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New methods of elucidating the ligand-binding activity of receptors could improve our understanding of
receptor function, key events they control, and their presence in normal and pathological states. We describe a
method for visualizing receptor–ligand binding in cells and tissues that substitutes fluorescein for radioactive
labels, and detects receptor bound, fluoresceinated ligand with an antifluorescein/horseradish peroxidase
amplification system. Receptor-bound ligand is then visualized by light microscopy against a standard
hemotoxylin-stained background of cell structure. Quantitative versions of the assay provide an apparent
dissociation constant and number of receptors per cell at saturation in cell or tissue specimens. Receptors
examined include the folate receptor, bombesin peptide-binding receptors, the epidermal growth factor
receptor, the neuropeptide Y receptor, the asialoglycoprotein receptor, and RGD peptide-binding integrins.
Using fluoresceinated versions of molecules, we show the method can visualize and quantitate receptor-bound
ligands in cell culture monolayers and animal tissue specimens. Ligand binding to receptors present in tissues
was visualized in normal and pathological samples of human tissue microarrays. The enzyme-amplified
detection of receptor-bound fluoresceinated ligand is a simple and nonradioactive-based method that provides
information on the receptor activity in tissue specimens.
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Visualizing and quantifying the binding of ligands to
receptors expressed in tissues is crucial to under-
standing the role receptors play and the events they
control in normal and pathological tissues. Though
antibody based immunohistochemistry provides
valuable information about the distribution of
immunoreactive structures (epitopes), it does not
provide information on the presence or activity of
ligand binding sites (Figure 1a). In a typical assay
configuration, information about receptor distribu-
tion is obtained through antibody-mediated biotin–
streptavidin interaction amplified by conjugated
enzymes (eg horseradish peroxidase (HRP)).1–3 Re-
ceptor autoradiography requires the use of radiola-
beled ligands, with the attendant issues of frequent
radiochemical synthesis and handling of radio-
activity (Figure 1b). In addition, the distribution of
radioactivity is obtained on a blank background and
must be superimposed on a second image, to

visualize ligand binding against a background of
cell structure.

We hypothesized that it would be possible to
substitute fluoresceinated ligands for radioactive
ligands, and detect bound fluorescein using the
HRP amplification system to achieve a high sensi-
tivity. We further hypothesized that fluorescein
hapten detection methodologies could be configured
as a cell-based method for imaging receptors
(fluorescein hapten visualization (FHV)) or as a
cell-based assay for bound ligand (fluorescein
hapten assay (FHA)) as shown in Figure 1c. In the
visualization method (FHV), a cell monolayer or
tissue specimen is incubated with the receptor-
binding ligand in a slide chamber and bound ligand
visualized by microscopy. In the assay method
(FHA), the specimen is exposed to the fluorescei-
nated ligand as in FHV, but rather than proceeding
with microscopy the specimen is solubilized and
immunoreactive fluorescein quantified by a fluor-
escein immunoassay. When the number of cells is
measured in the sample, the bound ligand per cell
can be obtained. FHV and FHA provide information
about ligand-binding receptors that can be used with
different types of specimens and different types of
receptor-binding ligands (small molecule inhibitors
and active site binders, peptides and proteins).
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Materials and methods

Peptide Synthesis

Peptide synthesis using Fmoc chemistry was by the
Tufts Core Facility (Boston, MA, USA). A fluores-
ceinated RGD peptide (GSSK(Fl)GGGCRGDC, ‘Fl-
RGD’ and a scrambled version of the fluoresceinated
RGD peptide (GSSK(Fl)GGGCDRGC, ‘Fl-scrRGD’)
were obtained and cyclized by oxidation (room
temperature, 24h, less than 0.5mg/ml peptide in
0.1M ammonium bicarbonate). A bombesin peptide
((Fl)BRRRGQRL GNQWAVGHLM, ‘bombesin pep-
tide (Fl-BN)’) and scrambled bombesin peptide
((Fl)BRRRGQMLGNHLAVGQWR, Fl-ScrBN) were
also made. Fluoresceinated and nonfluroesceintated
neuropeptide Y (NPY) was from Anaspec (San Jose,
CA, USA) and are ‘fluoresceinated NPY (Fl-NPY)’
and ‘NPY, ‘respectively. The NPY sequence was
YPSKPDNPGEDAPAEDMARYYSALRHYINLITR
QRY with and without a N-terminal fluorescein.
Fluoresceinated and nonfluoresceinated human

epidermal growth factor (EGF) was from Invitrogen
(Carlsbad, CA, USA) and are denoted Fl-EGF and
EGF, respectively. The sequences were NSDSECPL
SHDGYCLHDGVCMYIEALDKYACNCVVGYIGERC
QYRDLQWWELR with and without an N-terminal
fluorescein. Asialofetuin was from Sigma (Sigma-
Aldrich, St Louis, MO, USA) and fluoresceinated by
reaction with fluorescence isothiocyanate (FITC)
to yield ‘fluoresceinated asialofetuin (Fl-ASF)’. A
fluoresceinated folate was synthesized by reacting
folate with 1,8-bis(methylamino)-3,6-dioxaoctane,
to form an amino functionalized folate, followed
by reaction with FITC, see Supplementary materials
and is denoted ‘Fl-Fol’.

Cells

BT-20 and MDA-MB-468 were from ATCC (Mana-
ssas, VA, USA) and grown according to manufac-
turer’s instructions. Cells were cultured on a four

Figure 1 Methods of visualizing receptors. (a) Immunohistochemistry. A biotinylated antibody binds to a structural determinant on a
7TM receptor (or other type of structure). Visualization is with an avidin–enzyme conjugate. (b) Radioreceptor autoradiography. A
radioactive peptide binds in the pocket of a 7TM receptor. Radioactivity is visualized with a photographic film. (c) Fluorescein hapten
visualization (FHV) and fluorescein hapten assay (FHA). With FHV, fluorescein replaces the radioisotope and detection is with an
antifluorescein HRP. With FHA, the fluoresceinated ligand binds the receptor, the specimen is digested, and fluorescein is quantified by
an immunoassay for fluorescein. A slide chamber over the specimen contains the lysis buffer.
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chambers slide system (Lab Tek Products, Naper-
ville, IL, USA), which contained the fluid over the
specimen and which was removed to process the
sample for microscopy.

Tissue Specimens

Tissues were mouse liver and pancreas and rat
colon. Tissues were snap frozen, cut into 7mm
sections and placed on glass slides. Tissue micro-
arrays were from Tristar (Tristar Technology, Bethes-
da, MD, USA).

Fluorescein Hapten Visualization

A brief fixation procedure (acetone at 41C, 5min)
was used to obtain high quality micrographs against
which the ligand binding could be visualized.
Microscopy of frozen sections gave poorer quality
micrographs than those obtained with fixed speci-
mens. Tissue microarrays (Figure 4) employed a
fixation procedure of the vendor. Fluoresceinated
ligands were dissolved in PBS (10% rabbit serum,
0.3% sodium azide and 0.5% H2O2 to block the
endogenous peroxidases) and then placed in the
sample chamber (1 h, room temperature, in a
humidity chamber). The slide chamber was then
removed so that specimens could be processed.
Unbound ligand was removed by washing three
times with the PBS. An antifluorescein-HRP con-
jugate (Invitrogen, Carlsbad, CA, USA), diluted to
5mg/ml into PBS (2% rabbit serum), was applied to
the sample (40min, room temperature). Enzyme
activity was developed for 10–20min using AEC
substrate (DAKO, Carpinteria, CA, USA). Slices
were counterstained with hemotoxylin. Tissue micro-
arrays were fixed and handled like cultured cells or
tissue specimen.

Fluorescein Hapten Assay

Specimens were fixed as above, incubated with
ligand, and washed free of unbound ligand as above
for the fluorescein hapten receptor visualization
method. The immunoassay for immunoreactive
fluorescein was employed to quantitate bound
fluorescein.4 To the slide chamber was added
500 ml of lysis buffer (PBS, 0.1% BSA, 0.1% Triton
X-100, 1mM 8-anilino-1-naphthalenesulfonic acid
with 40ng/ml of antifluorescein HRP. Incubation
was for 2h at room temperature. Duplicate 200 ml
volumes were then transferred to a 96-well plate
(MaxiSorp, Nunc) coated with 12.5 ng/ml FITC-
labeled BSA (Sigma-Aldrich, St Louis, MO, USA)
and incubated for 1 h at room temperature. Plates
were then washed three times (PBS, 0.1% BSA,
0.1% Tween), to remove unreacted antifluorescein
HRP, and bound peroxidase quantitated by absor-
bance at 650nm using 200 ml of 3,30,5,50 tetramethyl-

benzidine-dihydrochloride after 30min incubation
at room temperature. The concentration of fluor-
esceinated ligand was determined from a standard
curve of fluoresceinated ligand diluted in PBS, 0.1%
BSA, 0.1% Tween.

For both FHV and FHA methods, receptor-specific
ligand binding was determined from the binding of
fluoresceinated nonreceptor-binding scrambled
peptides (bombesin, RGD peptide) or by blocking
binding with a nonfluoresceinated peptide or
protein at 50-fold molar excess over the fluorescei-
nated ligand (folate, EGF, Asialofetuin, NPY).

To confirm the accuracy of FHA, cell-associated
fluorescence was measured by fluorescein-activated
cell sorter (FACS). Cells (BT-20 and MDA-MB-468)
were trypsinized and collected by centrifugation
(5min at 1500 r.p.m.). They were fixed (suspended)
in cold acetone for 5min, collected by centrifugation
and incubated with different concentrations of
fluorescent ligands for 1h at room temperature.
Fluorescence was analyzed by FACS (FACScalibur,
Becton Dickinson, Franklin Lakes, NJ, USA). The
difference in mean fluorescence between the sample
and the control was then plotted against the
concentration of ligand. Data analysis yielded
apparent dissociation constant (EC50), as described
below, that could be compared with the apparent
dissociation obtained by the FHA method.

To calculate the apparent dissociation constant
(EC50) and number of binding sites per cell, the
nonspecific binding was subtracted with either the
scrambled peptide binding or blocking peptide
method. The average of three determinations of
bound ligand at each concentration were fit to a
nonlinear mono-exponential binding isotherm equa-
tion using Prism4 software (GraphPad software Inc.,
San Diego, CA, USA); this yields an EC50 and the
moles of binding sites per specimen at an infinite
concentration of ligand. Cell number was deter-
mined as nuclei visualized after hemotoxylin stain
using Image J software (NIH) on an adjacent slide.
Dividing the moles of fluoresceinated ligand bound
at saturation by the number of nuclei present gave
the amount of ligand bound per cell. Uncertainties
are the s.e. for each constant provided by GraphPad
software. In all cases the coefficient of correlation
was greater than 0.90, indicating a good fit of the
data to single binding site model we employed.

Results

We initiated our experiments on the development of
FHV and FHA methodologies with Fl-RGD, a cyclic
peptide that binds to the aVb3 integrin expressed on
BT-20 tumor cells. Expression of aVb3 on BT-20 cells
was verified with an anti-aVb3 antibody and FACS,
data not shown. The cyclic RGD motif binds beta
3 integrins on a wide range of cell types including
platelets, endothelial cells, tumor cells, smooth
muscle cells and fibroblasts.5–7 The visualization of
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RGD-binding sites (FHV) is shown in Figure 2a,
which can be compared to the staining obtained
with the control peptide, Fl-scrRGD, the latter giving
a distinctly lighter staining (Figure 2b). To confirm
the visual impression of differential stain intensity,
a quantitative assay for cell-associated peptide or
FHA was performed over a range of peptide
concentrations as shown in Figure 2c. Cells were
exposed to peptide, washed, lysed, and cell-asso-
ciated fluorescein determined using the fluorescein
immunoassay.4 After subtracting the nonspecific
binding component due to Fl-scrRGD, to obtain the
specific binding of Fl-RGD, an apparent dissociation
constant (EC50) and maximum binding was obtained
for Fl-RGD. FHAvalues for the apparent dissociation
constant (401nM) and numbers of binding sites per
cell (320 000) were obtained and are recorded with
the FHA-generated values for other receptors (see
below) in Table 1. In a second series of experiments,

BT-20 cells were exposed to the Fl-RGD and Fl-scr-
RGD peptides, followed by determination of cell-
associated fluorescence by FACS (Figure 2c and d).
The apparent affinities based on cell-associated
fluorescein obtained by immunoassay (401nM)
compared with that obtained by FACS (447nM).
Since FACS data were obtained as relative fluores-
cence, the amount of binding could not be deter-
mined.

The FHV and FHA methodologies were then
applied to characterize the binding of fluorescei-
nated EGF (Fl-EGF) to MDA-MB-468 cells (Figure
2e–h). EGF binds to one of four members of the EGF
receptor family, erbB1/Her1, which is the target of
Erbitux (cetuximab). Unlike the Fl-RGD peptide,
that bound uniformly over BT-20 cells, Fl-EGF
concentrated at discrete points in the cell membrane
(Figure 2e, arrows). Specific binding of Fl-EGF was
obtained subtracting the binding blocked by EGF

Figure 2 Fluorescein hapten visualization (FHV) and fluorescent hapten assay (FHA) methods with cultured cells. Fluorescent hapten
methodologies are shown using RGD peptides and integrin expressing BT-20 cells in (a–d). (a) The FHV with Fl-RGD. (b) The FHV with
Fl-scrRGD. Fl-scrRGD gave a distinctly lighter stain than Fl-RGD. (c) The FHA of Fl-RGD and Fl-scrRGD peptides determined at different
peptide concentrations. (d) Specific binding of Fl-RGD determined by FHA and FACS. Fluorescent hapten methodologies using Fl-EGF
and growth factor expressing MDA-MB-468 cells are shown in (e–h). (e) The FHV with Fl-EGF. Arrows show high concentration of
receptor at some faces of the membrane. (f) FHV with Fl-EGF and the EGF blocking peptide. EGF reduced binding of Fl-EGF. (g) The FHA
of Fl-EGF at different peptide concentrations. (h) Specific binding determined of Fl-EGF determined by FHA and FACS.

Table 1 Summary of fluorescent hapten visualization and quantitation methods

Specimen Receptor(s) Receptor-
binding ligand

Scrambled or
blocking ligand

Determination
of bound ligand

EC50 (nM) Sites/cell
(�103)

BT-20 (Figure 2d) b3 integrins Fl-RGD Fl-scrRGD FHA 4007151 320749
BT-20 (Figure 2d) b3 integrins Fl-RGD Fl-scrRGD FACS 4477157 ND
MDA-MB-468 (Figure 2h) Epidermal growth factor Fl-EGF EGF FHA 51729 13707320
MDA-MB-468 (Figure 2h) Epidermal growth factor Fl-EGF EGF FACS 3173 ND
Kidney (Figure 3c) Folate Fl-folate Folate FHA 15407528 200760
Mouse liver (Figure 3f) Asialoglycoprotein Fl-ASF ASF FHA 32720 4067156
Rat colon (Figure 3i) Neuropeptide Y Fl-NPY NPY FHA 80762 194778
Mouse pancreas (Figure 3l) Bombesin binding Fl-BBN Fl-scrBN FHA 148746 300724
Microarray (Figure 4a) b3 integrins Fl-RGD Fl-scrRGD FHV only
Microarray (Figure 4c) Bombesin binding Fl-BN Fl-scrBN FHV only
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(compare Figure 2f and g). The FHA-generated
apparent dissociation constant (EC50) for Fl-EGF
and numbers of binding sites per cell are listed in
Table 1. Again the apparent affinities for Fl-EGF
binding obtained by FHA (51729nM) compared
well with that obtained by FACS (3173nM).

Based on the ability of the FHA and FHV methods
to provide information about the binding of peptides
to receptors expressed on cultured cells, we applied
these methods to four receptor/ligand combinations
present in four different tissues. Receptors were
chosen based on (i) the presence of substantial levels
of receptors in the normal tissues of mice (or rats)
and humans, (ii) the recognition of identical ligands
by receptors in mice (or rats) and humans, and (iii)
the ease of synthesizing fluoresceinated ligands
with retention of binding activity. Four receptors
meeting these criteria were the folate receptor in
renal cells, the asialoglycoprotein receptor in hepa-
tocytes, the NPY receptor in colonic epithelial cells,
and the bombesin peptide-binding receptors in
pancreatic acinar cells. (In mammals there are at
least three pharmacological distinct receptors that
bind bombesin-like peptides, which we refer to as
‘bombesin-binding receptors’ for simplicity.8,9)
Fluoresceinated ligands for these four receptors
consisted of three types of molecules; a small
organic molecule (Fl-folate), two peptides (Fl-NPY
and Fl-BN), and a protein (Fl-ASF).

Folate Receptor

Figure 3a shows the FHV for Fl-Folate binding to a
mouse kidney section from the cortical region.
Displacement by folate (compare Figure 3a and b)
indicated a receptor-specific binding component.
The FHA data are shown in Figure 3c, with FHA-
generated values for apparent dissociation constant
and maximum binding given in Table 1. Folate
receptors are found on many cell types but are
particularly high in the proximal tubule of the
kidney where they function to salvage folates.10

Asialoglycoprotein Receptor

The FHV for Fl-ASF binding to a mouse liver section
is shown in Figure 3d. Displacement by ASF
(compare Figure 3d and e) provided the receptor-
specific binding component. The FHA data is shown
in Figure 3f, with FHA-generated apparent dissocia-
tion constant and maximum binding given in Table
1. The asialoglycoprotein receptor is found on
hepatocytes11 and its expression used to measure
hepatic function.12

NPY Receptor

The FHV for Fl-NPY binding to a tissue section from
the descending colon of a rat is shown in Figure 3g.
Displacement by NPY (compare Figure 3g and h)

provided the receptor-specific binding component,
with FHA data shown in Figure 3i and values
recorded in Table 1. NPY receptors are found in
many tissues of the gastrointestinal tract including
the colon with the receptor expressed at particularly
high levels on the mucosa, submucosa and myen-
teric plexus.13–15 NPY alters a variety of physiologi-
cal functions with its effects on appetite control
attracting recent attention.16

Bombesin Peptide-Binding Receptors

The FHV for Fl-BN binding to a tissue section from
the tail of a mouse pancreas is shown in Figure 3j,
with the binding of a scrambled peptide (Fl-scrBN)
shown Figure 3k. FHA-generated apparent dissocia-
tion constants and maximum binding values are
provided in Table 1. Bombesin-like peptides bind
receptors upregulated in breast, prostate, and lung
cancers.17 Bombesin-binding receptors are also pre-
sent on acinar cells of the normal pancreas.17–19

Based on our results with cell monolayers and
animal tissue sections, we applied the FHV method
using the RGD peptides (Fl-RGD, Fl-scrRGD, Figure
2a–d) and the bombesin-like peptides (Fl-BN, Fl-scr-
BN, Figure 3j–l) to human tissues using commer-
cially available microarrays. Tissue microarrays
were handled as slides, with all tissue samples on
the array simultaneously exposed to reagents of the
FHV protocol. Figure 4a shows the binding of the
RGD-like peptides to normal breast and ductal
carcinoma specimens. The carcinoma bound the
Fl-RGD peptide (pink color, arrows) but not the
Fl-scrRGD peptide, while normal breast tissue failed
to bind either peptide. The array consisted of 26
ductal carcinomas, 25 of which were evaluated,
seven lobular carcinoma, six of which were eval-
uated, and 10 normal tissue specimens. Two
samples were lost due to partial detachment. A
cribriform carcinoma and a mucinous carcinoma
were also not evaluated. The binding of Fl-RGD with
the human breast cancer array had a sensitivity of
26/31 or 84% and specificity of 8/10 or 80%.

The FHV method using the bombesin-like pep-
tides is shown in Figure 4c. Normal pancreatic
tissue binds bombesin-like peptides while pancrea-
tic cancers do not.17,19,20 The binding of Fl-BN, and
lack of binding of Fl-scrBN, was apparent with
normal pancreatic tissue while pancreatic ductal
adenocarcinoma failed to bind either peptide. The
pancreatic array consisted of 13 ductal adenocarci-
nomas and five normal samples, all of which were
evaluated with results tabulated in Figure 4d. With
this limited number of samples, the binding of Fl-
BN to the pancreatic cancer array had a sensitivity
and specificity of 100%. For tissue microarrays, the
presence of receptor binding was deduced from the
stain intensity of the FHV method because we
lacked a device comparable to slide chamber to
confine solutions over individual tissue specimens
and perform the FHA assay (see Figure 1c).

Visualizing tissue receptors
X Montet et al

521

Laboratory Investigation (2006) 86, 517–525



Discussion

A requirement of FHA and FHV methodologies is
the design of fluoresceinated ligands recognized by
receptors. With Fl-BN, C-terminal amino acids are
essential for the binding of bombesin-like peptide to
its receptor and amino acids toward the N terminus
tolerate modification.21 With Fl-Folate, fluorescein
was attached to carboxylic groups known to be

nonessential for receptor binding.22,23 With Fl-ASF,
amino acids were modified by fluorescein since the
asialoglycoprotein receptor binds to galactose resi-
dues. The activity of fluorescein Fl-EGF has been
established.24,25 To confirm a fluoresceinated ligand
binds to the appropriate receptor, the binding of
the ligand to cultured cells known to express the
receptor can be employed as shown in Figure 2d
and h.

Figure 3 FHVand FHAmethods with tissue specimens (a) FHVof Fl-folate binding to mouse kidney. (b) FHV with Fl-folate with binding
blocked by folate. (c) FHAwith Fl-folate at different peptide concentrations. (d) FHVof Fl-ASF binding to mouse liver. (e) FHV of Fl-ASF
with binding blocked by asialofetuin. (f) FHV of Fl-ASF at different protein concentrations. (g) FHV of Fl-NPY binding to rat colon. (h)
FHV of Fl-NPY with binding blocked by NPY. (i) FHA of Fl-NPY at different protein concentrations. (j) FHV of Fl-BN binding to mouse
pancreas. (k) Binding of Fl-scrBN to pancreas. (l) FHA of Fl-BN binding.

Visualizing tissue receptors
X Montet et al

522

Laboratory Investigation (2006) 86, 517–525



A key feature of fluorescent hapten methodologies
is the detection of bound fluorescein with a single
reagent, an antifluorescein HRP conjugate. This
reagent provides an amplification step using an
antibody–enzyme conjugate which is used in im-
munoassay and immunohistochemistry and which
is commercially available.

The use of fluorescein as a hapten for detection by
an antifluorescein-HRP conjugate has several ad-
vantages over the biotin/avidin or the digitalis/
antidigitalis systems. There are no reports of which
we are aware of naturally occurring fluorescein or
fluorescein-like molecules present in living systems,
and reacting with antifluorescein antibodies. In
contrast, biotin is involved in cell metabolism and
present in the ng/ml range in human sera.26,27

Substances reacting with antidigoxin antibodies,
so-called endogenous digitalis-like factors, have
long been noted.28 In addition, fluorescein has long
been known to yield high affinity antifluorescein
antibodies,29–31 presumably because it is so dissim-
ilar from naturally occurring structures.

FHV and FHA methods provide a new approach
for obtaining information about the binding of
ligands to receptors present in cultured cell or
tissue specimens. Several lines of evidence support
the validity of these methods. First, similar apparent
affinities were obtained by the FHA and FACS
methods (Table 1), data that supplements the
original comparison of the fluorescein immunoassay
methodology with radioligand-based receptor meth-
ods.4 Second, when both FHV and FHA methods

Figure 4 FHV with tissue microarrays. (a) Fl-RGD and Fl-scrRGD binding to normal breast and ductal carcinomas. An adjacent slice was
stained with the nonspecific peptide Fl-scrRGD. Note reddish areas of Fl-RGD binding in the ductal adenocarinoma. (b) Summary of
tissue microarray data with Fl-RGD. Numbers of positive specimens are given followed by total numbers of specimens in that class. Thus,
there were two positive specimens out of 10 total normal breast specimens. (c) Fl-BN and Fl-scrBN binding to normal pancreas and
pancreatic ductal adenocarcinoma. (d) Summary of tissue microarray with Fl-BN.
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were performed (Figures 2 and 3), the visual
distinctions seen by FHV were verified by the
quantitative measurements using FHA. Finally, the
pattern of bombesin peptide binding obtained with
the FHV in normal and pancreatic cancer (Figure 4c)
was that described with human specimens and
radioreceptor methodology.20

In some cases it is impossible to compare our
values with literature values because of differences
in preparations and binding methodologies. How-
ever, three examples where the literature values are
similar to FHV values for these numbers of sites per
cell are provided. We obtained 300724 bombesin-
binding sites per cell (all numbers are in thousands
per cell) for the normal mouse pancreas (Table 1).
There are 44 bombesin receptor sites/cell on PC-3
cells32 and the density of bombesin peptide-binding
sites in the normal mouse pancreas is approximately
10 times that of PC-3 cells, based on the accumula-
tion of radioactive bombesin-like peptides after
injection.33 Thus, the normal mouse pancreas has
an eight- to 10-fold higher density of receptors than
the PC-3 cells, which gives a value of between 320
and 440 sites per cell, compared with our value of
300724 with the FHV method. The numbers of EGF
receptors has been reported to be 1900 receptors per
MDA-MB-468 cell,34 compared to our value of
13707320 (Table 1). In addition to the values shown
in Table 1, we determined number of EGF receptors
per BT-20 cell to be 13407400, compared values of
1000740035 or 15007500.36

Fluorescein-hapten visualization and assay meth-
ods hopefully will permit receptor-binding studies
to be performed in pathology, cell biology, or
pharmacology laboratories that lack radioligand
receptor methodologies. In addition, the fluorescein
hapten chemistry developed here will permit the
development of microarray, tissue-based screening
for receptor-binding ligands. With our tissue micro-
arrays, we were limited to the FHV method because
of an inability to confine reagents to individual
specimens. However, overcoming this limitation of
labware, and applying the chemistry shown in
Figure 3, will yield tissue-based microarray receptor
assays. For example, the affinity of drug candidates
for the bombesin peptide-binding receptors could be
measured through their inhibition of Fl-BN binding
to a microarray of pancreatic tissue. FHA-based
tissue microarrays might prove cheaper and be more
reflective of receptors in tissues than receptor assays
using cultured cells or purified protein.
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