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Abstract

Preatatic tissue specimens derived from transurethral resections of
patients with metastatic prostate cancer were analyzed for genetic
alterations in the hormone-binding domain of the androgen receptor

(AR) gene.Direct sequencingof the polymerasechain reaction-derived
DNAsof 6 of 24 specimensrevealeda codon877mutation(ACT â€”
GCT,Thr â€”â€˜Ala) Inthe hormone-bindingdomainof theARgene.This
same AR mutation has been reported previously In a metastatic pros
tate cancercell line, LNCaP,wherethis mutationconfersupontheAR
an altered ligand-bindingspecificitywhich is stimulatedby estrogens,
progestagens,and antlandrogens.It Is possible that analogous to an
activated/altered growth factor receptor oncogene, codon 877 mutant
AR with altered ligand binding may provide a selective growth advan
tage in the genesis of a subset of advanced prostate cancer. Although
estrogens are used Infrequently, antiandrogens are used increasingly in
hormonal therapy for patients with advanced prostate cancer. The
stimulatory effect of these therapeutic agents on the codon 877 mutant
AR fUrther suggests that this frequently observed AR mutation may
contribute to the treatmentrefractorydisease.

Introduction

Prostate cancer is the most frequently diagnosed solid tumor and
the second leading cause of cancer death in men in the United
States (1). Although potentially curable in its early stages, mets
static prostate cancer is incurable despite temporary remissions
commonly achieved with hormonal therapy. Historically, 40â€”50%
of patients with this disease present with locally advanced or
metastatic disease (2). The cornerstone of therapy in patients w@h
metutatic disease is androgen ablation, commonly referred to as
â€œhormonaltherapy,â€•since Huggins and Hodges' seminal discovery
In 1941 (3). Androgen ablation can be achieved by orchiectomy, by
the administration of estrogens, or more recently by one of the
lutelnlzlng hormone@releasing hormone agonIsts@Recent clinical
trials have demonstratedthe efficacyof combiningan antlandrogen
If, orchiectomy or a lutelnizing hormone-releasing hormone to

block the remaining androgensproducedby the adrenalglands (4).
Although approximately 80% of patients Initially respond to hor
monal ablation, the vast majority of patients eventually relapse (5),
presumablydue to neoplasticclones of cells which becomerefrac
tory to this therapy.
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Androgen ablation therapy in prostate cancer involves the inhibi
tion or blockade of androgen signaling pathway(s) via AR' in pros
tatic epithelial cells. It has been postulated that alterations of the AR
may play an important role in prostate cancer development. Earlier
studies using radioligand binding showed that lower levels of the
nuclearAR correlatedwith a poor responseto hormonaltherapy(6).
However, the major concern regarding these observations was the
accuracy of the assays using homogenized specimens containing both
normal and tumor cells (6). Recent studies using AR immunostaining
have shown the presence of AR in prostate cancer specimens resistant
to hormonal therapy (7â€”10),and more careful analysis has revealed a
correlation between heterogeneous AR staining within specimens and
a poor response to hormonal therapy (1 1). Although the analysis of
AR protein may approximate the presence or absence of AR in
prostate cancer specimens, these methods are not able to address
alterations of AR functions resulting from mutations in the transcrip
tion activation region, DNA binding, or HBD of the AR gene (12).
There have been only a few reports describing infrequent AR muta
tions in prostate cancer to date. A well characterized cell line, LNCaP,
derivedfrom a lymphnode of a patient being treated with estrogen
and orchiectomy for metastatic prostate cancer, is known to harbor a
mt AR with a point mutation in the HBD (13, 14). The possibility of
cell culture artifact for this AR mutation has not been excluded. The
same LNCaP AR mutation has been described either as a codon 877
(ACT â€”Ã·GCF) of a 9l9-codon AR complementary DNA (13) or as a
codon 868 (ACT -@ GCF) in a 9l0-codon AR complementary DNA
(14), A recent study has analyzed 26 early stage B prostate cancers
and reported codon 730 AR mutation In one specimen (15). Recent
studies of the AR gene in advanced prostate cancers have also revealed
mutations in codons 701 and 877 in 1 of 8 specimens (16), in codons
340 and 798 In 2 of 10 specImens (17), and in codon 715 In 1 of 7
specImens(18).It IsInterestIngthatmostofthe reportedARmutatIons
in prostate cancers wore present in the HBD. It Is critically apparent
that alteration of AR In advanced prostate cancer needed to be eval
uatedfurther,Towardthisgoal,we haveanalyzedspecImensof TUR
of prostate from 24 patIents with advanced disease for alteratIons In
the HBD of AR.

We have found the frequentpresence (6 of 24) of the codon 877
mutatIon (ACT â€”OcT) in prostate cancer specimens studied In our
laboratory. The detailed analysis of the complete HBD of the AR In
two specImens posItive for the codon 877 mutatIon and one specimen
negativefor thIsmutationdid not revealany other mutation.This Is
the fIrst report demonstrating the frequent mutation of codon 877 In
advanced prostate cancers, and the ImplIcatIons of our findings are
discussed.

3 The abbreviations used arc: AR, andro@en receptor; HOD, honnonc.blnding domain;

ml, mutant; TUR. Iranaurethralresection; PCR, polymersas chain reaction; wt. wild-type
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Table 1 Androgen receptor gene mutation and stage ofprostate cancer specimens

MUTANT ANDROGEN RECEPTOR IN PROSTATE CANCER

Materials and Methods

Tumor Specimens and Cell Lines. Clinical pathological data on all pa

tients were obtained from the tumor registry review at Walter Reed Army

Medical Center (Washington, DC). A total of 24 patients with advanced

prostate cancer were selected for this study. The prostate cancer cell lines
LNCaP, DU 145, and PC-3 were obtained from American Type Culture
Collection (Rockville, MD).

Archival paraffin-embedded channel TUR specimens of these selected
patients were analyzed by hematoxylin and eosin staining of 4-p@m-thick
sections for the presence of tumor cells. Regions of the tumor tissue sections
containing a high fraction of the neoplastic cells (20â€”100%) were identified by

one author (I. A. S.).
DNA Extraction. Correspondingtumor regions from hematoxylin and

eosin slides were marked on the tissue embedded in paraffin blocks and were

microdissected. DNA was then extracted following the method of Moul et aL

(19) where the tissue was deparaffinized by xylene and DNA was extracted by
proteinase K treatment followed by phenol extraction and ethanol precipita
tion.

PCR/DNA Sequencing. The DNAS were amplified by PCR for the five
exons of HBD of the AR gene using the primers described by Lubahn et aL
(20), except for the upstream primer of exons D and G. The primers used for

exons D and G are 5'- GTAGTFGCAUGTGTG lIT! iGACC-3' and 5'-
GTCAAGTCTGTGGTCAGAAAACFTGG-3', respectively. The PCR of
genomic DNAs were essentially performed as described earlier (21). The

specific PCR reaction conditions were: 95Â°C for 30 s; 60Â°C for 45 s, and 72Â°C

for 60 s for 40 cycles followed by 72Â°Cfor 5 mm for 1 cycle.
To generate the template for DNA sequencing, a second PCR reaction

comprising an aliquot of the first PCR product and the primers set including
one biotin-labeled primer was performed. Additionally, to increase the speci
ficity of the PCR reaction, the second PCR was always performed with at least

one primer nested to the primers used in the first PCR reaction. The primers
used for the second PCR were: Exon D, B-5'-CCACTGAGGAGACAAC
CCAGAAGC-3',5'-GATCCCCCITATCTCATGCFCCC-3';ExonE, B-5'-
CAACCCGTCAGTACCCAGACTGACC-3', 5'-ACCAACCAGGTCFGGC

CAAGCTGC-3'; Exon F, B-5'-CrCFGGGCflATFGGTAAACVFCC-3',
5'-TGGTCCFCFCTGAATCTCFGTGC-3';ExonG,B-5'-TGTCFAATGCFC
CflCGTGGGC-3',5'-CFCFATCAGGCFGTFCfCCCFGAT-3';Exon H,
B-5'-GAGGCCACCFCcTFGTCAACCCTG-3',5'-GGAGTAGTGCAGAG
TTATAACAGGC-3'. The primers with the prefix B refer to biotinylated
primers. The second PCR reaction conditions were similar to the first PCR
except that the amplification was only for 30 cycles. The 5'-biotinylated single
stranded DNA was purified using streptavidin magnetic beads (Dynal, NY)
and DNAS were sequenced with complementary sequencing primers using
Sequenase version 2.0 (United States Biochemicals).

Results

For archival paraffin-embedded prostate TUR specimens of 24
patients used in this study, the patients had a known history of
advanced prostate cancer and presented with the symptoms of bladder
outlet obstruction despite treatment with hormonal and/or radiation
therapy (Table 1). The DNA sequence of 3 of the first 11 specimens
analyzed revealed the presence of a point mutation in codon 877
(ACT â€”@GCT) of exon H of the AR gene (Fig. 1). Additionally,
sequencing of both strands revealed the same mutation without any
other alteration of exon H. Since we detected the same mutation
previously reported for LNCaP cell line and our analysis used PCR,
we wanted to rule out any accidental contamination of prostate cancer

specimens with LNCaP DNA from our laboratory, as well as the
possibility of cross-contamination between specimens. For this pur

pose, we repeated the entire procedure starting from the same genomic
DNA or a new DNA preparation, and we reproducibly detected the
codon 877 mutation in the same specimens. The only variation be
tween three such repeated experiments was the varying intensities of
a residual wt band in the codon 877 in DNA sequencing gels (Fig. 1).
The detection of the wt band is most likely due to the extraction of
DNA from normal cells present in the tumor specimens, and the

PatientStage at TURCodon 877 ARmutation1D1-2C-3D1-4D1-5D2+6C-7C-8D0-9D1-10C+11D2â€”12D2â€”13D1â€”14D2â€”15D2â€”16D2+17D2â€”18D1+19D2â€”20D,+21D1â€”22D2â€”23D0+24D2â€”LNCaPCell

line+DU
145Celllineâ€”PC

3Celllineâ€”Human
placentaControlâ€”

variability in detection of the wt band is most probably due to
variations in yields of the PCR product used for DNA sequencing. We
also ruled out any cross-contamination between specimens from an
independent study from our laboratory, showing that the same DNA
specimens used for AR mutation study exhibited different mutations
of the p53 gene. A mock DNA extraction, along with tumor tissue
DNA extraction or negative controls used in PCR reaction, also did
not reveal any detectable product when compared to the reactions
containing DNA. Furthermore, a human placental DNA, DNAS from
two prostate cancer cell lines (DU 145 and PC-3), and the prostate
cancer specimens exhibiting wt sequence for the codon 877 of AR
reproducibly displayed wt codon 877 sequence (Table 1). Thus, on the
basis of these results we feel confident that the codon 877 mutation in
prostate cancer specimens reported here truly represent in vivo muta
tion. We extended the analysis of this mutation to an additional 13
specimens, and these specimens were processed for DNA extraction
in a separate laboratory. Three more specimens from this group
exhibited the same codon 877 mutation. Altogether, we identified 6 of
24 patients with an identical mutation of theAR gene (Fig. 1; Table 1).
We next analyzed selected specimens for the rest of the HBD (12)
encompassing part of exon D and complete exons of E, F, and 0 by
DNA sequencing. Two specimens positive for codon 877 mutation did
not reveal any other mutation in the remainder of the HBD. Further
more, one specimen negative for codon 877 mutation and human
placental DNA revealed wt AR sequence in the entire HBD. Thus,
these results further suggest the in vivo selection of the codon 877
mutation in the HBD (Fig. 2) of the AR in prostate cancer specimens
analyzed here.

Discussion

Although infrequent AR mutations in prostate cancers have been
described recently (15â€”18),it is striking that we have frequently
detected the codon 877 (ACT â€”@GCF) mutation in a number of
advanced prostate cancer specimens (6 of 24 patients). The same AR
mutation has been described earlier in a metastatic prostate cancer cell
line, LNCaP, but the in vivo origin of this AR mutation has not been
completely established. Our studies, along with the recent report of
Suzuki et a!. (16), describing the same codon 877 AR mutation in
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Fig. 2. Schematic representation of androgen receptor codon 877 mutation detected in
prostatecancerspecimens.Androgenreceptorgenemutationandthecorrespondingamino
acid change detected in the hormone-binding domain (R) ofthe androgen receptw protein.
Adapted from the paper of Janne et al. (12), with permission.

metastatic specimens of one patient, provide strong support for the in
vivo significance of this AR mutation. More importantly, the results
reportedhere provide the firstevidence for a mutationalâ€œhotspotâ€•in
the AR gene in a subset of prostate cancer.

Our results differ from other studies (15â€”18)in the frequent detec
tion of this codon 877 mutation and are best explained by the larger
number of specimens, the quality of the specimens, and the method by
which tumor cell populations were selected and processed. In our
study, hematoxylinand eosin stainingwas used to denote the most
abundant concentration of tumor cells. The concentration of pheno
typically similar tumor cells within the same specimen was quanti
tated, and the region containingtumor cells was microdissectedto
ensure that the inevitable inclusion of normal cells was kept to a
minimum. Since the AR gene is present on chromosome X and there
is only one X allele present in males, the presence of both the wt
and mt codon 877 sequence in some specimens (Fig. 1) is most
likely due to the presence of normal cells in tumor specimens. The
DNA from the specimens containing 90â€”100%of tumor cells

Fig. 1. Point mutation in codon 877 (ACT
â€”, GCI') of the androgen receptor gene in

prostate cancer specimens. Shown are the
codon877and flankingDNAsequencesfrom
six prostate cancer specimens (Patients 5, 10,
16. 18, 20. and 23) and humanplacenta(HP,
WI DNA sequence) DNAs. The procedures of

tumtT tissue microdissection, DNA extraction,
and DNA sequencing are described in â€œMate
rialsand Methods.â€•
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(analyzed by I. A. S.) exhibited only the mt band in the codon 877,
further supporting the presence of normal cells in those tumor
specimens exhibiting both wt and mt codon 877 sequence.

Mutations in the DNA-binding domain and HBD are described in
androgen resistance syndromes (22). Recent studies have also shown
mutations of AR in the DNA-binding domain in male breast cancer
(23). Mutational analysis of the AR gene in vitro has shown that
deletions of HBD can constitutively activate the receptor (24). Thus,
mutations of a functionally important region in the AR gene may also
abrogate AR signaling pathways. It is conceivable that these muta
tions of the AR gene contribute to the aggressive and hormone
refractory phenotype of advanced prostate cancer. Some of the impli
cations of our observation can be extrapolated from studies on the
functional characteristics of the mutant AR with a known codon 877
point mutation that is present in the LNCaP prostate cancer cell line
(14). LNCaP cells were derived from a metastatic lesion of a patient
with treatment-resistant prostate cancer and have been shown to have
altered receptor specificity in binding to progestagens, estrogens, and
antiandrogens (14). It is interesting to note that antiandrogens have an
unexpected stimulatory effect on the growth of LNCaP cells. All the
specimens analyzed here were also from patients with advanced
prostate cancers. Of six specimens positive for the codon 877 muta
tion, a majority of them represented stage D disease (C, I; D0, 1; D1,
2; D2, 2). On the basis of the altered ligand-binding specificity of AR
due to codon 877 mutation, it is tempting to suggest that analogous to
an activated/altered growth factor receptor oncogene (25), the mt AR
may provide a selective growth advantage in a subset of advanced
prostate cancer. In contrast to the expected inhibitory effect of the
agents used in hormonal therapy, their stimulatory effect on the codon
877 mt AR (14) may provide one of the mechanisms involved in the
treatment refractory prostate cancers. Therefore, follow-up of these
interesting observations have the potential to unravel the molecular
mechanisms involved in the genesis of treatment-resistant advanced
prostate cancers.
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Note Added in Proof

Recently we have obtained additional experimental evidence which further
rules out any accidental contamination of the LNCaP DNA in prostate biopsy
specimens. PCR based analysis of the polymorphic CAG repeat region of exon
A revealed distinct band patterns for three biopsy DNA specimens exhibiting
codon 877 AR mutation in comparison to LNCaP DNA. These results provide
additional support for an in vivo origin of the codon 877 mutation reported
here.
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