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Immunohistochemistry is a method that can provide
complementary diagnostic and prognostic informa-
tion to morphological observations and soluble as-
says. Sensitivity, specificity, or requirements for ar-
duous sample preparation or signal amplification
procedures often limit the application of this ap-
proach to routine clinical specimens. Rolling circle
amplification (RCA) generates a localized signal via an
isothermal amplification of an oligonucleotide circle.
The application of this approach to immunohisto-
chemistry could extend the utility of these methods to
include a more complete set of immunological and
molecular probes. RCA-mediated signal amplification
was successfully applied to the sensitive and specific
detection of a variety of cell surface antigens (CD3,
CD20, and epithelial membrane antigen) and intra-
cellular molecules (vimentin and prostate-specific an-
tigen) within a variety of routinely fixed specimens,
as well as samples prepared for flow cytometry. RCA
technology, which has an intrinsically wide dynamic
range, is a robust and simple procedure that can
provide a universal platform for the localization of a
wide variety of molecules as a function of either an-
tigenicity or nucleic acid sequence. The use of RCA in
this way could enhance the use of markers of current
interest as well as permit the integration of emerging
information from genomics and proteomics into
cell- and tissue-based analyses. (Am J Pathol 2001,
159:63–69)

Analyses, such as immunohistochemistry and flow cy-
tometry, provide information that is complementary to that

obtained through the more traditional morphological de-
scriptions provided by conventional cytology or histol-
ogy. This general area of molecular tissue pathology has
required adaptation of many of the antibody probes first
used in homogenous cell-free preparations, and has re-
quired the development of techniques to refine the ex-
amination of cells and tissues. It is now generally ac-
cepted that a tissue-based assay can yield superior
information to a soluble assay. For example, the determi-
nation of estrogen receptor status in breast biopsies is
better accomplished using an immunohistochemical ap-
proach than the biochemical assay of receptors, which
fails to evaluate the receptor status of neoplastic tissue in
contrast to benign glands.1 The ability to detect rare cells
or foci of abnormal cells within a tissue is of increasing
importance as biopsies become progressively smaller
and subject to more refined analyses using the rapidly
accumulating knowledge of the molecular basis of dis-
ease. The ability to investigate and apply new markers
that are characteristic of specific genotypes and pheno-
types in tissue could provide information regarding diag-
nosis, prognosis, and response to various treatment reg-
imens. Emerging fields, such as pharmacogenomics,2

depend on the ability to simultaneously monitor the ex-
pression profiles for several markers. Immunohistochem-
istry, as it is applied to fixed tissue, can provide critical
material for the analyses that are necessary to validate
these markers.

The application of antibodies to cells and tissues has
presented specific difficulties beyond those encountered
when these reagents are applied to purified proteins in
solution. At least two general sorts of problems have
been encountered. First, biopsies and cell samples may,
through differences in fixation and preparation, vary in
their preservation from specimen to specimen. This issue
has been addressed using antigen retrieval tech-
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niques3,4 and enzymatic digestion. An additional diffi-
culty is the ability to detect analytes present at low levels.
In common with soluble assays, this becomes a matter of
increasing signal without raising the level of nonspecific
background. The approach that has been most com-
monly explored is signal amplification, which is achieved
by successive rounds of enzymatic reactions. Biotinyl
tyramide5,6 is commonly used to increase the signal of
low abundance targets that are otherwise undetectable
by conventional methods. Tyramide-based amplification
has not been used for clinical applications, because of
increased background during the multiple rounds of sig-
nal amplification. This problem is especially prevalent in
clinical samples in which nonspecific binding of antibod-
ies or nucleic acid probes cannot be controlled to the
extent it can be with cultured cells.7,8

Rolling circle amplification (RCA) is an isothermal nu-
cleic-acid amplification method.9–12 It differs from the
polymerase chain reaction and other nucleic-acid ampli-
fication schemes in several respects. In addition to an
exponential mode, which is capable of generating ampli-
fication in excess of 109-fold, a linear mode of RCA can
generate 105-fold signal amplification during a brief en-
zymatic reaction that has been demonstrated in microar-
ray assays.11 Perhaps the most important feature of linear
RCA is that the product of amplification remains tethered
to the target molecule. In conjunction with the isothermal
nature of the RCA reaction and the capability to localize
multiple markers simultaneously, RCA seems well suited
to cell- and tissue-based assays where it is critical to
maintain morphological information. It has been demon-
strated that RCA amplification permits the localization of
signals, representing single molecules with specific ge-
netic9,13 or biochemical features.10,11 This has been
achieved in haloed nuclei9 and on microarrays of pro-
teins.10,11

Localized signal amplification by means of RCA can
recognize nucleic acid targets9 through hybridization of
nucleic acid probes. More recently it has been estab-
lished10,11 that RCA can be used to increase the sensi-
tivity of immunoassays. In a manner analogous to immu-
nopolymerase chain reaction14,15 it has been possible to
couple the specificity of antibodies to the signal amplifi-
cation of RCA. However, in contrast to immunopoly-
merase chain reaction, signal amplification via immuno-
RCA results in an easily detectable high-molecular
weight nucleic-acid molecule at the site of antibody bind-
ing. Furthermore, because the product of an immuno-
RCA reaction remains attached to the immune complex,
it is compatible with localization of the product on a
microarray or within a biological structure. As illustrated
in Figure 1, a polyclonal antibody to species-specific
immunoglobulins is a generic reagent with the capability
to magnify the signal generated by standard immunohis-
tochemistry. The present report describes experiments
that demonstrate the ability of RCA to increase sensitivity
as well as localize specific molecules in cells and tissues
using antibodies. The goal of these experiments was to
prove the feasibility and versatility of a generic platform
using RCA with a variety of markers in cells and tissues.

Materials and Methods

Cells and Tissues

The l light chain-producing human myeloma cell line
U266 (ATCC TIB-196) and the acute T-cell leukemia-
derived cell line Jurkat (ATCC TIB-152) were obtained
from the American Type Culture Collection and propa-
gated as suggested. Formalin-fixed paraffin-embedded
tissues were obtained from DAKO (Carpinteria, CA) and
Newcomer Supply Inc (Middleton, WI).

Oligonucleotide Sequences

Two sets of primers, circles and decorator sequences
were used in these experiments: primer 1, 59-AAAAAAAA-
AAAAAAAATGATCACAGCTGAGGATAGGACATGC GA-
39; primer 4.2, 59-AAAAAAAAAAAAAAACTTGTACAT-
GTCTCAGTAGCTC GTCAGT-39; circle 1, 59-pCGCATG
TCCTATCCTCAGCTGTGATCATCAGAACTCACCTGTTA
GACGCCACCAGCTCCAACTGTGAAGATCGCTTAT-39;
circle 4.2, 59-pACTGACGAGCTACTGAGACATGTACAAT
CGGACCTGTGAGGTACTACC CTAATCGGACCTGTGA-
GGTACTACCCTAACTT-39; decorators for circle 1, 59-
XACTGTGAAGATCGCTTATX-39 (X 5 biotin), 59-FACTCTG-
AAGATCGCTTATF-39 (F 5 fluorescein); decorators for cir-
cle 4.2, 59-TCGGACCTGTGAGGTACTACCCTAA HRP-39
(HRP 5 horseradish peroxidase) oligo obtained from Syn-
thetic Genetics (San Diego, CA), 59-FTCGGACCTGTGAGG
TACTACCCTAAF-39.

Preparation of Conjugates

Immunoconjugates, in which RCA primers were co-
valently attached to antibodies, were prepared as previ-
ously described.10 Either a polyclonal preparation of rab-
bit anti-mouse immunoglobulins (DAKO) or a mouse
monoclonal antibody to fluorescein (Fitzgerald Industries,
Concord, MA) were linked to primer 1 or 4.2. Desalted
antibody (41 nmol) was treated with a 10-fold molar ex-
cess of sulfo-N-(4-maleimidobutyryloxy) sulfosuccinimide

Figure 1. Schematic representation of immuno-RCA approach. A: Diagram
of immunoconjugate bound to target antigen. B: Hybridization of circle to
RCA primer. C: Enzymatic synthesis of high-molecular weight DNA by rolling
circle replication. D: Detection of localized amplification at site of bound
antibody with labeled decorator oligonucleotide.
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(GMBS) (Pierce Chemical, Rockford, IL) under nitrogen in
the dark for 30 minutes at 37°C, followed by 30 minutes at
room temperature. Unreacted sulfo-GMBS was removed
by chromatography over a PD-10 column equilibrated
with NaPhosphate, pH 7.5, 150 mmol/L NaCl. The anti-
body was concentrated in a Centricon YM-30 at 4°C. The
number of maleimides per antibody was determined by
using Ellman’s reagent (Pierce) to measure sulfhydryls
after titration of b-mercaptoethanol by the activated anti-
body. Sulfo-GMBS, 28.1 nmol, of activated antibody and
142 nmol of 59 thiol oligonucleotide were conjugated in a
volume of 825 ml for 2 hours at room temperature, fol-
lowed by overnight at 4°C. Antibody conjugated to oligo-
nucleotide was purified by anion exchange chromatog-
raphy on Q-Sepharose (Amersham Pharmacia Biotech,
Piscataway, NJ) using a salt gradient. Fractions contain-
ing conjugate were pooled and subjected to size exclu-
sion chromatography on Superdex-200 (Pharmacia, Pis-
cataway, NJ) at 4°C to remove free oligonucleotide. A
10:1 ratio of oligonucleotide:antibody was typically used
in conjugations, which resulted in a more reproducible
production of conjugates with 3 to 5 oligonucleotides per
antibody molecule. Size exclusion chromatography was
used to remove unconjugated oligonucleotide, ensuring
a final preparation free of unconjugated antibody or DNA.
The overall efficiency of the conjugation procedure rou-
tinely gave 50% recovery of the starting antibody.

Immunohistochemistry

Before staining, tissue sections were baked for 1 hour at
65°C and deparaffinized through xylene and graded eth-
anol (100, 95, and 70%, two times at 2 minutes each).
Sections were rinsed in phosphate-buffered saline (PBS),
pH 7.4, and blocked for 15 minutes in 10% normal goat
serum diluted in PBS. Primary antibodies to CD20 (clone
L26), epithelial membrane antigen (EMA) (clone E29),
and vimentin (clone V9) were obtained from DAKO. The
anti-prostate-specific antigen (PSA) antibody (clone
M212091) was obtained from Fitzgerald. All antibodies
were routinely diluted in 50 mmol/L Tris, pH 7.5, 150
mmol/L NaCl, 0.1% Triton X-100, and 3% bovine serum
albumin. Primary antibodies were incubated for 30 min-
utes at room temperature. Conventional immunohisto-
chemistry was performed using a biotinylated rabbit anti-
mouse secondary antibody (DAKO) followed by
streptavidin-HRP (DAKO). For the detection of EMA in
breast sections, a fluorescein isothiocyanate (FITC)-con-
jugated primary antibody was used followed by rabbit
anti-FITC-alkaline phosphatase conjugate (Novocastra).
Detection by immuno-RCA was performed in the same
manner, except RCA conjugates were substituted for a
biotinylated secondary antibody. After RCA, the product
was decorated and detected by one of three methods.
Tonsil sections were screened for CD20 by use of a
biotinylated decorator followed by an additional 30-
minute incubation with streptavidin-HRP conjugate.
Breast tissue used for EMA analysis used the FITC-la-
beled decorator followed by an additional 30-minute in-
cubation with rabbit anti-FITC-alkaline phosphatase con-

jugate. Vimentin and PSA analysis on tissues was
performed via an oligonucleotide-HRP conjugate. Two
23 standard saline citrate/0.1% Triton X-100 washes fol-
lowed each decoration step. Colorimetric detection used
diaminobenzidine/hydrogen peroxide (DAKO) or Nova
Red (Vector Laboratories, Burlingame, CA) for HRP de-
tection, whereas AP detection used Vector Blue (Vector
Laboratories). Slides were washed with deionized water,
air-dried, and counterstained. Sections were mounted in
VectaMount (Vector Laboratories).

Flow Cytometry

Approximately 106 cells in a volume of 50 to 100 ml per
sample were washed with PBS and incubated with a
fluorescein-conjugated monoclonal antibody to CD3
(clone BMA 031; Caltag Laboratories, Burlingame, CA),
diluted in DAKO diluent (DAKO). Cells were washed in
PBS, followed by centrifugation and resuspension in Fix-
ation medium (Caltag Laboratories). Cells were fixed for
15 minutes on ice, followed by a PBS wash. RCA ampli-
fication was performed in a similar manner to immuno-
RCA on fixed tissues using the anti-fluorescein immuno-
conjugate and decorated with a fluorescein conjugated
oligonucleotide decorator. Cells were analyzed using a
Coulter EPICS/Profile II flow cytometer equipped with a
He-Ne laser set to an excitation wavelength of 488 nm.

Rolling Circle Amplification

RCA amplification was performed as previously de-
scribed.9 Briefly, bound immunoconjugates were de-
tected by incubation with a circle homologous to the RCA
primer diluted to 200 nmol/L in 100 mmol/L of potassium
glutamate. After incubation for 30 minutes at 37°C, slides
were rinsed with 100 mmol/L of potassium glutamate.
RCA reactions were performed for 45 minutes using f29
DNA polymerase (Amersham Pharmacia Biotech) at
31°C. The products of these RCA reactions were then
visualized by incubation at 37°C for 30 minutes with the
appropriate oligonucleotide decorator diluted to 20
nmol/L in 23 standard saline citrate/0.1% Triton X-100.

Results

Protocol for RCA-Based Signal Amplification for
Immunohistochemistry

Previous work10,11 has established that coupling of an
RCA primer to an antibody can be accomplished without
significantly compromising the affinity or avidity of the
conjugate. These immunoconjugates can be either pri-
mary antibodies specific for a molecule of interest, such
as human immunoglobulin E, or a secondary antibody
that reacts with a class of primary antibodies, eg, mouse
monoclonal immunoglobulins. As illustrated in Figure 1,
when such a generic immunoconjugate is used it substi-
tutes for conventional secondary detection antibodies.
The subsequent steps, unique to RCA-mediated signal
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amplification, are annealing of circle (Figure 1B), enzy-
matic amplification (Figure 1C), and detection of the RCA
product with a decorator probe (Figure 1D). These steps
added 60 to 90 minutes to the routine immunohistochem-
istry protocol that used a biotinylated secondary antibody
followed by a streptavidin-enzyme conjugate. The gen-
eral scheme presented here can be applied to monoclo-
nal and polyclonal antibodies with a final readout that is
either colorimetric or fluorescent.

Detection of Commonly Localized Antigen

To evaluate the ability of RCA to provide localized signal
amplification across a range of antibody concentrations,
serial dilutions of monoclonal antibody that recognizes
the B-cell antigen, CD20, were applied to tonsil sections.
The binding of the antibody was determined using either
a conventional detection scheme, a biotinylated second-
ary antibody followed by a streptavidin-horseradish per-
oxidase conjugate, or immuno-RCA in which an RCA
primer, convalently linked to a polyclonal rabbit anti-
mouse antibody, replaces the biotinylated secondary
antibody. After RCA, the RCA reaction product was de-
tected using a biotinylated oligonucleotide probe fol-
lowed by the streptavidin-horseradish peroxidase conju-
gate. Comparison of the two sets of sections (Figure 2)
shows that the slides developed by immuno-RCA have
uniform signal, primarily within germinal centers, over a
wider concentration range than the standard method.
The increase in signal is at least fourfold with respect to
antibody dilution. In addition to CD20, EMA was studied.
EMA is also a membrane protein that is observed in the
apical portion of duct-lining cells. In Figure 3 RCA pro-
vided a similar fourfold signal enhancement when com-
pared to conventional immunohistochemistry.

To evaluate the ability of immuno-RCA to localize an
intracellular antigen, sections of tonsil and prostate tissue

were analyzed with antibodies to vimentin or PSA, re-
spectively. With respect to antibody dilution, RCA provides
at least a fourfold increase in signal without compromising
the discrete intracytoplasmic localization of vimentin or PSA
(Figures 4 and 5). In each set of experiments, tonsil, breast,
and prostate biopsies demonstrated the reproducibility and
sensitivity of immuno-RCA across the section at low con-
centrations of primary antibody.

Application of ImmunoRCA to Flow Cytometry

The use of antibodies to characterize cellular samples via
flow cytometry shares with immunohistochemistry the
need for minimizing background. Currently, flow cytom-
etry is predominantly used to monitor relatively abundant
cell surface molecules. The application of a suitable sig-
nal amplification approach to flow cytometry could permit
the quantitative analysis of dispersed cell samples. To
address the feasibility of using RCA technology, the pres-
ence of CD3 antigen was examined on the surface of
lymphoid cells. The data presented in Figure 6 demon-
strates the use of immuno-RCA to detect CD3 on Jurkat,
a CD3-positive T-cell leukemia-derived cell line, in dis-
tinction to U266, a B-cell line derived from a myeloma
patient. In this experiment these two cell lines were incu-
bated with a FITC-labeled monoclonal antibody to CD3
under conditions routinely used for flow cytometry. A
portion of each cell line was then subjected to immuno-
RCA using a conjugate that reacts with FITC, thereby
amplifying the signal from the bound FITC-labeled pri-
mary antibody. Flow analysis of the samples treated only
with the primary antibody demonstrated a 10-fold greater
fluorescence intensity for the CD3-positive Jurkat cells,
than the CD3-negative U266 cells. After immuno-RCA,
the fluorescent intensity of the Jurkat cells was increased
by ;40-fold. Most significantly, the relative signal for
CD3-positive cells was at least 60-fold greater than that

Figure 2. Detection of CD20 by conventional immunohistochemistry or immuno-RCA. Serial sections of formalin-fixed paraffin-embedded tonsil were prepared
for immunohistochemistry as described in the text and incubated with monoclonal antibody to CD20 diluted 1:1000 (A and E); 1:4000 (B and F); 1:16,000 (C and
G); or antibody diluent alone (D and H). After development with a standard detection kit (A–D) or by immuno-RCA (E–H) using an RCA conjugate that recognizes
mouse immunoglobulins, sections were incubated with diaminobenzidine/hydrogen peroxide (brown stain) and counterstained with methylene blue. All panels,
showing the same region of the tonsil specimen, were photographed at an original magnification of 310. Uniform staining was observed in the germinal centers,
whereas the interfollicular regions of the tonsil showed little staining. IHC, immunohistochemistry.
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for the negative-control cell line. Thus, the discrimination
between these two populations is improved by immuno-
RCA. Similar results have been obtained by applying the
same approach to the flow analysis of intracellular IgE in
myeloma cells, discrimination between k and l light
chain proteins in immunoglobulin-producing B cells as
well as CD4 in a T-lymphocyte cell line (data not shown).

Discussion

The features of RCA demonstrated in this work are appli-
cable to analyzing the molecular characteristics of indi-
vidual cells. Increased sensitivity without compromising
cellular and tissue morphology has been demonstrated
for immunohistochemical and flow cytometry applica-

tions. ImmunoRCA provides a universal approach to de-
tect a variety of targets that differ in relative levels and
localization.

In each of the cell-based assays presented in this
report, the increase in sensitivity derived from use of RCA
technology came with no loss of specificity. This is con-
sistent with the application of RCA technology to soluble
assays9 and microarrays.10,11 In general, the advantage
of RCA is a significant increase in signal that is achieved
through a single round of enzymatic amplification of a
nucleic acid substrate. This is in contrast to biotinyl tyra-
mide, which requires a multilayered amplification pro-
cess. ImmunoRCA derives its specificity from an anti-
body-antigen interaction, and its signal amplification from
nucleic acid hybridization and synthesis. As a result, it

Figure 3. Detection of EMA. Serial sections of formalin-fixed paraffin-embedded breast tissue were prepared for immunohistochemistry as described in the text
and incubated with monoclonal antibody to EMA diluted 1:1600 (A and E); 1:6400 (B and F); 1:25,600 (C and G); or antibody diluent alone (D and H). After
development with either standard immunohistochemistry techniques (A–D) or immuno-RCA (E–H), sections were screened for alkaline phosphatase activity
(blue stain) and counterstained with Nuclear Fast Red. All panels, representing the same region of the breast tissue, were photographed at an original
magnification of 320. Epithelial cells of the breast ducts and lobules were uniformly positive for EMA. IHC, immunohistochemistry.

Figure 4. Detection of vimentin. Serial sections of formalin-fixed paraffin-embedded tonsil were prepared for immunohistochemistry as described in the text and
incubated with monoclonal antibody to vimentin diluted 1:1600 (A and E); 1:6400 (B and F); 1:25,600 (C and G); or antibody diluent alone (D and H). After
development with standard immunohistochemistry techniques (A–D) or immuno-RCA (E–H), sections were incubated with Vector Nova Red/hydrogen peroxide
(brown stain) and counterstained with methylene blue. All panels, showing the same region of the tonsil specimen, were photographed at an original
magnification of 320. In contrast to CD20 (Figure 2), lymphoid and endothelial cells in the interfollicular areas stain positively for vimentin. IHC, immunohis-
tochemistry.
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circumvents the problem of using multiple steps of anti-
body-mediated recognition and amplification that will suf-
fer from similar nonspecific interactions.

The detection of rare cells with clinically relevant ge-
notypes or phenotypes can be accomplished through in
situ hybridization or immunohistochemistry. The chal-
lenge in both cases is to have increased sensitivity of
detection, so the desired nucleic-acid or immunological
probe can be used under sufficiently stringent conditions
to prevent nonspecific reactions that confound analysis

of clinical samples. The advantage of RCA, perhaps il-
lustrated best by the flow cytometry data presented here,
is that a single round of RCA can increase the signal from
a specific target recognition event, leading to improve-
ments in relative discrimination as well as absolute
amounts of measurable signal. In contrast polymerase
chain reaction or other nucleic-acid-based amplification
approaches involve multiple rounds of amplification that
can magnify background as well as specific signal. As a
result of the RCA product being tethered to the conju-

Figure 5. Detection of PSA. Sections of formalin-fixed paraffin-embedded prostate tissue were incubated with a monoclonal antibody to PSA diluted at 1:1600
(A and E); 1:6400 (B and F); 1:25,600 (C and G); or antibody diluent alone (D and H). After development with standard immunohistochemistry techniques (A–D)
or by immuno-RCA (E–H), sections were incubated with Vector Nova Red/hydrogen peroxide (dark stain) and counterstained with methylene blue. All panels,
showing the same region of the prostate specimen, were photographed at an original magnification of 320 and demonstrate that epithelial cells of the prostate
glands and lobules were uniformly positive. IHC, immunohistochemistry.

Figure 6. RCA-amplified detection of CD3 antigen by flow cytometry. Jurkat and U266 cells were treated with FITC-labeled CD3 antibody as described in Methods
and Materials. Cell suspensions were then divided into two aliquots. One portion was analyzed directly by flow cytometry. The second was subjected to
amplification by immuno-RCA using a conjugate that recognizes FITC. The RCA products generated on the cells were detected using a FITC-labeled decorator
probe, and the cells were subjected to flow cytometry. All cell suspensions were analyzed in the same run, with identical settings. The flow cytometer was set
so the fluorescence intensity of the U266 (CD3-negative) cells, not subjected to RCA amplification, was 1.
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gate, the signal is localized. This localized signal pro-
vides RCA with a significant advantage over biotinyl tyra-
mide and polymerase chain reaction whose products
would not remain localized on the cell surface in a flow
cytometry assay.

The data presented are consistent with the feasibility of
using RCA as a universal platform for detection of a
variety of targets in cells and tissues. Because the kinet-
ics of the RCA reactions used in the current approach are
linear, it should be possible to adjust sensitivity of detec-
tion by varying incubation time or the concentration of
immunoconjugates. Moreover, because the amplification
is relatively simple, there are no additional steps yielding
antibody-like background. Therefore, it should be possi-
ble to obtain reasonable sensitivity in a short time with
greater ease than with conventional techniques or signal
amplification techniques that involve serial incubations
with detection reagents. Thus, the length of time or con-
centration of primary antibodies involved in the immuno-
histochemistry or flow protocols used in our experiments
could be varied to permit rapid detection of targets ex-
pressed at moderate levels, and increased to detect rare
antigens. The reagents used for immuno-RCA are rela-
tively universal among the various approaches described
here. The same circles, conjugates, and DNA polymer-
ase can be used for cells and tissues fixed in different
ways, and probed with a range of antibodies. The use of
additional pairs of circles and conjugates can permit the
simultaneous detection of multiple targets.10 The capa-
bility to multiplex in this way should serve to extend the
applicability of immuno-RCA and other variations on RCA
technology.

The detection of single nucleotide polymorphisms in at
least one locus has been accomplished using RCA in
conjunction with padlock probes9 on nuclear halo cyto-
logical preparations. This illustrates the potential of RCA
to provide allele discrimination within individual cells, and
amplify the product of this specific hybridization event.
The immuno-RCA protocols described here, as applied
to recognition of a specific small molecule (FITC), have
been extended to hapten-labeled nucleic acid probes for
nuclear DNA sequences or cytoplasmic mRNA mole-
cules (unpublished data). RCA holds the promise of pro-
viding a universal platform for integrating current tech-
niques in molecular tissue pathology with the vast

amounts of information emerging from genomics and
proteomics.
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