
Abstract. Research into molecular and genetic mechanisms
underlying prostate carcinogenesis in high-risk African
American men would be greatly advanced by in vitro models
of African American prostate tumors representing primary
tumors. However, the generation of immortalized primary
African American prostate cancer cells that will accurately
reflect the in situ characteristics of malignant epithelium is
currently limited but is greatly needed. We have successfully
established immortalized cell lines of a pair of non-malignant
and malignant tumors derived from an African American
prostate cancer patient with HPV-16E6E7 (RC-77N/E and
RC-77T/E). RC-77N/E and RC-77T/E cells are currently
growing well at passage 40. Both cells exhibit epithelial
morphology and are androgen sensitive. The RC-77T/E cells
produced tumors in SCID mice whereas the RC-77N/E cells
produced no tumor in SCID mice. These cells expressed
androgen-regulated prostate-specific homobox gene, NKX 3.1,
epithelial cell specific cytokeratn 8, androgen receptor (AR),
prostate specific antigen (PSA), and p16. Chromosome analysis
showed that both cell lines are similar; near diploid human
male (XY) with most chromosome counts in the 45-48 range.
However, RC-77T/E cell line has new marker chromosomes:
M1B=del/t(4;?)(q28;?), M5=16q+ in addition to those observed

in the RC-77N/E cell line (M1=del(4)(q28q34)+hsr in some,
M1A=t(4q;?),M2=der(9?),M2A=del(M2p-),M3=iso(?),
M4=der(22?)). This is the first documented case of the
establishment of pair of non-malignant and malignant tumors
derived from an African American prostate cancer patient.
These models will provide novel tools to study the molecular
and genetic mechanisms of prostate carcinogenesis, especially
for high-risk African American men.

Introduction

Prostate cancer is the most common male cancer in the United
States, as well as in the Western world, and the second leading
cause of the male cancer death in the USA (1). African
American men have a 60% higher incidence and mortality
rates from prostate cancer compared to Caucasian men in
North America, indicating that prostate cancer is a major
public health problem in this population (1). The etiology of
these racial differences in the clinical manifestation of prostate
cancer is unclear; hormonal, genetic, behavioral and environ-
mental factors have all been implicated (2). To understand the
many factors suspected of contributing to the development of
this malignancy, there is a critical need for in vitro models
representing primary tumors. However, no suitable in vitro
models which accurately reflect the in situ characteristics
of malignant epithelium for the study of African American
prostate cancer are available.

To date, only two reports have documented the establish-
ment of African American prostate cancer-derived human
prostate cancer cell lines; MDA PCa 2a and MDA PCa 2b
cell lines were derived from a single bone metastasis (3).
These cell lines exhibit androgen-independent growth in vitro
and in vivo, however retain androgen responsiveness. A second
cell line was derived from primary localized adenocarcinoma
of the prostate. The E006AA cell line was established as
spontaneously immortalized cells from a patient with a
clinically localized prostate cancer. However, this cell line
shows androgen-dependent growth but is not tumorigenic in
nude mice (4) thus leaving a void in a long-term human cell
line that has tumorigenic potential. Here, we report for the
first time the establishment of a novel pair of non-malignant
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and malignant tumor-derived from an African American
prostate cancer patient.

Materials and methods

Generation of primary cell cultures. The tumor tissue
(RC-77T) and non-malignant tissue (RC-77N) used for
generating the cell lines were obtained from radical prosta-
tectomy specimen of a 63-year old African American patient
according to Water Reed Army Medical Center and the
Uniformed Services University of the Health Sciences Internal
Review Board Protocol. This patient had clinical stage T3c
adenocarcinoma with poor differentiation (Gleason 7). Non-
malignant cells were derived from non-cancerous regions that
were confirmed by histopathological examination. The method
for generating primary prostate cell cultures has been described
(5). Briefly, the tumor and non-malignant tissue obtained by
an experienced pathologist was chopped into small fragments,
1-2 mm in size with a sterile blade. The small cell clumps
were placed into several type 1 collagen-treated dishes (Becton-
Dickinson, Boston, MA) containing growth medium and
were allowed to attach for a week to the bottom surface of
the culture dishes. The cells were incubated at 37˚C in a
humidified air of 5% CO2 until reaching semi-confluency.
Aliquots of the primary cultures were then frozen and stored
in liquid nitrogen until the cells were re-established in
secondary culture for additional serial passages. For serial
passages, routine trypsinization was used once a week in the
collagen-treated culture dishes, and the split ratio of the cells
was 1-2. Keratinocyte serum-free medium (K-SFM) supple-
mented with bovine pituitary extract and recombinant
epidermal growth factor (Life Technologies, Inc., Gaithersburg,
MD) was used for growing and maintaining the cells.

Generation of RC-77T/E and RC-77N/E cell lines. At passage 4,
the actively proliferating RC-77T and RC-77N cells grown in
K-SFM with supplements were infected with a recombinant
retroviral construct, LXSN-HPV16E6E7 (generously provided
by Dr D.A. Galloway, Seattle, WA) containing the E6 and E7
genes of HPV-16 and a neomycin resistance gene (6). Briefly,
cells were transduced through infection using polybrene at the
concentration of 10 μg/ml and incubated at 37˚C in 5% CO2

overnight. The infected cells were washed with PBS, then
incubated and subcultured weekly for further serial passages.
No G418 selection was necessary because the uninfected
RC-77T and RC-77N cells senesced at passage 6.

RT-PCR assay. RT-PCR assay was done as previously
described (7). Briefly, total RNAs from culture cells were
extracted with RNAzol B (TEL-TEST Inc., Friedswood,
TX) according to the manufacturer's protocol and quantified
with Nucleic Acid Quantitation Kit (NBI, Plymouth, MN).
Total RNA (1 μg) was reverse transcribed into cDNA with
RNA PCR kit (Perkin-Elmer, Foster, CA) and 1/10 of the
reverse-transcribed product from each sample was used for
PCR to amplify AR, NKX3.1, CK8, and HPV-16E6 genes
respectively. The expression of CK8 was used as an internal
control for input RNA as well as the marker for epithelial
cells. To verify the validity of CK8 as the internal control,
we compared CK8 and the house-keeping gene, GAPDH

in the same cDNA samples. The condition of PCR for the
individual gene was optimized to analyze the amplified product
in the linear range of amplification by adjusting amplification
cycles for each set of primers. The primer sequences and the
expected size of PCR products were the same as described
(7).

Androgen growth response. To determine the effects of
androgen stimulation on the growth of RC-77N/E and RC-
77T/E cells, 2x104 cells per well were grown in serum-free
K-SFM with 0.1% BSA in the presence of 0, 0.1, 1.0, 10.0
and 100.0 nM for 4 days. K-SFM was supplemented with or
without Methyltrienolone (R1881) (Perkin-Elmer, Waltham,
MA), at concentrations of 0.1, 1, 10 and 100 nM, respec-
tively. Cell proliferation was determined by MTT assay was
previously described (8). 

Three-dimensional culture of prostate cells in rotating wall
vessel (RWV). Three-dimensional RWV conditions were pre-
formed as previously described (9). Briefly, 2x107 RC-77N/E
or RC-77T/E cells, respectively, were seeded in RWV in
serum-free KGM media and stopped and the prostate organoids
and medium was collected on respective days. The extent
of three-dimensional structure formation was determined by
measuring the disappearance of single cells using the Coulter
Counter Z1. The index of the degree of individual cells
incorporated into organoids was measured utilizing the
formula 100 X (N0/ND), where N0 is the total cell number
input and ND is the total number of particles/cells after
respective days of incubation as determined by counting in a
Coulter Counter Z1 (10). Organoids were harvested, and fixed
with 1% formaldehyde and sectioned for histopathology.
Images were taken with DSU Confocal Unit, Olympus. Images
were processed with Metamorph software. 

Tumorigenicity in SCID mice. To determine tumorigenicity,
1x107 cells in 0.2 ml of PBS were injected subcutaneously
into the mid-dorsal intracapular region of adult male SCID
mice. The mice were observed for 6 months for tumor develop-
ment.

Cytogentic analysis. Chromosome counts, ploidy distribution,
and Giemsa (G)-banded karyotypes were prepared by standard
protocol as described previously (11,12). 

Results

To determine whether human prostate cancer cells will
become immortalized by the expression of HPV-16E6E7,
we introduced a retrovirus construct expressing HPV-16E6E7
into third-passaged RC-77N/E and RC-77T/E cells through
overnight infection. Non-infected cells could not be propagated
serially beyond 5 subcultures. In contrast, the HPV-16E6E7-
infected RC-77N/E and RC-77T/E cells have an apparently
unlimited lifespan and have been successfully subcultivated
for >40 passages over the course of 1 year with no evidence
of decreased proliferation capacity (Table I). 

The RC-77N/E and RC-77T/E cells had typical epithelial
morphology (Fig. 1). The cells grew as adherent cells and
were more piled-up on each other in some areas. To confirm
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that the immortalized RC-77N/E and RC-77T/E contain the
transduced HPV-16E6E7 gene, RT-PCR was carried out with
1532T cells as positive control and DU145 cells as negative
control. The expression of HPV-16E6 gene was detected in
both cell lines and 1532T cells but not DU-145 cells (Fig. 1B).
RC-77T/E and RC-77N/E cells were also analyzed to
determine the expression of specific markers by RT-PCR.
Table I shows a summary of markers expressed in both cell
lines. Androgen-regulated prostate specific homobox gene,
NKX3.1, an epithelial cell-specific cytokeratin (CK) 8,

androgen receptor (AR), and p16 were expressed in both cell
lines. Additionally, PSA expression was determined by real-
time PCR and immunofluorescence. 

Since we observed androgen receptor expression in both
cell lines we next examined if the RC-77N/E and RC-77T/E
cell lines were sensitive to androgen treatment. Cells were
grown in serum-free K-SFM at different doses of R1881
for 4 days. RC-77T/E cells were responsive to 0.1 nM R1881,
however RC-77N/E cells were only responsive at the higher
dosage of 1 nM. Significant stimulation in cell growth was
observed for RC-77T/E cells and RC-77N/E cells at 1.0 nM
R1881, however 100.0 nM R1881 resulted inhibition of cell
growth (Fig. 1C).

Formation of non-adherent three dimensional organoids
could possibly serve as a criterion for in vitro tumor forming
potential (13,14). In order to determine whether cells demon-
strated this characteristic, 2x107 of both RC-77N/E and
RC-77T/E cells were introduced to the RWV system. The
RC-77T/E malignant-derived cells formed three dimensional
tissue structures over a 5-day period. Histopathological
analysis of organoids showed tumor tissue-like structures
(Fig. 2i and ii). Vertically all RC-77T/E cells where cohesive,
as measured by number of suspended cells after each time
interval, with maximal incorporation of individual cells into
organiods at day 3 of RWV culture (Fig. 2iii). All RC-77N/E
cells remained suspended as single cells, and we did not
observe any significant organoid formation. 

To determine tumorigenicity in vivo for the RC-77T/E
(passage 45) and RC-77N/E (passage 45) cell lines, 1x107 cells
were injected subcutaneously into SCID mice. All the animals
inoculated with RC-77T/E cells developed tumors within
4ó months at the site of inoculation and the tumors reached
10 mm size at 6 months (Table I). Microscopic examination
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Table I. Properties of RC-77T/E and RC-77N/E cell lines.
–––––––––––––––––––––––––––––––––––––––––––––––––

RC-77T/E RC-77N/E

–––––––––––––––––––––––––––––––––––––––––––––––––

Life span (>40 passages) >40  >40

Gene expression by RT-PCR

E6 + +

NKX3.1 + +

Cytokeratin 8 + +

AR + +

p16 + +

PSA + -

GAPDH + +

3D-organoid formation +        -

Tumorigenicity in SCID mice 3/3 0/3
–––––––––––––––––––––––––––––––––––––––––––––––––

Figure 1. Characteristics of the RC-77T/E and RC-77N/E cell lines. (A)
Morphology of cell lines RC-77N/E (left) and Rc-77T/E (right). These cultures
show typical epithelial morphology. (B) To verify the integrated E6 and
E7 genes of HPV-16 into the RC-77T/E and Rc-77N/E cell line, RT-PCR
with E6 primer was carried out. The strong expression of E6 gene (210 bp)
was detected in both RC-77T/E cells (passage 25) (lane 1) and RC-77N/E
(passage 25) (lane 2) 1532T cells (lane 3) as positive control and DU145
cells (lane 4) was negative control. Expression of ß-actin gene (315 bp) was
presented here as internal positive PCR control and H2O as negative control.
(C) Androgen sensitivity assay. Sensitivity to R1881 was assessed for
RC-77T/E and RC-77N/E cell lines in serum-free K-SFM with 0.1% BSA
in the presence of 0, 0.1, 1.0, 10.0 and 100.0 nM for 4 days. Significant
differences in cell growth was observed for RC-77T/E cells and Rc-77N/E
cells at 1.0 nM R1881 in stimulation and 100.0 nM R1881 showed inhibition.
The number of cell counts were expressed as mean value of triplicate
observation.
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Figure 2. Tumorigenicity of RC-77T/E and RC-77N/E cell lines. (A) Three-dimensional structure formation by RC-77T/E cells (i and ii). Number of cells in
organoid formed by RC-77T/E cells was significantly higher than those formed by RC-77N/E cells (iii). Three-dimensional structure formation was not
detectable in RC-77N/E cells. (B) Poorly differentiated adenocarcinoma produced by inoculation of the RC-77T/E cell line into SCID mice. (C) Karyotypes
of RC-77N/E (passage 39) (upper) and RC-77T/E (passage 39) (lower) cell lines. Four marker chromosomes were detected in RC-77N/E cell line whereas six
marker chromosomes were detected in RC-77T/E cell line.

Table II. Karyological characterization of RC-77T/E and RC-77N/E cell line.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Cell lines RC-77T/E RC-77N/E
(Passage) (P-39) (P-39)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Ploidy Near diploid human male Near diploid human male

Chromosome count 45-48 45-48

Modal number 46 47

Normal chromosomes Single X and Y in each karyotype Single X and Y in each karyotype

Marker chromosomes 8 6

M1=del(4)(q28q34)+hsr in some    M1=del(4)(q28q34)+hsr in some

M1A= t(4q;?) M1A=t(4q;?)

M1B=del/t(4?)(q28;?) M2=der(9?) 

M2=der(9?) M2A=del(M2p-)

M3=iso(?) M3=iso(?)

M4=der(22?) M4=der(22?)

M5=16q+

M6=15p+
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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of section of the tumor revealed poorly differentiated adeno-
carcinoma (Fig. 2B). However, no tumor formation was
detected in animals inoculated with RC-77N/E cells for
the 6-month observation period of tumor development
(Table I).

Chromosome study was performed at the same passage
(passage 39) of RC-77T/E and RC-77N/E cell lines (Fig. 2C).
Both cell lines are similar; near diploid human male (XY)
with most chromosome counts in the 45-48 range. The modal
number of the RC-77T/E cell line is 48 whereas the modal
number of RC-77N/E cell line is 46. Single X and Y in each
karyotype of both cell lines is observed. Eight marker
chromosomes were found in RC-77T/E cell line. Compared
to RC-77N/E cell line, RC-77T/E cell line shows new changes
in marker M1 as M1B and one copy of normal chromo-
somes 15 and 16 as marker M6 and M5, gaining p+ and q+
extra material, respectively (Table II and Fig. 2C). Only six
marker chromosomes were found in the RC-77N/E cell
line including those found the same marker chromosomes
(M1=del(4)(q28q34)+hsr in some, M1A=t(4q;?), M2=der
(9?), M2A=del(M2p-), M3=isoz(?) and M4=der(22?)
detected in the RC-77T/E cell line.

Discussion

The present study appears to represent the first documented
case of immortalized human prostate epithelial cell lines
established from a pair of non-malignant and malignant
tumor-derived from an African American prostate cancer
patient. The immortalized RC-77T/E and RC-77N/E cells
show a epithelial morphology and are grown in serum-free
medium. The RC-77T/E cells form three dimensional spheroids
whereas the RC-77N/E cells do not form the spheroids. The
RC-77T/E cells produced tumors in SCID mice whereas
the RC-77N/E cells produced no tumors in SCID mice. Both
cells expressed NXK3.1, CK8, AR, p16 but did express PSA
in mRNA level underlying monolayer culture (Table I). They
showed androgen-responsiveness when treated with synthetic
androgen (R1881) (Fig. 1B). Both cell lines are cytogenetically
similar, near diploid human male (XY). However, RC-77T/E
cell line has new marker chromosomes, (M1B=del/t(4?)(q28;?),
M5=16q+ and M6=15p+) in addition to those observed in
the RC77N/E cell line (M1=del(4)(q28q34)+hsr in some,
M1A=t(4Q;?),M2=der(9?),M2A=del(M2p-),M3=iso(?),
M4=der(22?). To date only two models (MDA PCa and
E006AA) of African American prostate cancer-derived
human prostate cancer cell lines exist (3,4). MDA PCa cell
lines were derived from a single bone metastasis. E006AA
cell line was established from a patient with a clinically
localized prostate cancer. However, this cell line is not
tumorigenic in nude mice. Thus, the cell lines described
here represent better models for studying African American
prostate cancer since they reflect accurately the in situ
characteristics of malignant epithelium. 

The distinct phenotypic differences were observed between
these RC-77T/E and RC-77N/E cell lines. The RC-77T/E cell
line derived from malignant tumor was able to form larger
three dimensional spheroids in RWV system and form tumors
in SCID mice compared to RC-77N/E cell line. However, the
RC-77N/E cell line derived from non-malignant tissue was

unable to form three dimensional spheroids and did not form
tumors in SCID mice. Prostate cancer cells grown in the RWV
system has reliably been utilized to mimic in vivo tumor
formation. This property was correlated with the formation
of tumor in SCID mice as shown above. Histopathological
analysis shows that tumor induced by RC-77T/E cells are
highly atypical poorly-differentiated adenocarcinoma (Fig. 2B)
with cohesive groups of malignant cells extensively infiltrating
the surrounding tissues. 

Some of the alteration of chromosomes observed in RC-
77T/E and RC77N/E cell lines have been already reported
in the literature. The presence of a marker chromosome
involving in chromosome 4 (M1=del(4)(q28q34)+hsr in
some) in both cell lines has been reported in other African
American derived metastatic prostate cancer cell line (MDA
PCa) and a primary African American prostate cancer cell
line, E006AA (3,4). However, the observation of a common
karyotypic pattern (regional deletion of 13q, 5q, 16q and 8p
and gains of 8q and 5q) of primary prostate cancer derived
from African American men and Caucasian American men
led to the conclusion that biological interracial differences
among the prostate cancer patients are not due to gross
chromosomal alterations (15). The determination of specific
genetic markers involved in African American prostate cancer
needs further detailed studies. 

It is interesting to note that 4q alteration observed in both
cell lines is the change also observed chromosome change
in an established human prostate cancer cell line derived
from primary tumor of a familial prostate cancer patient
(5). Possible evidence of a prostate cancer susceptibility
locus on chromosome 4q has been reported (16). As has
been described, new marker chromosomes (M5=16q+ and
M6=15p+) were observed in tumorigenic RC-77T/E cell line
in addition to those observed non-tumorigenic RC-77N/E
cell line (M1=del(4)(q28q34)+hsr in some, M1A=t(4q;?),
M2=der(9?), M2A=del(M2p-), M3=ios(?), M4=der(22?)
(Fig. 2C and Table II). Interestingly, the marker chromosome
15+ has been observed in a tumorigenic primary tumor-derived
human prostate cancer cell line (17) whereas the marker
chromosome 16q is the most frequent region alteration
observed in primary prostate cancer (18,19).

The results obtained here have demonstrated that these
immortalized non-malignant and primary prostate tumor-
derived cell lines retain their original phenotypes and express
some of their prostate-specific markers. Additionally, these
models retained their androgen-responsive properties which
ultimately will be useful to answer questions of therapeutics
targeted at AR. Furthermore, this is the first African American
primary prostate cancer cell line that retains ability to generate
tumors in vivo. These novel findings fill much-needed void
in prostate cancer and health disparities research. To our
knowledge, this is only model with such properties and may
offer unique opportunity for the study of early stage of African
American prostate cancer development.
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