a short segment of double-stranded DNA, with the re-
maining part of the long molecule flopping about as a single strand.
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Extension

Meanwhile, molecules of DNA polymerase protein are floating around,
looking for work like unemployed construction engineers. The work or-
der the polymerase molecules are seeking is a single strand of DNA dan-
gling from a double-stranded segment, where the end of the double seg-
ment has a blunt 3’ end and the remaining single strand is dangling.
DNA polymerase enzyme will hop right on this situation, namely onto a
long strand of parental DNA with an annealed primer, and it reads the
bases, one at a time, along the parental strand. The polymerase enzyme
grabs out of solution the complementary nucleotide from all the dNTPs
floating around, and jams it into proper position at the 3' end of the
primer, to form a new bonded base pair between the two strands. The
polymerase molecule continues to do this time and time again, copying
the parental strand and extending the primer so that the primer itself
eventually becomes a freshly synthesized long strand of complementary
DNA.

All this occurs in a matter of seconds after the tube and reaction mix-
ture arrive at the annealing temperature. However, so much is going on at
this lower temperature—every single-stranded DNA is desperately seek-
ing a complementary mate—that experience has proven that raising the
incubation temperature to an extension temperature around 72°C for a
while helps improve fidelity among the single strands of DNA. The poly-
merase enzyme works just fine at this higher temperature (in fact, it is the
optimal work environment for fag polymerase), and the enzyme has time
to complete its chore of extending the primer. However, at this elevated
temperature, single strands of DNA are now more content to remain sin-
gle, and they have less tendency to mess around with the wrong sort. (At
lower temperatures, mismatches can occur between primers and other
single-stranded DNA molecules when the sequences are only partly com-
plementary but sufficiently so that primer and DNA will anneal long
enough for the polymerase enzyme to hop on and extend the primer and
create a new strand. This false priming can result in nonspecific amplifi-
cation and a consequent decrease in the specificity of the reaction.)

Second Thermal Cycle

After extension is complete, the thermal cycler drives the reaction cock-
tail back up to denaturation temperature. All the double-strands of DNA,
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6 REVIEW OF THE PCR TECHNIQUE

including the newly synthesized ones, melt into two single strands. Then
the thermal cycler drives the mixture back down to annealing tempera-
ture, and once again every single-stranded DNA molecule starts shopping
around for a perfect mate.

Again, the primers have the edge, because they are so numerous; but
this time the situation is slightly different. Remember there were two
types of primers, one from the beginning and one from the end of the se-
quence. Well their design is rather clever, because they match the begin-
ning and end of the targeted gene sequence— but on the opposite, com-
plementary, strands. So in the first cycle of annealing and extension, both
primers were extended, but one extended from the beginning of the gene
on one of the parental strands of DNA, and the other primer extended
backward from the end of the gene on the complementary parental
strand. Thus the first cycle resulted in twice as many copies of the gene
than there were in the beginning. But the first-generation copy of a
parental strand is always of indeterminate length, because the polymerase
enzyme extends as long as it can; it just does not know where to stop.

However, this first copy has a very specific terminus at the 5’ end of the
DNA molecule, which is the 5" end of the original primer that got the
whole thing going in the first place. Now that the annealing process is oc-
curring once again, the other type of primer looks for its complementary
region on the first-copy long strand. When the primer finds this sequence, it
anneals to the long strand and waves it 3’ end, signaling polymerase en-
zyme to jump on. Once again, the polymerase enzyme extends the primer,
this time in the other direction, reading from the longer strand and attach-
ing the appropriate dNTPs. But when it reaches the 5’ end of the long
strand, the end of the original primer, it falls off to seek work elsewhere.
Thus the second-generation copy has a specific length; it is, in fact, the ex-
act gene that the researcher designed the primers to seek out and amplify.

Geometric Amplification

This cycle of denaturation—annealing—extension is repeated again and
again, usually about 30 times, ultimately becoming a chain reaction of
DNA synthesis. There is a doubling of the gene of interest with each cy-
cle, as copies are made of copies, resulting in tens or perhaps hundreds of
millions of copies of the desired gene at the end of the procedure, even if
there was as few as one copy of the gene at the start. Furthermore, it is
the nature of the mathematics that the first copies (the long copies of in-
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REVERSE TRANSCRIPTION: MAKING DNA FROM RNA 7

determinate length) accumulate only arithmetically, while the second and
subsequent generations of copy (the ones of particular length) amplify
geometrically. Therefore, virtually all the copies at the end of the run are
the desired gene and of a specific length.

And what happens if the gene of interest for which the primers were
designed was never in the original sample of DNA that got put into the
tube? Why, there is no annealing of the primers, no attachment of poly-
merase, no first-generation copies, no subsequent copies—no amplifica-
tion whatsoever. Totally negative results, none, caput, no lanes in the gel;
you end with what you started with.

Of course, real world complexities enter into the process: the tempera-
tures may not be just right, the salts are not to taste, the primers do not
quite anneal properly. For these reasons, the procedure rarely goes to the-
oretical perfection; but the reaction is, in fact, remarkably robust and
quite predictable. And experience has shown that it is an amazingly ef-
fective tool in a wide variety of applications; the Swedish National Acad-
emy of Sciences does not hand out the Nobel Prize for nothing. An inves-
tigator just has to develop his or her technique . . .

REVERSE TRANSCRIPTION: MAKING DNA FROM RNA

Of course, DNA serves as the primary library of genetic information for
any organism, and it resides primarily in the nucleus of a cell (at least
with eukaryotes). But RNA serves as the working transcript of genetic in-
formation, and it is from RNA templates that proteins are eventually syn-
thesized in the ribosomes. RNA molecules tend to be much smaller than
DNA molecules, they move freely about the cell, and they tend to have
short lifetimes (RNA is sometimes described as being like a photocopy
of an individual page of an organism’s book of life.) Cellular RNA is al-
ways single stranded, and it is somewhat less stable physically and chem-
ically than double-stranded DNA (except in certain places it forms “hair-
pin” double strands). Plus it is quickly degraded by ubiquitous enzymes
called RNAases; these continuously get rid of used RNA and recycle it in
vivo, but they can also quickly chew up an investigator’s target DNA, es-
pecially after a cell has died and before it is fixed.

In all life forms, whether prokaryotic or eukaryotic, the direction of
transcription is almost always DNA to RNA (the permanent record to the
working copy), and very rarely does transcription occur in the reverse
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8 REVIEW OF THE PCR TECHNIQUE

direction. However, some microorganisms, namely retroviruses, contain
an enzyme called reverse transcriptase that can do just that— make DNA
copies from RNA originals. This enzyme has been isolated and cloned, it
is available in many different variations, and its activity can be exploited
to make cDNA from RNA in vitro. This ability can be put to great advan-
tage with in situ PCR, because it allows an investigator to indirectly am-
plify RNA within cells so that it can be readily detected even when the
target is in low abundance. This is achieved by first converting single-
stranded RNA into double-stranded ¢cDNA with the RT enzyme; then
PCR is conducted on the cDNA copy to amplify the sought-after signal
(PCR works only with DNA, not with RNA). The result is that an investi-
gator can tell whether a specific gene is being actively expressed within a
cell by determining whether RNA copies of the gene are present within
the cellular structure (there is an especially elegant way to amplify RNA
in a single step, which is discussed on pages 47—48).

All reverse transcriptase enzymes exhibit at least three specific enzy-
matic activities: reverse transcription, a specific DNA polymerase action,
and ribonuclease H activity. The reverse transcription maneuver allows
the enzyme to use any RNA as a template to be copied, provided that the
action is initiated by an annealed primer at the beginning of the target se-
quence. The copy being made is always DNA. The ribonuclease H activ-
ity serves to peel away the RNA template from the newly created
RNA-DNA hybrid; then the enzyme chews up the original RNA mole-
cule into tiny bits. The single-stranded cDNA molecule that remains is
manipulated by the enzyme once again; this time, RT acts like DNA
polymerase and weaves a complementary strand along single-stranded
¢DNA to make a double-stranded cDNA molecule.

The different versions of RT enzyme each have slightly different char-
acteristics due to the different origins of the enzymes. Each was derived
from a specific retrovirus, which has evolved a particular capsid protein to
provide a structural milieu within which the enzyme can do its work.
However, in the artificial environment of an in vitro experiment, there is
no capsid protein available and hence no optimized milieu for the enzyme.
Therefore, the investigator must take special care in using RT enzymes,
otherwise various untoward biochemical characteristics of the enzyme can
be summoned forth.

In particular, RT enzymes in vitro have a tendency to give up on re-
verse transcription too early and start chopping up the RNA template be-
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fore transcription is complete. This destroys the RNA signal before a
complete cDNA copy is synthesized. An investigator minimizes this ef-
fect by optimizing reagents, particularly manganese ion and a specific de-
tergent that mimics some of the characteristics of the capsid protein.
Generally, vendors of RT enzymes supply an optimized buffer solution
containing proper concentrations of manganese ion and detergent—be
certain to always use the optimized buffer with each RT enzyme.

Last but not least, there are two newer RT enzymes available with spe-
cial characteristics. Superscript II, available from BRL-Life Sciences
(Gaithersburg, Md.) is particularly adept at reverse transcribing longer
segments of RNA (up to 3 kilobuses). The second, rTth, is available from
Perkin Elmer (Norwalk, Conn.) and can serve not only as the RT enzyme
but also as the thermostable DNA polymerase for PCR, allowing RT and
PCR reactions to be carried out in the same buffer in one thermal cycling
regime.

HOW TO DESIGN PRIMERS

One of the most important keys to performing PCR successfully is de-
signing a proper primer pair, and then optimizing the annealing tempera-
ture so that amplification can proceed smoothly. Fortunately, numerous
resources and computerized tools are available to assist in these matters,
and an investigator is well advised to pay particular attention to these de-
tails early in the development of an experimental protocol, for it will save
much agony later on.

Primers for DNA Targets

As described in the previous section on PCR, primers are synthetic
oligonucleotides, typically between 18 and 22 bases in length. Some
might consider an 18-mer primer a little short, that there is too much
chance random annealing might occur. Others would argue that a 22-mer
primer is extravagantly long, as the price of a synthesized primer often
increases significantly around 20 bases. It is our experience that primers
in this range work effectively. ,

Among the four primary nucleotides (ie, G, A, T, and C) in DNA and
primers, two (G and C) are “stickier” than the others, as they form six
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10 REVIEW OF THE PCR TECHNIQUE

hydrogen bonds between them, while A and T form only four. This vary-
ing character can affect performance of the primer substantially. There-
fore, it is desirable to have G’s and C’s at the 3’ (downstream) end of the
primer, because this will facilitate annealing. However, one does not
want a triple GGG or CCC at the 3’ end because this combination is too
sticky. Nor should you have AAA or TTT. Rather, the ideal sequence is
to have two GC nucleotides followed by an AT type at the 3’ end, like
GCT or GGA. The overall GC-content of the primer should be between
45 and 55%.

The two primers should be designed so that they have approximately
the same annealing temperature. They should also be designed so that
they do not form intrastrand or interstrand base pairs. Single strands of
DNA can twist and form loops. such that part of the primer can anneal to
a target, then another part can anneal to a spot on the target tens or hun-
dreds of bases down. One must be careful to select sequences that have
negligible complementary regions, even in short fragments, in the larger
segment of DNA intended as the target. Primers that anneal to multiple
regions of the target will neither identify the targeted sequence nor ex-
tend properly.

Furthermore, primers should never be complementary to one another,
particularly around their 3’ ends. If they complement in this region, they
often anneal to each other and thus form primer dimers. These get ex-
tended by the polymerase into double-stranded DNA the length of two
primers combined, minus the length of the complementary region. This is
always undesirable, because it consumes the primers and greatly lowers
the efficiency of amplification.

Fortunately, there are computer programs available that can figure out
these factors (as well as many other more subtle ones), and they are well
worth the investment. This software is described briefly below and in de-
tail in Appendix 1.

Primers for RNA Targets

If you want to amplify RNA targets, the design of primers becomes
somewhat more complex. Four strategies for RNA amplification are pos-
sible. The first three techniques begin with destroying all the genomic
DNA with an RNAase-free DNAase treatment to eliminate all DNA
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HOW TO DESIGN PRIMERS 11

copies of a gene that could lead to false-positive results regarding an
RNA target. The DNAase is then inactivated, and one can convert all
mRNA to cDNA with an RT reaction by using one of two types of
primers.

The first type of primer is called an oligo d(T) primer. All mRNA mol-
ecules are single stranded, and they have a poly(A) tail, meaning there is
a long series of A’s (AAAAAAAAA . . ) at the 3’ end of the RNA
molecule. An oligo d(T) primer is simply a long series of T’s, which will
anneal to the poly(A) tail. When a reaction is performed with reverse
transcriptase enzyme, the enzyme will extend the primer, making a com-
plementary copy of the mRNA. But the RT enzyme synthesizes DNA
from the RNA template, substituting thymine for uracil, and this reverse
transcribed DNA is known as cDNA. If the reverse transcription reaction
is properly carried out, all the mRNA will be converted to the more sta-
ble cDNA, which is then available for amplification through conventional
PCR techniques.

The second type of primer is called a random primer. Random primers
are sets of short oligos of random sequence, generally hexamers (only 6
base pairs long). They anneal to complementary strands of mRNA, and
the RT enzyme extends them in a manner similar to that described for
oligo d(T) primers. Since any hexamer represents a common sequence
due to its short length, and since so many types of hexamers are included
in a random primer set, essentially all of the mRNA gets converted to
¢DNA by this method (but not necessarily the early parts of every se-
quence).

Next, you can use a specific primer to reverse transcribe only the gene
of interest from the mRNA rather than all mRNA, as with the oligo d(T)
and random primers. The cDNA copy can usually be created using the
downstream (antisense) primer for the subsequent PCR reaction, which
results in unbounded transcription of the downstream target.

For the last type of RT reaction, please bear in mind that cDNA, which
represents a copy of mRNA, is fundamentally different from genomic
DNA, because it represents only the expressed sequences of DNA. There-
fore, cDNA will be missing all of the introns and controlling regions of
DNA that are found in the genomic copies, which in fact compose more
than 90% of most eukaryotic genomes.

An investigator can exploit this fundamental difference to design spe-
cial, RNA-specific primers that span introns in the genomic DNA, elimi-
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12 REVIEW OF THE PCR TECHNIQUE

nating the need for the oligo d(T) primers and the wholesale conversion
of mRNA to ¢cDNA (or the alternative downstream specific primers).
Rather, one designs primers that will anneal only to targeted mRNA se-
quences by designing the primers so they span introns in the genomic
DNA. Then the primers will adhere only to the mRNA templates and the
¢DNA copies of mRNA, not to any genomic DNA copy of the same
gene.

If you combine these special primers with a polymerase enzyme that
has both reverse transcriptase and DNA polymerase activity (such as the
rTth enzyme described earlier), then you can amplify mRNA sequences
directly without going through any specific RT step. This simplifies the
whole PCR procedure by eliminating the need for a harsh DNAase treat-
ment as well as a buffer change between the RT and polymerase enzyme
steps. Better yet, this procedure allows amplification of two types of nu-
cleotide signals simultaneously (both mRNA and a genomic DNA tar-
gets) because there is no need to destroy all the endogenous DNA, and
primers for each nucleotide type can be included without interfering with
the activity of the other. However, one must know a considerable amount
about the sequence of the gene in question to design these RNA-specific
primers.

Commercially Available Primer Pairs

Numerous PCR primer pairs are available as stock items from com-
mercial biotechnology companies, such as Synthetic Genetics (San
Diego, Calif.), BRL-Life Sciences, and Perkin Elmer. In particular, op-
timized primers are available for many infectious organisms (such as
HIV-1, HSV, HBV, HPVs, etc.) as well as many well-documented hu-
man or murine genes (such as P-53, Bcl, Abl, and numerous other
oncogenes). Use of these stock primers can greatly facilitate applica-
tion of PCR and in situ PCR. However, optimization work should still
be done to ascertain the proper annealing temperatures in the thermal
cycler to be used as well as with the type of specimen on which the ex-
periments will be conducted. Furthermore, a researcher must select a
primer pair to amplify the proper length of DNA for the particular
application; and unfortunately, the optimal primer pair is simply not
always available, even with commonly studied diseases and genes. Be-
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sides, a knowledgable researcher using the proper software can often
design better primers.

Length of Desired Amplicon

Recent publications have shown that amplification of genes up to 10 kilo-
bases (kb), even 20 k, is possible. However, this long PCR is not fre-
quently used for in situ work, because the primary purpose of amplifica-
tion in most circumstances is to detect specific genes, not clone them.
Some workers, including those in our own laboratory, are experimenting
with long PCR on freshly fixed tissues to amplify long sequence in situ,
and then microdissecting the amplified tissue to recover lesion-associated
abnormal sequences. This sort of amplification works better with fresh or
freshly fixed tissues, as often the DNA in older fixed tissue has degraded
and broken into shorter segments.

But for most in situ PCR work, relatively short amplicons are used.
Our laboratory has had great success with amplicons in the 150 to 500
bare pair (bp) range, and that is what we usually target. The amplicons
should not be so small as to be prone to diffusion away from the original
locus of the target, nor should they be so long as to lower efficiency of
amplification in the difficult environment of a cellular matrix. Other
workers, notably Haase (University of Minnesota), have previously ar-
gued the benefits of longer amplicons and multiple primer pairs; but our
experience has shown that longer amplicons lead to a much lower effi-
ciency of amplification, making the amplified signal much more rarified
and much harder to detect. Furthermore, Haase has also reported in-
stances of leakage of amplicon with the multiple primary pairs, and it
seems this may be due to difficulty in optimizing one annealing tempera-
ture for many different sets of primer pairs simultaneously, such that
shorter, fragmented amplicons can develop. Instead, our group finds that
diffusion and leakage can be better controlled by proper heat fixation and
highly optimized proteinase K digestions rather than relying on the sheer
size of an amplicon to keep it in place.

For reverse transcriptase reactions, the length of the section for reverse
transcription is unimportant. Rather, we typically use the downstream
(antisense) primer for the PCR reaction, (described on pages 43 and 47).
Alternatively, you can use oligo d(T) primers, which effectively tran-
scribe all of the RNA into cDNA.
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14 REVIEW OF THE PCR TECHNIQUE

Sources for Sequence Data and
Computerized Design of Primers

There are several useful sources for sequence data. First is the scientific
literature, particularly if your project follows earlier research on a similar
matter. But be aware that errors in the transcription of tedious DNA se-
quences seem to be common in the published literature.

A much more useful and up-to-date source for sequence information is
GenBank, an extensive, freely available database (operated out of the Los
Alamos National Laboratory in New Mexico) that is accessible on the
World Wide Web through the National Library of Medicine. GenBank
has sequence data available for a wide variety of genes from various
species, though its collection is most extensive with human, primate, and
rodent species. GenBank can be contacted through the Web or via mo-
dem, and sequences can be downloaded digitally, with little or no tran-
scription error.

The data are most useful if used in combination with a software that is
specially designed to process these data and select primer sequences, af-
ter various desired characteristics for the primers (or hybridization
probes) have been input. A typical program is RightPrimer (BioDisk
Software, San Francisco, Calif.), which we have found to work quite ef-
fectively. Many colleagues sing the praises of Oligo (National Bio-
sciences, Inc.; Plymouth, Minn.), though it is perhaps not as economical
as the former package. A number of other software companies offer simi-
lar programs, including Kodak, DNAStar, Clontech, Hasting, IntelliGe-
netics, NBI, W. R. Engels, and Genetics Computer Group (see Betsch
and Talbot 1995). Freeware software on primer design can even be ob-
tained through the Internet.

To use the software you first establish digital contact with GenBank or
another database through Netscape, Mosaic, or the software offered by
GenBank authorities; and a specific genetic sequence is identified by a
number of means. Then you download a fairly large quantity of sequence
data from GenBank (directly through the Web or via e-mail) and input
the data into the primer design software. You then specify various design
criteria, such as the minimum melting temperature, the desired length
(300 to 500 bp for in situ PCR), and the GC content. The program then
evaluates all theoretically possible primers for a given target sequence
that has been input and analyzes the possibilities for self-complementar-
ity, secondary priming sites. restriction sites, propensities for forming
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loops, secondary structures, etc. The software then proposes designs with
scores to reflect overall quality, and it can also make proposals for hy-
bridization probes to identify the chosen amplicon. The investigator then
chooses the best-looking primer pairs and probes and orders them up
from a supplier. Suffice it to say, this program takes a lot of the guess-
work out of primer and probe design, and it can give the novice the skills
of a master.

Details on Primer-Probe Design for Computer-hating Luddites

For DNA amplification, we routinely amplify gene segments of 100 to
500 base pairs, and we find this size works well. Regarding the design of
primers, be sure to keep the following points in mind:

» Choose a good target sequence (GenBank is the best source for se-
quence data); if a lot is known about the gene of interest, try to keep
the amplified region within a coding region of the gene, as these re-
gions are the most conserved among a population of genomes.

+ The length for both sense and antisense primers should be 18 to 22
bp; for probes, we prefer 40- to 80-bp oligonucleotide probes and
100- to 200-bp PCR-synthesized probes (be certain these probes
seek an internal region of the amplicon and do not overlap or com-
plement the primer sequences at all).

« At the 3’ ends, primers and probes should be rich in GC-type base
pairs to facilitate complementary strand formation (a GC pair will
have three hydrogen bonds, and an AT pair will have two; in other
words, primers can grab on and anneal more tenaciously if either G
or C nucleotides lead the way). Primers should not start with an A or
T, nor should they begin with a triple GC-type bond (ie, not GCG or
CCC, but GCT or GGA,, etc.).

- The preferred overall GC content of the primers and probes is from
45 t0 55%.

+ Try to design primers and probes so they cannot form intrastrand or
interstrand base pairs. Furthermore, the 3’-ends should not be com-
plementary to each other (like one being C-G and the other being
G-C), or they will anneal to one another and form primer-dimers.

» Try to design primers that are to be used in reverse transcriptase re-
actions, so that they will not anneal to multiple areas of the RNA
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16 REVIEW OF THE PCR TECHNIQUE

and form secondary structures, like loops. hairpins, etc. (see also
Pallansch and co-workers 1990).

* One must make a preliminary estimate of the annealing temperature
to have a starting point for optimization reactions.

There is no easy formula to calculate annealing temperature; however,
one generally starts with an estimate of the 7, for the primers and probes
(midpoint temperature, sometimes known also as melting temperature).
This temperature can be determined analytically by measuring ab-
sorbance of a standard solution with a spectrophotometer, but most inves-
tigators use the following formula or a variation:

T, =81.5°C + 16.6 (log M) + 0.41 (percent GC) — 500/n

where # is the length of the primers (omit the 500/n factor entirely for
any primer or probe less than 100 bp in length) and M is the molarity of
the salt in the buffer, usually 0.047 M for DNA reactions and 0.070 M for
RT reactions

A simple formula that is sometimes used for primers of 18 bp or less
is the following:

T,, = 4°C (number of GC pairs) + 2°C (number of AT pairs)

If using AMVRT, the T, value will be lower, and the following formula is
often used:

T, =62.3°C + 0.41 (G + C percent) — 500/n

After calculating the 7, use the rules outlined below to estimate initial
annealing temperature.

ANNEALING TEMPERATURES FOR PRIMERS AND
PROBES; TOUCHDOWN PROTOCOLS

Whether you are using primer—probe design software or using the for-
mulas given above to calculate T,, you must make an estimate of what
the ideal annealing temperature would be. Usually, we find optimal
primer annealing to be at 2° to 4°C below its 7, and the optimal probe
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annealing to be 5° to 8°C below its T, for 40- to 80-bp oligo probes, and
8° to 10°C below its T, for longer PCR-synthesized probes. However,
these estimates provide only an approximate temperature for annealing,
since base stacking, near-neighbor effect, and buffering capacity may
each play a significant role for any particular primer or probe.

Please bear in mind that the highest fidelity annealing occurs at rela-
tively high temperatures for any primer or probe, and maximum speci-
ficity goes hand in hand with high fidelity. If the annealing temperature is
too low, spurious priming can occur, where the match between primer
and template is not exactly complementary. Nonetheless, annealing oc-
curs anyway, because DNA has an enormous affinity for being double-
stranded at lower temperatures, even when there are base pair mis-
matches. Then these false primes can get extended by polymerase
enzyme, and spurious amplification products can result. On the other
hand, if the annealing temperature is too high, there is little or no anneal-
ing of the primers to the template. Then there is no place for the poly-
merase enzyme to grab on for extension and little or no amplification of
any kind results.

Second, annealing temperatures are important because in situ reactions
in general are neither as robust nor as efficient as solution-based ones.
We hypothesize this is because large numbers of primers cannot easily
reach DNA templates inside cells and tissues, because numerous mem-
branes, folds, the tissue matrix, and other small structures can prevent
primers from reaching complementary sites as readily as they do in solu-
tion-based reactions. Thus the temperature of annealing should be just
right, to make the best of a difficult situation. In other words, the anneal-
ing temperature must be optimized.

There is an instrument system we have found to be particularly useful
in the optimization procedure. It is a thermal cycler called a Robocycler
Gradient (Stratagene; LaJolla, Calif.). This instrument is specially de-
signed with a gradient annealing block, which allows a range of anneal-
ing temperatures to be screened in a single run. Unfortunately, the ma-
chine is not capable of performing in situ reactions on glass slides.
However, if you have access to such a machine belonging to a colleague,
it is particularly useful for this optimization chore.

One last alternative bears mentioning in this discussion on annealing
temperature. Many thermal cyclers are capable of performing something
known as a touchdown protocol, where the annealing temperature is ini-
tially set rather high, but it ratchets down by about 0.5°C with each sub-
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18 REVIEW OF THE PCR TECHNIQUE

sequent annealing step for the first 10 to 20 cycles. The idea here is to
first create a number of high fidelity amplicons, which get geometrically
amplified in subsequent cycles. In other words, the signal : noise ratio is
increased for better results, even though the final annealing temperature
might be substantially below the optimum. This trick can be helpful for
those who do not have the time to fully optimize the annealing tempera-
ture of their reaction, but it is not a good long-term solution to the an-
nealing optimization problem.
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CHAPTER 2

PRELIMINARY SOLUTION-
BASED REACTIONS

Before you attempt to conduct in situ PCR reactions on tissues or cells,
we strongly recommend that you first optimize the molecular biology re-
actions in solution to get the primers, the probes, and the incubation tem-
peratures all working right, before throwing the additional complication
of cellular matrices into the mix. Investigators universally report that am-
plification reactions are more problematic in tissues and cells, and virtu-
ally no one gets in situ amplification to work right the first time he or she
tries (at least if the researcher is working alone). Unfortunately, trou-
bleshooting these early reactions is usually difficult because there are so
many variables involved.

Much time, energy, and emotional distress can be saved by getting the
molecular reactions optimized before moving on to the morphology
work. Furthermore, solution-based reactions are relatively easy, and you
can have success rather quickly—often on the first try. Then the reac-
tions can be quickly optimized so the results will be even better, and opti-
mized parameters almost always transfer more successfully to in situ pro-
tocols. Solution-based reactions can also serve as controls for in situ
PCR, so they are a valuable tool to master. Finally, it is often more emo-
tionally satisfying for everyone in the lab to be pursuing a goal they have
confidence can work, rather than suffering through failed reaction after
failed reaction by trying to do too much at one time.

19
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20 PRELIMINARY SOLUTION-BASED REACTIONS

But before DNA or RNA can be amplified in solution, it must be ex-
tracted from the cellular matrix in some manner. Several extraction pro-
cedures are discussed below.

EXTRACTION OF DNA/RNA USING
COMMERCIAL PREPARATIONS

As molecular biology advances, more and more procedures are being
simplified by new kits and new reagents that are constantly being intro-
duced and improved. One such product is GeneReleaser (BioVentures,
Inc.; Murfreesboro, Tenn.). This reagent, when used in combination with
a thermal cycler, is able to extract DNA and RNA from a variety of
sources, at least to an adequate degree for use in PCR and RT reactions.
The manufacturer offers simple protocols for a wide variety of speci-
mens, including fresh tissue, paraffin-embedded tissue, blood, plant tis-
sue, semen, cell suspensions and bone tissue.

Another set of products specific to RNA extraction are available from
Biotecx Laboratories, Inc. (Houston, Tex.; www.biotexc.com). Ultraspec
and RNAzol are reagents that can extract total RNA (free of proteins and
DNA) from a variety of specimens in as little as 30 min. We have found
these products to be useful in our laboratory.

These products, and others like them, save a lot of work in the lab, and
we surely recommend their use. However, for those who like to do things
the old-fashioned way, the following protocols work perfectly well too.

PROTOCOLS

Extraction of DNA/RNA from Various Cell Suspensions,
Including Mononuclear Cells, Other Blood Cells, and
Single-cell Suspensions

Peripheral blood monocytes (PBMCs) are first isolated by the density
gradient Ficoll-Histopaque method. The layer of PBMCs is drawn off
with a sterile transfer pipette and placed in a sterile 1.5-mL loop screw-
cap tube. The PBMCs or single-cell suspensions are then washed twice
with sterile 1X PBS. About 1 million cells are then aliquoted into each
tube. Cells are then pelleted by centrifugation and resuspended in 1X
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PBS. About 1 million cells are then aliquoted into each tube. Cells are
then pelleted by centrifugation and resuspended in 1X PBS.

DNA is extracted by briefly pelleting the PBMCs or cell suspensions
at 1700 g for 2 min. The pellets are resuspended in 250 wL. 1X TN buffer
(from 2X TN stock — 500 pL tris-HCI (pH 8.0), 2 pL 5M NaCl, 47.5
mL dd H,0) followed by the addition of 250 pL 1X TN buffer + SDS
(25 pL 2X TN, 5uL 10% SDS, 20 pL dd H,0) and 50 pL of proteinase
K (1 pg/pL) (Sigma). The tubes are then incubated on a heat block for
15 min at 65°C to digest the proteinaceous material, which then must be
removed through solvent extractions. So following incubation, add 500
mL of phenol to the tube (caution: phenol can cause burns) and gently
agitate for a few minutes at room temperature. Spin at 1700 g for 2 min
and remove the aqueous layer, being careful not to transfer any sludge
from the interface. Put this supernatant into another tube. Add 500 L of
phenol, flicking the tube few times. Spin again, and transfer the aqueous
layer to a new tube. Add 500 mL of chloroform to new tube, gently agi-
tate, and spin again. Remove the aqueous layer to a new tube, and add 1
vol (100 pL) of 7.5 M ammonium acetate and 4 vol (400 pL) of chilled
(—20°C) 100% ethanol to precipitate the DNA (some people will also
add 1 pL of yeast tRNA at 1 pg/pl to enhance DNA precipitation).
Gentle agitation should now cause DNA and RNA to precipitate out of
solution. Keep the tube chilled for a few minutes, then centrifuge at 1700
g at 4°C. Aspirate the supernatant, add 500 pL of 70% ethanol, resus-
pend the pellet, and spin. Aspirate the supernatant, repeat the 70%
ethanol rinse, aspirate the supernatant, and dry by leaving the tube in-
verted over a Kimwipe for 1 h. The pellets are resuspended in 100 mL of
sterile DEPC-treated dd H,O, and aliquots of this solution can be used
for PCR or RT reactions (if this procedure is properly followed, the con-
centration of the NDA should be in the range of 0.05 pg/pL, but analysis
on a spectrophotometer is needed for accuracy better than an order of
magnitude).

Extraction of DNA from Paraffin-embedded Tissue

A 10- to 20-pm-thick section of paraffin-embedded tissue (eg, lymph
node) is placed on a hard sterile surface, and all excess paraffin surround-
ing the tissue is manually removed with a sterile razor. The section is
then placed in a sterile 1.5-mL tube and incubated at 60°C for 15 min, to
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22 PRELIMINARY SOLUTION-BASED REACTIONS

melt the paraffin. The tissue is then washed twice, first with xylene for 5
min and then with 100% ethanol for 5 min.

The deparaffinized tissue prepared in such a manner is cut into the
smallest possible pieces with a new sterile razor blade and then placed in
a sterile 5.0-mL tube (VWR) containing 2.7 mL of extraction buffer (10
mM tris-HCl (pH 8.0), 100 mM NaCl, 2% SDS, 10 mM EDTA) (1) and
300 pL of proteinase K (1 pg/pL) The tube is incubated in a 42°C water
bath for 12 to 18 h. Then 500 pL of fresh proteinase K is added, and the
digestion is allowed to proceed for an additional 8 h. The tube is cen-
trifuged at 8000 rpm for 30 min at 4°C. Then the DNA is isolated as de-
scribed above with a phenol—chloroform extraction and an ethanol pre-
cipitation.

Extraction of DNA from Bone Fragments or Forensic Material
(Example: Desiccated Tooth)

Intact teeth can preserve DNA for long periods of time after death
(centuries or more), even in adverse conditions. Furthermore, the struc-
ture of the tooth keeps the endogenous DNA from being contaminated
with external DNA, as might otherwise happen in a mass burial site. for
example. This DNA can often provide a wealth of information about the
individual and the culture in which the individual lived.

A human tooth is first scrubbed and thoroughly rinsed with dd H,O to
remove any dirt and debris. The tooth is split vertically to expose the
pulp cavity. The pulp is scraped into a sterile 1.5 mL tube.

The dental pulp is then subjected to treatment with InstaGene DNA
Purification Matrix (Bio-Rad Laboratories, Hercules, Calif.) as described
by the manufacturer. The DNA thusly obtained is concentrated by the
phenol—chloroform extraction and ethanol precipitation procedure as de-
scribed above. The dried pellet is resuspended in 50 mL of DEPC-treated
dd H,O and aliquoted for further analysis.

SOLUTION-BASED PCR PROCEDURES
The amplification cocktail we are recommending here for solution-based

reactions is the same one we will later recommend for in situ reactions,
so this protocol is slightly different from standard PCR protocols (eg, it
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contains gelatin). We are trying to minimize the variables to simplify
later troubleshooting. As each investigator optimizes his or her protocol
through these preliminary reactions, the modifications should be brought
through as the optimized parameters for the in situ reactions.

Protocol: Solution-based DNA PCR

Create amplification reactions containing the following: 1.25 uM of each
primer, 200 uM (each) ANTP, 10 mM tris-HCI (pH 8.3), 50 mM KCl, 2.5
mM MgCl,, 0.001% gelatin, 0.1 pg DNA template, and 0.1 unit/pL tag
polymerase. The reaction should be run parallel in four tubes, with two
tubes serving as duplicate experiments, another as a positive control with
known DNA template, and the last as a negative control with no primers.
The following is a convenient recipe for a master mix:

10 mM each dNTP 10.0 pL.
1.0 M tris-HCl (pH 8.3) 1.0 pL
1.0 M KCL 5.0 L
100 mM MgCl, 2.5 pL
0.01% gelatin 10.0 pL
dd H,0 57.5 pL
Total Volume 86 uL

1. Pipette 21.5 pL into each of four identical tubes that will fit the
tube-type thermal cycler that is to be used (usually 0.5- or 0.2-mL tubes).

2. Into each of the two experimental tubes, pipette in addition:

25 pM forward primer (SK 38 for HIV-1) 1.25 pL
25 pM reverse primer (SK 39 for HIV-1) 1.25 pL
0.05 p.g/pL DNA template 0.5 pL
taq polymerase (Ampli-Taq 5 /L) 0.5 pL

3. Into the positive control tube, pipette in addition:

25 pM forward primer (SK 38 for HIV-1) 1.25 pL
25 pM reverse primer (SK 39 for HIV-1) 1.25 pL
0.05 pg/pL known DNA sample (see note) 0.5 pL
taq polymerase (Ampli-Taq 5 Units/pL) 0.5 pL
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24 PRELIMINARY SOLUTION-BASED REACTIONS

Note: A known DNA sample would typically be a plasmid copy of the
gene of interest.

4. Into the negative control tube, pipette in addition:

25 pM forward primer (SK 38 for HIV-1) 1.25 nL
2.5 pM reverse primer (SK 39 for HIV-1) 1.25 pL
0.05 pg/pL known DNA sample (see note) 0.5 pL
dd H,O (in lieu of enzyme) 0.5 pL

Note: The same known DNA as used in the positive control.

5. Into each tube, put one drop of heavy mineral oil to serve as a va-
por barrier during thermal cycling (this may not be absolutely necessary
if you are using a thermal cycler with a heated lid apparatus; however, oil
atop the reaction more closely mimics the conditions of in situ PCR).

6. Run 30 cycles of the following amplification protocol:

Denaturation 94°C 30s
Annealing 45°C 1 min
Extension 72°C 1 min

The annealing temperature of 45°C is optimal for HIV-1 primers SK-38
and SK-39. However, it is rather low for most protocols and may not re-
sult in high fidelity annealing or high specificity with other primer pairs.
Rather, you should start with a better estimate for annealing temperature
for the primers used, which can often be obtained through primer design
software, from the group that synthesized the primers, or from a variety
of other sources.

7. After amplification, remove the tubes from thermal cycler and re-
move completely the mineral oil from the top surface. This can be done
quite easily by removing as much oil as possible with a micropipette tip,
then transferring the remaining contents to a parafilm surface. Push the
drop of fluid along the parafilm and the remaining oil will be absorbed. A
micropipetior can then recover remaining drops.

8. Electrophorese PCR products on a 1.5% agarose gel at 100 V for 1
to 2 h, along with lambda or some other standard ladder for scale. Stain
gel with ethidium bromide and transilluminate. There should be strong
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bands in the two experimental and in the positive control lanes, exactly at
the proper size for the target DNA fragment. The negative control should
have no distinct bands, rather just some fuzziness at the end of the lanes
where the unamplified primers end up. Be sure to take a photo of the gel
with a photo documentation system to compare with later runs and to
help gauge the degree of optimization.

If the gel shows no distinct bands in any lane, then the PCR amplifica-
tion either failed completely or it was so poorly optimized that not
enough DNA was synthesized to register a band in a gel. You should ver-
ify the quality of the reagents, the accuracy of the thermal cycler, the va-
lidity of the primer sequences, etc. It is also possible that the annealing
temperature was too high or the denaturation was improper. If there are
multiple weak bands in the experimental lanes and in the positive control,
then it is likely that false priming is occurring, and the annealing temper-
ature should be raised. If there is a strong band in the positive control and
weak bands or no bands in the experimental lanes, then there may be a
problem in the DNA extraction technique, or perhaps there was poor effi-
ciency of amplification. If there are fairly bright, fuzzy bands at about 50
bp, near the end of the experimental and positive control lanes but not the
negative control. then primer dimers may be forming, and the primers
should be redesigned.

You need to play with the various parameters, particularly the anneal-
ing temperature, until strong, distinct, single bands appear in both the
positive control and experimental lanes. Then the protocol is optimized.

Adaptations for Solution-based RNA PCR

In later chapters, there are detailed discussions of in situ PCR for RNA
targets. Two methods are described, and either can be adapted to solu-
tion-based reactions just as the basic DNA reaction was adapted above. It
is even more important to optimize with these solution-based reactions
for RNA targets, because there are simply more steps to the procedure
(and more things to go wrong), and the overall reaction is usually not
quite as robust as with DNA targets.

In particular, two methods of PCR for RNA targets are described. The
first begins with a DNAase treatment to eliminate all endogenous DNA,
followed by a reverse transcriptase reaction with oligo d(T) primers to
convert all mRNA to cDNA. The targeted sequence is then amplified
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26 PRELIMINARY SOLUTION-BASED REACTIONS

from cDNA. The second involves using a special DNA polymerase en-
zyme that also has reverse transcriptase properties. Special RNA-specific
primers are used that span introns in the genomic DNA, and the RNA tar-
gets are reverse transcribed into cDNA and then amplified using the same
buffer and the same enzyme. No DNAase treatment is used, so DNA tar-
gets are still available for amplification simultaneously.

With either of these methods, optimization in solution-based reactions
is helpful. Reverse transcription can be tricky business (as described ear-
lier), and if you are using the more complex intron-spanning RNA-spe-
cific primers, then it is necessary to verify that the primers work in solu-
tion before attempting to use them in the even more tricky environment
of the in situ realm. The matter becomes doubly complex if you are try-
ing to amplify RNA targets and DNA targets simultaneously. Believe us,
all these cool things are possible—but practice surely helps.

VERIFYING PROBES AND DETECTION SYSTEMS

The most successful PCR amplifications are worthless if the probing
or detection systems fail. Therefore, it is useful to test these components
in a simpler context before jumping into hybridizations to nucleic acid
targets within cells or tissues. A good testing procedure would be to
make Southern blots on the gels above using the appropriate probes and
detection systems (see “Southern Blot Alternative,” below). However,
blotting can be somewhat tedious and time-consuming, and it introduces
new variables. Thus we recommend testing probes and detection systems
using a simpler dot blot procedure, which also gives the advantage of
some quantitative results.

Protocol: Dot Blot Testing of Probes and Detection Systems

1. Run an optimized solution-based PCR reaction in four tubes, as de-
scribed above (ie, two experimental tubes, one positive control tube, and
one negative control tube).

2. Transfer 9 pL aliquots from each reaction result to the new tubes
(the remaining cocktail can be run on a gel to verify products, if desired.)

3. To each new tube, add 1 pnL of 3 M NaOH to a final concentration
of 0.3 to 0.4 M NaOH (this is to denature the DNA). Incubate for 1 h at
60° to 70°C; then cool to room temperature.
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4. To each tube, add 10 L of 2 M ammonium acetate (pH 7.0) to a fi-
nal concentration of 1 M. Make four serial 10X dilutions of the contents
of each tube, for a total of 20 tubes (4 tubes times 5 concentrations).

5. Cut a nitrocellulose-nylon membrane to an appropriate size. Mark
the membrane so that a gridwork of 4 X 5 can later be identified (use a
black ball-point pen; Paper Mate’s ink will not run in later hybridization
solutions). Thoroughly wet the membrane in dd H,O for at least 5 min.
Place the membrane atop a clean filter paper.

6. Place 1 pL dots of fluid onto the membrane from the 20 tubes of
the optimized solution-based reaction. Air dry the membrane.

7. Cross-link the DNA samples to the membrane by using a uv light
box (follow the manufacturer’s instructions; typically a 5-min exposure)
or bake the membrane in a vacuum oven at 80°C for 1 h (be sure to use a
vacuum oven, as nitrocellulose is highly combustible).

8. Place the membrane into a hybridization bag (the Seal-a-Meal style
bags are particularly convenient). Prehybridize the membrane by adapt-
ing the hybridization solution listed on page 86. To adapt the solution, in-
crease the volumes specified by 10 or 20 times to accommodate the
larger membrane and hybridization bag and leave out the probe. Put the
adapted solution into the bag (usually 1 to 2 mL), remove any air bub-
bles, seal the bag, and incubate at 48°C for 1 to 2 h.

9. Make another adapted hybridization solution in the appropriate vol-
ume, this time including the carefully designed and labeled probe. Open
the hybridization bag, replace the old solution with the new, remove any
air bubbles, and reseal the bag. Incubate 4 h at the appropriate hybridiza-
tion temperature (usually between 45°C and 55°C), preferably on a rock-
ing platform or in a shaking water bath. Leave out the 95°C heat treat-
ment specified for the in situ reactions; nitrocellulose is not stable at that
temperature.

10. After incubation, conduct posthybridization procedures by adapt-
ing the appropriate protocols for the in situ reactions, as was done above.
Bear in mind that it is possible to multiplex the probes and detection sys-
tems, so several different targets of either DNA or RNA (which is now
amplified cDNA) can be sought at once. Each different probe will require
a different detection system, and this will take some experimentation to
perfect. If one is multiplexing in this way, it is often helpful to first test
each probe-detection system independently and then to try all the sys-
tems together to see if there is any interference.
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What you are hoping to see after development of the membranes is an
appropriate signal corresponding to the appropriate dilutions and con-
trols. If everything turns out negative, then be sure to run the extra sam-
ples from Step 2 on an electrophoretic gel, to ascertain whether you had
the proper DNA to begin with. If everything turns out positive, then non-
specific hybridization or detection is occurring, and you must carefully
troubleshoot the various parameters. However, it is prudent to ascertain
whether any problems exist here in this simplified format before going on
to the much more complex environment of the cell and trying to trou-
bleshoot there.

Southern Blot Alternative

For some laboratories, the Southern blot is a standard procedure and the
investigators are particularly skilled at interpreting these sorts of results.
If this is the case, by all means use Southern blots to optimize the probes
and detection systems. After electrophoresis, simply blot the gel onto a
nitrocellulose or nitrocellulose—nylon membrane, using capillary or elec-
troblotting techniques, and carry through appropriate hybridization and
development procedures adapted from the protocols that are intended for
use with the in situ procedures.

The Southern blot can offer several advantages over dot blots. First,
the Southern blot is an exact replica of the size-separated DNA pattern
that would be found in the electrophoresis gel, for which you would al-
ready have an independent photodocumented record of results. Second,
the Southern blot is much more sensitive than the ethidium-bromide-
staining technique, so we can get results from a weak signal with South-
ern blots that might be totally missed in examining gel bands. Third, and
perhaps most important, the Southern blot can give much more specific
information as to problems with nonspecific binding, as it will show
which size of DNA fragments are associated with nonspecificity. All of
these factors can assist in troubleshooting problematic reactions.
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CHAPTER 3

PREPARATIONS OF GLASS
SLIDES AND TISSUES

Before you can perform in situ reactions by any of the protocols dis-
cussed above you must first obtain the proper sort of glass slide (various
sources are described in Chapter 8). Then the glass surface must be
treated with the optimal silicon compound. Fortunately, as the in situ
PCR market develops, slides specialized to this application are becoming
readily available from various manufacturers. However, since proper
slides are important to the success of the protocol, we wish to discuss the
basics in detail.

GLASS SLIDES AND VARIOUS SEALING TECHNOLOGIES

First, you should always use glass slides. Not only does the glass with-
stand well the stress of repeated heat denaturation but it also presents the
right chemical surface (silicon oxide) that is needed for proper silanation.
Glass also has optical qualities that are without compare.

There are several different ways to seal the slide from evaporation dur-
ing the thermal cycling regime required for PCR. Several of these tech-
niques are proprietary and some involve specialized equipment; the vari-
ous options are described in detail on pages 54—56. However, the
tried-and-true method that everyone can use involves sealing the slides

29
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with nail polish or varnish, and this is the standard technique that we are
using as a common denominator throughout this manual.

If you choose to use the nail polish technique, slides with special
printing or Teflon coatings that form individual wells are especially use-
ful. This is because vapor-tight reaction chambers can be formed on the
surface of the slides after the cover slips are adhered with coatings of nail
polish around the periphery. These reaction chambers are necessary be-
cause within them, proper tonicity and ion concentrations can be main-
tained in aqueous solutions during thermal cycling—conditions that are
vital for proper DNA amplification. The Teflon coating serves a multiple
purpose in this regard. First, the Teflon helps keep the two glass surfaces
slightly separated, allowing for reaction chambers about 20 pm in height
to form between. Second, the hydrophobicity of the Teflon combined
with the pressure applied by a cover slip helps spread small volumes of
reaction cocktail over the entire sample region, without forcing much
fluid out of the periphery or allowing air bubbles to develop. Third, the
Teflon border helps keep the nail polish from entering the reaction cham-
bers when the polish is being applied; this is important, for any leakage
of nail polish into a reaction chamber can compromise the results in that
chamber. Last, the Teflon border allows several chambers on one slide
(typically three) so you can run two controls on a slide simultaneously
with an experimental reaction.

AES SILANATION: PUTTING
ON THE POSITIVE CHARGE

Normally, when you silanate glass slides, it is for the purpose of making
the slide surface hydrophobic. However, the AES silane that is specified
in this protocol has quite a different surface effect. This silicon com-
pound imparts a strong, positive, and persistent electrical charge, to the
slide by forming aminopropyl derivative of glass at the surface of the
slide. The resulting positive charge, and electrostatic attraction cause
the cells or tissues to adhere with great tenacity throughout the PCR-
hybridization procedure. Experiments have been conducted with slides
coated with alternative adhesives, including white glue, albumen, chrome
gelatin, and poly-L-lysine. However, we have found that slides treated
with AES silane have superior tissue adhesion and lower background
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with all tissue types tested. including mixed-cell suspensions, paraffin
sections, and frozen sections.

It must be noted that many slide vendors offer special coatings that
seem to be just as effective as AES silane. In fact, we suspect that many
of these special coatings are AES silane, but the manufacturers just will
not tell us.

To prepare glass slides properly, follow this procedure:

1. Prepare the following 2% AES solution just before use:

3-aminopropyltriethoxysilane (AES: Sigma A-3648) 5 mL
Acetone 250 mL

2. Put the solution into a Coplin jar or glass staining dish, and dip the
glass slides in 2% AES for 60 s. Set aside for 1 to 2 h (see Chapter 8 for
sources of both Coplin jars and the proper unsilanated glass slides).

3. Dip the slides five times into a different vessel filled with 1000 mL
of distilled water.

4. Repeat Step 3 three times, changing the water each time.

5. Air dry in a laminar-flow hood from a few hours to overnight; then
store the slides in a sealed container at room temperature. Try to use the
slides within 60 days of silanation; 250 mL of AES solution is sufficient
to treat 200 glass slides.

PREPARATION OF TISSUE

Cell Suspensions

To use peripheral blood leukocytes, first isolate cells on a Ficoll-Hypaque
density gradient. Tissue culture cells or other single-cell suspensions can
also be used. Prepare all cell suspensions with the following procedure.

1. Wash the cells with 1 X PBS twice.
2. Resuspend the cells in PBS at 2 X 10° cells/mL.

3. Add 10 pL of cell suspension to each well of a silanated slide us-
ing a P20 micropipette, and spread it across the well surface.

4. Air dry the slides in a laminar-flow hood.
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Cells Cultured on Slide

We have successfully performed the in situ amplification procedure on
cells cultured on two different designs of slide. The first is a 4- or 8-well
tissue culture slide from Nunc, (Naperville, IL) and the second is a simi-
lar Teflon-printed slide from Erie Scientific (Portsmouth, NJ). If you are
using the Nunc slides, make certain they have a glass base, as the plastic
slides will melt during the in situ amplification procedure.

Sealing of the Nunc slides for thermal cycling can be a little tricky.
These slides have a rubber gasket, which should be left on, but protrud-
ing parts of the gasket must be shaved off to fit the cover slip. We also re-
inforce the gasket by applying a layer of nail polish at the junction of the
gasket and the glass slides. Unfortunately, occasional leakage still occurs.

The alternative is to use the Teflon-printed slides, as with the other
procedures described in this book. However, the slides must be sterilized
after silanation and before inoculation with the culture. This is achieved
by soaking the slides in absolute ethanol for 30 min and air drying. Then
the cells are placed on the slides and cultured overnight in a clean tissue
culture incubator (typically humidified, 5% CO,, 37°C) or in a sterile hu-
midified culture box.

Paraffin-fixed Tissue

Routinely fixed paraffin tissue sections can be amplified quite success-
fully—even archival tissues. Analysis of sections permits the evaluation
of individual cells in the tissue for the presence of a specific RNA or DNA
sequence, even if there is as little as one copy per cell (if you have good
technique).

For this purpose, tissue sections are placed on a properly prepared
slide, as described above. If you are using Teflon-coated slides with nail
polish sealing, it is often helpful to use slides that have large single wells
(see Chapter 8 for more information), and you use two slides with two
Teflon-coated sides facing one another rather than a slide and a cover
slip. This allows for a double-thick reaction chamber, which can hold a
bit more amplification cocktail. If you are using any of the newer slide
systems, follow the manufacturer’s instructions.

In our laboratory, we routinely amplify placental tissues, CNS tissues,
cardiac tissues, etc., which are sliced to a 3 to 5-um thickness. Other lab-
oratories prefer to use sections up to 10 pm in thickness; but in our expe-
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rience, amplification is often less successful with the thicker sections,
and multiple cell layers can often lead to difficulty in interpretation due
to superposition of cells. However, if you are using tissues that contain
particularly large cells—such as ovarian follicles, plant protoplasts, and
large neurons—then thicker sections are appropriate.

1. Place the tissue section on the glass surface of the slide.

2. Incubate the slides in an oven at 60°C for 1 h to melt the paraffin.

3. Dip the slides in a xylene solution (EM grade, benzene-free) for 5
min, and then in 100% ethanol (EM grade) for 5 min. Repeat these
washes two or three times to rid the tissue of paraffin completely. This
step should be performed in a fume hood.

4. Dry the slides in an oven at 80°C for 1 h.

Note: Some laboratories prefer to deparaffinize in three successive
baths of xylene, followed by rehydration in graded ethanols (100%, 95%,
70%, 50%). Do not use denatured alcohol (it contains benzene) or
reagent alcohol (it contains isopropanol); EM-grade pathology ethanol,
diluted to the proper strength, works best.

Plastic Sections

In situ amplification can be performed successfully on plastic sections;
however, the sections must not have been cut so thin that all the cells
have been cut in half (less than 2 to 3 um), as this will lead to excessive
leakage of signal. First the plastic sectioned tissue must be deplasticized
of methyl methacrylate (MMA) by incubating it in four successive baths
of fresh methyl celluloacetate ether (MCA) for 15 min each time; then
incubate it in three successive baths in fresh acetone for 10 min each
time; and then place it in multiple xylene soaks up to 4 h each time. Then
the in situ procedure is the same as with other tissues.

Frozen Sections

It is possible to use frozen sections for in situ amplification; however, the
morphology of the tissue following the amplification process is generally
not as good as with paraffin sections. The cryogenic freezing of the tissue,
combined with the lack of paraffin substrate during slicing, simply com-
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promises the morphology of the tissue. Usually, thicker slices must be
made, and the tissue can “chatter” in the microtome. As any clinical pathol-
ogist will relate, definitive diagnoses are made from paraffin sections, and
this rule of thumb seems to extend to the amplification procedure as well.

The exceptions to the rule are when you wish to use immunohisto-
chemical techniques to detect antigens that are denatured due to formalin
fixation or you are dealing with tissues that must be fresh-frozen to pre-
serve fragile, low-abundance RNA messages. In these sorts of circum-
stance, use of frozen sections is appropriate.

However, for immunohistochemistry, there are new fixatives, such as
Permiofix (Ortho Diagnostics), that preserve cell surface antigens in fixed
tissue, which allows the use of paraffin sections. These matters are ex-
plained further in Chapter 5.

Protocols

Freezing the Tissue 'When using frozen sections, it is most important
to freeze the tissues properly. Of course, every pathologist has his or her
own best method; but here are three methods that we have found to be
quite successful.

1. Our preferred procedure is to first cut a 1 X 1-cm piece of polystyrene
from a sheet about 3 mm thick (or use a disposable polystyrene coffee cup if
a sheet is not available). Then cut a slice of tissue about the same size as the
polystyrene square but somewhat thicker (up to 2 cm thick). Pour about
2 mL of Tissue-Tek OCT, an embedding media for frozen tissue specimens
(Miles Laboratory, Elkhart, Ind.), onto the polystyrene substrate. Lay down
the tissue in the correct orientation, and pour another 2 mL of OCT on top,
so that the tissue is covered with OCT. Fashion an immersion tool from wire
coat hanger so that the polystyrene—tissue sample can rest on a loop of
wire; use the wire handle to immerse the tissue. Slowly lower the apparatus
and sample into the liquid nitrogen, and the tissue should freeze in less than
30 s. Then the tissue can be loaded into a cryocassette and cut or put into a
—70°C or —140°C freezer for storage.

We have found this method to be best if the tissue does not have to be
stored for long periods of time. The polystyrene substrate keeps the
tissue from bending during freezing, the OCT solution facilitates cutting
and helps preserve morphology, and the rapid freezing prevents the
formation of ice crystals.
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2. Another method that is almost as good as the first one is to place
the tissue into a small zipper-locking bag designed for immersion in-
to liquid nitrogen; these bags are common items in pathology
laboratories. The tissue is simply immersed in the liquid nitrogen, and
then removed and either loaded into a cryocassette for cutting or put
into a —70°C freezer for storage. This method results in good
morphology; however, the tissue usually warps during freezing, so
smaller sections must often be cut. This is the better method than the
method discussed above if there is a need for long-term storage, as the
tissue will remain well preserved for years in a —70°C or lower
temperature freezer without forming ice crystals or suffering chemical
deterioration due to embedding solutions. Special ink pens are
available to label these bags so your progeny can figure out what the
samples are decades from now.

3. If liquid nitrogen is not available, tissue prepared with polystyrene
and OCT (as in method 1) can be wrapped in aluminum foil and placed
on dry ice for 10 to 15 min before storing in the deep freezer. However,
some ice crystallization in the tissue may occur with this method.

Under no circumstance attempt to freeze the tissue by merely placing
it into a —70°C freezer. This will result in an abundance of ice crystals,
and the sections will not be suitable for in situ procedures. For example,
brain tissue preserved in this manner will show numerous gaps within the
tissue section, making analysis difficult at best.

Sectioning the Tissue To conduct in situ amplification, it is necessary
to use as thin a section as possible without cutting the cells into halves;
for most tissues it is usually down to 5 to 6 pL in thickness. Difficulties
will often be experienced in slicing frozen sections thinly, because the
tissue is either too cold or it is insufficiently frozen. Usually, it is the
latter problem, and this is manifested by a “gooey” area in the middle of
the specimen, which will not slice properly. This is remedied by use of
pathologist’s freezing spray: merely blast the central area with a few
quick bursts of spray, wait a few moments, and proceed.

If instead the tissue will not slice at all, it could be that the tissue is too
solidly frozen. This is a common difficulty with tissue that has been re-
moved from long-term storage in a —135°C freezer or in liquid nitrogen.
To remedy this problem, allow the tissue to equilibrate overnight at
—28°C in the cryostat.
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Once the tissue is properly sliced, apply it to a slide, dehydrate it for
10 min in 100% methanol, and let it air dry in a laminar flow hood. Then
proceed to the heat treatment step described in the basic in situ protocol
in Chapter 4.

Archival Tissue

In the Laboratory of Central Nervous Systems Studies at the National In-
stitute of Neurological Disorders and Stroke, Isaacson has successfully
amplified RNA and DNA signals in paraffin-embedded brain tissue up to
25 years old. The original fixation methods are generally not known, but
Isaacson suspects that formalin was the most common fixative for tissues
of this age (for further discussion of fixatives, ancient tissues, and ampli-
fication in solution, see Shibatta, 1994 and Hoss, Handt, and Piiibo,
1994.

Isaacson uses tissues sliced to a thickness of 5 wm, with a total area of
3 cm?, which he puts on conventional, silanated slides so that the tissue
will fit under a 20 X 30 mm cover slip. Isaacson’s amplification protocol
is similar to the one described here.

In our own laboratory, we routinely amplify archival sections of some-
what more recent vintage—even material that has been already mounted
on slides for some time. To do this, you remove the cover slip and mount-
ing by soaking them in xylene, then deparaffinize as described on page
33. Since the tissue is already on a slide, you do not have a choice about
the area of the slide covered by the section or what type of surface prepa-
ration to use. Rather, just take a silanated slide, either a single-well or
three-well version, and use that as the cover slip. Load the reagents into
the wells of the coated slide, place an inverted archival slide on top, and
seal around the periphery with nail polish as described later. Or perhaps
you could use the new Self-Seal reagent [MJ Research, Inc., Watertown,
Mass. (www.mjr.com)] to seal the slides. We use either method;
perhaps not all of the archival tissue will be subject to the PCR-
hybridization procedure, but usually there is a sufficient area to get ade-
quate results.
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CHAPTER 4

IN SITU PCR: DNA
AND RNA TARGETS

BASIC PREPARATION, ALL PROTOCOLS

For all sample types and all target sequences, the following steps com-
prise the basic preparatory work that must be done before any PCR-
hybridization procedure.

Protocols

Heat-stabilization Treatment for DNA and RNA Messages

1. Place the slides with adhered tissue on a heat block at 105°C for 5 to
120 s to stabilize the cells or tissues.

To achieve maximum specificity and sensitivity, we find this step to be
important. We have experimented often with parallel reactions in which
the heat treatment has been omitted; in virtually all cases, the strength of
the contained signal was decreased and the background was increased.
We hypothesize that this sudden flash of heat serves both to immobilize
the tissue on the slide and to alter various structures within the cells.
Probably a fair amount of cross-linking is going on, and subsequently,
the various proteins and membranes are better able to hold the soon-

37

-= scanned & DJVU-converted by MUSAND =-
-= musand @ front. ru =-




-= contents P. 4 =- -= NOT FOR SALE! =-

38 IN SITU PCR: DNA AND RNA TARGETS

to-be-synthesized amplicons at the exact loci within the cells where the
messages originated. Furthermore, leakage of signal out of message-
positive cells is greatly reduced, apparently due to changes in membrane
porosity.

Some investigators argue that RNA messages may not be sufficiently
stable at these high temperatures to maintain their integrity through a
105°C heat treatment. We wholeheartedly disagree. In fact, our
experience is almost the opposite: this heat treatment actually improves
the stability of RNA messages. The RNA molecule itself is not inherently
unstable (at least not in most of its manifestations). Rather, there is an
abundance of RNAases about, particularly in the cellular milieu, that can
chew up diffuse RNA signals quickly. By flashing the tissue with high
heat, these RNAases are largely inactivated or at least compromised,
which allows a weak RNA signal to remain intact long enough for
reverse transcriptase to make a stable cDNA copy.

However, the various organelles and compartments within which
mRNA molecules reside seem to be more fragile than the nuclei where
most DNA molecules hang out. We hypothesize that too long a heat
treatment tends to encapsulate or cross-link RNA molecules with the
proteins with whom they are so intimately involved inside these
organelles. Precisely optimized proteinase K digestions are then required
to free the RNA molecules from the grip of these cross-linked proteins to
make the RNA message available for reverse transcription. To avoid
excessively exacting digestions, we simply use shorter heat treatment
times (5 to 30 s) with RNA messages, to help prevent RNA—protein
cross-linking or trapping of RNA inside highly convoluted splicosomes
or other denatured organelles and membranes. We use longer incubation
times (90 to 120 s) with DNA messages, with which cross-linking
(among proteins at least) is more desirable.

In most circumstances, this heat stabilization step can benefit from
optimization of its period. However, we find this step to be absolutely
critical for maximum sensitivity and containment of signal, so do not
skip the heat treatment.

Fixation and Washes
1. Place the slides in a solution of 2% paraformaldehyde in PBS (pH

7.4, prepared less than 2 weeks previously) overnight at room tempera-
ture. Use of Coplin jars or glass staining dishes facilitates these steps.
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2. Wash the slides once with 3X PBS for 10 min, agitating periodi-
cally with an up-and-down motion.

3. Wash the slides with 1X PBS for 10 min, agitating periodically
with an up-and-down motion. Repeat twice with fresh 1X PBS.

4. At this point, slides with adhered tissue can be stored at —20° to
—70°C until use. Before storage, dehydrate with 100% ethanol. Note:
Some investigators prefer a graded series of ethanol before cold storage
(ie, 50%, 70%, 95%, 100%), but we always make a beeline straight to
full-strength alcohol. However, you may wish to use the reverse series of
ethanol to rehydrate the tissues before proceeding to the proteinase K di-
gestion.

If biotinylated probes or peroxidase-based color development are to be
used (as with streptavidin or digoxigenin) the samples should further be
treated with 0.3% hydrogen peroxide in PBS to inactivate any endoge-
nous peroxidase activity. Once again, incubate the slides overnight, either
at 37°C or at room temperature. Then wash the slides once with PBS. If
one is in a big hurry, incubate slides 1 h with 1% hydrogen peroxide in
PBS, followed by multiple washes in PBS.

If other detection systems are to be used, proceed directly to the pro-
teinase K digestion

Proteinase K'Treatment Proper attention to the proteinase K digestion
cannot be over emphasized: this is probably the most critical step in the
whole in situ PCR procedure.

1. Treat samples with 6p.g/mL proteinase K in PBS for 5 to 60 min at
room temperature or at 55°C (no doubt this represents quite a range, see
discussion). To make a proper solution, dilute 1.0 mL of proteinase K
(1 mg/mL) in 150 mL of 1X PBS.

2. After 5 min, look at the cells under the microscope at 400X. If the
majority of the cells of interest exhibit uniform small, round “bubbles” or
“peppery dots” or “salt and pepper dots” on the cytoplasmic membrane
(usually about 10 to 20 dots per cell), then stop the treatment immedi-
ately with Step 3. Otherwise, continue treatment for another 5 min and
reexamine. See Figure 4.1 to see typical cytoplasmic membranes before
proteinase K treatment, and Figure 4.2 to see membranes exhibiting pep-
pery dots after treatment.
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Figure 4.1. Lymphocytes after heat treatment and fixation steps, but before
treatment with Proteinase K. Note the smooth cytoplasmic membranes without
any “peppery dots” on the cell surface.

3. After proper digestion, heat the slides on a block at 95°C for 2 min
to inactivate the proteinase K.

4. Rinse the slides in 1 X PBS for 10 s.
5. Rinse the slides in distilled water for 10 s.
6. Air dry.

Alternative Method for Proteinase K Treatment The alternative
technique is not generally employed by our laboratory. However, other
investigators have found it to be useful, particularly those groups without
the services of a pathologist accustomed to quickly analyzing the
somewhat subtle morphological changes that are associated with the dots
described above.

1. Prepare 6 to 10 extra slides of the specific tissue in question. It is
especially helpful if the slides are successive sections or similarly prepared,
for the morphology of the various slides must be closely compared later.
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Figure 4.2. Lymphocytes after appropriate treatment with Proteinase K. Notice
minute cell surface dots. These dots are presumably the result of partial diges-
tion of transmembrane proteins. The dots should be circular, uniform size, and
fairly evenly distributed.

2. Prepare an equal number of serial dilutions of proteinase K
solution, each stronger than the last. For example, in a first round try
1 pg/mL, 2 pg/mL, 4 pg/mL, and 8 pg/mL. In a second round, home in
closer on the range of interest.

3. Decide on a standard time and temperature for digestion, for
example, 15 min at 37°C. Treat the slides in the serial solutions for this
standard period.

4. Stop the digestion by heating the slides on a block for 2 min at
95°C. _

5. Counterstain the slides with hematoxylin or another appropriate
stain.

6. Observe the slides under a high power light microscope, looking
for any morphological change in the cells. Find the concentrations just
above and below where there is observable change to the tissues. Repeat
Steps 2 to 5 with a narrow range of concentrations. Use the highest
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concentration of proteinase K that did not result in significant change as
the optimized concentration.

If all the slides showed change in the first round. repeat the process
with lower concentrations of proteinase K or shorter incubation periods;
if none of the slides showed change, increase the concentrations or
incubation times and repeat the procedure until the proper conditions are
found.

7. Once the optimized digestion is determined, use these conditions to
process all slides of that particular tissue, fixation method, and thickness
of section. Any change in these parameters necessitates reoptimization of
the digestion procedure.

Discussion of Optimizing Digestion

The time and temperature of incubation should be optimized carefully for
each cell line or tissue section type. With too little digestion, the cyto-
plasmic and nuclear membranes will not be sufficiently permeable to
primers and enzyme, and amplification will be inconsistent (or nonexis-
tent). With too much digestion, the membranes and protein structures
will lose integrity. Then the amplicons will spread around the cell unnec-
essarily, and worse still, the amplicons may leak out of the cells and
make surrounding cells falsely positive. Other adverse consequences can
include high background and poor morphology. Often with excessive di-
gestion, many cells will show pericytoplasmic staining (ie, staining only
around the periphery of the cell), which represents leaked signal that has
contaminated cells where no positive signal actually exists. Astention to
detail with the proteinase K digestion can often mean the difference be-
tween success and failure in an experiment, and this digestion should be
practiced on extra sections by anyone attempting to conduct this protocol
for the first time.

In our laboratory, proper digestion parameters vary considerably with
tissue type. Typically, lymphocytes require 5 to 10 min at 25°C or room
temperature, CNS tissue requires 12 to 18 min at room temperature, and
paraffin-fixed tissue requires between 15 and 30 min at room temperature
(these times can be accelerated by using higher temperatures of incuba-
tion, up to 55°C). However, the periods can vary widely, and the appear-
ance of the dots is the important factor; unfortunately, the appearance of
the dots is less prominent in paraffin sections and in neurologic tissues.
Nevertheless, the critical importance of the dots should not be underesti-
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Figure 4.3. Representative examples of “dots” on two primary cell lines from a
fetal brain. Note tiny dots on the cell surfaces.

mated, since an extra 2 to 3 min of treatment will often result in exces-
sive leakage of signal and poor morphology. See Figures 4.3 and 4.4
for representative examples of dots in two primary cell lines from brain
tissue.

Regarding the enzyme used for digestion, we have also experi-
mented with other proteinases (such as amylase, trypsin, pronase, and
pepsin) instead of proteinase K. These alternatives have proven suc-
cessful in many circumstances. However, we have found that almost
always proteinase K gives better results, no matter the type of tissue or
the method of fixation.

Discussion of DNAase Treatment for RNA Targets Exclusively

As described in Chapter 1, there are two methods of detecting an RNA
signal. The first and more elegant method is to simply use primer pairs
that anneal at the junctions of spliced sequences of mRNA, such that
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Figure 4.4. Most eukaryotic genes are split into segments, as there are numer-
ous introns in the DNA that are excised during the synthesis of mRNA in the nu-
cleus. This characteristic can be exploited in the design of primers to amplify
mRNA signals without interference from the DNA. One can simply design
primers so that their sequences flank spliced regions where two exons are fused,
such that the homologous annealing sites exist only in mRNA and not in DNA.
This allows the elimination of a DNAase treatment during slide preparation as
well as the simultaneous amplification of both RNA and DNA signals.

the primers would have to span introns within the DNA copies of the
gene in question to anneal (which they cannot do). Thus these primer
sequences will anneal only to messages found in mRNA. By using
these RNA-specific primers, one can skip the following DNAase treat-
ment and later amplify both RNA and DNA targets in same specimen.
So if this is the strategy being pursued, proceed directly to reverse
transcription (or amplification if one is using the rTth DNA poly-
merase enzyme).

However, often one does not know enough about a gene to make an
RNA-specific primer. In that case, the second approach to RT in situ PCR
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is to treat the cells or tissue with a DNAase solution subsequent to the
proteinase K digestion. This step destroys all of the endogenous DNA in
the cells so that only RNA copies, transcribed to cDNA, will survive to
provide signals for amplification.

Note: All reagents for use in RNA reactions should be prepared with
RNAase-free water (ie, DEPC-treated water). In addition, the silanated
glass slides and all glassware should be RNAase-free, which we ensure
by baking the glassware overnight in an oven at 250° to 300°C before use
in the DNAase or reverse transcription procedures.

Protocols

Prepare a RNAase-free, DNAase Solution

40 mM tris-HCI, pH 7.4
6 mM MgCl,
2 mM CaCl,

1 U/pL final volume of DNAase (use RNAase-free DNAase such as
10 U/pL RQ1 DNAase; catalog no. 776785 from Boehringer)

1. Add 10 pL of solution to each well.

2. Incubate the slides overnight at 37°C in a humidified chamber.
When using liver tissue, this incubation should be extended an additional
18 to 24 h.

3. After incubation, rinse the slides with a similar buffer solution that
was prepared without the DNAase enzyme.

4. Wash the slides twice with DEPC-treated water.

Note: Some cells are particularly rich in ribonuclease, in this circum-
stance, add the following ribonuclease inhibitor to the DNAase solution:
1000 U/mL placental ribonuclease inhibitor (eg, RNAsin) plus 1 mM
DTT. If you are in a rush with any type of tissue, use a higher concentra-
tion of DNAase (100 U/pL) and incubate 1 to 2 h. This shorter incuba-
tion has the advantages of minimizing any hazards from a slight RNAase
contamination of the DNAase reagent.

Reverse Transcriptase Reaction Next, make DNA copies of the
targeted RNA sequence so that the signal can be amplified. The following
are typical cocktails for the reverse transcriptase reaction.
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If using AMVRT or MMLVRT enzyme (for mRNA transcripts less
than 1 kb):

10X reaction buffer (see note) 2.0 pL
10 mM dATP 2.0 pL
10 mM dCTP 2.0 pL
10 mM dGTP 2.0 L
10 mM dTTP 2.0 pL
RNAasin at 40 u/p.L (Promega; see note) 0.5 pL
20 pM downstream primer 1.0 pL
AMVRT 20 U/pL 0.5 pL
DEPC treated water 8.0 pL.

Total volume 20.0 pL

Note: 10X reaction buffer: 100 mM tris pH 8.3, 500 mM KCl, 15 mM
Mg(l,
Note: RNAsin inhibits ribosomal RNAases; use for optimal yields

If using Superscript II enzyme from BRL (for mRNA transcripts
greater than 1 kb):

5X reaction buffer (as supplied with enzyme) 4.0 pL
10 mM dATP 20pL
10 mM dCTP 20 pL
10 mM dGTP 20pL
10 mM dTTP 20 pL
RNAasin at 40 u/pL. (Promega; see note) 0.5 pL
20 uM downstream primer 1.0 pL
Superscript 11, 200 U/uL 0.5 pL
0.1 MdATT 1.2 pL
DEPC treated water 4.8 pL

Total volume 20.0 pL

Note: RNAsin inhibits ribosomal RNAases; use for optimal yields

1. Add 10 pL of either cocktail to each well. Carefully place the cov-
erslip on top of the slide.

2. Incubate at 42° or 37°C for 1 h in a humidified incubator.
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3. Incubate the slides at 92°C for 2 min.
4. Remove the coverslip and wash twice with distilled water.

5. Incubate the slides and 92°C for 1 min, to ensure complete deacti-
vation of DNAase and RT enzymes.

Proceed with the chosen amplification procedure.

Discussion of RT Enzymes

Avian myeloblastosis virus reverse transcriptase (AMVRT) and
Moloney murine leukemia virus reverse transcriptase (MMLVRT) give
comparable results in our laboratory. Other RT enzymes will probably
also work. However, it is important to read the manufacturer’s descrip-
tions of the RT enzyme and to make certain that the proper buffer solu-
tion is used (which may be somewhat different from that recom-
mended here).

An alternative RT enzyme is available that has low RNAase activity.
Called Superscript 11, it is available from BRL Life Sciences, and it is
suitable for reverse transcription of long mRNAs. It is also suitable for
routine RT amplification, and in our laboratory it has proven to be more
efficient than the two enzymes described above.

Discussion of Primers for RT Reactions

In our laboratory, we simply use antisense downstream primers for our
gene of interest. Other laboratories use both upstream (sense) and
downstream (antisense) primers for reverse transcription (ie, same
primers used for PCR). However, one can alternatively use oligo d(T)
primers to first convert all mRNA populations into ¢cDNA, and then
perform the in situ amplification for a specific cDNA. This technique
may be useful when one is performing amplification of several differ-
ent gene transcripts at the same time in a single cell. For example, if
you are attempting to detect various cytokine expressions, you can use
an oligo d(T) primer to reverse transcribe all of the mRNA copies in a
cell or tissue section. Then you can amplify more than one type of cy-
tokine and detect the various types with different probes that develop
into different colors (see “Multiple Signals, Multiple Labels in Indi-
vidual Cells,” page 64).
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Figure 4.5. Most eukaryotic genes are split into segments, as there are numer-
ous introns in the DNA that are excised during the synthesis of mRNA in the nu-
cleus. This characteristic can be exploited in the design of primers to amplify
mRNA signals without interference from the DNA. One can simply design
primers so that their sequences flank spliced regions where two exons are fused,
such that the homologous annealing sites exist only in mRNA and not in DNA.
This allows the elimination of a DNAase treatment during slide preparation as
well as the simultaneous amplification of both RNA and DNA signals.

In all RT reactions, it is desirable to reverse transcribe only rela-
tively small fragments of mRNA (<1500 bp). Larger fragments may
not completely reverse transcribe due to the development of secondary
structures or simply because of the peculiar characteristics of RT en-
zymes (as described on pages 7—8). Many RT enzymes (AMVRT and
MMLVRT, at least) are simply not efficient in transcribing large
mRNA fragments.

= scanned & DJVU-converted by MUSAND =-
= musand @ front. ru =-




-= contents P. 4 =- -= NOT FOR SALE! =-

PCR AMPLIFICATION PROCEDURES 49
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Protocols

In Situ PCR with Conventional Sealing Technologies This protocol
can be used for all reactions on DNA targets, including procedures
following reverse transcriptase reactions where ¢cDNA copies have
already been made. However, do not use this protocol for reactions with
intron-spanning, RNA-specific primers or with rTth polymerase enzyme,
or with reactions where one intends to use Self-Seal reagent (MJ
Research) to seal the slides. Optimized protocols for those two variations
of in situ PCR are discussed later. _

Prepare an amplification cocktail containing the following: 1.25 uM
of each primer, 200 uM (each) dNTP, 10 mM tris-HCI (pH 8.3), 50
mM KCl, 2.5 mM MgCl,, 0.001% gelatin, and 0.1 U/pL taq poly-
merase. The following is a convenient recipe that we use in our labora-
tory:

25 pM forward primer (SK 38 for HIV-1) 5.0 pL
25 pM reverse primer (SK 39 for HIV-1) 5.0l
10 mM each, 4dNTP 25 ul
1.0 M tris-HCI pH 8.3 1.0 pL
1.0 M KCL 50pL
100 mM MgCl, 25 pL
0.01% gelatin 10.0 pL
taq polymerase (AmpliTaq 5 U/pL; see note) 20 pl
dd H,0 67.0 L

Total volume 100 pL

Note: Other thermostable polymerase enzymes have also been used
quite successfully. However, one should always use the appropriate
buffer for the specific polymerase, paying particularly close atten-
tion to the optimal MgCl, concentration.

1. Layer 8 pL of amplification solution onto each well with a P20 mi-
cropipette so that the whole surface of the well is covered with the solu-
tion. If using a single-well slide for a tissue section, add 12 to 20 pL of
the solution to the well. If using gene cones or gasketed slides, follow the
manufacturer’s instructions. In all cases, be careful to not touch the sur-
face of the slide with the tip of the pipette.
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DNA Target Sequence RNA Target Sequence

Thin tissue sections, ceil
suspensions, celis cultured

Same as for DNA reactions, but
reagents must be BNAse-free

on slide, or chromosome spreads {DEPC-treated);
Air dry, then heat @ 105°C .
for 90 - 120 sec. Air dry

2% paraformaldehyde
overnight, wash once in 3x PBS
then twice in 1x PBS

Proteinase K treatment (6 pg/m!
for 10-60 min., must be optimized)

Same as DNA protocoi

Same as DNA protocol

Hydrogen peroxide
treatment (optional)

Hydrogen peroxide
treatment (1 hour}
— DNAse treatment to destroy endo-

d _ genous DNA (may not be necessan
— if target sequence is spliced)}

y
= ¥ Reverse transcription or RMA
with appropriate primers

Add arnplification cocktail & attach cover slip,
seal with fingernail polish o keep solution
concentrations consistent during thermal cycling

Jin situ amplification in a thermal cycler i
(30 cycles, except for chromosome .—@
bands, which need 12-15 cycles} Y Ay
Dip in absolute ethanol for 5 minutes

to loosen polish, pry off cover slip
and place at 92° for one minute

o RN 4 Thermal cycler that holds
Performlin situ hybridization with a PR p— al cy
tagged probe that anneals to an ‘mﬂ'_‘- 16 slides & 24 tubes
intemal region of amplified product v

Use probe-detection system, iook for y. . Good practice allows signai to be
color in cytoplasm, nuclei or bands, @ * contained within the membrane-bound
or count grains from radioactivity ’ compariment of the original target

Courtesy of Omar Bagasra, Thom Jeff University,
and John Hansen, MJ ReseARCH. miG.

Figure 4.6. An overview of in situ PCR and hybridization.

2. Seal the slides with one of the following methods.

A. If using nail polish or adhesive to seal the slides, beginners often
find it helpful to first pass a UHU Stic glue stick around the periphery of
the glass coverslip (20 X 60 mm), such that a thin layer of glue (no
globs) about 3 to 4 mm wide adheres to the perimeter. This will tack the
coverslip in place while the nail polish is being applied (more experi-
enced hands usually skip the glue).

For all practitioners, place the cover slip on top of the slide, or if using
tissue sections, use a second, identical slide instead of a cover slip, as the
second slide’s Teflon coating will help form a more commodious reaction
chamber. Carefully seal the edge of the cover slip to the slide (or the two
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slides together) with clear nail polish or varnish (see “Discussions,” page
54). Let the nail polish dry for 1 min; then place the slide on a heat block
for 90 s at 92°C, to further cure the adhesive.

B. If using gene codes, follow the manufacturer’s instructions for ad-
hering the cone to the slide. Place the designated quantity of reaction
cocktail into the chamber, and seal with the adhesive film supplied. We
have sometimes found it useful to also place a weight on top of all the
cones, as this will help keep the cones sealed during the thermal cycling.

C. If using slides that have cover slips with gaskets or a specialized
thermal cycler with proprietary sealing apparatus, follow the manufac-
turer’s instructions.

3. Place slides in an appropriate thermal cycler.

4. Run 30 cycles of the following amplification protocol:

Denaturation 94°C 30
Annealing (must be optimized) 45°C 1 min
Extension 72°C 1 min

As described earlier, these times and temperatures will likely require op-
timization for the specific primer pair employed in the reaction, as well as
the specific thermal cycler being used. The annealing temperature espe-
cially should be optimized. These particular incubation parameters work
well with SK-38 and SK-39 primers for the HIV-1 gag sequence, when
amplified in an MJ Research PTC-100-16MS thermal cycler. Please note
that there is no need for a prolonged initial denaturation in the cycling pro-
tocol, as denaturation was already achieved in the earlier steps.

6. After the thermal cycling is complete, open the slides. If the slides
were sealed in nail polish, this is accomplished by dipping the slides in
100% EtOH for at least 5 min to loosen the nail polish (do not use acetone,
which is a commercial nail polish remover, as this will damage the tissue
irreversibly). Pry off the cover slip using a razor or other fine blade; the
cover slip generally pops off quite easily. Scratch off any remaining nail
polish on the outer edges of the slide so that fresh cover slips will lay
evenly during the subsequent hybridization and detection steps. For other
sealing technologies, follow the manufacturer’s instructions.

7. Place the opened slides on a heat block at 92°C or back into the
thermal cycler for 1 min. This treatment helps immobilize the intracellu-
lar signals.
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8. Wash the slides with 2X SSC at room temperature for 5 min.

The amplification protocol is now complete and one can proceed to
the labeling and hybridization procedures.

Optimized In Situ PCR with Self-Seal Technology ~An extremely useful
innovation is Self-Seal reagent, which is an inert aqueous solution that is
added to amplification cocktails to make slide sealing automatic. The
reagent contains a mix of polymers, and upon initial denaturation,
evaporation around the periphery of the cover glass forms a gummy, clotlike
seal that limits subsequent evaporation during the cycling regime. To open
the slides after cycling, one merely soaks the slide for a few minutes in an
aqueous solution, and the cover glass slips off without any residue.

The manufacturer supplies this reagent as a 2X solution and has
designed the product so that it works with a wide variety of in situ proto-
cols, including in situ PCR, PRINS, and hybridizations. We have modified
the recommended protocol of using 50% concentration by decreasing the
amount of Self-Seal to 25% while adding 0.15% BSA and 0.1% collagen
type 1. These latter two ingredients bolster the clotlike sealing on the Self-
Seal, and we find that the annealing temperatures are largely unaffected by
the reduced concentration of Self-Seal. Furthermore, we find this combina-
tion to give some of the best in situ PCR results we have seen.

Here is our optimized Self-Seal in situ PCR protocol (which can also
be adapted to one-step RT PCR). Note: Do not use Teflon-coated slides
with Self-Seal reagent. Rather use ordinary blank slides with proper
saline surface treatment or special chambered slides sold by the Self-Seal
manufacturer.

Self-Seal Reagent 250 uL
25 pM forward primer (SK 38 for HIV-1) 5.0 pL
25 uM reverse primer (SK 39 for HIV-1) 5.0 pL
10 mM each, 4dNTP 2.5 uL
10X PCR buffer 10.0 pL
10% BSA 1.5 pL
10% collagen type 1 (see note) 1.0 pL.
taq polymerase (AmpliTaq 5 U/pL; see note) 2.0 pL
dd H,0 40.5 pL

Total volume 100 pL
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Note: Other thermostable polymerase enzymes have also been used
quite successfully. However, one should always use the appropriate
buffer for the specific polymerase, paying particularly close atten-
tion to the optimal MgCl, concentration.

1. Layer 50 pL of amplification solution over surface of a full slide,
or 15 pL per chamber on a special three-chamber slide. Be careful to not
touch the surface of the slide with the tip of the pipette.

2. Place a cover glass over the slide with the cocktail, the manufac-
turer recommends using a #2 cover glass. If there are air bubbles present
in the chamber, allow the slide to rest 2 min; then using a blunt tool (like
the eraser end of a pencil), gently press on the cover glass to coax the
bubble to the periphery with out squishing out the cocktail. The bubble
can be burst out the edge with a final (but gentle) press on the cover
glass.

3. Place the slides into a thermal cycler that holds slides in a horizon-
tal position. Begin cycling protocol; slides will seal automatically upon
first denaturation step.

4. After thermal cycling, soak slides in dd H,O for 5 min. The Self-Seal
will then rehydrate and cover glasses will easily slip off slides. If one is par-
ticularly concerned about damage to the amplified tissue, soak the slides for
15 min and the cover glasses will fall away from slides when each slide is
lifted from the water (the manufacturer also has another procedure for re-
covering the supernatant from a slide, if that is desired).

The amplification protocol is now complete, and you can proceed to
the hybridization procedures.

In Situ PCR for One-step Reverse Transcription and PCR Use this
protocol for one-step RT amplification, using either intron-spanning,
RNA-specific primers (which allows both RNA and DNA messages to be
amplified simultaneously) or tissue that has already received a DNAase
treatment but has not undergone any reverse transcription reaction (this
allows the use of a single buffering system for both reverse transcription
and amplification).

This protocol is based on a new recombinant enzyme (r7th ther-
mostable polymerase), which can do both jobs at once. This enzyme has
both reverse-transcriptase and DNA polymerase activity, and it is avail-
able in several variations from Perkin Elmer.
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A typical cocktail for a single-step rTth reaction follows. However,
several of the rth enzymes come with their own special buffering sys-
tems, so use this protocol as a guide to adapt the manufactuer’s recom-
mendations.

100 wM primer 1 0.5 pL
100 wM primer 2 0.5 pL
10 mM each, 4dNTP 2.5 L (each)
5X EZ buffer (see note) 20.0 pL
1Tth 4.0 pL
DEP X ¢ = treated water 55.0 pLL
25 mM Mn(OAc), 10.0 nLL
Total volume 100 pL

Note: 5X EZ buffer: 250 mM bicine, pH 8.2, 575 mM KOAc, 40%
(v/v) glycerol.

This protocol can also be adapted for use with Self-Seal reagent. How-
ever, no matter the sealing technology, this reaction requires a slightly
variant thermal profile in the cycling regime. Our laboratory uses the fol-
lowing profile, which begins with this reverse transcription cycle:

Reverse transcription 60°C 30 min

Regular cycling (30 cycles) 94°C 30s
45°C 1 min
72°C 1 min

Follow either of the procedures for slide loading, sealing, and handling
recommended by either of the protocols described above.

Discussions

Attaching Cover Glasses with Nail Polish Be certain to carefully
apply the glue and polish around the entire periphery of the cover
glass or the edges of a dual slide, because the polish must completely
seal the cover slide assembly to form a small reaction chamber that
can contain the water vapor during thermal cycling. For effective
sealing, do not use colored polish or any nail polish that is especially
runny; our laboratory uses Wet & Wild Clear nail polish, though it is
the viscosity, not the brand, that is critical. Use of the UHU glue stick
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is not critical, rather, it assists beginners in keeping the cover glass in
place while applying the nail polish; often the cover glass likes to slide
around during sealing.

Proper sealing is exceedingly important, for this keeps reaction concen-
trations consistent throughout the thermal cycling procedure, and these
concentrations are crucial to proper amplification. However, be certain to
apply the nail polish carefully so that none of the polish gets into the actual
chamber where the cells or tissues reside. If any nail polish does enter the
chamber, discard that slide, for the results will be questionable. Please bear
in mind that the painting of nail polish is truly a learned skill; therefore, it
is strongly recommended that researchers practice this procedure several
times with mock slides before attempting an experiment.

In the case of thicker tissue sections (>>10 pL), it is better to use an-
other identical, Teflon-coated slide for the cover instead of a cover glass.
Apply the amplification cocktail (20 to 40 pL) to the appropriate well of
the blank slide, place an inverted tissue-containing slide atop the blank
slide, and seal the edges as described. Invert the slide once again so that
the tissue-containing slide is on the bottom.

Alternatives for Sealing Slides and Attaching Tissues Other groups
have reported different methods for creating vapor-tight reaction
chambers. For example, Staskus (Ashley Haase’s laboratory, University
of Minnesota) has reported using a specialized thermal cycler that has
four chambers in which pools of mineral oil 2.5 mm deep can be created.
She reports that she uses silanated slides without Teflon coatings, and
after preparing thin tissue sections, she layers a small amount of
amplification cocktail on top of the tissue. Staskus then places a cover
glass over the tissue section and wicks out the excess cocktail with a
paper towel, so that the cover glass adheres tightly to the slide. Then the
slides are carefully slipped into the pools of mineral oil and gently
tamped down so that the slide assembly is in close contact with the cycler
and the slide is fully immersed in oil. After cycling, the slides are
removed and placed on a paper towel, which absorbs the excess oil. The
slides are then washed in two baths of chloroform. Finally, the slides are
immersed in PBS, and the cover slip is floated off. Staskus reports that
this method has proven effective.

Gene Cones (Gene Tec Corp.; Durham, N.C.) eliminate the need for at-
taching cover slips. These small plastic chambers serve in lieu of cover
slips by adhering to the slides with an adhesive, such that circular chamber
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of 15 mm diameter is formed on the slide. Fluids can be added through an
opening in the top, which is then sealed with an adhesive tape.

We have experimented with the Gene Cones, and we know they can
prove useful, especially for the analysis of cell suspensions. However, of-
ten the treatment of entire tissue sections is indicated, and many sections
are too large or too irregular to fit under a small round cone. Further-
more, the chambers generally require 60 to 100 pL of cocktail, which is
3 to 12 times as much fluid as used under a cover slip; this may affect
thermal characteristics. The cones also add substantial height to the slide
such, so they will not fit in most in situ thermal cyclers. However, the
Gene Cones can easily accommodate a hot start, and future models may
solve some of the current difficulties. In our laboratory, we rarely use
Gene Cones, preferring the cover glass methods described.

Finally, there are new technologies of cover slip (both glass and plas-
tic) with special gaskets to seal the slide, to create reaction chambers
much the same as those that are created with the Teflon-coated slides,
cover slips, and nail polish. One example is Frame Seal (MJ Research). A
number of investigators have reported success with this methodology;
however, gasketed slides are an emerging technology, and further devel-
opments can be expected.

Hot Start Technique There is much debate as to whether a hot start
helps improve the specificity and sensitivity of amplification reactions.
The argument is rooted in the hypothesis that double-stranded DNA
“breathes” at temperatures well below denaturing temperatures, such that
significant stretches of DNA will periodically open then reanneal. If the
temperature is low enough, it is possible for a primer to find a nearly
complementary spot during a breathing episode. Because of low
temperature, the primer might anneal to regions that are not exactly
complementary, and then the polymerase enzyme will partly extend the
primer reading the DNA template. Unfortunately, the extended region
would now be a perfect match to the wrong segment of DNA, and this
extended primer could now serve as a fully effective false primer during
subsequent amplification cycles. This could lead to some degree of
unwanted amplification of regions of DNA other than the region targeted
(though false primers are less likely to cause geometric amplification of
the unwanted regions, as with dual-primed PCR of the targeted areas).
Those who advocate a hot start say that this unwanted annealing can
be avoided if somehow the critical mix of DNA, primers, and polymerase
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at low temperatures can be avoided during setup, such that these compo-
nents first intermingle only at temperatures where false priming cannot
occur no matter how much the DNA breathes. Thus hot starts generally
call for adding the polymerase enzyme at the very end, after the reaction
vessel and mix have been brought to high temperature (generally higher
than 60° to 70°C).

As a matter of practicality, we find that the hot start adds little advan-
tage and adds technical difficulty to the practice of the in situ technique.
However, we are generally using carefully designed, highly optimized
primers. There is no doubt in any intellectual camp that better primer de-
sign leads to less false priming, so our solution to nonspecific amplifica-
tion is to design better primers rather than rely on the crutch of a hot start
(though we generally run across false priming only in solution-based re-
actions analyzed on a gel, for the reasons described later).

Even if there is some degree of nonspecific amplification in the in situ
reactions, that is not critically important. The type of in situ PCR de-
scribed here, namely in situ amplification followed by a separate hy-
bridization, relies primarily on the hybridization step for specificity not
on PCR. Even if there are some nonspecific amplified messages within
the amplified tissue, the hybridization probe will not pick them up; thus
they will not show up in the final data.

Last but not least, it is our hypothesis that the 105°C heat treatment in
the first stage of this protocol makes the hot start debate moot in this ap-
plication. The breathing of the DNA which is thought to lead to false
priming depends largely on specific enzymes known as topoisomerases
and gyrases, which flex the DNA for specific transcriptional purposes.
However, the heat treatment at 105°C in the beginning of the protocol de-
activates these enzymes, so they are unable to flex the DNA to cause the
circumstance where false priming might occur in the first place.

But we realize that some investigators are comfortable with the hot
starts and would prefer to use them. Fortunately, there are several new
developments among reagents to facilitate the hot start technique without
adding the additional chore of having to add enzyme to preheated slides.
The first such innovation to be introduced was a monoclonal antibody
that blocks faq polymerase activity during the reaction setup. Upon the
initial denaturation, the antibody is inactivated, so the overall results
should be the same as with a hot start. This antibody is called TagStart
(Clontech Laboratories, Inc.; San Francisco). We have used this antibody
successfully in our in situ protocols (to ascertain whether it interferes).
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The second alternative is a new fag polymerase enzyme called Ampli-
Taq Gold (Perkin Elmer). This enzyme does not activate until the first de-
naturation step, so it too can mimic a hot start without any additional ef-
fort. Several colleagues have reported that this enzyme works better than
the enzyme—antibody complex described above (at least in solution-
based reactions), but this is a new product and we have no experience
with it in situ. The one disadvantage is that Perkin Elmer recommends an
initial denaturation of 10 to 12 min to activate the enzyme; this could
conceivably compromise the morphology of the tissue as well as the ac-
tivity of the tag polymerase enzyme.

Last but not least is the old manual hot start alternative, which has now
been considerably eased by the introduction of Self-Seal reagent. Simply
preheat a slide-based thermal cycler to 70°C, preheat the slides without
cover glass or reaction cocktail to the same temperature, pipette on the
proper aliquot of Self-Seal—amplification cocktail, apply the cover glass,
and slip slide assembly into the thermal cycler. After the cycler is loaded
with all slides, commence the PCR run, making certain that the cycler
goes directly to the denaturation temperature. This will achieve the de-
sired hot start.

Thermal Cyclers Various technologies of thermal cycler will work in
this application; however, some instruments work much better than
others. We began our investigations years ago with a standard, block-type
thermal cycler that normally holds sixty 0.5-mL tubes but that was
adapted with aluminum foil, paper towels, and a weight to hold 4 to 6
slides (Bagasra 1993). We have also used dedicated thermal cyclers that
are specifically designed to hold 10, 12, and 16 slides; and our current
instrument is a DNA Engine (MJ Research) with a dual independent
block that holds 32 slides. We understand that other labs have used
stirred-air, oven-type thermal cyclers quite successfully; however, these
machines can be slow in operation. Thermal cyclers dedicated to glass
slides are now available from a number of vendors, and some designs of
thermal cycler incorporate humidification chambers that can assist in
performing the subsequent hybridization steps. However, the humidified
instruments do not eliminate the need for sealing slides during thermal
cycling; rather, humidification is useful during steady-state incubations,
as with hybridizations or reverse transcription reactions. As new products
become available, look for thermal accuracy and uniformity, simplicity of
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design, and ease of use, but do not underestimate the need or difficulty
for keeping the slides sealed throughout a thermal cycling regime.

We suggest that you follow the manufacturer’s instructions on the use
of your own thermal cycler, bearing in mind the following points:

1.

Glass slides do not easily make good thermal contact with the sur-
faces on which they rest. Therefore, if you are using a thermal cy-
cler that relies solely on conduction of heat through the base of the
slide (like several platformlike thermal cyclers), you should use a
weight to press down the slides and/or a thin layer of mineral oil to
fill in the interstices to help thermal conduction. If you are using
mineral oil, make certain that the oil is well smeared over the glass
surface so that the slide is not merely floating on air bubbles be-
neath it. Be sure to insulate the top of the slides in some manner.

The top surfaces of slides lose heat quite rapidly through radiation
and convection; therefore, superior thermal cyclers envelope the
slide in some manner. If the thermal cycler being used does not
have this characteristic, make certain the slides are insulated in
some manner.

. Good thermal uniformity is imperative for good results; poor uni-

formity or irregular thermal change can result in cracked slides, un-
even amplification, or completely failed reactions. Furthermore,
keep in mind the critical nature of annealing temperatures within
situ PCR; the reaction is simply not as robust as solution-based
PCR. So quality instrumentation is imperative and we strongly rec-
ommend acquisition of any instrument that is dedicated to slides.

. If there is no other alternative, you can adapt a thermal cycler that

normally holds plastic tubes. Press a single layer of thick aluminum
foil over the block, place the slides on top of the foil (usually four
to six will fit), cover the slides with a 3- to 6-cm layer of paper tow-
els for insulation; and use a weight of about | kg to press down the
towels onto the slides (you must use the nail polish technique for
sealing the slides with this apparatus). It was with such a device
that this protocol was originally developed.

There are two brands of high quality thermal cycler dedicated to in
situ that we have used successfully: 2 models made by MJ Re-
search and one model by Perkin Elmer. Both companies offer novel
slide-sealing technologies, and the top-of-the-line MJ Research ma-
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chine can even double as a humidified incubator. A number of other
brands of dedicated thermal cyclers are available as well; however,
some of these have not proven useful in our hands. We are certain
that there are other quality in situ instruments available; we just
have not had the opportunity to try them yet.

Direct Incorporation of Nonradioactive Labeled Nucleotides Several
nonradioactive labeled nucleotides are available from various sources (eg,
dCTP-biotin and digoxin 11-dUTP). These nucleotides can be used to
directly label amplification products, and then the proper secondary agents
and chromogens can be used to detect the directly labeled in situ amplifica-
tion products. However, in our opinion, as well as in the opinion of many
other laboratory groups, the necessary specificity is achieved only by con-
ducting amplification followed by subsequent in situ hybridization. In the
direct labeling protocols, nonspecific incorporation can be significant; and
even if this incorporation is minor, it still leads to false-positive signals
similar to nonspecific bands in gel electrophoresis following solution-based
DNA- or RT-amplification. Therefore, we strongly discourage the direct
incorporation of labeled nucleotides as part of an in situ amplification
protocol.

The only exception to this recommendation is when you are screening
a large number of primer pairs for optimization of a specific assay; then
direct incorporation may be useful. To perform such screenings, to the
amplification cocktails described earlier, add the following: 4.3 pM la-
beled nucleotide (either 14-biotin dCTP, 14-biotin dATP, or 11-digoxi-
genin dUTP) along with unlabeled nucleotide to achieve a 0.14 mM final
concentration.
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CHAPTER 5

SPECIAL APPLICATION OF
IN SITU AMPLIFICATION

ELECTRON MICROSCOPY

Both our group at Thomas Jefferson and another group at Uppsala Uni-
versity in Sweden have been developing techniques to observe the results
of in situ amplification under electron microscopy (EM). The procedure
both used is a simple modification of the immunogold EM technique.

First, the in situ amplification is carried out in solution rather than with
the cells or tissue adhered to a glass slide. The cells or tissue are fixed in
4% paraformaldehyde for 4 h, washed in PBS buffer, and then treated
with proteinase K. As before, the cells are observed under an optical mi-
croscope for the development of the peppery dots, as described earlier.
Then amplification of DNA or RNA is carried out, as described earlier, in
a cell suspension rather than fixed on a slide.

To check the validity of the results, a small portion of the cells is with-
drawn and placed on a slide and in situ hybridization is performed with
the specific biotinylated probe as well as an unrelated biotinylated probe
as a negative control. The color is developed with streptavidin—peroxi-
dase or streptavidin—alkaline phosphatase. If the color develops with the
specific probe and the nonspecific control is negative, then immunolabel-
ing can be performed with the remaining cells.

6l
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For this purpose, cells are hybridized with biotinylated probe(s) and
then labeled with streptavidin-immunogold conjugates. After 1 h of incu-
bation at 37°C, unbound conjugates are washed extensively and the cells
are pelleted in a centrifuge. The cell pellet now can be incubated in
freshly prepared 2.5% glutaraldehyde solution and processed for EM
work.

EM grids can also be used as the substrate for the cells or tissues.
Place the grid between two slides and perform the in situ amplification
steps as described above. Then perform the labeling with the
biotin—streptavidin—immunogold steps.

In our hands, we find the harsh treatment inflicted by repeated denatu-
ration tends to destroy the internal organelles of cells. However, clear sig-
nals can be detected in the perinuclear areas of the cells.

IN SITU PCR AND IMMUNOHISTOCHEMISTRY

In situ PCR and immunohistochemistry can be performed consecutively
on the same cells in a tissue section or mounted cell suspension. Patholo-
gists and cytologists have tabulated specific surface and intracellular anti-
gens that can withstand 10% formalin fixation and other routine
histopathology procedures and still bind specific monoclonal antibodies.
If immunohistochemical panels incorporating these specific antigen—anti-
body pairs are to be used, then routinely prepared, formalin-fixed paraffin
sections can be used for in situ PCR and later for immunologic assays of
cellular antigens. The resistant antigens include many of those used in
routine diagnostic immunohistochemistry and pathology, including those
listed below. In these cases, the tissue is prepared for in situ amplification
as described earlier, including the 2% paraformaldehyde fixation. After
color development of the hybridization probe, an antibody labeled with
FITC or rhodamine is applied to observe potential colocalizations of sig-
nals.

However, if you want to detect the light chains of immunoglobulins
(or any other labile antigen listed below) by immunohistochemical means
after in situ PCR, special treatment is needed. Cells or frozen sections of
tissue (which are already placed on slides) are prefixed in 100%
methanol for 10 min. The slides are then washed in PBS and are incu-
bated with unlabeled, FITC-labeled, or rhodamine-labeled antibodies for
1 h. The slides are washed again several times in PBS, and then they are
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fixed with 4% paraformaldehyde for 2 h. In situ PCR is now conducted
as described, starting with the 105°C heat treatment but skipping the
overnight 2% paraformaldehyde fixation. If unlabeled probes were used
initially, then appropriate incubations with secondary antibodies conju-
gated with FITC or rhodamine are carried out after amplification.

Some investigators have reported success with labile antigens using
Permiofix, a new fixative (Ortho Diagnostics, Rarifan, N.J.) that is less
destructive to cell surface antigens than formalin. However, according to
the manufacturer, Permiofix is an experimental fixative that has generally
been supplied to specific flow cytometry laboratories only. Therefore,
you may have to lobby aggressively if you wish to try some.

The immunohistochemical procedures themselves are carried out by
standard methods, with just the minor adaptations described above. If us-
ing immunohistochemistry with in situ PCR, it is helpful to use a combi-
nation of uv and visible light detection systems so that the two signals
can be viewed in an alternate fashion under these two types of illumina-
tion. Alternatively, amplicons can be hybridized with FITC-labeled probe
and antibody with rhodamine, and slides can be viewed under a dual-
color filter.

Cellular Antigens Resistant to Formalin Fixation

The following antigens are resistant to formalin fixation: all variants
of keratin, vimentin, and desmin; muscle-specific and prostate-specific
antigens; prostate alkaline phosphatases: various lymphoma and leu-
kemia markers, including CD3, CD21, CD30(T,), LCA, and L26; germ
cell markers; fetal tumor markers; a-fetoprotein; placental alkaline phos-
phatase; all the neuroendocrine antigens; many hormones, including thy-
roid, pituitary, many of the hypothalamic-releasing factors, estrogen, and
progesterone; some antigens used for breast cancer detection; many cen-
tral nervous system markers; GFAP; NSE; S-100; RCA-1; VWF; and fac-
tor VIIL

Labile Cellular Antigens Not Resistant to Formalin Fixation

The following antigens are not resistant to formalin fixation; k and A
light chains of immunoglobulins, CNPase for oligo dendrocyte detection,
and numerous other cell surface antigens.
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64 SPECIAL APPLICATION OF IN SITU AMPLIFICATION

MULTIPLE SIGNALS, MULTIPLE LABELS IN
INDIVIDUAL CELLS

DNA, mRNA, and protein can all be detected simultaneously in indi-
vidual cells. As described earlier, it is possible to label proteins by rho-
damine-labeled antibodies, and then perform both RNA and DNA PCR
in situ (if RNA-specific primers, as described on pages 9—11, is used
along with a DNA primer pair). Subsequently, products can be labeled
with different kinds of probes, resulting in different colors of signal.
For example, proteins can have a rhodamine or phycoerythricine probe,
mRNA can show a FITC signal (or one of 20 different fluorochromes
that are available), and DNA can be labeled with a biotin—strepta-
vidin—peroxidase probe. Each will show a different signal within an
individual cell.

RECOVERY OF AMPLICONS FOR
SEQUENCING AND CLONING

Sometimes it is desirable to recover samples of the amplified products
from in situ reactions. For example, perhaps a sample is needed to se-
quence amplicons so that various alleles of a gene, or even various ex-
pressions of a gene, can be distinguished. Perhaps an investigator wishes
to clone the gene in question to obtain larger quantities for future study.

One of the most exciting applications is in the field of developmental
biology: amplification products can help determine what proteins are in-
volved in the processes of cellular differentiation and organogenesis. For
example, sections of embryos can be taken at various stages of develop-
ment, and specific or oligo d(T) primers can be used to identify the gene
expression that is occurring in particular index cells. If you reserve and
store the supernatant after amplification, then you can go back and ream-
plify the gene of interest once the specific phase of differentiation has
been identified in the index cells following hybridization of the whole tis-
sue. In this circumstance, you might even use a micromanipulator to re-
cover the specific cells to study gene expression more closely.

By simply reserving the amplification cocktail following the thermal
cycling procedure, recovery of the amplicon can usually be achieved. It
has been our experience that there is usually a small amount of leakage
out from the cells into the amplification cocktail during amplification; but
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with proper proteinase K digestions, there is little or no leakage into
other cells in the tissue sample. We have collected abundant data on this
matter, in particular by running samples of the supernatant in elec-
trophoretic gels following amplification. We have found that amplified
products can usually be detected by Southern blotting but not by ethid-
ium bromide staining, as the signal is weak. However, this product can
usually be reamplified in a subsequent solution-based reaction using the
same primers as the in situ reaction (or a nested primer pair), and this
provides sufficient quantities of the amplicon for subsequent cloning or
analysis.

We hypothesize that the leakage of signal in the original in situ reac-
tion tends to occur late in thermal cycling, as the signal recovered from
the supernatant is almost invariably quite weak (at least when the pro-
teinase K digestion was properly optimized). In the latter cycles of the
PCR procedure, the geometric nature of the amplification makes the con-
centration of the amplified product high at the original locus of the target,
and it is reasonable to assume that some small fraction of the amplified
signal could drift away from this locus and diffuse out of the cell. This
would be particularly true for those positive cells whose nuclear or cyto-
plasmic membranes were sliced open by the blade of the microtome,
such that a primary containment vessel of the signal was violated. How-
ever, if this diffusion were occurring in significant quantity or early in the
amplification process, we would expect to see strong signals in the super-
natant—manifested both in the agarose gel and in intercytoplasmic
staining following hybridization—as subsequent amplification would
have occurred in the supernatant. In fact, we do not see strong signals,
except in those circumstances where there was excessive digestion with
proteinase K.

Finally, we have encountered no evidence to indicate that leaked sig-
nals enter into other cells to deliver false-positives upon subsequent hy-
bridization, as we believe this would require fairly large membrane
pores. Rather, we hypothesize that during the optimized proteinase K di-
gestion, there is only partial digestion of certain transmembrane proteins,
which results in the formation of semipermeable pores. These pores se-
lectively allow positively charged molecules to pass, but they tend to
block negatively charged molecules. Therefore, the tag enzyme and sin-
gle-stranded small primers can enter the cell, but double-stranded ampli-
cons (which are highly negatively charged) cannot readily pass. There-
fore, false signals do not enter the cells.
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To recover the supernatant, special attention must be paid to the choice
of sealing technology for the slide as well as the procedure for opening
the slide following amplification. The sealing technology that gives the
easiest recovery is the Gene Cone, but this technology has other limita-
tions, as noted earlier. Recovery can also be made with gasketed cover
slips, but the ease of recovery varies with the particular design of the
cover slip. Recovery can also be achieved with slides sealed with nail
polish or Self Seal reagent, and this is usually achieved by slitting a cor-
ner of the seal with a razor blade, and then sucking out supernatant with
a capillary tube, a small pipette tip, or a 1-mL tuberculin syringe with a
26-gauge needle. Try to work over a sheet of parafilm so if some of the
supernatant slides out, it can still be recovered.

In reamplifying the signal, the same primer pair can be used as in the
original PCR amplification. However, it is common practice in molecular
biology to use nested primers—ones that are slightly inboard of the orig-
inal primer pair—for reamplification reactions, as these primers gener-
ally anneal more readily to amplicons and give better results.

IN SITU PCR AND GENE THERAPY REGIMES

One of the biggest hurdles faced by gene therapy investigators is the lack
of any convenient means to assess the degree to which a vector has in-
serted a new gene into the genomes of a target tissue as well as to assess
the degree and circumstance in which the gene’s product is being ex-
pressed. In situ PCR represents a unique tool that can provide these
much-sought data relatively easily, particularly when the technique is
multiplexed to assay several nucleotide targets at once and it is combined
with immunohistochemistry to detect the type of cell transfected or the
type of cell in which the transgene is being expressed.

Following transfection or transduction, investigators generally want to
know two things: (1) did the transgene insert itself into the correct cells
in sufficient quantity and with the proper copy number, and (2) is the
transgene exhibiting the controlled expression that it was designed to do.
The difficulties in making these assessments lie in the fact that vectors
are usually designed to insert only one or two copies of a sequence into
the genome of any particular cell, and the subsequent low abundance nu-
cleotide targets are difficult to detect. If solution-based PCR or Southern
blotting is used, you can tell if a gene is present in the target tissue; but it
is difficult to glean quantitative data on the percentage of cells infected or
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the type of cells or the number of copies inserted. If you use immunohis-
tochemical techniques to detect expression, high levels of expression are
required to detect the gene product. Abundant expression is not necessar-
ily available or desired in many instances, as this may interfere with the
normal functioning of the cell.

In situ PCR can solve these data-acquisition problems quite readily.
For example, our laboratory has been working on a gene therapy treat-
ment for those already infected with HIV-1. First CD34 cells (ie, stem
cells from bone marrow or cord blood) are transfected ex vivo with a
gene that is designed not to express itself until it sees the protein encoded
by the rev gene of HIV-1. If this protein appears in the cell, the transgene
is switched on and expresses an intracellular antibody that binds this pro-
tein, shutting down HIV-1’s ability to assemble its genome. These trans-
fected CD34 cells are injected in vivo, where they differentiate to pro-
duce various lymphocytes and restock a compromised immune system.

A similar strategy has proven to be quite effective in tissue culture,
and it will be undergoing human trials at Thomas Jefferson University. To
develop this system and monitor its progress, in situ PCR has been and
continues to be absolutely critical. First, it has allowed us to develop a
low expression vector whose integration can be assayed directly in tissue
culture. Second, by combining DNA and RNA amplification by using
RNA-specific primers (detailed on pages 9—18, 48—50), we are able to
monitor the presence of the dormant gene in the transfected cells that are
not non-expressing HIV-1 (this is a circumstance where the transgene
should not be expressing at all). By seeking the gag sequence from HIV-
1 simultaneously, we are able to tell if the gene is expressing properly in
the infected cells when it should be. By combining these techniques with
immunohistochemistry, we are able to specifically identify the cell types
carrying the gene and the cell types that are infected with HIV-1 as well
as the percentages these fractions represent of the total population in
vivo. Finally, by amplifying a tat—rav multiply spliced RNA sequence of
HIV-1 simultaneously with a DNA sequence of the transgene, we are
able to tell if our strategy for shutting down HIV-1 continues to function
in the longer term. These sort of data will prove to be invaluable for our
investigation, as well as for others who are seeking similar information.

Similar strategies can be employed to develop and monitor the
progress of other gene therapy regimes, particularly those for treating
other infectious or genetic diseases as well as gene therapy strategies for
fighting tumors with suicide construct transgenes. We have found in situ
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PCR to be much more elucidating than Southern blots, Northern blots,
solution-based PCR, branched-chain PCR, and advanced tissue-culture
plaque assays. However, to the best of our knowledge, no other group is
currently using in situ PCR with gene therapy experiments. We strongly
encourage these researchers to investigate the possibilities.

IN SITU PCR ON CHROMOSOMES

Discussion of Uses

Often it is helpful to identify the locus of a gene long before much is re-
ally known about its sequence. By conducting in situ PCR on chromo-
some spreads, it is possible to determine the locus knowing as little as 80
to 100 bp of the sequence. No longer is it necessary to clone thousands of
base pairs to create a probe; rather, synthesized probes as short as 40 bp
can manifest a strong signal clearly discernible in ordinary bright-field or
fluorescent microscopy. Furthermore, the hybridization procedure is
much less tedious than with fluorescence in situ hybridization (FISH), as
the genetic signal is so much stronger. This methodology is not only use-
ful in mapping but is also proven helpful in the study of retroviral dis-
eases as well as in the development of gene therapies, for it is possible to
assay the incorporation of sequences into the genomic DNA.

For example, our laboratory has successfully amplified an HIV-1 se-
quence on chromosomal bands prepared from SUP-Tl-infected cell
lines. We are also using this technique to assay peripheral blood mononu-
clear cells from HIV-1-infected individuals. We have simply modified a
typical chromosomal banding procedure so that it can incorporate in situ
amplification, which mainly involves creating an “artificial” membrane
over the chromosomes to contain the amplified signal. The process is
similar to the in situ amplification procedure described earlier, except for
the following modifications: (1) chromosomal spreads are made onto
specially prepared slides, (2) the naked chromosomes are covered with
ghost membranes from the original culture so that the signal will remain
localized, (3) the heat fixation step is eliminated, and (4) fewer cycles (10
to 12) of amplification are used so that the signal will not become so
strong and diffused that resolution of the original locus of the gene be-
comes difficult.
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Typically, the process starts with a primary culture or a tissue culture
with sufficient cell mass. At this time, a portion of the culture is reserved,
and these cells will later be swollen and burst with a hypotonic solution,
which is the source of the ghost membranes. The other portion of the cul-
ture will serve as the source of the chromosomes, and these cells usually
require stimulation with a mitogen such a phytohemagglutinin (PHA).
They are then arrested at mitotic metaphase by blocking spindle forma-
tion with a spindle inhibitor such as vinblastine (velban), colchicine
(DAMC), or colcemid. The cells are next dropped onto specially pre-
pared slides to make chromosome spreads, and an aliquot of supernatant
from the membrane culture is dried atop the spreads to create an artificial
membrane that will hold the amplified signal at its original locus on the
chromosome.

Now the prepared slides are fixed in a mixture of methanol and glacial
acetic acid (GAA) in a 3:1 ratio. The methanol serves to harden the chro-
mosomes, helping to preserve their morphology, while the GAA has a
softening effect, helping to open the histones for molecular manipulation
of the nucleotides.

In situ PCR is performed, with primers of 18 to 22 bp. The target for
amplification should be 80 to 500 bp, and subsequent hybridization
should be made with a tagged probe of 40 to 100 bp that is separated
from both primer sequences by at least 2 to 3 bp. The chromosomes are
then counterstained to develop the banding pattern, and analysis is per-
formed under bright field, phase-contrast, or fluorescent microscopy.
With good laboratory practice, it is possible to determine the physical lo-
cation of the gene of interest or, for retroviral disease or retroviral vec-
tors, the various loci of incorporation.

Protocol: In Situ PCR on Chromosome Spreads

Precautions Sterile technique must be practiced at all times during the
culturing and prefixation parts of this procedure. Sterility is especially
important in handling cell cultures, both to protect the investigator and to
avoid introducing microbial contamination of the cell culture system.
Such contamination is often the cause of test failure.

The human peripheral blood used in this procedure may be infectious
or hazardous to the investigator. Proper handling and decontamination
and disposal of waste material must be emphasized.
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Initial Setup
Peripheral Blood

1. Divide cells into two portions

2. To two 25-mL culture flasks containing 5 mL RPMI media (see
Chapter 8) add 0.5 mL of well-mixed whole blood. Rinse the pipet three or
four times to expel all of the whole blood into the culture flasks (prepare
three culture tubes for blood from newborns, to better ensure success).

‘3. With a 1-mL syringe, slowly add 0.1 mL phytohemagglutinin
(PhA-C; see Chapter 8). Gently vortex or invert to ensure complete mix-
ing.

4. Place the cultures in a CO, tissue—culture incubator. Loosen the
cap to allow CO, penetration, if the culture flasks do not contain filter
caps.

5. Incubate 66 h at 37°C with 5% CO, and 95% humidity.

Cultured Cells  With culture cells, it is possible to synchronize the cell cy-
cle so that subsequently large numbers of cells arrested at mitotic
metaphase can be obtained. We can usually increase the number of cells
arrested in mitosis to more than 50%, up from the more typical proportion
of 1 to 25%. Cloned cell lines containing the gene of interest are generally
most useful, but many cell lines will work, provided the cells grow expo-
nentially in an appropriate medium, such as RPMI 1640 in 10% FBS.

1. Divide culture into two 150-mL flasks or Cell Factories, each with
more than 100 mL of medium. Incubate for 48 h at 37°C in a humidified
incubator.

2. To one flask only, add thymidine for a final concentration of 7.5
mM. Return the flask to the incubator; the length of this incubation
should be equal to the combined periods of G1+G2+M of the growth
cycle of this specific cell line: typically, 9 to 12 h. At the end of this incu-
bation, most of the cells in the flask will be arrested in the S phase. If the
cells in the second flask require feeding, change the medium.

3. Wash the cells to remove the medium containing the thymidine and
grow cells in fresh medium for 6 to 8 h more. At the end of this incuba-
tion, most cells will be exiting from the S phase.

-= scanned & DJVU-converted by MUSAND =-
-= musand @ front. ru =-




-= contents P. 4 =- -= NOT FOR SALE! =-

IN SITU PCR ON CHROMOSOMES 71

4. Repeat Steps 2 and 3 to further synchronize the cells. Following 8
to 10 h of incubation without thymidine, most cells will enter mitosis.
This can be confirmed by observation of the cells under phase-contrast
microscopy. Mitosis can be arrested in mitotic metaphase by velban (de-
scribed below).

Arresting Cells at Mitotic Metaphase

1. After incubation, remove the chromosome source cultures from the
incubator and gently resuspend to ensure a homogeneous mixture.

2. Add 0.1 mL of working velban (see Chapter 8) to each tube or
flask.

3. Mix each culture by gently swirling. Return them to the CO, incu-
bator for 45 m. At this time, place hypotonic solution sufficient for the
membrane-source cultures in the 37°C incubator to prewarm.

Harvesting

1. After 45 min in velban, centrifuge the culture tubes for 10 min at
800 g.

2. Aspirate and discard the supernatant leaving 0.25 to 0.50 mL of lig-
uid on top of the packed cells.

3. Resuspend the cells by mixing on a vortex at the lowest setting.

4. Slowly add 5 to 10 mL of prewarmed hypotonic solution to each
tube while vortexing.

5. Gently invert the tubes and place them in a 37°C water bath for 45
to 50 min.

6. Centrifuge for 15 min at 800 g.

7. Aspirate and save the supernatant, leaving 0.25 to 0.5 mL of liquid
on the packed cells. The supernatant contains the ghost membranes,
which will be used later to form an artificial membrane over the chromo-
some spreads.

8. Resuspend the cells in remaining supernatant by gently mixing
with the vortex mixer at the lowest setting.

9. Using a Pasteur pipet with a rubber bulb while continuing to vor-
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tex, very slowly add the fixative solution (see Chapter 8) to bring the total
volume to 10 mL in each tube.

10. Allow the tubes to stand at room temperature for a minimum of
25 min.

11. Repeat Steps 6 through 9 for a total of three changes of fixa-
tive. However, there is no need to save subsequent supernatants from
Step 7.

12. After the third fixation, spin at 800 g; aspirate the supernatant,
leaving 0.10 to 0.20 mL on a layer of fixed white blood cells.

13. Add 0.10 to 1.0 mL of fresh fixative to the suspension; the amount
depends on the density of the cell button.

Slide Preparation

1. Resuspend the button by bubbling with a fresh Pasteur pipet. Be
careful not to draw any liquid into the wide portion of pipet; this would
make recovery of the mitoses difficult.

2. Prepare single-well silanated slides, as described earlier. Dip the
slides in DEPC distilled water. Freeze for 30 min before use.

3. Place the wet, prechilled slide onto the bench while dropping 3 to 5

drops of specimen 1.25 to 1.75 m (this may take practice) directly onto
the slide. Allow the slides to air dry.
" 4. Add 2 to 3 drops of the supernatant saved in Step 7 of “Harvest-
ing,” which contains the ghost membranes. Allow the slides to air dry
once again. An artificial membrane will develop over the chromosomes,
which will hold the amplicons at their original loci.

5. Cure the slides on a hot plate at 59 to 60°C for 30 to 48 h.

6. In situ procedures are now begun, but do not heat fix at 105°C as
in the standard protocol! Rather begin the in situ procedure with 2%
paraformaldehyde treatment at room temperature for 1 to 2 h. Again
at room temperature, treat with proteinase K (6 pg/mL) for 3 min
only (do not overdigest). Inactivate the proteinase K by placing the
slides on a 95°C heat block for 2 min. Wash in DEPC-treated water.
Air dry.

7. Perform the rest of the in situ amplification as described with one
modification: use only 10 to 12 cycles instead of 30.
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IN SITU PCR ON PLANT TISSUES

Discussion of Uses

There has been a recent surge of interest in the assay of plant tissues
through in situ PCR, largely as a consequence of transgenic research.
Some researchers are striving to develop disease or insect resistance in
plants, others are trying to better understand the complexities of gene ex-
pression in plants, and some truly pioneering investigators are trying to
get plants to express encapsulated antigen proteins for human and animal
diseases to create edible vaccines for a variety of mammalian scourges.
The field of molecular plant research is really quite broad and exciting.

Compared to mammalian tissues, nucleic acids tend to be much more
abundant in plant cells, but the signals being sought are often equally dif-
fuse—whether they be RNA or DNA. Furthermore, there is often an
abundance of nucleases in the plant tissue that rapidly degrades many
messages, so traditionally sensitive assays, like Northern blots, are often
difficult to conduct or they lead to false-negative results.

Unfortunately, the chitin in the cell walls of plants makes in situ PCR
somewhat difficult to perform as well (other complex carbohydrates like
lignin or pectin are involved with cell walls, of course, but chitin seems
to be the really tough one). The chitin not only puts up a strong mechani-
cal barrier against the diffusion of primers and enzymes into the interior
of the cell but also tends to bind critical ions (such as magnesium) almost
like a cation column. Thus the key to successful in situ PCR is the com-
plete removal of the chitin through enzymatic digestion, releasing free
protoplasts that can be spread onto a glass slide for assay. However, to
keep the abundant nucleases from degrading the genetic signals, the pro-
toplasts are kept alive throughout the chitin-removal procedure by adapt-
ing the digestion procedure of tried-and-true protocols for the preparation
of cells for transgenic infection.

In fact, the plant cells should remain alive until the initial 105°C heat
treatment at the beginning of the amplification procedure, at which time
the nucleases are inactivated. The sought-after signals are then amplified
and hybridized as with mammalian cells; and it is possible to readily de-
tect single copies of the sequence in question. This is particularly helpful
in transgenic work, because often only one or two copies of the gene of
interest integrates into the host chromosomes. This technique can be used
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to accurately assay the number of cells that successfully incorporated a
transgenic cassette, or the genetic shot from a “gene gun.”

In situ PCR with intact sections of plants is more difficult but still pos-
sible (with the exception of the fruiting bodies of plants, which are easier
to amplify because they contain little chitin). We have been experiment-
ing with frozen sections in particular, but the procedure is more difficult
to conduct due to the need to remove the chitin without destroying the
tissue structure. Unfortunately, a special cyrostat microtome apparatus is
required, which we have had difficulty in obtaining. Thus our protocol is
not quite ready for distribution. However, it is essentially the same as that
described for protoplasts, except that thin sections (5 to 8 pm) are used,
and we conduct the various rinses not with centrifugation and pelleting
but with fresh baths of the various solutions.

Protocol: In Situ PCR on Protoplasts

Liberating Protoplasts with Enzyme Digestion

1. Harvest the leaves and sterilize the surfaces by immersion in a 50%
ethanol solution for several seconds, followed by 10% bleach solution for
30 s. To rinse, immerse the leaves in a container of distilled water, pour
off the water, and begin a series of three 2-min washes in distilled water.

2. To liberate the protoplasts, prepare a solution of mannitol and bring
it to proper pH by adding NaOH or HCI. For tomatoes, a solution at 0.78
M and pH 7.0 works best; for tobacco, use 0.6 M and pH 5.4. Petri dishes
are the best vessels for digestion: prepare about 20 mL of mannitol solu-
tion per 4-inch dish (one dish should be sufficient). Divide the prepared
solution into two equal aliquots; one will be used unmodified and the
other will be used to make an enzyme solution.

For an enzyme solution for use with tomatoes, add 46.8 mg Cel-
lulysin, 15.6 mg. of macerase, and 12.5 mg of potassium dextran sulfate
for each 10 mL of mannitol. For tobacco, use 37.5 mg Cellulysin, 12.5
mg macerase, and 12.5 mg potassium dextran sulfate for each 10 mL.

3. Using a razor blade, select tomato leaves about 5 ¢cm or smaller.
Make 1-mm slices at an angle without severing the midribs of the leaves.
Float the sliced leaves in mannitol solution without enzyme until all the
leaves are prepared; only the bottoms of the leaves should be in contact
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with the mannitol. After covering the solution with leaf slices, gently
withdraw the mannitol solution from the bottom of the petri dish with a
syringe or pipette and replace with the enzyme solution. The leaves
should again float on top of the solution.

4. Place the petri dish in a light-excluding container or wrap it in alu-
minum foil. Incubate at room temperature overnight, preferably in a
slow-moving shaker.

Collecting Protoplasts and Rinsing away Enzyme

1. The following day, gently agitate the petri dishes to help liberate
the protoplasts.

2. Pour the contents of the petri dishes through a MIRA cloth into a
50-mL plastic centrifuge tube. Pellet the protoplasts through low speed
centrifugation (40 to 140 g), typically 5 min at 500 to 1000 rpm in a
swinging-bucket rotor without braking.

3. Aspirate the enzyme solution and resuspend the cells in 1X PBS,
filling the tube. Gently centrifuge the tube again.

4. Aspirate PBS solution, refill tube with fresh 1X PBS, and resus-
pend the pellet. Centrifuge once again.

5. Aspirate the PBS solution and resuspend the cells in 2 mL of 1X
PBS. Place the tube in an ice bucket.

Counting Cells and Slide Mounting

1. Using a standard hemocytometer, count a sample of cells. Calculate
the total number of cells in the suspension, and adjust the concentration
to 5X 10° cells/mL by diluting with PBS. However, the size of some
plant cells is quite large; in these cases, dilute the solution to 1 X 10°
cells/mL (or even further) so the cells will not crowd the slide surface.

2. Take silanated, Teflon-printed glass slides (or the equivalent), and
add 10pL of the cell suspension to each of three wells using a P20 mi-
cropipette. Air dry the slide in a laminar flow hood.

3. As soon as slides are fairly dry, proceed with amplification or re-
verse transcription steps as you would with mammalian tissues, (de-
scribed in Chapter 4). If this procedure is followed properly, the cells
should remain living up to the 105°C heat treatment step, at which time
the various nucleases are deactivated.
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CHAPTER 6

HYBRIDIZATION REACTIONS

OVERVIEW

As the in situ amplification—hybridization procedure is both an out-
growth and an application of earlier in situ hybridization (ISH) tech-
niques, we would like to highlight some of the pertinent aspects of the
broader scope of ISH methodologies. We do this so the researcher can
gain a better understanding of the various parameters of ISH and an ap-
preciation of the relative advantages compared to alternative technolo-
gies, like Southern blotting or immunohistochemistry.

The ISH method involves the specific annealing of a labeled nucleic
acid probe to complementary sequences within a fixed tissue (or within
cells or chromosome spreads) mounted on a microscope slide or some
other substrate. The nucleotide probe can be a synthetic oligo probe as
short as 25 to 30 bp or a riboprobe many thousands of base pairs long; ei-
ther can give extraordinary specificity if the annealing conditions, par-
ticlarly temperature, are properly optimized.

For most of the nearly 30-year history of ISH, hybridization has been
done to RNA targets to image the expression of various genes at the cel-
lular level, as most ISH protocols need 20 to 100 copies of the target
molecule per cell for the signal to be distinguished from background (for
detection of new genes using new probes or tissues, often hundreds of
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molecules are required). Most DNA targets and many virological targets
simply do not occur in that high a titer, so other hybridization methodolo-
gies, including in situ PCR, have been developed to detect low abun-
dance targets. These especially sensitive technologies also include fluo-
rescence in situ hybridization (FISH), where fluorescently labeled
riboprobes or oligo probes are annealed to chromosome spreads for
“chromosome painting,” or a visual form of gene mapping, and PRINS, a
similar method that involves amplifying the target signal arithmetically
through a single-primer procedure similar to thermal-cycle sequencing.

The goal of all these procedures is the ability to visualize —through a
microscope, confocal, or image-analysis-based system—the signal of the
original nucleotide target in its original locus in the specimen. Much
qualitative and some quantitative information can be gleaned from these
data, and substantial new discovery has resulted.

In terms of the methods of probe annealing and detection, all of the
various ISH technologies are similar to the earlier Southern blot proce-
dure, except that hybridization occurs in situ. The great power of ISH
over Southern blots (or Northern blots, or dot blots) lies in its ability to
detect the nucleic acid sequence within the intact cell, in its original con-
text. It uniquely shows the signal superposed over the cellular and sub-
cellular details of the specimen, something blotting (and gel elec-
trophoresis) procedures are wholly unable to do.

However, the Achilles’ heel of in situ hybridization lies in the fact that
the nucleic acids are bound inside a complex matrix of cellular struc-
tures, so that the target sequences are not readily accessible to the labeled
probes. Thus hybridization can be difficult to carry off. This can decrease
the overall number of probe—target hybrids formed when compared to
nucleic acid targets immobilized on a nylon—nitrocellulose membrane
(as in Southern and Northern blots). Furthermore, the investigator must
optimize some of the parameters of ISH empirically by trying small
modifications and seeing what works best.

In the early days, radioisotopes were the only effective labels available
for nucleic acid probes; therefore, autoradiography was the only means
of detecting hybridization sequences. Unfortunately, this often involved
long exposures to detect the signal (a week, even a month, was common)
as well as the inconvenience, hazards, and regulatory hassle involved
with radioactivity. But detection technology has advanced markedly in
the past few years, and there is now a cornucopia of nonradioactively la-
beled probes that work quite effectively with ISH, especially if the signal
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has first been amplified through in situ PCR. Thus ISH has become more
sophisticated and available to a wider variety of laboratories in both re-
search and clinical settings.

However, a universal, reproducible “gold-standard” procedure to fit all
situations has never been developed with in situ hybridization. Therefore,
the specific needs of the diagnostic or research goals must be carefully
considered before choosing this methodology. If in situ PCR or ISH are
decided on, then more thought is needed in designing a protocol that fits,
the specific application (eg, what tissue preparation to use, what nu-
cleotide sequence to target, and what method of detection to use).

RELATIVE MERITS VERSUS OTHER TECHNIQUES

In analyzing any laboratory technique, an investigator must bear in mind
the type of signal being detected. Immunohistochemical techniques. for
example, can localize a protein within a cell or on the cell surface and,
therefore, identify specific aspects of gene expression. However, these as-
says cannot yield useful information on posttranslational processing of
the gene product or differentiate between the uptake—storage areas for
the protein and the site of synthesis. In addition, hundreds of molecules
of the protein are needed to identify expression through immunohisto-
chemical methods. But the technique is relatively easy to perform and
useful in many circumstances.

Similarly, mRNA extraction methods that rely on the isolation of nu-
cleic acids from cells (ie, membrane—hybridization assays) can give use-
ful information relatively easily, but they cannot distinguish between
strong signals expressed in a few cells from weak signals expressed in
many cells. In fact, there is no useful distributional information in these
assays whatsoever, rather there is only an average measurement of the
target present in what might have been a mixed population of cells.

Quite simply, ISH can yield much more information than either im-
munohistochemistry or filter assays, but it is a tougher procedure to per-
form. Its chief limitation revolves around its relative insensitivity (at least
when compared with in situ PCR) when weak signals are being sought.
The best that can possibly be achieved with ISH alone is perhaps detec-
tion of as few as 20 copies of mRNA per cell; however, that degree of
sensitivity is limited to a few highly specialized laboratories and to a few
specific genes. More realistically, detection of > 100 copies/cell would
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be an achievable goal for a laboratory not specialized in ISH. To reliably
detect a single copy of a gene (DNA) or to detect low levels of gene ex-
pression (MRNA), it is necessary to first amplify the nucleotide se-
quences in situ with PCR, RT-PCR, or ligase chain reaction (LCR), and
then use ISH to detect the amplicons.

RADIOACTIVE PROBES VERSUS
NONRADIOACTIVE DETECTION

Many ISH protocols employ *H or 33S-labeled probes, followed by au-
toradiographic detection. Although this method can be sensitive and 3H-
labeled probes generate high resolution autoradiographic signals, use of
these radiolabeled probes is time-consuming and technically difficult.
Other, higher emitting radioisotopes can be used as well, but these give
higher nonspecific background.

Nonisotopic methods for ISH offer the advantages of probe stability,
sensitivity, spacial resolution, and time savings. The nonisotopic adapta-
tions are generally simpler and faster than autoradiography, and the sen-
sitivity of nonradioactive methods has increased over the years as the pa-
rameters influencing the hybridization efficiency and signal specificity
have become better understood and better optimized. Some recently de-
veloped benefits include faster color development times, chemically sta-
ble probes with no special disposal requirements, and detection systems
that allow the analysis of several probes simultaneously.

THE EMPIRICAL ARTS OF ISH

Because the detection of nucleic acias in situ is complicated by the fact
that the signals are located within the complex matrix of a cell, it is im-
portant to optimize empirically the various experimental parameters to
the specific application. This is the art of the technique, and the many
protocols employed by various laboratories are illustrative of the styles of
the various masters. There is simply no single right way to conduct ISH
(though there are many wrong ways).

Rather each investigator should consider the relative needs for speci-
ficity, sensitivity, signal resolution, idiot proofing, and speed of operation
when tailoring a protocol to individual needs. Systematic analysis of suc-

-= scanned & DJVU-converted by MUSAND =-
-= musand @ front. ru =-




-= contents P. 4 =- -= NOT FOR SALE! =-

80 HYBRIDIZATION REACTIONS

cesses and failures in our own laboratory has determined the following
parameters to be ones that require special attention:

+ Method of sample preservation (ie, fixation).

« Hybridization temperature (very important).

» Probe size, concentration, and design.

» Ionic concentration in hybridization solution.

+ Method of detection (we always use non-rad methods).

Be sure to pay careful attention to each of these details when designing a
protocol.

HYBRIDIZATION AFTER IN SITU PCR AMPLIFICATION

As hybridization after PCR amplification is a unique circumstance (and
this monograph is dedicated to this technique) the remainder of this
chapter is devoted exclusively to hybridization following PCR.

Probes

The choice of probe type depends on the intended target. When there are
abundant copies of a target, as is the case after most PCR reactions, a rel-
atively insensitive probe or detection system can be used without com-
promising the results. When there are low levels of target (as is usually
the case with simple ISH without PCR), long riboprobes are usually used
as they are the most sensitive.

Furthermore, in solution, the most rapid hybridization occurs with
long probes at high concentrations. Because of problems with probe pen-
etration when using intact cells or tissues, shorter probes give the more
rapid hybridization in situ, as they can more easily gain access to the tar-
gets. We typically use synthetic oligo probes of 40 to 80 bp in length.

Penetration of the probe into the cells can be further compromised by
molecules used to label or tag the probe for detection. These molecules
can increase the rigidity of the probe, increase the steric hindrance, and
adversely affect the charge density and the distribution of the probe. The
proper probe concentration must also be determined to give the best sig-
nal to background ratio. We usually use 20 pM of labeled probe.
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For most DNA targets, we use oligo probes, but we have also used
probes that we have PCR amplified and labeled from genomic DNA tem-
plates. Also useful are cDNA probes that have been cloned from a vector
or 1solated from that vector, especially if you are trying to discover the
locus on a chromosome for that expressed sequence. For RNA targets,
we prefer oligo probes again, but you can also use probes generated by
cDNA sequences that have been cloned into appropriate vectors (but do
not use genomic DNA probes, as these may include unwanted intron se-
quences).

Design of the Oligo Probe

Appendix 1 gives information on the design of primers and probes and
how to use GenBank and computer programs to assist in the design
process. However, there are a few factors that are omitted from that sec-
tion, particularly on how to use formamide to adjust the annealing tem-
perature of the probe to a desired temperature.

Many investigators add formamide to their hybridization cocktails to
reduce annealing temperature, and each 1% increase in foramide concen-
tration decreases annealing temperature by about 0.62°C (though this is
neither an exact function nor a linear one). Most investigators like to have
their annealing temperature somewhere in the range of 40°C to 50°C, and
a 50% foramide hybridization cocktail is common. Thus for DNA probes
used with formamide, the formula commonly used for calculating T,
(midpoint temperature) is the following:

T,=81.5°"C+16.6 (log M) + 0.41 (percent GC)
—500/n — 0.62 (percent formamide)

where 7 is the length of the primers (omit the 500/n factor entirely for
any primer or probe less than 100 bp in length) and M is the molarity of
the salt in the buffer, usually 0.047 M for DNA reactions.

RNA probes from more stable hybrids than DNA probes. Thus if you
are using an RNA probe, the 7 is higher, and the formula for
RNA -DNA hybrids is the following:

T,=179.8°C+18.5 (log M) + 0.58 (percent GC of probe)
+0.0012 (percent GC of target overall)
— 820/n — 0.5 (percent formamide)
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where the formamide factor for RNA—RNA hybrids should be 0.35 (per-
cent formamide). Use these formulas to better calculate T, for hybridiza-
tion probes, including riboprobes.

Time, Temperature, and Concentration

As can be seen from the calculation above, an investigator has various
tools available to adjust the annealing conditions. But changing one pa-
rameter affects the others, and there must be an overall optimization to
the type of probe being used and the target being detected. Due to the
abundance of amplicons, stringent hybridization conditions can be used
to achieve high specificity and low background. This means high an-
nealing temperatures (we typically use temperatures only 5° to 10°C
below the T, for the probe in question). Alternatively, the salt concen-
tration can be varied (lower salt means higher stringency at any one
temperature) or the content of formamide can be varied in the hy-
bridization cocktail. However, we never try to design hybridization
conditions with an annealing temperature below 37°C, nor do we gener-
ally go above 55°C.

Finally, the probe concentration and incubation time, two factors that
are intimately linked, must be determined. Once again, we favor stringent
conditions. If adequate time exists, we use a low probe concentration—
20 to 25 pM—with an 18-h or overnight incubation. If there is a rush,
we will use a 4-h incubation, but we will raise the concentration only to
40 pM. These low concentrations of probe ensure the highest specificity
and lowest background.

Labeling

Both radiolabeled probes and nonradioactively labeled probes may be
used, though we prefer the latter. Since there is such an abundance of
amplicons present after PCR, there is no need for the higher sensitivity
provided by the radioactivity, and nonrad probes work just fine. In fact,
we find that end-labeled probes are usually all that are needed. How-
ever, if a stronger signal is desired, we will sometimes use probes
whose label is conjugated at many sites during synthesis and not
merely tail-end conjugated (oligo probes can be ordered with labels at-
tached in this manner, and such probes can also be created through
PCR methodologies). The multiple labels supply many more binding

scanned & DJVU-converted by MUSAND =-
= musand @ front. ru =




-= contents P. 4 =- -= NOT FOR SALE! =-

HYBRIDIZATION AFTER IN SITU PCR AMPLIFICATION 83

sites per probe during development, which leads to easier detection and
stronger signals.

A typical set of labels we will use when multiplexing signals will be a
fluorescein—isothiocyanate (FITC) labeled probe to detect a signal am-
plified from RNA, then a biotinylated probe developed with streptavidin—
peroxidase to detect a signal amplified from DNA, then rhodamine-
conjugated antibody to detect a protein antigen with immunohistochemi-
cal techniques. We counterstain this sample with Gill No. 3 hematoxylin,
which imparts a blue color to the negative cells. Other fluorochrome-
labeled probes could be added in addition to this (there are at least 20
colors currently available), but the filters to distinguish these fluo-
rochromes are quite expensive. You really need a digital imaging system
to analyze the specific wavelengths of light associated with the different
fluorochromes, as they are not readily distinguishable with an ordinary
microscope. Thus we generally stick to just the FITC probe without other
fluorochrome-labeled probes present, as these results are easier to inter-
pret.

Detection Methods

The choice of detection methods must balance sensitivity with resolution,
bearing in mind that certain tissues have a peculiar propensity for high
background with some detection systems. For example, some tissues
have high levels of endogenous peroxidase, and this can increase nonspe-
cific background levels with peroxidase-based systems such as those that
use streptavidin or digoxigenin (this is why an overnight quenching in
hydrogen peroxide is recommended for tissues that are to be used with
peroxidase-based systems). Similarly, other tissues exhibit high endoge-
nous enzyme activity with alkaline phosphatase or even biotin. These
characteristics can lead to high background levels as well and may indi-
cate the need for pretreatment to remove or inhibit these endogenous en-
zZymes.

Controls for Hybridization

As with any sctentific methodology. the use of controls is exceedingly
important with every form of ISH. There are a number of possible fail-
ures that can lead to misleading results, and every investigator should
bear the following points in mind.
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1. Controls should be included to monitor the hybridization reaction for

probe specificity and to assess the level of background. This can be
achieved with parallel reactions with similarly processed specimens
that do not contain the signal being sought. Specifically, misleading
results can sometimes result from short complementary regions
within a probe hybridizing unexpectedly to unknown sequences, or
sometimes nonspecificity results from low stringency annealing con-
ditions, like the annealing temperature being too low. Therefore, ade-
quate controls must be designed and then examined fully to ascertain
whether the probe is annealing to unwanted targets or not.

- Probes may also bind to samples through other nonspecific means,

such as through a charge interaction between proteins and probes,
particularly with proteins that normally bind DNA. This can be
controlled by hybridizing an extra experimental specimen with a
similar but noncomplementary probe.

. With radioactive detection methods, autoradiography artifacts can

sometimes yield what look like convincing hybridization signals
when in fact no signal is present. An example is chemography,
where a chemical reaction between cellular components of a sam-
ple and the photographic emulsion produces a pattern of silver
grains that look like positive results, even though the radioactive
probe is not even present. This can usually be controlled by pro-
cessing an extra experimental specimen, but one that was hy-
bridized with a nonradioactive version of the probe.

LABELING OLIGONUCLEOTIDE PROBES

There are several methods available for labeling the probes, which are

detailed below. We always prefer nonradioactive probes because with in
situ PCR, there are so many amplicons to detect that there is no need for
the additional sensitivity that radioactivity provides. If you want to use

radioactive probes, we strongly recommend * P over 32 P or 3S, because

#2P is unnecessarily hot and short-lived, and S is associated with labeled
chemical breakdown products when used with nucleotides at elevated
temperatures. *H can be quite effective, and it gives the best autora-
diographs— but exposures can last 1 month.
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Protocols

33p Labeling of Probe For investigators who wish to use radioactivity,
here is a typical procedure for the **P labeling of a probe through a
kinase reaction:

2 M probe 1.0 pL
10X kinase buffer 20pL
ATP g 3*P (Amersham 10 pCi/pL) 1.0 pL
dd H,0 15 pL
Polynucleotide kinase (10 U/pL) 1pL
Total Volume 20 pL

1. Incubate at 37°C for 30 min.

2. Apply sample to 0.8 mL Sephadex G-50 column [eg, QuickSpin
(Boehringer, Indianapolis, Ind.)].

3. Elute with TE buffer.

Fraction 1 300 pL
Fraction 2 100 pL
Fraction 3 100 p.L
Fraction 4 100 pL
Fraction 5 100 pL
Fraction 6 100 pL

4. Count the radioactivity in 1.0 pL of each fraction. The labeled
probe should be contained in fractions 2 through 4.

Nonradioactive Labeling-tailing with DIG-11-dUTP Many labora-
tories, including our own, always use nonradioactive probes, for this
results in less hazardous waste, fewer burcaucratic procedures, and lower
costs (especially considering the perishable nature of radioactive isotopes
and probes). The following is a typical labeling procedure.

20 pM probe 10 pL
5 Xtailing buffer (see note) 10 pL
25 mM Ca(l, 20 pL

2.5 mM dATP (tris buffer pH 7.5) 3.5 L
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1 mM DIG-11-dUTP 1.0 pL

dd H,0 4.5 pL

Terminal transferase (25 U/uL) 1.0 pL
Total Volume 50 uL

Note: Tailing buffer (5X): 1 mM potassium cacodylate, 125 mM tris-
HCI, pH 6.6, and 1.25 mg/mL BSA.

1. Incubate reaction mixture at 37°C for 15 min; then purify the la-
beled probe as for the *P probe, using a chromogen indicator instead of
radioactive detectors.

We prefer to use biotinylated probes, which we purchase already con-
jugated. These probes are either tail-end conjugated or the labels are in-
corporated during the oligo-synthesis procedure. The latter type contains
multiple molecules of biotin instead of one at the tail end, which makes
the probes more sensitive. Many other nonradioactive nucleotides are
commercially available and can be labeled in a similar manner. The
probes are good for up to 1 year at —70°C.

PROTOCOLS: HYBRIDIZATION METHODS
FOR IN SITU PCR

General Hybridization

Prepare a solution containing: 20 pM of the appropriate probe(s), 50%
deionized formamide, 2X SSC buffer, 10X Denhardt’s solution, 0.1%
denatured sonicated salmon sperm DNA, and 0.1% SDS. The following
is a convenient recipe.

Probe(s) (**P, FITC, fluorochromed, 20 pM each (adjust dd H,0)
biotinylated digoxigenin, or
combinations thereof)

Deionized formamide 50 pLL
20X SSC (see note) 10 uL
50X Denhardt’s solution 20 pL
10 mg/mL ssDNA (see note) 10 pLL
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10% SDS 1pL
dd H,0 9 pL (minus the volume of
probe solution)
Total Volume 100 pL

Note: See Chapter 8 for preparation of 20 X SSC buffer

Note: The salmon sperm should be denatured at 94°C for 10 min be-
fore it is added to the hybridization buffer

Note: 2% BSA can be added as an additional blocking agent if you
observe nonspecific binding. For this purpose, add 10 pL of 20%
BSA solution and reduce the amount of water accordingly.

1. Add 10 pL of hybridization mixture to each well of a three-cham-
ber slide or 30 pL to a whole slide. Lay cover glasses over the reaction.

2. Heat the slides on a heat block at 95°C for 5 min. Alternatively,
program the thermal cycler for the denaturation followed by the hy-
bridization (if the cycler has humidification).

3. Incubate the slides at 37° to 42°C for a minimum of 18 h in a hu-
midified atmosphere. Of course, the incubation temperature used should
be adjusted to the optimal temperature for the probe(s) being used (this
temperature has been optimized for the SK-19 probe, which detects HIV-
1). If you are in a hurry, the concentration of the probe(s) can be doubled
and the incubation time reduced to 4 h.

It is necessary to use a humidified incubator for this long incubation,
or the slides must be sealed in some manner to keep them from drying
out. The only thermal cycler that we have found to be useful for this pur-
pose is the PTC-200 Twin Tower, which holds 32 slides. If you put a wet
Kimwipe or sponge into the bottom slot, sufficient water vapor is gener-
ated to keep the slides from drying out during an overnight incubation.

The optimal hybridization temperature is a function of the T, of the
probe, and we usually use a temperature of 7, — 5°C. However, the hy-
bridization temperatures used should never be too high (>75°C); we
rarely go above 55°C. If using multiple probes, try to design them so they
all have a similar 7, , then use the lowest hybridization temperature
among the probes in the hybridization cocktail.

-= scanned & DJVU-converted by MUSAND =-
-= musand @ front. ru =-




-= contents P. 4 =- -= NOT FOR SALE! =-

88 HYBRIDIZATION REACTIONS

Posthybridization for 3P Probe
1. Wash the slides in 2X SSC for 5 min.

Note: Steps 2 to 5 should be carried out in the dark.

2. Dip the slides in 3X nuclear tract emulsion (Kodak NBT-2, diluted
1:1 with water).

3. The slides are air dried, and then incubated for 3 to 10 days in a
light-proof box with a drying agent (period of incubation depends on the
concentration and counts per minute of the probe).

4. The slides are developed for 3 min in Kodak D-19 developer, and
then rinsed in dd H,O.

5. The slides fixed for 3 min in Kodak Unifax.

6. Counterstain the slides with May Grunewald stain (blue) or nuclear
fast red. Mount the slides with Clear Mount reagent.

Posthybridization for FITC or Other
Fluorochrome-labeled Probes

1. Wash the slides twice in 1 X PBS.

2. No other posthybridization procedure is needed to develop fluores-
cein—isothiocyanate (FITC) or other fluorochrome-labeled probes, as
they already possess their characteristic colors. Currently, there are more
than 20 fluorochromes available, which can be conjugated with different
probes to show different signals. However, special filters are required to
distinguish each color, and these filters are quite expensive.

3. Examine the slides under a microscope to ascertain that hybridiza-
tion has been successful. Be sure to examine the negative control particu-
larly to make sure there has not been any nonspecific hybridization.

4. If another probe in the experiment requires development, perform
posthybridization at this point. If you are performing immunohistochemi-
cal detections, react the tissue with appropriate rhodamine-conjugated
antibody.

5. Wash the slides gently in 1 X PBS and counterstain with Gill No. 3
hematoxylin. This will impart a blue color to the negative cells without
adding any fluorescence.
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6. Place the cover glasses and mount the slides. We prefer to mount
the slides with a solution of 50% glycerol in PBS and store them under
refrigeration at 4°C; this solution preserves the signals without leaching.
For longer storage, the cover glass can be adhered around the periphery
with nail polish or rubber cement, but under no circumstance should you
store the slides at freezing temperatures.

Posthybridization for Peroxidase-based Color Development

Many different types of probes can be used so that peroxidase-based col-
ors can be detected. These include biotinylated probes that can be bound
with streptavidin—peroxidase and digoxigenin probes that can be reacted
with antidig antibody conjugated with peroxidase. The development pro-
cedure provided here is for the biotin—streptavidin system.

1. Wash slides in 2X SSC for 5 min. Wash slides in 1X PBS for 5 min.

2. Add 10 pL of streptavidin—peroxidase complex (7/mL PBS pH 7.2)
diluted 1:30 in 1X PBS. Gently apply the cover glasses.

3. Incubate the slides at 37°C for 1 h in a humidified incubator.

4. Remove the cover glass, wash the slides with 1X PBS twice for 5
min each time.

5. Add to each well 100 pL of 3’'-amino-9-ethylene carbazole (AEC)
in the presence of 0.03% hydrogen peroxide in 50 mM acetate buffer (pH
5.0). No cover glasses are required, but be sure there is adequate fluid to
cover the sample.

6. Incubate the slides at 37°C for 10 min to develop the color; this
step should be carried out in the dark. After this period, observe slides
under a microscope. If the color is not strong, develop for another 10
min.

7. Rinse the slides with tap water and allow them to dry.

8. Add 1 drop of 50% glycerol in PBS, and apply the cover glasses
(do not counterstain yet).

9. Examine with an optical microscope: positive cells will be stained
a brownish red and negative cells will be colorless. Be sure to carefully
examine the control slides, particularly the negative control to confirm it
is completely colorless. Sometimes the negative control will show stain-
ing due to the presence of endogenous peroxidase (insufficient hydrogen
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peroxide treatment before amplication) or endogenous biotin (particu-
larly in liver or tumor cells). If there is any staining of the negative con-
trol due to endogenous peroxidase or biotin or there are “rim stains”
around the cells in the mixed population due to leakage of signal from
the positive cells, the reaction has failed and the experiment must be re-
peated.

10. If you are using immunohistochemical techniques, react the tis-
sues with the appropriate antibody at this point. Usually, we will use rho-
damine-conjugated antibodies for immunohistochemistry, as we save
FITC and fluorochrome labeling for other oligo probes we may be using.

11. Wash the slides gently in 1 X PBS and counterstain with Gill no. 3
hematoxylin, which will impart a blue color to negative cells without
adding any florescence.

12. Place the cover glasses and mount the slides. We prefer to mount
the slides with a solution of 50% glycerol in PBS and store them under
refrigeration at 4°C, as this solution preserves the signals well without
leaching. For longer storage, the cover glass can be adhered around the
periphery with nail polish or rubber cement. Under any circumstances,
do not freeze the slides.

Posthybridization for Alkaline—Phosphatase
Color Development

1. After hybridization, remove the cover glasses and wash the slides
with two soakings in 2X SSC at room temperature for 15 min.

2. Cover each well with 100 pL of blocking—bleaching solution (see
below) and place the slides flat in a humidified chamber at room temper-
ature for 15 min.

3. Prepare a working conjugate solution by mixing 10 pL of strepta-
vidin—alkaline phosphatase conjugate (40 pg/mL stock) with 90 pL of
conjugate dilution buffer (see below) for each well.

4. Remove the blocking solution from each slide by touching a paper
towel to the edge of the slide.

5. Cover each well with 100 pL of freshly prepared working conju-
gate solution and incubate in the humidified chamber at room tempera-
ture for 15 min. Do not allow the tissue to dry out after adding the conju-
gate, though cover glasses are not required.
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6. Wash slides by soaking in buffer A (see below) for 15 min at room
temperature, two times.

7. Wash slides once in alkaline substrate buffer (see below) at room
temperature for 5 min.

8. Prewarm 50 mL of alkaline-substrate buffer (see below) to 37°C in
a Coplin jar. Just before adding the slides, add 200 pL NBT and 166 L
of BCIP (see below). Mix well.

9. Incubate the slides in the NBT—BCIP solution at 37°C until the de-
sired level of signal is achieved (usually 10 min to 2h). Check the color
development periodically by removing a slide from the NBT—BCIP solu-
tion. Be careful not to allow the tissue to dry out.

10. Stop the color development by rinsing the slides in several
changes of deionized water.

11. Examine the slides under a microscope, particularly the controls.
If the negative control shows any nonspecific staining, usually blue rims
around the cells, the reason might possibly be endogenous alkaline—
phosphatase in the tissue that was not bleached out in Step 2. The experi-
ment must be repeated, but next time try doubling the incubation in Step
2 to 30 min (the levamisole will bleach the endogenous alkaline phos-
phatase in mammalian cells but not the prokaryote-derived alkaline phos-
phatase in the probe).

12. If you are using immunohistochemical techniques, react the tis-
sues with the appropriate antibody at this point. Usually, we will use rho-
damine-conjugated antibodies for immunohistochemistry, as we save
FITC and fluorochrome labeling for other oligo probes we may be using.

13. Wash the slides in 1 X PBS and counterstain with nuclear fast red.

14. Place the cover glasses and mount the slides. We prefer to mount
the slides with a solution of 50% glycerol in PBS and store under refrig-
eration at 4°C, as this solution preserves the signals well without leach-
ing. For longer storage, the cover glasses can be adhered around the pe-
riphery with nail polish or rubber cement, but do not freeze the slides.

Blocking—bleaching solution: 50 mg/mL BSA (protein) and 1% le-
vamisole (pH 8.1 in 1X PBS) in 100 mM tris-HCl (pH 7.8), 150
mM Na(l, and 0.2 mg/mL sodium azide

Conjugate dilution buffer: 100 mM tris-HCI, 150 mM MgCl,, 10
mg/mL BSA, and 0.2 mg/mL sodium azide
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Buffer A: 100 mM tris-HCI (pH 7.5) and 150 mM NaCl

Alkaline substrate buffer: 100 mM tris-HCI (pH 9.5). 150 mM NaCl,
and 50 mM Mg(Cl,

NBT (Nitro-blue-tetrazolium): 75 mg/mL NBT in 707% (v/v) di-
methylformamide, freshly prepared

BCIP (4-bromo-5-chloro-3-indolylphosphate): 50 mg/mL in 100%
dimethylformamide, freshly prepared

Posthybridization for Digoxigenin-labeled Probe

I. Use an antidig—peroxidase solution (Boehringer-Mannheim),
1 mg/mL, 1:250 dilution in PBS. Incubate the slides for 2 h at 37°C in a
humidified incubator. Wash the slides three times with PBS; then develop
the color with AEC as with other peroxidase-based probes, beginning at
Step 5, page 000.

POSTHYBRIDIZATION OF DIRECTLY INCORPORATED
LABELED NUCLEOTIDES

Color development and solution formulations can be selected from the
above recipes. For example, if you used biotin-labeled nucleotides, then
streptavidin—peroxidase or alkaline phosphates can be used as secondary
labels. If digoxigenin was used, then antidig with peroxidase, alkaline
phosphatase, or FITC can be used to observe the signals.
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CHAPTER 7

VALIDATION AND CONTROLS

The validity of in situ amplification—hybridization should be examined
in every run. Attention here is particularly important in laboratories using
the in situ technique for the first time, because many technical pitfalls lie
on the path to mastery. In an experienced laboratory such as our own, it is
still necessary to continuously validate the procedure and to confirm the
efficiency of amplification. To do this, we routinely run two to three sets
of experiments simultaneously (each with a positive and negative con-
trol), for we must not only validate amplification but also confirm the
subsequent hybridization and detection steps as well.

We frequently work with HIV-1. A common validation procedure we
conduct is to mix HIV-1-infected cells plus HIV-1-uninfected cells in a
known proportion (eg, 1:10 or 1:100), then we confirm that the results
are appropriately proportionate. This technique also provides an opportu-
nity to look for leakage of the amplicons and their penetration into the
surfaces of adjacent, HIV-negative cells. After the in situ PCR and hy-
bridization procedures, we carefully scan the entire slide under a high
power microscope and search for periplasmic colors (which we also call
rim staining). These are-the unwanted signs that indicate signal leakage
has occurred.

To examine the efficiency of amplification, we use cell lines that are
known to carry one or two copies of cloned HIV-1. Following PCR and

93
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hybridization, we look to see that proper amplification and hybridization
has occurred in both the experimental samples and the controls. You do
not have to use HIV-1 cell lines; any endogenous genes could be used to
detect the efficiency of in situ PCR, including HLA-DQa, B-actin or
B-globulin genes. HLA-DQ genes exist in a single copy per cell in most
of the human cells, since there is usually only a single haplotype per cell.
The two latter genes generally exist as two copies per cell (ie, each pair
of chromosomes carries one copy apiece).

In all DNA PCR procedures, we include at least two slides to be used
as controls for nonspecific binding and development of the hybridization
probe. We hybridize one slide of amplified cells with an unrelated probe.
The second slide would have been put through the PCR procedure with-
out zag polymerase, and we hybridize that slide with the proper probe.
The former slide should show no staining at all, and the latter slide
should show little or no visible staining (unless the cells contain a high
copy number of the gene per cell). Sometimes we also process slides in
parallel with primers and probes for HLA-DQa and B-actin, especially
with human PBMCs. These serve as positive controls, and we use them
to check various parameters of our system.

If you are using tissue sections with in situ PCR, a cell suspension
lacking the gene of interest can be used as a control. These cells can be
added on top of the tissue section and then can be retrieved after the am-
plification procedure or left as they are for further processing. These cells
usually come to rest within crevices of the tissue sections, and they will
reveal if any leakage has taken place. With careful handling, the cell sus-
pension can be hybridized and developed with the tissue section, or the
cells can be recovered with the supernatant by the various means de-
scribed on pages 25—28. Then the cells must be hybridized and devel-
oped separately. If the signal from the tissue has leaked out in any appre-
ciable quantity, it will generally be found in these cells (particularly as
the rim staining phenomenon).

One question often asked is where does one get cell lines lacking the
genes of interest? There are several potential sources. For example, if one
is working with endogenous genes of a mammal, then nonmammalian
cells would probably be a good source, particularly if the gene of interest
has not been highly conserved through evolution. Otherwise, phylogenet-
ically lower species can be used, like invertebrate species., or marine
species. The ATCC and several other cell and tissue banks store and col-
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lect many cultures of biologic material, and samples from these collec-
tions can be obtained quite readily. The other increasingly rich source are
knockout mice, which are devoid of certain gene(s). This is an emerging
technology, and one that should serve as an increasingly abundant source
in the future.

In the case of RT in situ PCR, you can use -actin, HLA-DQa, and
other endogenous-abundant RNAs as the positive markers. Of course,
you should always have a negative control for RT in situ amplification, as
well as controls for the DNAase reaction if a DNAase procedure was
used. Controls without fag polymerase plus primers and with fag poly-
merase and without primers should be included as well. In case of rTth
protocols, cocktail without MnCl, should be used as one of the negative
controls.

Investigators should always put considerable thought and effort into
the design of proper positive and negative controls for their specific ex-
periment. Then they must use the controls, diligently analyze the results,
and realize that every investigator periodically experiences failed reac-
tions. It is all part of science.

-= scanned & DJVU-converted by MUSAND =-
-= musand @ front. ru =-




-= contents P. 4 =- -= NOT FOR SALE! =-

CHAPTER 8

MATERIALS AND METHODS

SLIDES

Glass slides suitable for this procedure are available from several
sources. Please remember that if using the nail polish sealing technique,
a heavy Teflon coating that forms individual wells is best for this proto-
col. Either purchase slides with untreated glass and silanate the slides
yourself with the AES solution specified within 60 days of use, or pur-
chase slides with the manufacturer’s special coating.

There are three basic designs from which to choose for this purpose:
slides with a single oval well, which are better for tissue sections; slides
with three 12- or 14-mm wells, which are better for cell suspensions and
cell smears; and slides with twelve 6-mm wells, which can be used with
particularly scarce tissue, like fetal tissue. However, please bear in mind that
unwanted artifacts sometimes appear with small wells, so use the larger
wells whenever possible. Here is the ordering information for three sources.

Manufacturer Cell-Line Erie Scientific MIJ Research. Inc.
Associates, Inc. 20 Post Road 149 Grove Street
P.O. Box 648 Portsmouth, N.H. 03801 Watertown, Mass. 02172
Newfield, N.J. 08344 800-258-0834/ 800-729-2165/
800-662-0973/ fax: 603-431-8996 fax: 617-923-8080;
fax: 609-697-9728 World Wide Web:
WwWW.mjr.com
96
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Teflon-coated slides

Single-well #10-503 #ER-203 —_—
Three-well #10-12 #ER-285 —
Twelve-well #10-103 #ER-297 —

Slides for use with Self-Seal reagent
Without wells — NA Address as above
Single-wells —_ NA Address as above
Three-well —_ NA Address as above

COPLIN JARS AND GLASS STAINING DISHES

Suitable vessels for washing, fixing, and staining 4 to 50 glass slides are
available from several vendors. It is best to obtain dishes with a similar
. capacity to your thermal cycling apparatus. Dishes with removable trays
that hold the slides apart are particularly convenient. Such vessels are
available from Fisher Scientific, VWR Scientific, and Baxter, and they
are generally listed as staining dishes or Coplin jars.

SOLUTIONS AND REAGENTS

2% Paraformaldehyde
1. Take 12 g paraformaldehyde (Merck ultra pure Art no. 4005) and
add to 600 mL 1X PBS.
2. Heat at 65°C for 10 min.
3. When the solution starts to clear, add 4 drops 10 N NaOH and stir.
4. Adjust to neutral pH (7.2 to 7.4) and cool to room temperature.
5. Filter on Whatman’s no. 1.

10x PBS Stock Solution pH 7.2 to 7.4

Dissolve 20.5 g NaH,PO,H,O and 179.9 g Na,HPO,7H,O (or 95.5 g
Na,HPO,) in about 4 L double-distilled water. Adjust to the required pH
(7.2 t0 7.4). Add 701.3 g NaCl and make up to a total volume of 8 L.

I X PBS

Dilute the stock 10X PBS at 1:10 ratio (ie, 100 mL 10X PBS and 900
mL of water for 1 L). The final concentration of the buffer should be 0.01
M phosphate and 0.15 M NaCl.
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0.3% Hydrogen Peroxide (H,O ,) in PBS

Dilute stock 30% hydrogen peroxide (H ,0,) at a 1:100 ratio in 1X PBS
for a final concentration of 0.3% H ,0,.

Proteinase K

Dissolve powder from Sigma in water to obtain a concentration of 1
mg/mL. Aliquot and store at —20°C. Working solution: dilute 1 mL of
stock (1 mg/mL) into 150 mL of 1 X PBS.

20x SSC

Dissolve 175.3 g NaCl and 88.2 g sodium citrate in 800 mL water. Adjust
the pH to 7.0 with a few drops of 10 N solution of NaOH. Adjust the vol-
ume to 1 L with water. Sterilize by autoclaving.

2x SSC
Dilute 20X SSC; 100 mL of 20X SSC and 900 mL of water.

Solutions for Amplifying Chromosomal Bands

1. RPMI medium 1640: Per 100 mL, supplement with 15 mL fetal
bovine serum, 1.5 Hepes buffer (IM), 0.1 mL Gentamicin (0.1
heparin is optional)

2. Velban: Reconstitute vial with 10 mL sterile H ,O. From this solu-
tion, dilute 0.1 mL into 50 mL distilled H ,0. Store in the refriger-
ator.

3. EGTA hypotonic solution: Dissolve 0.2 g EGTA powder, 3.0 g
KCL, and 4.8 g Hepes buffer into 1000 mL of distilled H ,0. Adjust
the pH to 7.4. Store in the refrigerator and, before use, prewarm to
37°C.

4. PHA-C (phytohemagglutinin): Reconstitute with 5 mL sterile H ,0.
Aliquot into five 1-mL insulin syringes. Freeze four for later use,
leave one in the refrigerator.

5. Fixative solution: Mix 1 part glacial acetic acid in 3 parts EM-
grade methanol, store at —20°C.
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Streptavidin Peroxidase

Dissolve powder from Sigma in PBS to make a stock of 1 mg/mL. Just
before use, dilute the stock solution in sterile PBS at a 1:30 ratio.

Color Solution

Dissolve one AEC (3-amino-9-ethyl-carbazole from Sigma) tablet in 2.5
mL of N,N,dimethyl formamide. Store at 4°C in the dark.

Working Solution

50 mM acetate buffer (pH 5.0) 5mL
AEC solution 250 pL
30% H,0, 25 pL

Make fresh before each use; keep the solution in the dark.

Preparation of 50 mM Acetate Buffer, pH 5.0

Add 74 mL of 0.2 N acetic acid (11.55 mL glacial acid/L) and 176 mL of
0.2 M sodium acetate (27.2 g sodium acetate trihydrate in 1 L) to 1 L of
deionized water and mix.

In situ Hybridization Buffer (for 5 mL)

Formamide 2.5 mL
Salmon sperm DNA (ssDNA)
(10 mg/mL; see note) 500 uL
20X SSC 500 pL
50X Denhardt’s solution 1 mL
10% SDS 50 uL
H,0 450 pL (minus volume of probe solution)
Total volume SmL

Note: Heat denatured ssDNA at 94°C for 10 min before adding it to
the solution. Save aliquots in 1-mL volumes and freeze at —70°C.
Add probe(s) at the time of hybridization. Properly stored, this solu-
tion should remain good for up to 3 years.
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APPENDIX 1

COMPUTER-ASSISTED
DESIGNING OF PRIMERS
AND PROBES

This appendix deals with the use of computers in designing the primers
and probes needed for the procedures outlined in this volume. Before se-
lecting a primer pair for in situ PCR, it is helpful to become familiar with
various computer software programs that will simplify some of the re-
search tasks. The first step in primer or probe design involves obtaining
the sequences of the gene of interest from the appropriate database. The
sequences are then input into the software program, which assists in
choosing the optimal sequences for in situ PCR or hybridization.

SEQUENCE RETRIEVAL FROM GENBANK

Our knowledge regarding DNA sequences has grown enormously with
the advent of modern sequencing facilities and the initiation of the Hu-
man Genome Project. At the same time, computer programs for analyz-
ing these data have become more sophisticated. There are a number of
databases that are easily accessible to molecular biologists via the Inter-
net and the World Wide Web (WWW). The Internet has also become an
important tool for retrieving software, obtaining up-to-date scientific in-
formation, and connecting with other research organizations.

109
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Genbank is the most comprehensive database of DNA and protein se-
quence information. It is sponsored by the National Institutes of Health
(NIH) and is distributed by the National Center for Biotechnology Infor-
mation (NCBI). GenBank works in collaboration with the European
Bioinformatics Institute (EBI) and the DNA Data Bank of Japan (DDBJ).

There are a number of ways to access GenBank’s databases via the In-
ternet and WWW. Two common Internet and WWW browser programs
are Netscape and Mosaic. Each DNA and protein sequence submitted to
GenBank is assigned a unique accession number and given a few charac-
terizing qualifiers, which are used to retrieve it.

The following example shows how to retrieve the simian immunodefi-
ciency virus (SIV) gag gene, which can be used to design a primer for ei-
ther analytical or in situ PCR. The Macintosh program used in the exam-

GenBonk Search © NCBI &

Table of Contents

Enter and edit a sequence, Toad from disk, and reformat.

Search Genbank databank for sequences that are similar to your
BLAST Search query sequence. There is currently one search program,
BLAST*.

Fetch a sequence etrieve a sequence 1n GenBank by name or accession number .

utput cards Trom sequence entry.

your e-matt address and preferences,

Hide menubar

FIGURE Al.1. The “Table of Contents” screen pops up after you initiate the
GenBank Fetch program. The researcher has the option to retrieve a sequence or
to search a sequence’s homology with other sequences in the GenBank database.
It is important to enter the “Setup” menu to provide an e-mail address to which
the requested information is sent.
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ple can be retrieved through e-mail from Software@bio.indiana.edu.
This program has the ability to search (via BLAST) and retrieve data
from GenBank (the data can also be retrieved via Netscape at
http://www.ncbi.nlm.nih.gov/). To use the GenBank Fetch software, you
must have an e-mail address and, of course, be connected to the Internet.

The initial screen after opening Fetch is the “Table of Contents” (Fig.
Al.1), which provides the researcher with a number of options, including
searching via BLAST and retrieving a sequence via Fetch. In the “Setup”
menu, provide a return e-mail address. To retrieve a sequence, click on
“Fetch a sequence.”

If you know the accession number—for the SIV gag gene, the acces-
sion number is U17646—type it in the “Locus name” dialogue box, and
then click on “Fetch It!” (Fig. A1.2). Within a few minutes, the information
is mailed back to the e-mail address provided in the “Setup” menu de-
scribed earlier. If you do not know the accession number, you can type in
the author’s name or the name of the organism to get the same information.

Fetch maidl addvess:
retrieve@ncbi.nim.nih.gov

i

FETCH retrieves from the a data library the items you request, which oan be locus names,
aocession numbers, or any other text words used in records. Several words oan be written on a
tine, separated by spaces. Boolean operators can also be used, e.g., 'bos AND cytochrome &ND bS*
to obtain bovine cytoohrorme bS records.

FIGURE A1.2. The “Search” screen allows the researcher to retrieve a se-
quence by typing in the accession number. the author’s name, the locus name, or
the name of the organism.
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PRIMER DESIGN:

Selection of a particular target gene is followed by choosing a primer pair
that can be used to amplify a segment of genetic material. There are a
number of programs available for both the Macintosh and PCs. Our labo-
ratory uses the Macintosh version of Right Primer. Before choosing
primers for in situ PCR, certain important points must be kept in mind. In
situ PCR follows the same principles as conventional PCR, except that
the DNA or RNA strand to be amplified is inside fixed cells. Each cell
simulates a microvessel tube used in conventional solution PCR. Further-
more, permeability and retention of primers, dNTPs and polymerase are
also important. It has been our experience that for in situ PCR shorter
template amplification provides better results as described in detail ear-
lier.

The following example describes how a primer can be designed using
Right Primer. The initial step is the selection of the gene that will be used
as an identification marker. The SIV gag gene (Chen et al. 1995) will
again be used to demonstrate primer designing and selection.

Right Primer is initiated by clicking on Right Primer 1.1 (shown in the
figure on top left corner) (Fig. A1.3). This will display a window that

R:ght?nmer"”
9 items 251.2 MB in disk 95.2 MB available |

G

HGK1.SEQ

RPrimer Help.txt

READ ME HUM SEQ RPrimerData What's New in 1.1

AR e T T — i 2 o R

FIGURE Al.3. Right Primer window showing the icon for starting the pro-
gram as well as icons for the program’s accessories.

= scanned & DJVU-converted by MUSAND =-
= musand @ front. ru =-




-= contents P. 4 =- -= NOT FOR SALE! =-

PRIMER DESIGN 113

| e e T}ifgbthednenfé Edit : = Rl
- 4

FIGURE A14. Open box where target sequences for primer selection are
copied to continue with the remaining steps of the Right Primer program.

looks like the following (Fig. A1.4). The gene sequences are copied into -
this window using the “Edit” menu. After copying the sequences in the
blank window, retrieved via Fetch or through Netscape software, the fol-
lowing steps are performed to select the primers.

1. For formatting the bases, position the cursor before the first base
and click the mouse twice. This will format the bases for analyses and
display them in groups of 10, with the base number on left side of the
window (Figs. A1.5 and A1.6).

2. Next, click on “Select Primers” in the PCR parameters menu. A di-
alogue box prompts you to select a number of parameters, such as the
number of sense and antisense primers, melting temperature for each
oligo, size in bp, percentage of G and C bases, and maximum allowable
base run (ie, consecutive repetition of a given bases). There are a number
of options that have been chosen for PCR primer selection of the STV
gag gene (Fig. A1.7). For example, the number of primers is set at 10 and
the melting temperature at 55°C.

3. Next, from the “Select Primers” menu select GenBank background,
which contains oligomer frequencies computed from the GenBank en-
tries for each species or group (Fig. A1.8).
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| tcaaagaatt ttgtcoagtgt tagttccatt egteccaaca ggt teagaae atttaaagag
tctttitaat cetgtetgeg teatttogig catacacgea gooo tgaaag tgacaaatac
tgaggaagee cageoaatag tgeagagaca cotageggty gaooo tgace ctgeagacea
attgectgee acaagtagac caccageaee acctagtgge aagagaggea attacccagt
teaaeaagte ggaggeoatt atgttcacet acctttaoge ccecgeacgt tgacegettg
ggttaagete gtggoagaca ageegtitgg ageagaagta g teecaggtt tteaagegtt
gteagaegga tgeaceccet atgocattae tcaaatgett aat tgtgtcg gggageacca
ageageaaty cacataatta gagoaatcat caatgeagag geageagact gogacttgea
geateegeaa ceaggtecac teccageegg geaacteagg gageeaagag gatcegatat
1 ggeaggacce actegtaceg tagacggacg aatacagtgg atg tacaggg ctgecaacce
cateccggtg ggeoacatet cgacgatg gatecaatta ggtttoaceaa aatg tgttag
-| catgtacaat ccagteaaca tectggetat caageaaggg ceocaaagage cttttcagag
ttatgtagat agattctaca dgogettgag ageagaacaa acaga.

B+ Target sefuents il e,

agegaatgaa ttggecocat tcggottage agaaagectg ttggactcan aagaaggteg j::

Use File->0pen Fi é_._;tu‘rea sei]uem:e.

ina farget

FIGURE AL.S. Target sequences in unformatted form in the Right Primer p
gram.

TO-

Selection of the GenBank background is followed by selection of a
particular primer pair (eg, sense and antisense) that can be used for am-
plification of a specific length of gene segment. In this example, two

primers were selected that amplify a 235 bp fragment (Fig. A1.9).

AGCOARTGAA TTGGRCARAT TCGGATTAGC AGRRAGCCTG TTGGRATCAR RAGRAGGTCG
61 TCAARGARTT TTGTCAGTGT TAGTTCCATT RAGTCCCRARCH GGTTCRAGRAA RTTTRRARGAG
121 TCTTTTTART ACTGTCTGCG TCATTTGGTG CATRACACGCA GRARTGRRARG TGRAARRTAC
181 TGAGGARGCA RAGCARATAG TGCAGAGRCA CCTAGCGGTG GRARATGRARA CTGCAGRCCA

301 TCAACARGTA GGRGGCAARTT ATGTTCACCT ACCTTTARGC CCCCGCACGT TGRACGCTTG
361 GGTTARGCTA GTGGRAGARR AGARGTTTGG RGCAGARGTA GTCCCAGGTT TTCARGCGTT
421 GTCAGAAGGA TGCACCCCCT ATGACATTAR TCRRATGCTT RRTTGTGTCG GGGAGCACCA
481 AGCAGCAATG CARARTAARTTA GAGRRRTCAT CRRTGRAGAG GCAGCAGACT GGGRCTTGCA =
541 GCATCCGCAR CCAGGTCCAC TCCCAGCAGG GCRRCTCAGG GRGCCARGAG GRTCCGATAT
601 AGCAGGAACA ACTAGTACAG TAGRAGGACG PATACAGTGG RTGTRCAGGG CTGCCARCCC
661 CATCCCGGTG GGCRACATCT ACCGACGATG GRTCCARTTA GGTTTACARA RATGTGTTAG
721 PATGTACART CCAGTCARCA TCCTGGATAT CRAGCRAAGGG CCCRARGAGC CTTTTCAGAG
781 TTATGTAGAT AGATTCTACA RGAGCTTGAG AGCAGARCAR ACAGA

e Torgel Soquente i =t}

241 ATTGCCTGCC ACARGTAGAC CRRCAGCACC ACCTAGTGGC RAGAGRGGAR ATTACCCRGT . }

bt

FIGURE AL.6. Formatted sequences for primer analyses.
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Enter Primer Selection Parameters
Calculate primers for: | Analytical PCR |

Number of primers to make:

Minimum melting temp: [55 [5]
Primer Length - Min: Maw:
GC% Max: Base Run Mau:
Minimum Local Score: [25 5
Dupn of 3' end within target

@ Ignore
(O Exclude matches of 5 bases

O Exclude matches of 6 bases

[] Calculate Restriction sites

Lcanceﬂ [ Help }

Target Seduence fdhiti

1 AGCGAATGAA TTGGACARAT TCGGRATTAGC AGARAGCCTG TTGGARTCAR ARGRRGGTCG
61 TCAARGARTT TTGTCAGTGT TRGTTCCATT RAGTCCCARCA GGTTCAGRAR ATTTRRAGAG
121 TCTTTTTRAAT ACTGTCTGCG TCATTTGGTG CATACACGCA GRARTGARAG TGRARARTAC
181 TGAGGAAGCA ARGCARRTAG TGCAGRGACA CCTAGCGGTG GRARRATGRAR CTGCAGRCCA
241 ATTGCCTGCC ACARGTAGAC CARCAGCACC RCCTAGTGGC ARGAGAGGAR ATTACCCAGT
301 TCRACAARGTA GGRGGCAARTT ATGTTCACCT ACCTTTAAGC CCCCGCACGT TGRACGLTTG
361 GGTTRAGCTA GTGCGARGAAR AGRAGTTTGG AGCAGARGTA GTCCCAGGTT TTCRAGCGTT
421 GTCAGARGGA TGCACCCCCT ATGACATTAA TCARATGCTT RATTGTGTCG GGGRGCACCH
481 AGCAGCAATG CARATARTTA GAGRARTCAT CAATGRAGAG GCRGCAGACT GGGRCTTGCA
541 GCATCCGCAR CCRGGTCCAC TCCCAGCAGG GCARCTCAGG GAGCCARGAG GRTCCGATAT
601 RGCAGGRACA RCTAGTACAG TAGRAGGACG RATACAGTGG ATGTRCAGGG CTGCCAACCT
661 CATCCCGGTG GGCARCATCT ACCGACGATG GATCCAATTA GGTTTACRAR RATGTGTTAG
721 RATGTACAAT CCAGTCAACA TCCTGGATAT CARGCAAGGG CCCARAGRGC CTTTTCAGAG
781 TTATGTAGAT AGATTCTACA AGAGCTTGAG AGUAGRACAA ACAGA

Use Select Primers->GenBank Background to pick background species.

FIGURE Al.7. A dialogue box showing various essential parameters to be
kept under consideration for selection of PCR primers.
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S5elect Backqground Species

: r Species

4 Uertebrote -
Primote g,434,211
Human {(Homo Sapiens) - 8,137,363
Rodent - 7,251,901
Mouse -~ 4,027,365
Rat - 2,954,339
Other fMommal - 1,748,745
Bovine - 683,492
Dakkb.it 541017

#-click to select multiple species

|

L= n e s :
Target Sequence Edit

-—

AGCGARTGRA TTGGACAARRT TCGGATTAGC AGRARGCCTG TTGGRATCAR ARGRRGGTCG
61 TCRARGARATT TTGTCAGTGT TAGTTCCATT AGTCCCARCA GGTTCAGRAR ATTTARAGAG
121 TCTTTTTART RCTGTCTGCG TCATTTGGTG CATACRCGCA GRARTGARAG TGRARARTAC
181 TGRGGARGCA RAGCARATAG TGCAGAGACA CCTAGCGGTG GRARATGAAR CTGCAGACCA
241 ATTGCCTGEC ACARGTAGAC CAACAGCACC ACCTAGTGGC AAGRAGRGGAA ATTACCCAGT
301 TCARCRAGTA GGAGGCARTT ATGTTCACCT ACCTTTAAGC CCCCGCACGT TGRACGCTTG
361 GGTTARGCTA GTGGAAGRRA AGARGTTTGG RGCAGARGTA GTCCCRGGTT TTCRAGCGTT
421 GTCRGRAGGR TGCACCCCCT ATGACATTAR TCRARTGLTT AATTGTGTCG GGGAGCACLA
481 RGCAGCAATG CARRTRRTTA GRGRRATCAT CRARTGRAGAG GCRGCAGACT GGGRCTTGCA
541 GCATCCGCAR CCAGGTCCAC TCCCAGCAGG GCRACTCAGG GAGCCRRGAG GATCCGATAT
601 AGCAGGRACA ACTAGTACAG TRAGRAGGACG RRTACAGTGG ATGTRCAGGG CTGCCRACCC
661 CRTCCCGGTG GGCAACATCT ACCGACGATG GATCCARTTA GGTTTRCRAR RATGTGTTAG
721 ARTGTRCAAT CCAGTCARCA TCCTGGRTAT CARGCARGGG CCCARRGRGC CTTTTCAGAG
781 TTRTGTAGAT AGATTCTACA AGAGCTTGAG AGCAGRACRA RCAGH

Use Select Primers->6enBank Background to pick background species.

FIGURE Al1.8. Selection of GenBank background for the sequences of in-

terest.
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r Sense Primer List r Antl-Sense Primer List

* 3loc Tm 65 LS Dup-+ *#3loc_Tm_GS LS Dup-+*
e Y 208 55.2 72 31 43 3]

352 S57.3 4
8 353 56.2 72 41  4-2

OOONCUDdWN
a
kY
@
o
a
®
2
N
@
-

1
N

10 456 S5.6 720 20 6- 1

i
L 5l o
Cusrent Sense Primer Current Antl-Sense Primer
S* . CGTCATTTGGTCCATACACGCA. 3" 5* .CACTRBCTTRACCCARGEGT . 3°
3' tocation: 160. Size: 22 bp. 3* location: 354. Size: 20 bp.
Tm: 59.0°. G6C: S0%. Base run; 3. Tm: 85.6°. GC: S508. Base run: 3.
Hr: 6790. Hr: 6126,
Scores - Gicbal: 74 Local: 45 Scores ~ Global: 68 Local: 35
3" pentamer duplicated ix. 3' tetramer dupl icated 2x.
X Print { Enter C t ] X Print ( Enter Comment

Features of Ampiified Sequence

[ Print Pair Size: 235 bp. GC: 46%

FIGURE Al.9. Figure explaining the selection of a particular sense and anti-
sense primer.

PRIMER OPTIMIZATION

Before starting in situ PCR, primer optimization is essential. It has been
observed that primer annealing for a template is optimal at 2°C above its
T,. We hypothesize that primers do not have easy access to DNA tem-
plates inside cells and tissues, due to numerous membranes, folds, and
other cellular structures that can obstruct their binding to the target. To
overcome this problem, for each new set of primers a solution-based re-
action is conducted to confirm the best annealing temperature. A thermo-
cycler designed for the determination of actual annealing temperature
(Robocycler; Stratagene; La Jolla, Calif.) has provided encouraging re-
sults in our laboratory. Besides this, a thermocycler designed by MJ Re-
search that has the capability to perform both in situ gene amplification
in slides and in solution simultaneously in the same block is also one of

-= scanned & DJVU-converted by MUSAND =-
-= musand @ front. ru =-




-= contents P. 4 =- -= NOT FOR SALE! =-

118 COMPUTER-ASSISTED DESIGNING OF PRIMERS AND PROBES

the best choices for determining the optimal amplification and for run-
ning proper controls.
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APPENDIX 2

AMPLIFICATION: THE
DETECTION OF RARE EVENTS

DETECTION OF RARE EVENTS AND ONCOLOGY

Advances in methodology, instrumentation, and computer technology al-
low us to obtain new answers to old questions and gives us the ability to
ask questions that older technologies had not been capable of answering.
In situ amplification is one such new methodology. It is of interest to ap-
ply immunocytochemistry (ICC), in situ hybridization (ISH), and in situ
reverse transcriptase polymerase chain reaction (RT—PCR) to an area
that has in the past presented insurmountable technical difficulties. That
area is the detection of rare cellular events. This has immediate applica-
tions in oncology and infectious disease. We, and others, have designed
and constructed high speed, scanning, bright field microscopes capable
of automatically detecting a single cellular event in population of
1:1X10° to 1:1 X 10® cells. Combining the instrument with the appro-
priate reagents and chromogenic substrates has now opened the door to
new areas of medical and scientific investigation.

The advantage of the instrument is to automate the most labor-inten-
sive, tedious part of searching for rare events. That is the actual scanning
of the slides to allow the reviewer to make the final decisions as to
whether the events detected are true events or false positives. This is ac-
complished as follows. From 1 to 100 previously stained slides (ICC,

19

-= scanned & DJVU-converted by MUSAND =-
-= musand @ front. ru =-




-= contents P. 4 =- -= NOT FOR SALE! =-

120 AMPLIFICATION: THE DETECTION OF RARE EVENTS

ISH, and/or RT—PCR) are loaded into the microscope input hopper. Us-
ing a computer menu, the user inputs the area to be scanned and the
name of the chromogen (eg, DAB, AEC, New Fuchsin) and whether the
instrument should count all of the nucleated cells (which are hematoxylin
stained) to provide a denominator. The automated scan menu button is
then pressed, and the scanning of all of the loaded slides begins (Fig.
A2.1). At the completion of the run, the reviewer is presented with a vi-
sual montage of all of the events detected by the instrument (Fig. A2.2).
Since the instrument is set to detect all rare events, it necessarily detects
some false-positive events. The reviewer is then able to examine the
montage and accept or reject each event image. The instrument then cal-
culates the number of accepted events per 100,000 nucleated cells and
generates a report.

We have performed initial experiments to validate this concept. With
appropriately stained slides in a spiking experiment the system was able
to detect 1 cell per 100 million negative cells (1). Using clinical samples
of bone marrow (BM) from a patient with breast cancer, the system was
able to detect | cell in 14 million nucleated BM cells (2). The use of
these methodologies, instrumentation, and computer technology in the
detection of minimal residual disease in oncology should result in bene-
fits to the patient and the oncology community. Early primary cancer de-
tection programs (mammography for breast cancer, Pap smears for cervi-
cal cancer, and PSA assays for prostate cancer) are a fundamental part of
the war on cancer. They are all predicated on the hypothesis that detec-
tion of cancer at an early stage, when there is minimal disease and when
the genetic instability of tumors is at a minimum, can lead to curative
therapy, whereas at later stages, when there is a large tumor mass and
many different clones have arisen, cures are rare. For example, 90% of
Stage 1 ovarian cancer is surgically curable, but at later stages the cure
rate is only 15%. We believe that a similar situation holds in other surgi-
cally resectable tumors such as lymph node negative breast cancer,
Duke’s Class B and C colorectal cancer, Stages I to III lung cancer, and
organ-confined prostate cancer. In all of these situations, surgery leads to
a presumptive cure. However, in each of these cases there is a 30%
chance of tumor recurrence. The medical literature has amply demon-
strated that detection of the presence of tumor cells (1:1X10° to
1:1X10°BM cells) in the BM is an independent prognostic indicator for
shortened disease-free survival as well as overall survival (3, 4). The ra-
tionale of detection of early primary cancer to enable curative therapy
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DETECTION OF RARE EVENTS IN INFECTIOUS DISEASES 123

should also be applicable to the detection of early recurrent cancer. The
technical problem with bringing this analysis into the routine clinical
workup is that it requires special stains to enhance detection and tedious
and careful microscopic examination of the slides (by highly trained
staff) to identify these rare events.

Detection of rare tumor cells in BM is only the initial step. The pres-
ence of these cells does not necessarily mean that they have the proper-
ties necessary to form fully malignant metastatic tumors. Although there
is a strong correlation in all tumor types studied between the presence of
such cells and outcome, the correlation is not perfect. Therefore, reagents
and protocols are necessary to characterize the cells by interrogating
them to determine whether they possess all of the characteristics of fully
malignant cells. The use of in situ amplification techniques and multiple
color staining will enable us to determine if the detected cells are capable
of proliferation, invasiveness, metastasis, and angiogenesis. It will enable
us to look for the activation of cellular oncogenes and for the mutation or
deletion of suppressor genes.

The presence or absence of fully malignant tumor cells in BM will en-
able the oncologist to aggressively treat patients who need therapy as
well as to modify treatment (eg, prostate cancer patients with BM tumor
cells would be treated systemically instead of having a prostatectomy,
with all of its sequelae) and to not treat patients who do not need therapy
or whose disease has progressed to the point where therapy will no
longer be curative. Detection and density of antigens on the surface of
the detected tumor cells can be used as criterion for guiding therapy, for
appropriate patients, into the realm of passive or active immunotherapy
rather than classical chemotherapy. Detection of drug resistance markers
on the tumor cells will also prevent the use of inappropriate (ineffective)
chemotherapy with all of its severe side effects. Other applications in this
area are also under investigation. The net effect, will be to improve ther-
apy and tailor it to individual patients in such a manner that outcomes
will improve and costs will lower.

DETECTION OF RARE EVENTS IN
INFECTIOUS DISEASES

In situ PCR and RT—PCR techniques are rapidly becoming established
techniques for detection of intracellular products. The number of poten-
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tial research and diagnostic applications continues to grow (5, 6). In par-
ticular, the detection of viral and proviral gene sequences has found sig-
nificant utility in diagnosis and prognostic applications. While traditional
in situ hybridization techniques using polyclonal and monoclonal anti-
body detection have been used for a number of years to detect virally in-
fected cells, the ability to quantitate these so-called rare events (cells ex-
pressing viral proteins) has not achieved significant clinical utility. With
PCR and RT-PCR, there is improved sensitivity, specificity, and the ca-
pacity to identify multiple nucleic acid targets within individual cells.
These technologies are expected to accelerate the development of im-
proved methods with increased diagnostic accuracy and reliability in vi-
ral diseases. Bagasra and coworkers (7) have reported successful amplifi-
cation and detection of human immunodeficiency virus (HIV-1), simian
immunodeficiency virus (SIV), hepatitis B virus (HBV), cytomegalovirus
(CMV), Epstein-Barr virus (EBV), human herpes virus type 6 (HHV-6),
herpes simplex virus (HSV), and lymphogranuloma venereum (LGV). In
addition, in situ PCR and RT—PCR have been applied to studies of en-
dogenous gene sequences and the detection of low copy number mRNA.
These exciting breakthroughs allow the possibility for analysis of cells
with specialized probes detecting markers of interest in vaccine develop-
ment and gene therapy, transgenic animal studies, bacterial and viral drug
resistance, and cellular proteins and receptor expression (8).

One of the remaining limitations in the clinical use of in situ PCR and
RT—-PCR for detection of rare cells in infectious diseases is the need to
manually examine microscope slides with large numbers of cells to de-
tect virally infected cells present at low frequency, which is tedious and
inefficient. As molecular probe technology has improved, it has become
increasingly necessary to automate the final step in the procedure, the de-
tection, quantitation, and image capture of target positive events (9). Re-
cent improvements in automating microscopic analysis of bright field and
fluorescent cell preparations now allow rapid scanning and image capture
of larger numbers of cells than previously possible with manual review of
slides. As previously described for tumor cells, it is now possible in just a
few minutes for an automated system to determine optimal focus, review
hundreds of thousands of cells on a single slide at more than one magni-
fication, and to capture images of virally infected cells of interest. The
images are then saved for operator review. Software programs can be
used to calculate the number of cells infected per 10° cells counted for
each slide. This allows quantitative analysis of rare events such as the
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DETECTION OF RARE EVENTS IN INFECTIOUS DISEASES 125

number of infected cells per 100,000 cells as a measure of viral burden
(10). With multianalyte probes or the use of both nucleic acid probes and
monoclonal antibodies, quantitation of infected cells within a subset of
the total cells reviewed is possible. An important infectious disease appli-
cation is the quantitation of the number of CD4 bearing T-lymphocytes
containing either replicating (RNA) or integrated (proviral DNA) HIV-1
(7). The quantitation of viral replication can have significant clinical im-
plications and is discussed in more detail in the following sections.

Quantitation of HIV-1 Viral Burden

HIV disease progression and the development of drug resistance are
known to be associated with viral load in the infected individual (11, 12).
Single or low copy number proviral DNA can be quantitated using in situ
hybridization by PCR methods and detected by flow cytometric methods
(13), titration (14), and microscopy (15). In addition, methods for detec-
tion of HIV-1 RNA-producing cells have been developed to monitor HIV
replication and cell-associated viral load (7, 16, 17). The relationship be-
tween cell-associated, infectious HIV-1 and cell-free virus load is cur-
rently under active investigation. Current methods for quantitating HIV-1
RNA in plasma by various nucleic acid probe amplification procedures
suffer from technological limitations involving sensitivity, false amplifi-
cation due to contamination, and complexity in addition to high cost. In
situ hybridization methods may prove to be less costly and technically
comparable. It is expected that accurate quantitation of HIV-1 viral load
will be clinically useful in staging the risk of HIV-1 disease progression -
and in monitoring antiviral drug efficacy.

Automated Microscopic Detection of HIV-1 using RT-PCR and
in situ Hybridization

Using a high speed, automated microscopy system, the feasibility of
rapid quantitation of HIV-1 RNA-containing cells detected by in situ hy-
bridization using both RT—PCR and synthetic oligo proves has been
shown in our laboratory (15). The use of colored precipitating substrates
permits rapid detection of rare HIV-1 RNA-expressing cells as described
earlier for tumor cell detection. The practical detection limit of one cell
in 10° to10® is well within the range necessary for detection of HIV-1-
infected cells with little or no enrichment of the CD4+ cells necessary.
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Standardization of procedures and the availability of commercial
reagents will allow definitive studies of the utility of quantitation of cell-
associated HIV-1 in clinical decision making.
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Bone marrow cells, amplification
techniques, 120—-123

CD34 cells, in situ PCR
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in situ PCR:
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primers for RT reaction,
48-49
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RNA target primer design, 11-12
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extension temperature, 5
geometric amplification, 6—7
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Chromosome amplification:
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cell arrest at mitotic
metaphase, 71
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slide preparation, 72
spread protocols, 69—70
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Cloning, in situ PCR amplification,
amplicon recovery, 64—66
Color solution, formula for, 99
Commercial primers, availability,
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Computer-assisted design (CAD),
primer design, 109118
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reverse transcription, 13
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RNAase-free, DNAase
solution, 45-46
RNA targets, 4445
treatment protocols, 45—47
RNA target primer design,
10-12
solution-based RNA PCR, 25-26

Electron microscopy, in situ PCR
amplification, 62—63

Enzyme digestion, plant tissue in
situ PCR, 74-75

Ethanol, paraffin-fixed tissue
slides, 32—33

Extension temperature, polymerase
chain reaction (PCR), 5

Ficoll-Hypaque density gradient,
cell suspension tissue
preparation, 31
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FITC labeling, in situ PCR
amplification,
immunohistochemistry, 62—63
Fixation techniques, in situ PCR,
38-39
Forensic material, DNA in, 22
Formalin fixation:
archival tissue preparation, 36
in situ PCR amplification,
cellular antigens, 63
Frame Seal gaskets, in situ PCR
techniques, 56—58
Frozen sections, preparation
techniques, 33-36

Gel electrophoresis, solution-based
PCR, 24-25
GenBank:
oligonucleotide primers, 3—4
sequence data, 14—15
sequence retrieval, 109—-111
Gene Cone sealing technology:
amplicon recovery, 66
in situ PCR techniques, 5556
GeneReleaser, 20
Gene therapy, in situ PCR
techniques, 66—68
Geometric amplification,
polymerase chain reaction
(PCR), 6-7
Glass slides:
AES silanation, 30—31
cell cultures, 32
in situ PCR, chromosome
spreads, 72
plant tissue in situ PCR, 75
sealing technologies, 2930
sources, 96—-97

Glass staining dishes, 97
[b]-Globulin genes, in situ PCR,
validation and control

procedures, 94—95

Harvesting techniques, in situ
PCR, chromosome spreads,
71-72

Heat-stabilization treatment. in situ
PCR, 37-38

HLA-DQa genes, in situ PCR,
validation and control
procedures, 94—95

HLA typing, polymerase chain
reaction (PCR) development,
2

Hot start technique, in situ PCR,
56-58

Human immunodeficiency virus-1
(HIV-1), in situ PCR analysis:

automated microscopic
detection, 125

chromosome spreads, 68—69

gene therapy regimes, 67—68

rare event detection, 124—125

validation and control
procedures, 93—95

viral burden quantitation, 125

Hydrogen peroxide, PBS solution
and, 98

Immunocytochemistry (ICC), rare
event detection, 119
Immunohistochemical techniques:
frozen tissue preparation, 34
in situ PCR amplification,
62-63
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Infectious disease, rare event
detection, 123—125
In situ hybridization (ISH):
automated microscopic HIV-1
detection, 125
buffer solution, 99
comparison with other
techniques, 78—79
directly incorporated labeled
nucleotides,
posthybridization, 92
empirical characteristics, 79—80
in situ PCR protocols, 80-84,
86—92
alkaline-phosphatase color
posthybridization,
90-92
detection methods, 83
digoxigenin-labeled probe
posthybridization, 92
FITC posthybridization,
88—-89
general hybridization, 86—87
hybridization controls, 83—-84
labeling, 82—83
probe characteristics, 80—81
synthetic oligo probe, 8182
time, temperature and
concentration, 82
oligonucleotide probe labeling,
84-86
peroxidase-based color
posthybridization, 8990
3P probe posthybridization,
88
radioactive probes vs.
nonradioactive detection,
79
rare event detection, 119—120

INDEX 133

In situ polymerase chain reaction

(PCR):
amplification procedures, 49—60
amplicon recovery for
sequencing and cloning,
64—-66
chromosomal applications,
68—72
cover glass attachment with nail
polish, 54-55
digestion optimization, 43—44
DNAase treatment:
reverse transcriptase reaction,
46-47
RNAase-free DNAase
solutions, 45-46
RNA targets, 44—45
electron microscopy, 61—-62
gene therapy regimes, 66—68
hot start technique, 5658
immunohistochemistry, 62—63
multiple signals, multiple labels
in individual cells, 64
nonradioactive-labeled
nucleotides, 60
one-step reverse transcription,
53-54
plant tissues, 73—75
protocols, 37-43,49-50
fixation and washes, 38 —39
heat-stabilization treatment
for DNA/RNA messages,
37-38
proteinase K treatment,
39-43
rare event detection, 123—-125
RT enzymes, 47—48
reaction primers, 4849
schematic overview, 48
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In situ hybridization (ISH):
(Continued)
sealing and attachment
alternatives, 55—-56
Self-Seal technology, 51-53
thermal cyclers, 58 —60
validation and controls, 93—95
In situ reactions, annealing
temperature calculations,
17-18

Liquid nitrogen, frozen tissue
preparation, 35

Methy]l celluloacetate ether
(MCA), plastic sections tissue
preparation, 33

Methyl methacrylate (MMA),
plastic sections tissue
preparation, 33

MMLVRT (Moloney murine
leukemia virus reverse
transcriptase) enzyme
in situ PCR, 4647

primers for, 49

Monoclonal antibodies, in situ PCR,
hot start technique, 57—58

Mononuclear cells, DNA/RNA
extraction, 20—-21

mRNA:

in situ PCR:
amplification, multiple signals
and individual cell
labeling, 64
heat-stabilization treatment, 38
primers for RT reaction,
48-49
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proteinase K digestion, 40
RNA target primer design,
11-12
solution-based RNA PCR, 25-26

Nail polish, in situ PCR
techniques, amplicon
recovery, 66

Nail polish sealing technique,
29-30

in situ PCR:
amplicon recovery, 66
conventional protocols,
50-51
cover glass attachment with,
54-55

Nonradioactive nucleotides, in situ
PCR, 60

Nucleotides:

DNA primer design, 910
in situ PCR, 60
Nunc glass slides, 32

Oligo d(T) primer:
amplicon length, 13
in situ PCR:
RT reaction, 48—49
sequencing and cloning,
64—-66
RNA target primer design, 11
solution-based RNA PCR,
25-26
Oligonucleotide primers:
chain reaction mechanism, 3-4
denaturation and annealing, 4
polymerase chain reaction
(PCR) development, 2
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Oligonucleotides. See also Primer
design

Oligo software, 14

Oncology research, amplification
techniques, 119-125

One-step reverse transcription, in
situ PCR, 53-54

Paraffin-fixed tissue, 32—33
DNA extraction, 21 —-22
frozen sections, 33—34
Paraformaldehyde, 2% solution, 97
PBS solution:
0.3% hydrogen peroxide, 98
in situ PCR, 38-39
1x PBS, 97
10x solution, pH 7.2-7.4, 97
Peripheral blood monocytes
(PBMCs):
DNA/RNA extraction, 20—21
in situ PCR techniques
chromosome spreads, 70
validation and control
procedures, 94—95
Permiofix:
frozen tissue preparation, 34
in situ PCR amplification,
immunohistochemistry, 63
Phytohemagglutinin (PHA), in situ
PCR techniques, chromosome
spreads, 69
Plant tissue, in situ PCR, 73-75
protoplast protocol, 74—75
Plastic sections tissue preparation,
33
Polymerase chain reaction (PCR):
annealing temperatures, 16—18
chain reaction mechanism, 3—7

INDEX I35
denaturation and annealing, 4
extension, 5
geometric amplification, 6—7
oligonucleotide primers, 3—4
second thermal cycle, 5-6

historical background, 1-2
primer design, 9-16
amplicon length, 13
commercial available primer
pairs, 12—13
DNA targets, 9—10
primer-probe design, 15—-16
RNA targets, 10—12
sequence data sources, 14—15
reverse transcription, 7—9
touchdown protocols, 16—18
Primer design:
annealing temperature
calculations, 16—18
computer-assisted design
(CAD), 109-118
in situ PCR, RT reactions, 48 —49
optimization, 117-118
polymerase chain reaction
(PCR),9-16
amplicon length, 13
DNA targets, 9—10
primer pairs, commercial
availability, 12—13
primer-probe design, 15-16
RNA targets, 10—-12
sequence data sources, 14—15

Primer dimers, DNA primer
design, 10

Probe design:

DNA amplification, 15-16
verification of, 26—28
dot blot testing, 26—28
Southern blot testing, 28
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Proteinase K, solution formula, 98
Proteinase K:
in situ PCR, 39-40
alternative technique, 40—43
amplicon recovery, 65—66
optimization of, 43
solution formula, 98
Proteins, in situ PCR amplification,
multiple signals and
individual
cell labeling, 64
Protoplasts, in situ PCR, 74—75

Random primer, RNA target
primer design, 11
Rare event detection:
amplification techniques,
119-125
infectious disease, 123—125
Reagents:
archival tissue preparation, 36
basic formulas, 97—-99
DNA/RNA extraction,
commercial preparations, 20
Retroviruses, reverse transcriptase
in, 8
Reverse transcriptase (RT)
enzymes.
See also specific RT enzymes
polymerase chain reaction
(PCR) development, 2
in retroviruses, 8
RNA target primer design, 11
in situ PCR, 4647
automated microscopic HIV-1
detection, 125
primers for RT reactions,
48-49

properties, 47—48
rare event detection, 119125
validation and control
procedures, 95
solution-based RNA PCR,
25-26
Reverse transcription, 7—9
amplicon length, 13
in situ PCR:
one-step reverse transcription,
53-54
primers for RT reaction,
48-49
solution-based RNA PCR, 25-26
Rhodamine, in situ PCR
amplification:
immunohistochemistry, 6263
protein labeling, 64
Ribonuclease H, reverse
transcriptase and, 8
Ribonuclease inhibitor, in situ
PCR, RNAase-free, DNAase
solution, 45-46
RightPrimer software, 14, 112—115
RNA:
commercial extraction
preparations, 20
extraction protocols, 20—22
in situ PCR:
DNAase treatment, 44—45
heat-stabilization treatment,
37-38
reverse transcription, 7—9
sequencing, 2
solution-based PCR, 25-26
target primer design, 10—12
RNA sequencing, polymerase
chain reaction (PCR)
development, 2
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RNAsin, in situ PCR, 47
Robocycler Gradient, annealing
temperatures, 17
1Tth enzyme:
in situ PCR:
one-step reverse transcription,
53-54
RNA targets, 44—45
validation and control
procedures, 95
reverse transcription, 9
RNA target primer design, 12

Sealing protocols:
glass slide preparation, 29-30
in situ PCR, 49-60
alternative procedures, 55—
56
conventional technologies,
49-51
cover glass attachment,
54-55
hot start technique, 56—58
Self-Seal optimization,
51-53
Sectioning techniques, frozen
tissue preparation, 35—-36
Self-Seal reagent:
archival tissue preparation, 36
in situ PCR:
amplicon recovery, 66
optimization, 51—53
Sequencing techniques:
GenBank sequence retrieval,
109-111
in situ PCR amplification,
amplicon recovery, 64—66
primer design, 14—15

INDEX 137

Silanation:
AES silanation, 30-31
glass slide preparation, 29-30
Single-cell suspensions,
DNA/RNA extraction, 20—21
Software, primer design, 14—15
Solution-based reactions:
background, 19-20
commercial preparations for
DNA/RNA extractions, 20
polymerase chain reaction
(PCR) procedures, 2226
DNA protocols, 2325
RNA adaptations. 25-26
probe verification and detection
systems, 26—28
dot blot testing, 2628
Southern blot testing, 28
protocols, 20—22
bone fragments or forensic
material, 22
cell suspensions, 20—21
paraffin-embedded tissue,
21-22
Solutions, basic formulas, 97—99
Southern blot testing, solution-
based PCR probes and
detection systems, 28
Spindle inhibitors, in situ PCR
techniques, chromosome
spreads, 69
SSC solution formulas, 98
Staskus Laboratory, in situ PCR
techniques, 55-56
Sterile procedure, in situ PCR
techniques, chromosome
spreads, 69—-70
Streptavidin peroxidase, solution
formula, 99
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Superscript I enzyme:
in situ PCR, 47
reverse transcription, 9

Tag enzyme, in situ PCR:
amplicon recovery, 65—66
validation and control

procedures, 94—-95

TagStart antibody, in situ PCR, hot

start technique, 57—58

Teflon coated slides:
cell cultures on, 32
glass slide preparation, 30
paraffin-fixed tissue, 32—33
sources, 96—97

Temperatures, touchdown

protocols, 16—18
Thermal cycle, polymerase chain
reaction (PCR), 5-6
Thermal cycler:
annealing temperatures, 17—
18
in situ PCR, 58-60
conventional sealing
protocols, 51
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slide sealing and tissue
attachment, 55-56
polymerase chain reaction
(PCR), 5-6
Tissue preparation, 31-36
archival tissue, 36
cell cultures on slide, 32
cell suspensions, 31
frozen sections, 33—36
in situ PCR, alternative
attachment techniques,
55-56
paraffin-fixed tissue, 32—33
plastic sections, 33
Tissue-Tek OCT, frozen tissue
preparation, 34
Touchdown protocols,
primer/probe design, 16— 18

UHU Stic glue stick, in situ PCR,
50, 54-55

Validation procedures, in situ
polymerase chain reaction
(PCR), 93-95
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ABOUT THE AUTHORS

Omar Bagasra, M.D., PhD.

In 1948, somewhere on the plains of India, Omar Bagasra was born in
the back of a wooden oxcart. His refugee family was migrating north
during the exodus of the 25 million souls who were forced to leave their
ancestral homelands when the former British colony of India was being
partitioned during its struggle to become independent. At least 8 million
of these refugees— Sikhs, Muslims, and Hindus alike— perished in this
partitioning. Being Muslim, Omar’s family settled in the new nation of
Pakistan, where his father became a successful grain merchant and where
10 more brothers and sisters were born and 1 was adopted. In this some-
what volatile environment, Omar grew into a young man.

At the outbreak of the India—Pakistan War of 1965, Omar volunteered
for the Pakistani Army when he was just 16 years old. His interest in pre-
medical studies quickly led him to be trained as a medical corpsman, and
his unit was thrust into the especially vicious Baittle of Sialkot. Omar sur-
vived this quite sanguinary engagement unscathed. but many other com-
batants did not.

After this particularly harrowing experience, Omar decided to study
Buddhism, a religion for which warfare is anathema. He left his parents’
home in Pakistan and journeyed to a monastery in Tibet. After two years
of Lamaistic study and contemplation, Omar decided that the scientific
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understanding of nature was just as important a path to truth as the more
mystical, consciousness approach of the monks. Omar describes his ex-
perience this way, “I always liked the study of science, but I am very
happy I got the chance to study a second religion as well. This helped me
better appreciate Islam and its rich history as well as the analytic meth-
ods of science. Facts and logic are quite important to Islam, actually; and
Muslim culture has contributed a great deal to the study of astronomy,
medicine, and mathematics—particularly in those formative years of sci-
ence before the European Renaissance. Studying Buddhism helped me
realize this.”

He, therefore, returned to Pakistan and enrolled in the University of
Karachi, where he earned a bachelor’s degree and a master’s degree in
biochemisiry. “l1 wanted to get even higher education,” he says, “but in
Pakistan at that time, that was as high as I could get.” So in 1972 he flew
to Chicago’s O’Hare Airport, carrying just a suitcase of clothing and an
extra 100 dollars in his pocket.

Omar did not know anyone in the United States, but he soon found
employment in the road construction industry, and he improved his En-
glish—his seventh language. He then got a better job manufacturing
brake shoes for the Ford Motor Company near Fort Wayne, Indiana.
Omar saved his wages and enrolled at the University of Louisville; soon
he got his first scientific job working as a lab tech at the nearby Clark
County Memorial Hospital. There he met a young nurse, Theresa Ma-
honey, and the two were married. By 1980, Omar had eamed a Ph.D. in
microbiology and immunology and the family moved to Philadelphia,
where Omar became a junior faculty member at Hahnemann University
and a citizen of the United States.

Soon thereafter, Omar decided to go to medical school. But admis-
sions policies at that time were restrictive for individuals born and edu-
cated overseas, so the 32-year-old Omar—never one to be confined by
national borders—went to study medicine at the Universidad Auténoma,
Ciudad Juaréz, Mexico. After two years of study, he went to Temple Uni-
versity, where he completed his clinical training.

He soon rose to another faculty position at Hahnemann University.
He next went to the University of Medicine and Dentistry of New Jer-
sey, had a brief stint at St. Christopher’s Hospital for Children in
Philadelphia. Finally, he moved to Thomas Jefferson University in
Philadelphia, where he serves as director of the Molecular Retrovirol-
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ogy Laboratories, section chief of molecular diagnostics of the Center
for the Study of Human Viruses, and associate professor of infectious
diseases. Omar also keeps a hand in clinical work; he is currently
board-eligible in anatomic pathology and a diplomate of the American
Board of Medical Laboratory Immunology. He is also board-certified in
forensic pathology.

Omar’s research interests have long been associated with the study of
HIV and AIDS. In fact, he has been on the trail of the virus since 1981—
the year of the first scientific report. For the past several years, Omar has
focused on trying to gain insight into modes of virus transmission, nat-
ural immunities to retroviral infection, and the development of antisense
and gene therapy treatments for HIV-1. His unswerving dedication to his
work has resulted in more than 150 scientific articles and book chapters,
and he frequently serves as an invited speaker at scientific conferences
throughout the world.

Omar and Theresa now have two children, Alexander (17 years) and
Anisah (15 years), and the family resides in Laurel Springs, New Jersey.

John Hansen

John Hansen grew up on a farm in southern Maryland, among the
headwaters of the Zekiah Swamp. At the age of 12, he went to study at a
Benedictine monastery school in Washington, D.C., paying his tuition
through the culture of strawberries and tobacco. In 1978, with the oppor-
tunity of financial aid, he was able to matriculate to Harvard College in
Cambridge, Massachusetts.

Following his commencement, John went to work in the U.S. House
of Representatives on Capitol Hill. At the age of 26, he ran for election,
to represent Charles County in the Maryland House of Delegates. With
support from labor and environmental groups, he narrowly missed de-
feating a 12-year incumbent. Soon thereafter, John’s long-time mentor,
the Reverend Michael Peterson, M.D., succumbed to the ravages of
AIDS. Now without a job or a teacher, John returned to Massachusetts
and to much-needed employment at the Harvard University Library and
graduate studies in atmospheric chemistry and North American archaeol-
ogy.

About this time, two college friends were founding a company to man-
ufacture equipment for molecular biology laboratories. John helped out
in the early days and then went to work full-time as director of special
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projects; he currently serves as vice president for marketing and commu-
nications. Today, the company MJ Research—is the world’s leading
manufacturer of Peltier thermal cyclers, with distributors in more than 40
nations and whose instruments are in use on all seven continents of the

earth.
John currently resides in Central Square, Cambridge, Massachusetts.
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FIGURE 3. DNA and RNA in situ PCR at the single-cell level. Top panel: dual
amplification of DNA and multiply spliced mRNA in a single cell. Upper left: in
situ DNA PCR (red nuclear signals); upper right: in situ RT-PCR for mRNA
HLADQa as observed by FITC-labeled probe. Note the nuclear versus cytoplas-
mic staining. Middle panel: in situ RT-PCR of HIV-1 in oral mucosal epthelial
cells of an HIV-1 seropositive individual. Left: in sita RT-PCR for HIV-1
seronegative specimen. Right: in situ RT-PCR for HIV-1 in a specimen from HIV-
1 infected person. Note the strong trapping of signals and distinct loci in the in-
fected cells and the lack of diffuse or background signals. For the detection of
HIV-1 RNA, tat multiply spliced mRNA sequences were used. Lower panel: in
situ PCR on the chromosome bands. DNA in situ PCR was performed on the chro-
mosomal bands from a SUP-T1 cell line infected with HIV-1. Arrows show the
points of insertion of HIV-1.
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FIGURE 4. DNA in situ PCR for human herpesvirus type 8 (HHV-8). Upper
panel: high power view of a Kaposi’s sarcoma lesion; many cells show positive
staining (red cells) for HHV-8. Middle panel: (left) low power view of a tissue sec-
tion from skin from a healthy person, subjected to in situ PCR for HHV-8, no pos-
itive signal obtained. (Right) a tissue section from an AIDS-associated Kaposi’s
sarcoma lesion. Note HHV-8 positive signal in a nodular lesion. Third panel: (left)
high power view of Kaposi’s sarcoma lesion in an AIDS patient. Note the infec-
tion of the microvascular endothelial cells. (Right) HHV-8 in the sperm specimen
from a healthy person, absence of HHV-8. Lower panel: (left-right) presence of
HHYV-8 in the sperm heads of two semen specimens from the AIDS patient.

C3
-= scanned & DJVU-converted by MUSAND =-

-= musand @ front. ru =-




-= contents P. 4 =- -= NOT FOR SALE! =-

FIGURE 5. DNA in situ PCR for HHV-8 and their association with Kaposi’s
sarcoma. Upper right panel: high power view of two non-AIDS Kaposi’s sarco-
ma lesions; many cells show positive staining (red cells) for HHV-8, including the
microvascular endothelial cells. Middle panel: (left) high power view of a non-
AIDS Kaposi’s sarcoma lesion from an endemic African area; many cells show
positive staining (red cells) for HHV-8, including the microvascular endothelial
cells. (Right) presence of episomal HHV-8 in a non-AIDS Kaposi’s sarcoma le-
sion. Third panel: (left) presence of episomal HHV-8 in an AIDS-Kaposi’s sarco-
ma lesion. (Right) in situ PCR of the PBMC from a patient with AIDS-related Ka-
posi’s sarcoma. These studies used an HHV-8 primer pair for in situ PCR and sub-
sequently a biotinylated HHV-8 probe from the 330 Bam sequence. The arrow in-
dicates a cell with a positive signal. Lower panel: (left) PBMC from a normal
healthy person. (Right) in situ PCR performed on T and B lymphocyte subpopu-
lations from the same person as above. Positive signals were seen in both subsets,
more in B cells than in T cells. The B cell fraction is shown here.
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FIGURE 6. In situ PCR on primary brain cell cultures infected with HIV-1.
Upper panel: (left) infection of microvascular endothelial cells with HIV-1.
1Right) control, uninfected cells. Middle panel: (left) infection of astrocytes with
HIV-1. (Right) a cell line derived from human microvascular endothelial cells in-
fected with HHV-8. Note the episomal nature of the virus. Third panel: (left) a dif-
ferent cell line derived from human microvascular endothelial cells infected with
HHV-8. Again note the episomal nature of the virus. (Right) HHV-8 in the brain
tissues of HI'V-1 infected patients. Lower panel: (left-right) HHV-8 in the brain tis-
sues of HIV-1 infected patients with severe dementia.
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FIGURE 7. In situ PCR for transgenic plants. Upper panel: (left) as a control,
tomato protoplasts were subjected to in situ PCR for the large subunit of the en-
dogenous plant gene 1,5-biphosphate carbooxylase. (Right) control for the same
gene, without primers. Middle panel: (left) control for transgenic rabies gene.
(Right) in situ PCR for rabies G-protein gene. Third panel: as an additional control.
tomato protoplasts were subjected to in situ PCR for the small subunit of the en-
dogenous plant gene 1,5-biphosphate carbooxylase. (Right) control for the same
gene, without primers. Lower panel: (left) an MS-plaque area exhibiting mRNA
expression of inducible nitric oxide synthase—positive round cells (green), as de-
termined by reverse transcriptase initiated in situ PCR. Note the severe destruction
of neuronal filaments (red), detected using a cocktail of three monoclonal antineu-
rofilament antibodies (marker for neurofilaments). None of the cells positive for
iNOS reacted with neurons. (Right): the same MS-plaque area exhibiting mRNA
expression of inducible nitric oxide synthase—positive round cells (green), as de-
termined by RT in situ PCR. Note the severe destruction of astrocytic processes
(red), detected using a monoclonal antigilal fibrillary acidic protein antibody
(marker for astrocyte). None of the cells positive for iNOS reacted with astrocytes.
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Insitu gene amplification techniques offer tremendous potential as aids to clinical diagnosis through their ability
to detect a single copy of a specific microbial, neoplastic, messenger, or mutated nudeic acid sequence in a cell smear,
cell suspension, tissue section, or chromosome. In sifu hybridization, applied in combination with the polymeruse
chain reaction (PCR), can be expected to fuel accelerated developments in the understanding of embryogenesis,
., organogenesis, and cell differentiation, as well as the pathogenesis of numerous disease processes. But the pro-
* cedures are cumbersome and fraught with potential variables, and experimental results are difficult to reproduce.

In Situ PCR Techniques addresses this problem directly, with comprehensive step-by-step protocols for the delineation
of genetic amplification and histological detection techniques. Each procedure has been tested and validated for its
sensifivity, precision, and reproducibility, and the authors give advice on the design of primers for PCR applications
and on optimizing these protocols for use with plant, insect, and prokaryotic cells. They facilitate the repetition of
published experiments by providing the kinds of hints, tips, and laboratory secrets that are often left out of sci-
entific papers. They also demonstrate clearly and thoroughly the efficacy of in situ PR as an alternative fo stan-
dard and fluorescence in situ hybridization for detecting a single copy of a mutant gene, a virus, or a very
low-abundance message in individual cells, while preserving the morphology of the cell and the fissue in which it
resides.

Topics covered include:

o Areview of the in situ PCR technique o Combination of immunohistochemistry and in situ PCR

o Step-hy-step protocols for in situ PCR techniques amplification

o Optimization of annealing temperatures for o Special applications of in situ PCR amplification
specific primers e Hybridization reactions

* Preparation of glass slides and fissues o Validation and controls

® Selection of DNA and RNA targets *  Materials and methods

Supplemented with numerous helpful graphics and illustrations, In Situ PCR Techniques is immensely useful, not
merely to the novice, but also to experienced researchers in investigative pathology, virology, and gene therapy,
as well as in developmental biology, immunology, plant molecular biology, entomology, and the neurosciences.

Cover Design: Roberta Ludlow

Cover illustration: An MS-plaque area exhibiting mRNA expression of inducible nitric oxide synthase (iNOS)-positive round cells (green), as deter-
mined by reverse-franscriptase-initiated (RT)-in situ polymerase chain reaction and severe destruction of neuronal filaments (red), detected
using a cocktail of three monoclonal anti-neurofiloment antibodies, o marker for neurofilaments.
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