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Abstract

Several monoclonal antibodies (mAbs) and novel mAb-based assays for the androgen receptors (AR) have been developed.
Large amounts of the recombinant human AR protein produced by a baculovirus expression system were used as an antigen to
produce mAbs. Twenty-nine AR-specific mAbs were first confirmed by Western blot analysis and were then characterized for
their immunoglobulin isotypes, epitopes, and epitope localization in AR. Novel assays using flow cytometry and sandwich
enzyme-linked immunosorbent assays (ELISA) were established to detect AR-expressing cells and to quantify soluble AR
protein, respectively. Using immunostaining, we identified several anti-AR mAbs exclusively recognizing AR within the nuclei
of the prostate cancer cell line LNCaP and of prostate tissues in both frozen and paraffin-embedded sections, whereas other
mAbs could detect AR in both nuclear and cytoplasmic compartments, Interestingly, certain mAbs, such as G122-25 and G122-
77, could distinguish the androgen-bound AR from the unoccupied AR. In sum, many purified AR protein and anti-AR mAbs,
together with the assays developed, could be powerful tools for the study of functional AR and for the diagnosis of prostatic

cancers. (Mol Cell Biochem 201: 131-140, 1999)
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Introduction

The androgen receptor (AR), which mediates the action of
androgens, plays important roles in male reproductive
physiology as well as in prostate pathology [1-3]. Analysis
of AR in prostatic tissues is essential for understanding the
roles of AR in the response to androgen ablation and for
receptor characterization. Previously, detection of AR in
prostatic tissues has been demonstrated by reverse-tran-
scription polymerase chain reaction, in situ hybridization,
ligand-binding assay, autoradiography, and immunohisto-
chemical staining (IHC) [4-Y]. The first two methods detect
AR at the mRNA level [4, 5], whercas the rest focus on

characterization at the protein level. Although the ligand-
binding assay can detect minute amounts of the AR protein
in tissue homogenate, it lacks resolution for cellular dis-
tribution. On the other hand, autoradiography can provide the
precise cellular distribution of receptors, but it takes more
than two months of exposure time, The immunocytochemical
analysis has a greater advantage; it allows visualization of the
receptors at a subcellular level after relatively easy and quick
treatment of tissue sections.

IHC can be used to detect the localization of AR in tissue
[8]. Nevertheless there is only scant information about the
effect of exogeneous androgen on the functional status of AR
and the corresponding AR-immunoreactivity. Thus, mAbs
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specific for various ligand-bound ARs are urgently in
demand. Because limited information about the integrity of
AR can be obtained using a mAb that only reacts to a single
epitope, itis crucial to develop a pancl of mAbs that recognize
epitopes located within different portions of AR. It will then
be possible to answer the questions regarding the interaction
between the ligands and AR as well as between the ligand-
AR complex and DNA target sequences,

Androgen depletion renders the AR unoccupied and
untransformed, with a conformation that is different from AR
bound by androgen or by antiandrogens [10, 11]. The
subcellular localization of unoccupied steroid receptors has
been well studied, but there are still questions to be answered.
According to the two-step model established by Jensen, the
unoccupied steroid receptors reside in the cytoplasm and
translocate to the nucleus after hormone binding and
transformation [ 12, 13]. Cytoplasmic staining after hormone
depletion and hormone-induced nuclear translocation has
been described for the glucocorticoid receptor [14], the
vitamin D, receptor [15], and the AR in cells which were
transfected with the AR gene, thus overexpressing the AR in
vitro [16].

In the present study, we have generated and characterized
AR-specific mAbs. Based on these mAbs, some novel assays
using flow cytometry and sandwich ELISA, were developed.
Prostale tissue and two prostatic cell lines, LNCaP and PC-
3, were used to characterize mAbs for immunostaining;
LNCaP cells express AR and exhibit androgen-responsive
growth, while PC-3 cells express low quantities of AR and
exhibit androgen-independent growth [17, 18]. The availability
of these anti-AR mAbs, and ncw assays for monitoring AR
cxpression in biopsy or serum samples will help physicians
in determining the most appropriate and effective therapy for
prostale cancer patients.

Materials and methods
Cell lines and human prostate tissues

LNCaP and PC-3 cells were purchased from ATCC (American
Tissue Culture Collection, Rockville, USA) and were
routincly cultured in complete DMEM medium (GIBCO/
BRL) containing 5% fetal bovine serum (FBS) (Hyclone).
The PC-3-AR cells were established in Dr. Chang’s lab as
previously reported [17]. For the androgen deprivation study,
5% charcoal-absorbed FBS [19] was used to replace normal
FBS.

Frozen human hyperplastic and cancerous prostate tissues
were provided by the Tissue Depository Bank at the University
of Wisconsin Hospital. Paraffin-ecmbedded human tissue
blocks were purchascd from the City of Hope Hospital
{Duarte).

Production and purification of hAR antigens

The full-length AR proteins constructed in the pVL1393
vector (Pharmingen) were overexpressed in S£21 insect cells
(Pharmingen) using a baculovirus expression system as
previousty described [20]. Briefly, Sf21 cells infected with
the recombinant baculovirus, AR-AcNPV, were harvested 72
h after infection. The cells were lysed by homogenization in
lysis buffer (25 mM sodium phosphate, pH 7.2, 1.5 mM
EDTA, 2 mM dithiothreitol, 10 mM KF, 10% glycerol, 1 mM
phenylmethylsulfonyl fluoride, 0.1 mM bacitracin, 10 mM
Na,Mo0O,). The insoluble material was rcmoved by cen-
trifugation (45,000 rpm for 1 h), and the supernatant was
concentrated and further purified by SDS-PAGE on a 10%
polyacrylamide gel. After electrophoresis, the gel was stained
with Coomassic blue (BioRAD), and the AR protein band at
98 kDa was cut out and eluted in PBS buffer. This AR band
was also confirmed by Western blot analysis using an anti-
AR polyclonal Ab, NH27 [21].

Two AR cDNA fragments were constructed into the pET-
14b vector (Novagen) for bacteria protein expression. The
pET-AR-NDBD plasmid, covering the N-terminal and DNA-
binding domains (NDBD; a.a. 33-626), and the pET-AR-
DBD plasmid, covering the whole DNA-binding domain
(DBD; a.a. 486-651), were used to transform the bacteria
strain BL21-ADE3 (Novagen). The protein expression from
bacteria was induced with 0.4 mM IPTG as protocol suggested
(Novagen). The AR proteins were further purified by Ni-
affinity column following the manufacturer’s protocol
(Novagen), and were then dialyzed against PBS buffer at 4°C.

Generation of mouse anti-AR monoclonal antibodies

Purificd hAR proteins were employed as antigen in these
studies. Briefly, BALB/c mice were immunized by injection
with 50 g hAR in Ribi adjuvant (Immunochemical Research
Inc.) and then boosted 3 times with 25 yg antigen at three-
week intervals. Three days after the last boost, blood was
obtained and tested for the anti-AR antibody titer using an
ELISA. The mice with the highest anti-hAR titer were
sacrificed and their spleen cells were used for somatic cell
hybridization.

A standard polyethylene glycol-mediated fusion method
was used for cell fusion [22]. A non-secretory myeloma cell
line, FO-SF-11 (ATCC), was used as a fusion partner [23]. Ten
to 14 days after the fusion, supernatants from hvbridomas
were screened for anti-hAR activity. Cells from positive wells
were subcloned to assure their monoclonality and then grown
in a large scale using roller bottles. The antibodies were
purified using protein G or protein A affinity celumns as
previously described [24, 25].




Detection and epitope mapping of AR-mAbs by FLISA

Ninety-six-well microtiter plates {Dynatech Laboratories)
were coated with 10 gg /ml (100 ul) of puriticd hAR solution,
and incubated at 4°C overnight, The subsequent steps
followed the procedures as previously described [26]. Briefly,
the wells were washed six times with PBS containing 0.05%
Tween 20 (1CT Americas) and blocked with 1% BSA in PBS-
Tween 20 at 37°C for 2 h. The wells were washed again and
incubated with 100 g4l serum (diluted 1000 fold in 1% BSA-
PBS) from immunized and control mice at 37°C for 2 h. Adter
three washes, 100 ul alkaline phosphatase-labeled secondary
antibody was added and incubated at 37°C for 45 min. To
detect the alkalinc phosphatase activity, p-nitrophenyl
phosphate (PNPP) at 1 mg/ml (100 gl) in 109 diethanolamine
bufter (pH 9.8) was added. The substratc reaction was
developed at room temperature, and the abserbency was
measured at 405 nM using an automated ELISA plate reader.

For the epitope mapping study of AR-mAbs, purified full-
length AR, N-DBD, and DBD proteins at 10 gg/ml were used
as the coating antigens for 96-wcll plates. The binding activity
of each of the anti-AR mAbs was determined by ELISA as
described above, and the results were expressed as absorbance
units at 405 nM,

Antibody competition assay

Full-length hAR proteins were used to coat 96 well plates as
previously described. The first unlabeled anti-AR mAb at
concentrations from 0-200 gg/ml was added to the wells and
incubated at 37°C for 1 h. Afler three washes, the biotin-
labeled second anti-AR mAb (2 pg/mlb) was added and
incubated at 37°C for 2 h. Then streptavidin conjugated-
alkaline phosphatase was added and the unbound mAb was
removed by three washes. The alkalinc phosphatase activity
of the bound mAb was measured by the enzyme substrate
rcaction as described above. As a positive control, unlabeled
mAb, from the same clone as the labeled mAbs, was used to
compele with the labeled mAb binding to hAR.

Sandwich ELISA to quantify soluble hAR protein

A sandwich ELISA method, using two anti-AR mAbs, onc
as a capture and the other as a detector, was developed to
quantify soluble hAR. The mAbs recognizing different
epitopes on hAR were tested in a pair-wise manner. Purified
recombinant hAR, expressed using the baculovirus system
diluted to various concentrations, was used as a standard.
Briefly, 100 g4l mAb at 10 ug/ml were used to coat the 96-
well microtiter plate as a capture antibody, and 100 gl samples
or AR standards were added to the wells and incubated at
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37°C for 1 h. After three washes, biotin-conjugated anti-AR
mAb was added to detect the captured AR. Streptavidin-
conjugated alkaline phosphatase was then added to bind to
the biotin-conjugated anti-AR mAb and the phosphatase
activity was measured as described above,

Flow cytometric analysis

A flow cytometric analysis was developed to screen mAbs
tor AR detection in suspended cells. LNCaP cclls were per-
meabilized with ice cold 75% methanol in PBS for 30-45
min. The cells were then washed once and incubated with
anti-AR mAbs at 4°C for 30 min. A FITC-conjugatcd
poelyclonal rat anti-mouse 1gG (PharMingen) was used to
detect the binding of anti-AR mAbs. As a negative control,
an isotype matched mouse mAb (PharMingen) with an
irrelevant specificily was used. Cells were analyzed within
2 hafter staining, using a flow cytometer (FACScan, Becton
Dickinson). A total of 1 x 10 cells werce collected for each
measurement.

Immunohistochemical staining of AR

For the cell line studies, cells attached to staining slides were
washed with Tris-buffer (pH 7.2), fixed with 1% para-
formaldehyde followed by 60% acetone/H.O for 10 min, and
then permeabilized with 0.2% Triton X-100 for 5 min. All
procedures were carried out at room temperature. Endogenous
peroxidasc activity was blocked by 3% hydrogen peroxide
incubation for 5 min, and the non-specific binding was blocked
by 19 BSA in PBS for 10 min. The cells were then incubated
with anti-AR mAbs or an isotype control at 10 ug/ml for 1 h.
Aller three washes in PBS, they were incubaled with 5 gg/m]
horseradish peroxidase-conjugated anti-mouse IgG (Phar-
Mingen) for 45 min. The tissue-bound pcroxidase was
visualized by incubating DAB substratc solution (15 mg 3,3'-
diaminobenzidine (DAB), 165 gl 0.3% H, O, in 30 ml PBS)
at room temperature for 5 min. Brown précibitatian formed
at the site of a positive DAB reaction. After immunostaining,
sections were counterstained with hematoxylin, dehydrated
through imcreasing ethanol concentrations, and mounted with
Permount for microscopic examination.

To prepare frozen tissues for AR staining, human prostate
tissue blocks were cut into 5—6 um sections and air dried at
4°C overnight, and then fixed with 2% methanol in cold
acetone tor 10 min. The IHC staining procedure is the same
as described above.

To prepare paraffin-embedded tissucs for staining, tissues
were cul into 5-7 gm slices and dried at 37°C overnight. The
next day, sections were deparaffinized with xylene, rehydrated
in graded alcohol, and washed with PBS. To rctrieve the
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antigen, tissue sections were heated in citrate buffer (pH 6.0)
at 56°C for 45 sec¢ using a microwave oven, The staining
pracedurcs were the same as described above. For the
antibody specificity study, 100 gg/ml purified recombinant
hAR protein was mixed with mAb at 10 gg/ml in equal
volumes. This antigen-presoaked mAb was then used to stain
tissue following the procedures as described above.

Results

Generation and isotyping analysis of anti-AR monoclonal
antibodies

Recombinant human AR proteins were over-expressed ininsect
cells using a baculovirus expression system [20]. AR proteins
were isolated from the inscet cell extract by SDS-polyacrylamide
gel clectrophorcesis and the purified protein was used to imm-
unize mice. Hybridomas were produced by hybridizing the
spleen cells of the immunized mice with FO-SF-IT mycloma cells
[22]. Hybridomas secreting anti-AR mAbs were isolated based
on posilive reactions in both enzyme-linked immunosorbent
assay (ELISA) and Western blot analysis {data not shown). A
total of eighty positive clones were obtained from two balches
of somatic fusion, named G122 and G123, and twenty-nine
clones were further characterized. The immunoglobulin isotypes
of each of the mAbs were determined and the results are
summarized in Table 1. All mAbs are 1gG1 or IgG2 except for
(G123-229, which is an IgM.

Localization of epitopes recognized by anti-AR
monoclonal antibodies

The antibody competition ELISA, two antibodies one labeled
and one unlabeled, was used in determining if the mAbs bind
to identical or overlapping cpitopes. If the binding sites of
these two mAbs were identical or overlapping, the unlabeled
mAb would compete, and the amount of labeled mAb bound
to the antigen would be reduced. For example, as shown in
Fig. 1, the binding of mAb G122-282 to AR was blocked most
efficiently by itself and by the mAb G123-326 but it could
not be inhibited by mAb G122-366. This suggests that both
mAbs G122-282 and G123-326 recognize a similar cpitope,
which is different from the epitope recognized by mAb G122-
366. The doses nccessary for 50% inhibition by G122-282
and G122-370 in competition binding of the labeled mAb to
AR were around | and 13 gg/ml, respectively. The much
higher concentration requirement of the mAb G122-370 than
(122-282 indicates that mAbs G122-370 and G122-282 may
react to two partial overlapping cpitopes or may recognize
the same epitope with different affinity. By using this assay,
we grouped 29 anti-AR mAbs into 12 distinct epitope classes
from ‘a’ to ‘1’ as summarized in Table 1.

To localize the cpitopes of cach mAb on the AR molecule,
a lincar epitope mapping ELISA was performed. Three
different lengths of AR proteins, including the fuli-length and
two truncated (N-DBD and DBD) proteins, were individually
linked to a solid-phase support. Various anti-AR mAbs were
then added and the binding ability was measured by indirect
ELISA. As shown in Table 2, some mAbs, e.g. G122-25,
G122-109, and G122-282, reacted to all three lengths of the
AR protein, suggesting that their cpitopes arc most likely
located within the DBD. On the other hand, some mAbs, e.g.
G122-77, G123-255, and G123-377, only reacted with the
full-length AR and N-DBD, but not with DBD, indicating
their epitopes prabably arc located in the N-terminus of AR.
By using this test, we found the epitopes of 19 mAbs are
located within the N-terminus, the epitopes of 10 mAbs are
within the DBD, and none arc in the C-terminus. Thesc results
are summarized in Table 1.

Detection of AR-positive cells by flow cytometry
We screened anti-AR mAbs, using flow cytometry to detect

AR protein in suspended cells. LNCaP and PC-3 cells were
methanol permeabilized, stained with anti-AR mAbs followed

(3122-282 as the biotin-labeled mAb
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Fig. ! Fpitope mapping of anti-AR mAbs by using an antibody competition
ELISA. Unconjugated mAbs, G122-282, G122-366, (G122-370, and G123-
326, with the concentrations ranging from 0-200 ug/ml were used to
compete with the binding ol the biotinylated mAb G122-282 to plate-bound
AR. The binding of biotin-labcled mAb G122-282 to AR protein was
detected colormetrically by using strepavidin-AKP plus substrate and
measured al O.D. 405 absorbance. Percentage inhibilion was calculated
based on the following formula: the Q.D. 405 value (without competitive
mAb) — the O.D, value (with competitive mAb)
the (1.1, 405 value (without competitive mAb)




Table 1. A summary for characterization of anti-AR mAb clones

Clone No. [sotype Epitope Epitope Weslern % Positive [mmuno-
location* blot* in flow" cytochemistry”

G122-17 TeG1 a DBD 4+ 98 cytosol/nucleus

G122-21 IgG2a b DBD +H 53 nucleus

G122-25 IgGl C DBD e+t 92 nucleus

G122-42 IgG2a c N e+ 9% cylosol

G122-60 1lgGi d N ++ 1% nucleus

G122-77 l2(G2a b N +++ 3 nucleus

G122-109 IgGl @ DBD ++ 4 ND

G122-143 IeGl [ N + 21 nucleus

G122-238 IgG1 1 N +++ 73 nucleus

G122-271 1gG1 k DBD ++tt 0 ND

G122-282 lgG2b ¢ DBD ++ 97 cytosol/nuclens

G122-287 1gG1 f DBD ++++ 2 ND

G122-316 [gGl e DBD e+ 95 cytosol/nucleus

G122-359 [pGl ¢ N +++ 23 nucleus

G122-360 [gCGi1 e N +++ 75 cytosol

(G122-366 [gGl f DBD +H4+ 88 nucleus

(3122-370 [gGl c DBD ++i+ 1 (=)

G122-434 1gG2a d N 4 4 nucleus

G123-5 1gGG1 k N ++++ 1 ND

(:123-23 1gGl 2 N +++ 0 ND

G123-83 [gGl j N +H+ I (-)

G123-131 TGl a N +++ 92 nucieus

G123-210 1gG2b h N ++++ 46 )]

(123-229 IgM k N ++ 59 cytosol

G123-255 1gG1 i N ++++ 19 nucleus

G123-320 1£G2b e N 4+ 53 nucleus

G123-349 1gGl h N +++ 3 ND

Gi23-377 [gCG a N +++ 50 (-

G123-382 [gG1 a N +++ 75 (=)

*Abbreviations used are: N — N-lerminal region of AR; DBD — DNA binding domain of AR. *Recombinant hAR protein was used as the antigen. The
designations appear as very high (++++), high (+++), moderale (++), low (+) for positive staining. "Tested in LNCaP cells. * Tested in LNCaP cells: ND: not

done; (—): negative in staining.

by labeling with FITC-labeled secondary antibody, and
analyzed using a flow cytometer (FACScan). The profiles of
typical flow cytometric analyses are shown in Fig. 2. The
mADb G122-17 stained more than 90% of LNCaP cells with
a fluorescent intensity 10 times higher than their negative
controls (panel A). In contrast, this mAb stained only 50%
of PC-3 cells (panel B). To determine whether this 50%
staining of the PC-3 cells was due to low AR expression or
no recognition of the mutant AR by the mAb, PC-3-AR cells,
a PC-3 stable transfected clone with AR, was used as a
positive control (solid line, panel B). The rcsults showed that
more than 90% of PC-3-AR cells could be stained by the mAb
G122-17 with a pattern and intensity similar to that obscrved
in LNCaP cells, therefore low staining of PC-3 could be due
to low AR expression.

With a similar assay, we found that 11 anti-AR mAbs stained
more than 7% of LNCaP cells with a mean fluorescence
intensity significantly higher than the negative controls, while
eight anti-AR mAbs stained 18-69% of LNCaP cells with
modcrate intensity. Another ten anti- AR mAbs stained weakly

(> 10%). Some mAbs, such as G122-25, G122-366, and G123-
131, show strong staining of the nuclei of LNCaP cells and are
also effcctive in flow cytometry. However, some mAbs, e.g.
G122-77, G122-434, and G123-83, were highly effective in
western blot and ELISA, but did not work in flow cytometric
analysis. All of these data are summarized in Table 1,

Detection of AR in cell lines by immunostaining

To screen anti-AR mAbs for immunostaining, LNCaP cells
were subjected to AR subcellular localization analysis. As
shown in Fig. 3, the mAbs G122-25 (c) and G122-77 (¢)
stained the nuclei of LNCaP cells exclusively. In contrast, the
mAbs G122-17 (b} and G122-282 (f) stained both cytloplasm
and nuclei, and the staining from the mAb G122-42 (d) was
located mainly in the cytoplasm (see Table 1). As a negative
control, the matched isotype control mAb did not stain
LNCaP cells {(a). Among 29 anti-AR mAbs tested, twelve
mAbs had staining signals in the nuclei, three mAbs had
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Fig. 3. Immunostaining of AR in the human prostate cell line, LNCaP
cells, These cells were stained with (a) the 1gG 1 isotype control, (b) G122-
17.(0)G122-25,(d) G122-42, (e) G122-77, and () G 122-282. Representative
staining data (from 4 reproducible experiments) are shown.

Detection of AR in paraffin-embedded normal human
prostate fissues by immunohistochemical staining

The anti-AR mAbs were tested for staining in paralfin-
embedded prostate tissue sections. As shown in Fig. 6, the
mAbs G122-25 (b) and G122-238 (¢) stained nuclei of
glandular epithelial cells exclusively, while the isotype
control mAb did not stain any specific structures (a). To
confirm the signals were AR-specific, the mAb G122-25 was
incubated with a 10 fold excess of hAR protein before
staining. As a resull, the presoaked mAb no longer stained
the nuclei of prostate cpithelia (Fig. 6, d).

Development of a sandwich ELISA to quantify soluble IAR
protern

Because circulating autoantibodies to hAR could be detected
in sera of the patients with prostate diseases [27], it is possible
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Fig. 4. Effect ol androgen treatment on immunorcactivity of AR in LNCuaP
cells. The mAbs, (1) G122-25, (2) G122-42, and (3) G122-77, were used
1o stain LNCaP cells grown in charcoal-treated medium for 48 h (1a, 1b,
and 1¢} or in charcoal-treated medium for 24 h and then in the presence of
2% 107 M DH'L for 24 h (2a, 2b, and 2¢).
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Fig. 5. Immunohistochemical staining of AR in [rozen human prostate
cancer scections. Antibodies used were (8) [gG isotype control, (b) G122-
17, (¢) G122-21, (d) G122-25, (e) G122-77, and (f) G122-366. Sections
were counterstained with hematoxyhin after [HC. Arrows indicale strong
positive AR staining in the nuclei of the cancer cells.

that hAR was released into the patient’s blood. To quantify
soluble hAR, we developed a sandwich ELISA vsing known
concentrations of hAR protein as a standard. As shown in Fig.
7, when the mAb G122-21 was used as a capture mAb and
the biotin-conjugated mAb G122-434 as a detector, an
approximately linear curve could be established between the
hAR protein concentration and enzyme activity. By using this
assay with the mAbs GI22-21 and (G122-434 as a pair, the
sensitivity for hAR was estimated to be 40 pg/ml. The linear
range for detection was 50 pg/ml to 2.5 ng/ml. Three other
mAbs, G122-17, G123-83, and G122-366 could also be used
as capture mAbs but their sensitivity was much lower (i.c.,
> 150 pg/ml).

Human Prostate-Paraitin Sections

Fig. 6. Immunohistochemical staining of AR in paraffin-cmbedded human
prostate tissue sections. Antibodies used were {a) IgG isotype control, (b)
G122-25,(¢) G122-238, and (d) antigen-preseaked G122-23. Sections were
counterstained with hematoxylin after INEC. Arrows indicate positive AR
staining in the nuclei of the glandular epithelial cells.
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Discussion

In the present study, we succeeded in producing large
amounts of recombinant human AR protein and in developing
hybridomas that produce hAR-specific mAbs. A total of 29
anti-AR mAbs were well characterized, and their possible
applications were indicated in the Results section and in
Table 1. These anti-AR mAbs, combined with the assays we
developed, will be powerful tools for both clinical app-
lications and basic science research in future prostate cancer
studies.

We have demonstrated thal the mAbs G122-25 and G122-
77 were able to distinguish free vs. androgen-bound AR
based on the immunostaining results in LNCaP cells. When
these cells were grown in the absence of androgen, the
immunostaining of AR was reduced signilicantly with
G122-25 or was even undetectable with G122-77. This
rcduced staining intensity of AR could be due to a decrease
in the AR cxpression level, a decrease in immunogenicity,
ot both, We fcel that altered AR immunogenicity caused by
the ligand is the major reason for reduced staining levels
because the staining with mAbs G122-25 and G122-77
could be quickly restored within 30 min, once DHT was
added.

—N— G122t
0.6 —— G122-17
—a— G238}
—O— G122-366

0.4

0. D. 405 nM

0.2 4

0.0

T T T T T T
78 156 312 625 1250 2300

AR protein concentration (pg/ml}

Fig. 7. Sandwich ELISA to quantily soluble hAR protein. The unlabeled
mAbs G122-17, (;122-21. G123-83, and G122-366 were used as capture
mAbs for coating wells of microtiter plates. AR protein from 78-2500 pg/
ml were used as standards to test the sensitivity for each mAb pair. The
hiotin-conjugated mAb G122-434 served as a detecting mAb. The binding
of the labeled G122-434 was measured at O.D. 403 alter incubating with
slrcplavidin' conjugated alkaline phosphatase tollowed by substrate reaction.
The O.D. 405 absorbance was plotied over the AR protein concenlralion
on a log scale.

The anti-AR mAbs G122-25 and G122-77 could become
usctul tools in determining the effectiveness of androgen
deprivation therapy for prostatic cancer patients. Previous
studies indicated that AR distribution in prostate cancer
correlated well with the clinical response to antiandrogen
therapy [28]. However, there are still some prostate cancers
expressing detectable levels of AR that are not hormone-
responsive. This could be due to the fact that hormone
responsive tumors harbor androgen-bound AR and hormone-
independent tumeors do not. With the availability of mAbs
G122-25 and G122-77, we can then test this hypothesis to
visualize the androgen-bound-AR in tlissues and to det-
ermine the androgen-bound- to unoccupicd-AR ratio when
combining (G122-25 and G122-77 with other anti-AR mAbs
recognizing common motifs of AR.

In our characterization of anti-AR mAbs, wc identified
several mAbs that could detect AR exclusively within the
nucleus or cytoplasm; yet. some mAbs detected AR in both
locations. Previous studies suggested that the subcellular
localization of AR in male accessory repreductive organs,
including ventral prostate, coagulating gland, and seminal
vesicle, could be atfected by the presence of ligands [9]. In a
non-physiological condition, when cells werc transfected
with a green fluorescent protein (GFP)-AR chimera without
hormone, the fluorescence was detected throughout the
cytoplasm. Upon incubation with androgen, the fluorescence
became localized in the nucleus [29). Different hormones and
antihormones were able to induce nuclear translocation within
1 h. The ratio of receptors in cytoplasmic and nuclcar com-
partments was found to be related to both the affinity and
concentration of the ligands [29]. When high levels of nuclear
receptor were present, cytoplasmic labeling was frequently
detected [30]. In addition, receptor phosphorylation could also
be a factor responsible for the nuclear vs. cytoplasmic loc-
alization of an unoccupicd steroid receptor [30)]. With these
anti-AR mAbs available, we were, for the first time, abie to
visualize AR in different cell compartments. These mAbs will
be valuable tools with which to dissect the conformational
changes of AR occurring in response to various androgens and
antiandrogens, such as flutamide and casodex.

IHC is one of the most useful methods for studying AR
distribution in normal tissues and for determining the
pathological grade of human prostate cancers. The good
specificity and sensitivity of an anti-AR mAb arc the key
requircments for such a technique. Tissue preparation, such
as the conditions of fixation and embedding, are also critical,
as improper preparation could mask or destroy the protein
cpitopes. Thus, the staining protocol should be optimized for
cach mAb used. Our data have shown that the mAb (G122-
25 was able to stain AR in both frozen and paraffin-embcdded
prostate sections. Its specificity to AR had been confirmed
by an antigen-preincubation experiment. The IHC signals in
prostate tissue using mAbs G122-17, G122-21, G122-25,




G122-77,G122-238, and (G122-366 reside exclusively in the
nuclei of prostate glandular epithelia. This staining pattern
is the same as observed in rat ventral prostate, and is
consistent with previous reports [8, 31]. Both data suggest
high specificity ol these anti-AR mAbs and their great
potential for clinical diagnosis.

We have developed a sandwich ELISA for the quan-
tification of soluble AR protein, which was not available
previously. The use of the sandwich ELISA kit has several
advantages over Western blot analysis tor AR protein quan-
tification: first, the automatic machine for ELISA is available;
second, the assay is less time-consuming and is more sensitive.
When sensitivity is a concern, a cockltail of anli-AR mAbs
as the detectors would improve the sensitivity of the ELISA
kit significantly. This sandwich ELISA kit will provide an
alternative way for measuring AR protein Ievels in a paticnt’s
blood sample, reducing the need for invasive procedures such
as biopsies.

Increasing utilization of flow cytometric analysis in
patient care has been reported |32]. It has been shown that
heterogeneity of AR staining in cells from patients with
prostate cancer has made prognosis difficult, even with
accurate determination of stage and grade [33]. Therefore,
early reports of a good correlation between clinical outcome
and measurements of the rate of tumor proliferation were
greeted with great enthusiasm. More recently, flow cytometric
measurements of estrogen and progesterone receptors as
well as the ploidy and proliferative activity of cancer cells,
have been investigated as prognostic factors in breast cancer
[34]. In contrast, the application of flow cytometry has not
been widely used in prostate cancer research. As our data
showed, six clones of anti-AR mAbs performed well in flow
cytometric studies (i.e., greater than 90% positive staining),
we believe these mAbs will be useful for the study of AR
in relation to cell cycle control in prostate cancer cells, as
well as for detection of metastasized AR-expressing prostate
cells in blood.

In summary, our data indicate that several newly dev-
eloped anti-AR mAbs reacting with distinct epitopes on AR
can be used in multiple assays for the detection of AR. These
anti-AR mAbs could have potential applications in det-
ermining hormone-dependency in prostate tumors, for
isolating single AR-expressing prostate cells, and for
quantifying the AR protein levels in sera and in biopsy
specimens.
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