
In Vitro Cell. Dev. Biol.--Animal 35:403-409, July-August 1999 
© 1999 Society for In Vitro Biology 
1071-2690/99 $05.00 + 0.00 

A NEW HUMAN PROSTATE CARCINOMA CELL LINE, 2 2 R v l  

R. MICHAEL SRAMKOSK1, THOMAS G. PRETLOW II, JOSEPH M. GIACONIA, THERESA P. PRETLOW, STUART SCHWARTZ, 
MAN-SUN SY, SUSAN R. MARENGO, JOHNG S. RHIM, DESHENG ZHANG, AND JAMES W. JACOBBERGEW 

Cancer Research Center (R. M. S., Z G. P, T P. P., S. S., M.-S. S ,  S. R. M., D. Z., J. W.. J.), Departments of  Genetics (S. S., J. W. J.), 
Pathology (T. G. P., J. M. G., T. P. P., M.-S. S.), and Urology (S. R. M.), Case Western Reserve University, Cleveland, Ohio 44106, and 

Laboratory of Biochemical Physiology, National Cancer Institute (J. S. R.), Frederick, Maryland 21702 

(Received 27 October 1998; accepted 19 February 1999) 

SUMMARY 

A cell line has been derived from a human prostatic carcinoma xenograft, CWR22R. This represents one of very few 
available cell lines representative of this disease. The cell line is derived from a xenograft that was serially propagated in 
mice after castration-induced regression and relapse of the parental, androgen-dependent CWR22 xenograft. Flow cyto- 
metric and cytogenetic analysis showed that this cell line represents one hyper DNA-diploid stem line with two clonal, 
evolved cytogenetic sublines. The basic karyotype is close to that of the grandparent xenograft, CWR22, and is relatively 
simple with 50 chromosomes. In nude mice, the line forms tumors with morphology similar to that of the xenografts, and 
like the parental CWR22 and CWR22R xenografts, this cell line expresses prostate specific antigen. Growth is weakly 
stimulated by dihydroxytestosterone and lysates are immunoreactive with androgen receptor antibody by Western blot 
analysis. Growth is stimulated by epidermal growth factor but is not inhibited by transforming growth factor-131. 
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INTRODUCTION 

A xenograft model for primary human prostate carcinoma has been 
previously established and described (4,23,28,37). This model has 
some interesting characteristics. Chief among these is that the 
CWR22 xenograft forms androgen-dependent tumors that secrete 
prostate specific antigen (PSA) into the blood stream of mice at levels 
related to tumor burden (37), regresses after castration, and relapses 
3-10  mo. after androgen ablation (23). Relapsed tumors, designated 
CWR22R, have been serially transplanted (23). One limitation of the 
model is that to our knowledge, cell lines have not been established 
from the xenografts. In vitro, we have had difficulty with mouse 
stromal cell growth that uhimately limited the growth of the human 
cells and dominated the cuhure. We now report that we have estab- 
lished one strain of CWR22R (2152) as a permanent cell line. To 
circumvent past problems with overgrowth of mouse stromal cells, 
we used a combination of serial fluorescence-activated cell sorting 
of tumor cells expressing human CD44 (24), and subculture on ir- 
radiated mouse fibrobtast feeder layers. CD44 cell sorting was used 
to reduce the mouse cell population, and feeder layers were used to 
assist tumor cell attachment and human epithelial cell growth. 

The resultant cell line, 22Rvl,  produces tumors in nude mice with 
a morphology similar to that of the parental xenograft and secretes 
PSA. The cell line shows one hyper-diploid stem line by DNA flow 
eytometry and one main stem line by karyotype analysis with 50 
chromosomes. The karyotype of the cell line is similar to that of the 
CWR22 xenograft. 22Rvl showed a response to dihydroxytestoster- 
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one (DHT) and epidermal growth factor (EGF) but abnormally to 
transforming growth factor beta 1 (TGF-f31). Androgen receptors were 
detected immunologically. 

MATERIALS AND METHODS 

Xenografts. CWR22R tumors were serially transplanted as previously de- 
scribed (23). Nude mice, 4-8 wk old, from the CWRU Cancer Center Athymic 
Core Facility were housed singly and fed ad libitum. Cells were prepared 
from tumors by digestion with Pronase (23,37), washed with RPMI 1640 
(GIBCO BRL, Gaithersburg, MD) with 20% calf serum (GIBCO), filtered 
through a single layer of 250-gm-pore Nitex (Tetko, Inc., Briarcliff Manor, 
NY), and counted with a hemacytometer. Cells were frozen over liquid N2 in 
medium with 8% dimethyl sulfoxide and 20% calf serum. Mice were injected 
with either fresh or frozen cells suspended in Matrigel (27) after being thawed 
and washed with serum-containing medium. The cell line 22Rvl was injected 
into nude mice in a similar manner. 

Cell culture. Dissociated tumors were kept on ice until plating onto irra- 
diated STO cell (ATCC, Rockville, MD) feeder layers at 1-2 × 106 cells per 
lO-cm plate (Coming Glass Works, Coming, NY). Feeder layers were pre- 
pared in advance from exponentially growing STO celt cultures. Cells were 
trypsinized as described and irradiated in suspension with a 6°Co source (50 
Gy). In all, 3 × 106 irradiated cells were plated per 10-cm dish. Cultures 
were fed with RPMI 1640 with 10% fetal bovine serum (FBS) (Sigma Chem- 
ical Co., St. Louis, MO). Cells from the CWR22R xenograft were later grown 
on lO-em dishes from which the STO feeders were removed by scraping, and 
the cell line, 22Rvl, derived from the CWR22R xenograft was serially cul- 
tured on plastic tissue culture dishes without feeder layers or other treatment. 
DU 145 (21) and PC-3 (16) cells were grown on plastic plates in Dulbecco's 
modified Eagle's medium (DMEM) with 5% FBS and 5% calf serum (Sigma). 
LNCaP cells were grown in T medium as described (9). MLC cells [designated 
as pRNS-I-1 (18)], originally established by transfecting primary normal hu- 
man adult prostatic ceils with an origin-defective SV40 genome, retain pros- 
tate epithelial morphology and cytokeratin expression profile and are non- 
tumorigenic in nude mice. MLC cells were cultured in T medium. 
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Western blot analysis. Immunoprecipitation was performed as described 
(10). All steps were performed at 4 ° C with agitation. Briefly, confluent cell 
cultures were lysed in radioimmunoprecipitation assay (RIPA) supplemented 
with a protease cocktail (1 mM phenylmethylsulfonyl fluoride, 2 mg pepstatin 
per ml, 0.2 U aprotinin per ml, and 0.5 mg leupeptin per ml). Two milligrams 
of protein were precleared with 10% vol/vol of bovine serum albumin (BSA)- 
blocked Protein A-Sepharose beads (Bio-Rad Laboratories, Hercules, CA) 
and exposed to rabbit anti-androgen receptor polyclonal antibody (Santa Cruz 
Biotechnology, Inc., Santa Cruz, CA). Protein A agarose beads were used to 
capture antigen-antibody complexes and were washed with RIPA. One-half 
of the capture beads were subjected to 6% sodium dodecyl sulfate-polyacryl- 
amide gel electrophoresis under reducing conditions, electroblotted to poly- 
vinylidine difluoride membrane (0.2 mm, Bio-Rad) and subjected to immu- 
noblot analysis as previously described (19). Androgen receptor antibodies 
were used at a dilution of 1:1500, and secondary, horseradish peroxidase- 
conjugated donkey anti-rabbit antibodies (Amersham, Arlington Heights, IL) 
at a dilution of 1:2000. Antigen-antibody complexes were detected with an 
enhanced chemiluminescence kit (Amersham). 

Growth factor response. 22Rvl cells were plated at 3.1 × l0 s per 6-cm 
dish in Phenol Red-free DMEM with 10% FBS. Twenty-four h later, the 
medium was removed; the cells were washed twice with phosphate-buffered 
saline (150 mM NaC1, 10 mM sodium phosphate, pH 7.2) (PBS), and DMEM 
with 1% BSA (Sigma) without additives other than the following. Final con- 
centrations of additives were EGF (U.S. Biochemicals, Cleveland, OH) at 100 
ng/ml, DHT (Sigma) at 10-10 or 10 -a M, TGF-[~I (Sigma) at 10 ng/ml. Control 
cells did not receive growth factors. At 3 and 6 d after factor addition, ceils 
were trypsinized and counted with an electrical resistance counter (Coulter 
Electronics, Inc., Hialeah, FL). On Day 3, cultures were refed with the same 
medium and additives. 

lmmunochemical staining, flow cytometry, and cell sorting. Cultures were 
dissociated with trypsin-EDTA (29), washed twice with PBS, once with PBS 
with 2% FBS, then stained for 30 rain on ice with a previously described 
monoclonal antibody, A3, specific for CD44 (12) followed with fluorescein 
isothiocyanate conjugated goat anti-mouse Fab'2 (CalTag, South San Fran- 
cisco, CA). Stained ceils were kept on ice until sorting. The cells were ana- 
lyzed and sorted with an Elite flow cytometer/cell sorter (Coulter) with forward 
and right angle light scatter as primary gates. Cytokeratin expression was 
measured after staining methanol-fixed ceils as described (29) with a mono- 
clonal antibody against 45-56 kDa human cytokeratins (DAKO, cat # M0821, 
Carpinteria, CA) and a CY5'M-conjugated goat anti-mouse antibody (CalTag) 
and counterstaining with Hoechst 33342 (HO) (Calbiochem-Novabiochem, 
San Diego, CA) to detect DNA content. To determine the DNA index, prostate 
cell lines and blood mononuclear cells were trypsinized, permeabilized with 
0.1% Triton X-100 in PBS, and stained with 50 gg propidium diiodide per 
ml as previously described (29). Data were analyzed with list mode software 
(WinList, Verity House, Topsham, ME) and some plots were made with Win 
MDI 2.7 (Joe Trotter, Scripps Research Institute, La Jolla, CA). The per- 
centage of positive ceils was determined by gating in two-parameter analyses 
and by a histogram subtraction method for single parameter analyses (cyto- 
keratin). 

Cytogenetic analysis. Proliferating cells were treated with colcemid (0.5 
gg/cuhure) for 30 min, swelled in 0.75 M KC1, fixed for 15 min with 3:1 
methanol:acetic acid three times. Banded metaphases were prepared by tryp- 
sin pretreatment, followed by Giemsa staining to produce G-bands (30). 
Twenty-one cells were analyzed. 

Histology. Tumors were fixed in formalin, embedded in paraffin, sectioned 
at 5 gm, then stained with hematoxylin and eosin. 

RESULTS AND DISCUSSION 

Cell sorting. Our early experiments  aimed at culturing the xeno- 
graft l ines ended with cultures that were overgrown with mouse cells 
(J. W. J., unpublished) .  Therefore, we at tempted to reduce the num- 
ber  of mouse cells by culturing surgically resected,  dispersed xe- 
nografts on irradiated STO feeder cells to promote robust  epi thel ial  
growth and potentially inhibi t  mouse cell growth. Epithel ial  colonies 
were visible by phase-contrast  microscopy by 7 d after plating (Fig. 
1 A). Mouse stromal cell growth was present  also (e.g., Fig. 1 C, 
arrow). At that time, cultures were trypsinized and s tained for human  
CD44 in an indirect  immunofluorescent  assay. DU 145 and LNCaP 

FIG. 1. Cultured CWR22R and 22Rvl cells. A, 22Rvl on feeder layer at 
7 d. Arrows point to colonies at various stages of implantation into the feeder 
layer. The upper colony has implanted and spread; the lower, refractile colony 
has not. Eventually most colonies embed. B, Typical colony of 22Rvl after 
14 d on feeder layers. By this time, most of the feeder layer is gone unless 
replenished. The colonies in A and B are directly comparable in size and 
typical for Days 7 and 14. C, 22Rvl cells were injected into a nude mouse. 
After tumor formation, the xenograft was cultured on plastic. Arrow points to 
mouse stromal cells. D, 22Rvl cells growing on plastic. A and B: bars, 90 
gm; C and D: bars, 63 gm. 

prostate cancer  cell l ines were used to verify CD44 staining. DU 145 
cells strongly express immunoreact ive  surface CD44, and LNCaP 
cells do not (32). DU 145 cells were 14 times more fluorescent than 
LNCaP cells, and 96% were positive relative to the LNCaP control. 

Typical results for a cell sorting exper iment  of xenograft cultures 
are shown in Fig. 2. The top panel  in the figure is an initial sorting 
analysis.  The data show that a significant number  of the mouse cells 
in the culture bound IgG specifically. Compare the sample s ta ined 
with F a b ' 2  to that s ta ined with nonspecifie IgG2a [the populat ion 
marked by an arrow when s tained and delimited by a dashed  oval 
when unsta ined represent  Fe-b inding  cells]. Analysis  of CDg4- 
s ta ined samples (Fig. 2, Column C) showed that the CWR22R human  
tumor xenograft cells displayed in termediate  levels of f luorescence 
compared to the major populat ion of the isotype control sample,  the 
Fe-b inding  cells (Column B). or DU 145 cells (not shown). Therefore,  
we constrained the sorting gate to the center  of the CD44 specific 
distr ibution in an at tempt to exclude most Fe-binding c¢l!s and most 
CD44-negative cells from the major populat ion not b inding Fc. The 
histogram in the top panel  (Column D) shows the f luorescence of the 
sorted population. The lower panel  in Fig. 2 shows similar data for 
the sorted cells after 17 d of growth on feeder  layers. Column B shows 
that  IgG-binding cells are still present ,  but  that the culture is now 
enr iched for human  cells that express CD44. The enr ichment  is ap- 
proximately twofold. Since we did not mainta in  parallel  unsor ted 
cuhm'es ,  we cannot  be cer tain that  a cell sorting step is required for 
successful isolation of this cell line; however, all at tempts to derive 
a l ine from CWR22R xenografts by subpassage alone have failed due 
to overgrowth of fibroblast-l ike cells, even when the fraction of epi- 
thelial  cells in the init ial  plat ing was very high. The cell l ine reported 
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FIG. 2. Cell sorting of cuhured CWR22R 
xenograft cells. Top Panel: Cell staining after 
14 d of culture on STO feeder cells. Lower 
Panel: Cell staining after cell sorting of CD44- 
positive ceils as depicted in the top panel and 
recuhure on STO feeder cells for 17 d. Column 
A shows cells stained with an FITC-conjugated 
Fab'2 goat anti-mouse secondary antibody 
alone. Column B shows ceils stained with an 
IgG2a isotype control and the same FITC- 
Fab'2 secondary. IgG-binding mouse cells are 
evident in column A (dotted region) and col- 
umn B (arrow). Column C shows ceils reacted 
with mouse anti-human CD44 antibody, A3, 
and the same secondary. Sorting gates (contin- 
uous region) were set on the basis of the IgG 
isotype control (column B) with the intention 
to gate between mouse IgG-binding and 
CD44-unreactive cell populations. Controls 
for anti-CD44 specificity were LNCaP (CD44 
negative) and DU 145 (CD44 positive) (data 
not shown)• CD44-positive cells represented 
about 37% of the population in the top panel 
and about 86% of the population in the bottom 
panel• Column D shows an analysis of the 
sorted cells providing a visualization of sort 
purity. 

here was sorted and recuhured on feeder layers three times. 
Culture conditions. One problem with STO feeder layers is that it 

is difficult to determine whether any significant fibroblast contami- 
nation remains by microscopic inspection. Therefore, after the cell 
line appeared to be free of mouse cells, we attempted culture on 
tissue culture dishes on which irradiated STO cells had been plated 
and cultured for 2 d, then scraped. The CWR22R xenograft line 
proved to grow well under these conditions, and after a few passages, 
we attempted growth on plastic tissue culture dishes without prior 
treatment. The line also grew well on plastic (Fig. 1 D and 3). We 
do not know whether the intermediary step on scraped plates is nec- 
essary. The cell line was named 22Rvl (vl = variant 1). The xe- 
nograft from which it was derived was obtained in January 1997; the 
isolation experiments and subsequent regrowth were performed until 
April; and the first frozen passage was May 8, 1997. The isolated 
cell line was continuously cultured from May 1997 to December 
1998 with approximately weekly passages. At a split ratio of 1/50, 
the population doubles approximately three times in 7 d (Fig. 5), 
therefore the cell line underwent approximately 240 population dou- 
blings during that time. 

Epithelial lineage. 22Rvl cells were immunoreactive with a mono- 
clonal antibody specific for 45-56 kDa human cytokeratins by flow 
cytometric analysis (Fig. 3). This analysis showed a unimodal fluo- 
rescent population that was 93.8 + 0:3% positive. 

DNA content. Correlated DNA analysis showed that the CWR22R 
xenograft line has a single stem line (Fig. 3). DNA content analysis 
showed that 22Rvl was hyper-diploid with a DNA index of 1.3-1.4 
(Table 1). The histogram of this early passage (July 1997) showed no 
evidence of any other stem line and little evidence of an endoredu- 
plicating subpopulation (low percentage of 2C G 2 + M and infre- 
quent S and G_~ + M phase cells greater than 4C, Fig. 3). Comparison 
by flow cytometric DNA analysis of an early cryopreserved passage 
and a lab strain passaged continuously for approximately 18 too. 
showed clear evidence for an endoreduplicated population in the late 
passage and no evidence in the early passage. Evidence consisted of 

easily identifiable 4C S and G2 + M phases. For the late passage 
cells, 27% had a DNA content of 4C or greater compared to 10% 
4C G2 + M cells in the early passage. Late passage cells do not 
show a significant difference in stem line DNA content (Table 1) or 
any evidence for more than one stem line. However, we have analyzed 
22Rvl provided to and maintained by another laboratory, and this 
strain had a very high percentage of 4C cells. Therefore, the evidence 
we have at present suggests that this cell line can undergo endore- 
duplication that can result in a stable 4C genotype. 

Cytogenetics. In contrast to other reported prostate cancer cell 
lines, the changes in ploidy and karyotype of 22Rvl ceils appear 
simpler. The modal chromosome number was 50 (N = 15) with 6 
hypermodal cells. The karyotype was 50, XY, +i(1)(ql0), 
der(2)t(2;4)(pl3 *-. 1)del(2)(q13q33), der(4)t(2;4)(pl3 ~ 1), 
t(6;14)(q15~2), +7 ,  +8 ,  +12113]/51, idem, +312]/51, idem, 
t(1:12)(p11T3), + 3[4]/50, idem, del(1)(pl0)[2]. 

Cytogenetic analysis of the 21 metaphases revealed that the basic 
stem line was that of the original xeuograft, CWR22, with some evo- 
lution (37). Additionally, there were two sidelines with clonal evo- 
lution of one of these sidelines. The basic karyotype had a modal 
number of 50 chromosomes with trisomy for chromosomes 7, 8, and 
12. In addition, an isochromosome for the long arm of chromosome 
1, a derived chromosome 2 with a deletion of part of the long arm, 
and a translocation between the short arm of chromosome 6 and the 
long arm of chromosome 14 were present. All 21 of the metaphases 
included in this analysis contained these additional chromosomes 
and rearrangements. Six metaphases also contained trisomy for chro- 
mosome 3. Four of these six had undergone a further rearrangement, 
having a translocation between the proximal region of the short arm 
of chromosome 1 and the distal portion of the short arm of chromo- 
some 12. Two other metaphases without the trisomy for chromosome 
3 contained a chromosome 1 with the entire long arm deleted. For 
comparison, the modal chromosome numbers of other prostate lines 
are PC-3, 58-72 (16); DU 145, 64 (33); ND-1, 62 (25); JCA-1, 69 
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FIG. 3. Flow cytometric analysis of cytokeratin expression and DNA con- 
tent. Panel A, A two-parameter cytogram of 22Rvl cells stained with anti- 
CD44 antibody. The diagonal line delineates the level below which events 
are negative by comparison with a sample stained with an isotype control, 
nonreactive antibody. Panel B, Single parameter histogram of DNA content 
for the positively stained ceils. Note low S phase, single stem line, and low 
level of cells greater than 4C. The x axis has 1024 units. Panels A and B, y 
axes have a 4 decade and 250 channel range, respectively (arbitrary units). 

TABLE 1 

DNA-PLOIDY ANALYSIS OF PROSTATE CARCINOMA CELL LINES" 

Lymphocytes ~' LNCaP DU 145 PC-3 22Rv/(lp) 22Rv/(ep) 

DNA Index 1.00 2.09 1.60 1.84 1.30 1.40 
SD 0.04 0.05 0.06 0.03 0.06 

"Subconfluent cuhuros were analyzed by flow cytometry as described in 
Materials and Methods. N values were 3 or 4 except 22rv/(ep) which was 2. 
lp = late passage: ep = early passage. The difference between 22Rvl (lp) 
and 22Rvl (ep) may be significant (P > 0.t; t-test with equal variance). 
LNCaP, DU 145, and PC-3 are prostate carcinoma lines. 

bLymphocytes = human blood mononuclear cell preparation. 

(22); TSU-Prl,  80 (14), and DuPro-1, about 96 (8). It may be worth 
noting that aneusomy of chromosomes 7 and 8 has been associated 
with prostate cancer (1,5,15,20). 

Tumor formation in nude mice. To test whether this line would 
form tumors, a nude mouse was injected with 1.9 × 107 cells sus- 
pended in 0.5 ml Matrigel. Three wk later, a 2.54-g tumor was ex- 
cised. Serum levels of PSA were 7.0 ng/ml/gram of tumor. Four mice 

FIG. 4. Representative histopathology of the prostate cancer xenograft 
that results from injection of 22Rvl cells into nude mice. The tumors consist 
of a mixture of poorly differentiated cells that do not form glands (like xe- 
nografts of DU 145, PC-3, and LNCaP) and cells that form irregular glandular 
lumina (hematoxylin and eosin; magnification, × 130). 

were subsequently injected with cells from this tumor. Tumors formed 
in all four mice. Part of the tumor was recuhured on plastic dishes 
without feeders, part was subjected to cytogenetic analysis, and part 
was fixed and embedded in paraffin for histopathological analysis. 
The cultured tumor displayed significant levels of viable, nonepithe- 
lial mouse cells (Fig. 1 C). The karyotype of the tumor was identical 
to that determined for the 22Rvl line cultured in vitro except that 
two metaphases were present without trisomy for chromosome 3 and 
with a chromosome 1 with the entire long arm deleted. As illustrated 
in Fig. 4, the cell line formed a poorly differentiated carcinoma (Glea- 
son sum 9) with some irregular glands similar to the original relapsed 
xenograft. 

Population growth phenotype. The cell line 22Rvl grows slowly to 
high density. A representative growth curve in 10% serum is shown 
in Fig. 5 with DU 145 cells for comparison. The doubling time on 
STO feeders or scraped plates was 49 h (data not shown). The sat- 
uration density reached 1.6 × 105 cells/cm 2 at 12 d after plating. 
On plastic, the doubling time was 35-40 h (Fig. 6). The 22Rvl sat- 
uration density on plastic tissue culture plates was 3 X 105 cells/ 
em 2 at 16 d after plating. In comparison, DU 145 had a doubling 
time of 29 h and saturation density of 8.2 X 104 eells/cm 2 achieved 
between Days 5 and 12 (Fig. 5). Exponential growth was complete 
by Day 5 for DU 145 when starting at 5 X 105 cells per 10-era dish. 
22Rvl is like LNCaP in doubling time but different from LNCaR 
PC-3. and DU 145 for saturation density (Fig. 6). The colony-forming 
efficiency of 22Rvl at low plating density on plastic tissue culture 
dishes (100-1000 cells per 10-era dish) was between ! 9  and 20%. 

Androgen receptor expression. The CWR22 xenograft has been 
shown to express an androgen receptor mRNA and protein, and a 
point mutation at codon 874 has been identified (35). Since the 
22Rvl cell line is derived from the CWR22R xenograft that was 
serially transferred after androgen ablation of the androgen-depen- 
dent CWR22 xenograft, the response of this line to androgens is of 
some interest. We asked whether androgen receptor protein was pres- 
ent by immunoblotting immunoprecipitates from 22Rvl and other 
prostate cell lines (Fig. 7). LNCaP cells were used as a positive 
control and PC-3 or DU 145 as potential negative controls. MLC 
ceils had been shown to express androgen receptors (J. S. Rhim, 
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FIG. 5. In vitro growth kinetics of 22Rvl and DU 145 cell lines. Cells 
were plated at 5 × 105 per 10-cm dish. The substrates were normal tissue 
culture plastic for DU 145 ceils (squares) and 22Rvl cells (circles). Medium 
was RPMI-1640 with 10% serum for 22Rvl cells and DMEM with 10% serum 
for DU 145. PC-3 display kinetics similar to those of DU 145, and LNCaP 
has an initial doubling time like 22Rvl cells but a saturation density like 
that of PC-3 and DU 145 ( - 1  × 107 per 10-cm dish). The fluctuations in 
DU 145 counts during the plateau phase appear to be real, i.e., the cultures 
appear to be unstable at high density and rounds of cell growth/cell death 
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unpubl ished results) and were used as a second positive control. 
LNCaP are androgen responsive and have been consistently reported 
to express androgen receptors, whereas DU 145 and PC-3 have been 
consistently reported to be unresponsive but variously reported to 
either express (or not) mRNA, protein, or androgen ligand binding 
(2,6,17,31,34,36). The results (Fig. 7) show a strong band for LNCaP 
and weaker bands for the other cell lines including MLC and 22Rvl .  
The weakest bands were detected in PC-3 and DU 145. 

Growth stimulation by Dihydroxytestosterone (DHT), EGF, and 
TGF-fll. 22Rv] cells were plated in DMEM without serum or other 
additives except either DHT, EGF, TGF-~31, or DHT + EGE Popu- 
lation growth was assayed on Days 3 and 6 by cell counting. The 
results for Day 6 are presented in Fig. 8. A positive dose response 
was demonstrated for DHT that was additive with EGF. Significant 
growth was also detected on Day 3 with DHT, EGF, or DHT + EGF 
(not shown). There was a small enhancement  of cell growth by TGF- 
J31. This small effect has been measured consistently on average in 
several experiments;  however, since the normal epithelial response 
to TGF-131 is growth arrest and cell death, this represents  an abnor- 
mal response. In work that will be reported in detail elsewhere,  we 
have detected abnormally low expression of the TGF-13 type II re- 
ceptor RNA by reverse transcription-polymerase chain reaction, 
whereas RNA for the type I receptor, Smad2, and Smad4 are ex- 
pressed at the same levels as in the TGFq31-responsive PC-3 and 
DU 145 cells. The TGF-i3-responsive genes p21 w-v-1 and PA1-] were 
not induced by TGF-131 treatment. The level of the amplified frag- 
ment  of type II RNA in 22Rvl is approximately the same as that of 
LNCaP cells. LNCaP have been reported to be defective in type II 
expression and have been reconstituted by transfer of the type II 
receptor cDNA (11). Therefore, 22Rvl does not respond normally to 

Cel l  L i n e s  

FIG. 6. Growth characteristics of 22Rv], LNCaP, DU 145, and PC-3. 
Cells were plated in either DMEM with 10% serum or T medium (5% serum) 
and counted as a function of time. Doubling time was calculated from the 
exponential phase of growth curves and saturation density was calculated 
from the plateau phase (as in Fig. 3). 
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FrG. 7. Androgen receptor (AR) detection. Lysates of each cell line were 
subjected to immunoprecipitation (IP) with anti-AR polyclonal antibody, 
electrophoresed, electroblotted and then detected with the same primary an- 
tibody and horseradish peroxidase conjugated secondary antibody (WB). 
Control lanes are IP/WB 1 ° Control = no primary antibody used in either 
the IP or WB; IP 1 ° Control = no primary antibody used in the IP; WB 1 ° 
Control = no primary antibody used in the WB. Control samples were LNCaP 
cells. MLC ceils are an immortalized human prostate cell line (3). 
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FIG. 8. Hormone and growth factor response. 22Rvl cells were treated 
in serum-free medium for 6 d with DHT, EGF, DHT + EGF, or TGF-~I. 
Changes in cell number relative to the control cells without additives were 
calculated on triplicate culture plates. Thus, a twofold change in cell number 
equals 2.0 fractional change whereas 1 represents identity with control cells. 

TGF-~I and the pathway appears to be defective at the level of the 
type II receptor. 

Concluding remarks. Currently, prostate cancer cell lines are few 
(7), and cell lines derived from primary prostate carcinoma are not 
widely available (26). DU 145 and PC-3 were derived from brain 
and bone metastases, respectively (16,21). LNCaP cells were derived 
from a lymph node metastasis (13). LNCaP-FDG and androgen-re- 
sistant variants were derived from in vitro passage of LNCaP cells 
(26). The scarcity of prostate cancer cell lines compared to the num- 
bers for other solid tumors indicates that lines are difficult to estab- 
lish from explants of prostate tissue. Serially transplanted xenografts 
have been more successful (28). In our hands, several attempts to 
isolate cell lines from the CWR22 and CWR22R xenografts did not 
succeed due to overgrowth by mouse fibroblasts. To address this, we 
investigated serial cell sorting and feeder layer enhancement of tu- 
mor cell growth to improve the likelihood of cell line derivation. We 
hope that this approach will help us to derive more prostate carci- 
noma cell lines. We have tried this same strategy with CWR22 with- 
out success. Disassociated cells from the CWR22 xenograft formed 
colonies on STO feeder layers but eventually were overgrown with 
mouse cells. So far, we have noted these things about CWR22. The 
cells appear to have a very low plating efficiency; they form colonies 
on feeder layers with an initial burst of growth, but growth slows 
dramatically and does not appear to restart easily by replating on 
new feeder layers. We have been able to eliminate mouse cells by 
treatment with cytosine arabinoside (this does not work with 
CWR22R xenograft cells since they proliferate well and are killed 
efficiently) but have not succeeded at serial passage. Equally, cell 
sorting has not worked because the number of colonies that formed 
after sorting was considerably reduced compared to initial platings. 
While we do not have enough experience to draw many conclusions 
from these observations, we can say that in tissue culture (1-10% 
serum, with or without DHT) the proliferation phenotype of CWR22 
is very different from that of CWR22R. 

The parent xenograft of 22Rvl is a relapsed xenograft from cas- 
trated mice carrying the androgen-dependent xenograft, CWR22 
(23). This xenograft was derived from a primary prostatic carcinoma 
(Gleason sum 9) from a patient with osseous metastases (28). As a 
model, CWR22/CWR22R/22Rvl offers the advantages that 1) the 
original xenograft was derived from primary human prostate cancer, 
2) all express prostate specific antigen, 3) the xenograft model rep- 
resents primary and relapsed cancer, and 4) we now have a cell line 
counterpart for in vitro/in vivo experimentation for the relapsed com- 
ponent. As an additional prostate carcinoma cell line, 22Rv/ has a 
unique genotype and phenotype compared to the widely available 
DU 145, PC-3, and LNCaP. 22Rvl has fewer chromosomes and a 
simpler karyotype with a low degree of variation (15/21 metaphases 
had 50 chromosomes; 6 metaphases had 51). It is also trisomic for 
chromosomes 7 and 8 which are common findings in advanced pros- 
tate cancers. 

It is worth noting, as pointed out by one of the reviewers of this 
paper, that although hormone-responsive prostate carcinoma cell 
lines have been isolated and propagated, hormone-dependent cell 
lines have not. The very different phenotype of CWR22 which is 
hormone-dependent and CWR22R which is not, and the relative ease 
with which CWR22R was established as a cell line, suggests that 
hormone dependency may be more complex than expression and re- 
sponse of the normal or mutated androgen receptor. However, this is 
speculat ive--CWR22/CWR22R could be a unique case. Study of 
CWR22/CWR22R xenografts and the 22Rvl cell line may lead to 
hypotheses that could be tested by additional hormone-dependent 
and independent xenograft pairs or perhaps mouse models. 
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