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Abstract
The androgen receptor gene (AR) plays an important role in molecular signaling and regulation and
the subsequent cellular growth of prostate cancer. In addition, it is a highly variable region of the
genome. We used direct nucleotide sequencing to genotype the entire exogenous coding region of
the androgen receptor in ten commonly used prostate cancer cell lines. Our analysis confirmed the
presence or absence of several known SNPs in the cell lines studied. We also assayed the number of
CAG-repeat and GGC-repeat sequences for each for the ten cell lines.

Our analysis identified three new mutations, one each in the DU145, LnCAP, and RWPE-2 cell lines.
In DU145, the DNA isolated in our lab was heterozygous at G527G (T>C transition), a polymorphism
not previously reported. The LnCAP cells cultured in our lab were found to have a T>C transition
(heterozygous), resulting in a S641P change that was not present in the ATCC cell line DNA. Lastly,
a homozygous G>T transversion was found in RWPE-2 cells, resulting in the S187I change. This is
potentially significant for use in cell culture and future cell model development.
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INTRODUCTION
It has been well established that the androgen receptor gene (AR) plays an important role in
molecular signaling and regulation and the subsequent cellular growth of prostate cancer.1
Testosterone is converted by 5-α-reductase to dihydrotestosterone, which binds to and activates
the AR protein in the cytoplasm before the complex translocates into the nucleus.2 Once inside
the nucleus, the activated AR protein recruits a host of transcriptional cofactors to aid in the
expression of AR-target genes.2 These genes are known to affect cellular function in a variety
of ways, such as increasing PSA levels and decreasing levels of p21.2, 3
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The AR gene is notable for being extremely variable, with one study finding missense base
changes in no fewer than 44% of tumors studied.4 Concomitantly, a number of these variations
have been shown to lead to changes in the expression or function of the AR protein.5–8 In
addition to the single base changes, there are two areas of tri-nucleotide repeats (CAG and
GGC) in exon 1. Some studies have found an association between shorter sections of
polyglutamate (CAG) repeats and an increased risk of prostate cancer while others have found
no such relationship, as reviewed by Montgomery et al.9 Another study describes an association
showing that those patients with a repeat count of approximately 40+ are more at risk for
Kennedy’s disease, a neuronal disease characterized by progressive muscle weakness and
atrophy.10 Additionally, the number of CAG repeats in a specific cell line is highly variable
and is known, on occasion, to become larger with passage from parent to child.11, 12 This
phenomenon is hypothesized to occur due to the large number of cell divisions involved in
spermatogenesis.11 We thus hypothesize that repeat number can also change with multiple
passages in a cell line. Herein we sequenced the entire exonic region of the androgen receptor
in 10 different prostate cancer cell lines. These data are novel and have the potential to be of
significant value to those investigators who use these model systems.

MATERIALS AND METHODS
Genomic DNA was obtained for each of the 10 cell lines studied. Genomic DNA was purchased
for the following cell lines from the American Type Culture Collection (ATCC; Manassas,
VA): DU-145, LnCAP, MDA-PCa 2b, PC-3, RWPE-1, RWPE-2, PZ-HPV-7 and 22Rv1. For
DU-145, LnCAP, PC-3, PC-3M, and CWR-22, gDNA was extracted from established cell lines
within our laboratory using the Qiagen Midi Blood Kit per manufacturer’s protocol. ATCC lot
and passage numbers are listed in Table 1. For some of the cell lines, multiple passage numbers
were tested to confirm the presence or absence of any genetic variations found (Table 1).

Polymerase chain reaction (PCR) was performed on each cell line for each exon of the AR.
Briefly, 1X PCR buffer, four deoxynucleotidetriphosphates (dNTPs [2mM/each]), 1.5mM
MgCl2, 20uM primers (Table 2), 1 unit of Platinum Taq DNA Polymerase, water and DNA
were mixed to a final volume of 50.0uL. Samples were heated to 94°C for 5 minutes, followed
by 40 cycles of 94°C (30 seconds), the appropriate annealing temperature (30 seconds), and
72°C (30 seconds). There was a final elongation period of 7 minutes at 72°C, and samples were
cooled to 4°C. An exception to the above method was the amplification of exon 1, part 4.
Samples in this amplicon were heated to 98°C for 3 minutes, followed by 10 cycles of 98°C
(40 seconds), the calculated annealing temperature less 5 degrees (30 seconds), and 72°C (1
minute). This was followed by 20 cycles of 98°C (40 seconds), the appropriate annealing
temperature less 5 degrees (30 seconds), and 72°C (1 minute plus 10 seconds with each
additional cycle). There was a final elongation period of 10 minutes at 72°C, and samples were
then cooled to 4°C. Amplification was achieved using the Herculase II Fusion DNA
Polymerase (Stratagene, La Jolla, CA) according to manufacturer’s protocol for GC-Rich
Targets 1–10kb titrated to 4% DMSO and using PCR Boost (Biomatrica, San Diego, CA) in
replacement of water. Direct nucleotide sequencing was conducted using Big Dye Terminator
Cycle Sequencing Ready Reaction kit V3.1 (Applied Biosystems, Foster City, CA, USA) and
an ABI Prism 3130xl Genetic Analyzer. All sequences were analyzed in the forward and
reverse directions except for RWPE-1 exon 1 part 4 and RWPE-2 exon 1 part 1, and exon 5
(as noted). Sequences were visually confirmed via electropherogram. All previously
unreported sequence changes were reamplified and resequenced for confirmation, with the
exception of the mutation in the DU145 cell line. This was successfully amplified only once
but was resequenced to confirm the mutation. We were unable to sequence DU145 DNA
obtained from ATCC for confirmation.
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RESULTS
As shown in Table 3, our analysis confirmed the presence of the homozygous L57Q SNP in
the 22RV1 cell line and the homozygous H874Y SNP in the 22RV1 and CWR22 cell lines, as
previously stated by Chlenski et al.5 In addition, we confirmed the homozygous L701H SNP
in MDA-PCa 2b cells and the homozygous T877A SNP in the LnCAP and MDA-PCa 2b cell
lines.6, 7 The homozygous E211E SNP was found in the DU145 cell line, as previously reported
by Lu et al.8 The CAG-repeat and GGC-repeat sequences are highly variable11, 12 among cell
lines, and we have included our results for the repeat count of each for the ten cell lines in
Table 3.

Interestingly, our analysis identified three new mutations, one each in the DU145, LnCAP, and
RWPE-2 cell lines (Table 3). In DU145, the DNA isolated in our lab (3 passages more than
the ATCC DNA) was heterozygous at G527G, a mutation that, to our knowledge, has not been
reported previously (Figure 1). We were unable to confirm this with DNA purchased from
ATCC. The LnCAP cells cultured in our lab, similarly, were found to have a T>C transition
(heterozygous), resulting in S641P that was not present in the ATCC cell line DNA (Figure
2). Lastly, a homozygous G>T transversion resulting in the S187I change was found in ATCC
RWPE-2 cells, the only source of RWPE-2 cells studied (Figure 3).

CONCLUSIONS
This is the first systematic characterization of AR exons in each of the common cell lines used
world-wide in prostate cancer research. Though the alterations are not functionally studied
herein, we now know that these variations exist. Some of these have been previously annotated
and some have not. Given genomic instability in cell lines derived from the ATCC as compared
to those cultured in our facility, we have documented that changes can occur with passage.
Thus we urge caution in extrapolating results from ATCC-derived cell lines if the cell lines
have been subjected to repetitive passage.

Several SNPs previously described by others were verified in our analysis of the common
prostate cancer cell lines. The homozygous C>T H874Y SNP in the 22rv1 cell line, previously
described by Bokhoven et al, was found in our analysis.13 Our analysis of CWR22 was also
consistent with the literature, in that the homozygous C>T H874Y SNP was reported by
Chlenski et al. 5 Our analysis of the LnCAP cell line DNA (both ATCC extracted and extracted
by our lab) revealed a homozygous A>G SNP (T877A) previously reported by Veldscholte et
al. 6 Finally, analysis of the MDA-PCa 2b cell line DNA confirmed the homozygous T>A
(L701H) and homozygous A>G (T877A) SNPs previously published by Zhao et al. 7

There are two highly polymorphic regions of trinucleotide repeats in the first exon of the
androgen receptor. The CAG trinucleotide repeat is highly varied, and we provide counts for
each cell line studied. However, only the repeat numbers for the PC3 and LnCAP cell lines
have been verified by the literature. 12 Our analysis of the number of CAG repeats in DU145
differs from that which was previously published, but by only one repeat unit. 12 The CAG
repeat counts for 22RV1, CWR22, MDA-PCa 2b, PC3M, PZHPV7, RWPE1, and RWPE2
were not found in a literature search, and we believe that our data is novel in this respect.
Similarly, no prior report could be found on the number of GGC repeats in the first exon for
each of the cell lines studied. Thus our data represent the first report in the literature.

Several SNPs that were previously reported in the HapMap database were found in the 22RV1,
CWR22, and DU145 cell lines. Specifically, the homozygous T>A (L57Q) SNP was located
in the 22RV1 and CWR22 cell lines, and the homozygous G>A (E211E) SNP was located in
the DU145 cell line. It is not clear whether these represent germline alterations present in the
patient from whom the cell line was derived, or whether these represent somatic alterations.
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The G527G, S641P, and S187I variations noted herein are not documented in the HapMap
database, suggesting but not proving that they are somatic mutations which developed either
in the patient’s tumor or in the cell line. To our knowledge, we are the first to identify the entire
exonic structure of the androgen receptor with regards to SNPs and mutations for the prostate
cancer cell lines commonly used in current laboratory research.
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Figure 1.
DU145 lab extracted DNA shows CT heterozygote mutation (G527G) not present in other cell
lines (PC3M sequence shown for comparison).
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Figure 2.
LnCAP lab extracted DNA shows CT heterozygote mutation (S641P) not present in the ATCC
DNA.
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Figure 3.
RWPE-2 ATCC DNA shows a TT variant mutation (S187I). Also shown is a DU145 ATCC
DNA sample with a wildtype (GG) genotype.
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Table 2

Amplification and Sequencing Primers
All sequences were confirmed through forward and reverse sequencing, with the exception of some exon 1
sequences and exon 5, which was confirmed through two separate sequences in the reverse direction. Annealing
temperatures are calculated based on primer composition, with TA = 4°C*(number of C/G basepairs) + 2°C*
(number of A/T basepairs). Temperatures were adjusted for optimal amplification.

Exon Primer Sequence Annealing Temperature °C

1–1

F 5′-cgcctggttaggctgcacgcg-3′
R 5′-catccacgttgtccctgctgg-3′

68
seq F 5′-cagctagctgcagcgactacc-3′
seq R 5′-cagccgcagtcggccctggag-3′

1–2

F 5′-aatctgttccagagcgtgcgc-3′
R 5′-ccttgtgccccattggccgaat-3′

68
seq F 5′-gagagaggttgcgtcccagag-3′
seq R 5′-gtggaggcgttggagcatctg-3′

1–3

F 5′-ccagcaccatgcaactccttc-3′
R 5′-tcctggcacactctcttcacag-3′

66
seq F 5′-ctccaaggacaattacttagggggc-3′

seq R 5′-cagtgccgctatggggacct-3′

1–4

F 5′-accagagtcgcgactactacaactttcc-3′[23]
R 5′-gggcagagtcactctgtgttctgg-3′[23]

60
seq F 5′-actggctctggccggaccg-3′

seq R 5′-gggcagagtcactctgtgttctgg-3′

1-AR

F 5′-acagcctgttgaactcttctgag-3′
R 5′-catccacgttgtccctgctgg-3′

70
seq F 5′-tctaccctcggccgccgtccaag-3′
seq R 5′-cagccgcagtcggccctggag-3′

2

F 5′-cacgaagctaaagcaaggaacat-3′
R 5′-ctactctgctggctagtaaagga-3′

66
seq F 5′-gcctggacaccaccttcagtt-3′

seq R 5′-ttaggcagtgaaggtggtccca-3′

3

F 5′-aaaggggtgacaagttccacaat-3′
R 5′-ggacttaatgatactggcctgatg-3′

66
seq F 5′-tttggtgccatactctgtccac-3′
seq R 5′-gaccagccatgctctagaca-3′

4

F 5′-caggtatgaatactgaaggctgc-3′
R 5′-tacagggatcgaaactcagaaag-3′

66
seq F 5′-aaccagtgttgaatgagcacttg-3′
seq R 5′-ggtgcttttctgcccattaactc-3′

5
F 5′-agagttcactcatataagcagtc-3′
R 5′-caactggcaggagcccagga-3′ 64

seq R 5′-gacagtgaagcttagctcatttga-3′ *

6

F 5′-tcctggccagagaagatgagta-3′
R 5′-tgtatggcagccaaggaacttt-3′

64
seq F 5′-agcaccagcaggagaaacagc-3′

seq R 5′-cactctactctctctcagcat-3′

7

F 5′-ataggatttgtatggcagccaagga-3′
R 5′-gactccatggagaccatttctt-3′

68
seq F 5′-cagatcggatccagctatcctt-3′
seq R 5′-ctggctttgagtgtggtcca-3′
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Exon Primer Sequence Annealing Temperature °C

8

F 5′-agagatggagtgcggaggctt-3′
R 5′-gagagctaagattatctggggaa-3′

66
seq F 5′-cagaggttggggaagaggcta-3′
seq R 5′-cctctattgatgtacagtctgt-3′
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