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Variations in activin receptor, inhibin/activin subunit
and follistatin mRNAs in human prostate tumour tissues
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Steenbrugge 2 and FH de Jong ?*
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Summary The possible role of activin in the regulation of malignant prostatic growth was studied using RNAase protection assays of activin
receptors, inhibin/activin subunits and follistatin mMRNAs in the human prostatic carcinoma cell lines LNCaP-FGC, -R and -LNO, in human
prostatic carcinoma xenografts and in human prostatic tissue. Activin receptor types IA (ActRIA), IB (ActRIB), IIA (ActRIIA) and 11B (ActRIIB)
mRNAs were generally expressed in prostate epithelial cells, with significantly lower levels of ActRIB mRNA in prostate tumour material when
compared to non-malignant tissue (P < 0.05; Mann-Whitney U-test). Inhibin/activin BA- and 3B-subunit MRNA expression was also found in
prostate tissue. Androgen-independent xenografts expressed significantly lower amounts of fB-subunit mMRNA when compared to androgen-
dependent xenografts (P < 0.05). While BB-subunit mMRNA was expressed by LNCaP-FGC and -LNO cells, virtually no expression was found
in the androgen-independent LNCaP-R line. Inhibin a-subunit mRNA levels were low or undetectable in all samples investigated. Follistatin
mRNA was undetectable in LNCaP-sublines, while low levels were found in prostatic tissues. In androgen-independent LNCaP-R cells,
activin inhibited cell growth in a dose-dependent manner. These results suggest that prostate tumour progression is accompanied by a
decrease of the inhibitory effect of locally produced activin by either a decrease in the expression of activin B-subunit mRNA or by a
decrease of ActRIB mRNA levels. © 2000 Cancer Research Campaign
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Clinical prostatic cancer develops in approximately one in everprostatic growth. In addition, the human prostatic cancer cell lines
11 males in the Western world. It has become the most commonlNCaP and DU-145 express at least one type of activin type |
diagnosed cancer in men, and is presently the second leading causeeptors, as demonstrated by reverse transcription polymerase
of cancer deaths. Localized prostate cancer can be cured by radichkin reaction (RT-PCR) (Batres et al, 1995; Furst et al, 1995;
prostatectomy, whereas patients suffering from extensive oring et al, 1995). Recently, the presence of immuno-reactive
metastasized tumours usually receive androgen ablation therapghibin/activin subunits was demonstrated in the rat prostate
In spite of a high initial response rate of patients to this endocringRisbridger et al, 1996) and in prostatic tissue of men with benign
treatment, its benefit is limited by tumour cells becomingprostatic hyperplasia (Thomas et al, 1998). Finally, activin has an
androgen-independent for their growth, leading to uncontrollednhibitory effect on the growth of the human prostatic carcinoma
proliferation. Peptide growth factors can also influence prostaticancer cell line LNCaP (Dalkin et al, 1996; Wang et al, 996
growth (llio et al, 1995). Activins, which are composed of two McPherson et al, 1997; Zhang et al, 189799D), indicating
B-subunits BA and/or B) and their antagonists, the inhibins that the activin/inhibin system can play a role in the control of
(combinations of ami- and either of the tw@-subunits) are prostate epithelial cell proliferation. Changes in expression of
members of the transforming growth factor (T@3uperfamily  inhibin/activin subunits, activin receptors or the activin-binding
of peptide growth- and differentiation factors. They influenceprotein follistatin may therefore influence growth of prostate
proliferation in a variety of cell systems (Gonzalez-Manchon ancepithelial cells. On the basis of these data, we hypothesized that
Vale, 1989; Hedger et al, 1989; Hashimoto et al, 1990). Activirtranscript levels for activifi-subunits or activin receptors might
exerts its effect by binding to one of two activin type Il receptorsbe lower in tumour material when compared to normal prostatic
(ActRIIA or ActRIIB), which are membrane-spanning serine/ tissue (in the case of clinical material) and in androgen-
threonine kinase receptors (Mathews, 1994). Combination of thimdependent cell lines and xenografts when compared to their
activin—ActRIl complex with either one of the two activin recep- androgen-dependent counterparts.
tors type | (ActRIA or ActRIB) initiates a signalling cascade (ten Therefore we measured the mRNA expression levels of activin
Dijke et al, 1994), which involves specific transcription factors,type | and type Il receptors, of inhibim- and inhibin/activin
the Smads (Massagué, 1996). The detection of ActRIIA an@-subunits and of follistatin by RNAase protection analyses in
ActRIIB receptor mRNA expression in the rat prostate (Feng et akndrogen-dependent and androgen-independent human prostatic
1993) suggests an involvement of activin in the regulation okenografts, in various sublines of the human prostatic cell line
LNCaP, and in non-malignant and malignant prostate tissues.
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Figure 1  Expression of activin receptor, inhibin subunit and follistatin . i i
mRNAs in androgen-dependent LNCaP-FGC (open bars), and androgen- RNA isolation and RNAase protection assays
independent LNCaP-R (hatched bars) and LNCaP-LNO cells (cross-hatched . . o
bars). Signals are expressed in arbitrary units, relative to actin. Mean values Frozen tissue (-8C) was pulverized in liquid nitrogen, followed
+ s.e.m. are shown for three independent experiments. Significant by RNA isolation using TRIzol reagent (Gibco-BRL,

diff P < 0.05) have been indicated with asterisk: . .
fferences ( ) have been indicated with asterisks Gaithersburg, MD, USA), according to the manufactures protocol.

For the cell lines, cells were washed once in phospate-buffered
been derived from the original LNCaP cell line (Horoszewicz et alsaline (PBS) after which TRIzol reagent was added to the culture
1983). FGC and LNO (van Steenbrugge et al, 1991) were kindlflasks. RNA was dissolved in RNAase-free water and its concen-
provided by Dr JS Horoszewicz, subline FGC being identical tdration and purity were determined by optical density measure-
the LNCaP line available through the American Type Culturement at 260 and 280 nm.

Collection (ATCC). The R-subline (Hasenson et al, 1985) was a cDNA clones for the specific human transcripts (van Schaik
gift from Dr M Hasenson (Karolinska Institute, Sweden). FGC ancet al, 1997) were digested with appropriate restriction enzymes
R were routinely cultured in RPMI medium, supplemented withand 3?P-labelled RNA probes were made by transcription in
10% fetal calf serum (FCS), glutamine and antibiotics. Forthe presence of?P-UTP, using T3 or T7 RNA polymerase
culturing LNO, regular FCS was replaced by 5% dextran-coate(Stratagene, La Jolla, CA, USA). The cRNA probes protect
charcoal (DCC)-treated, i.e. androgen-depleted, FCS. In order taucleotides 126-411 for the inhibia-subunit (Mayo et al,
study effects of activin on cell proliferation, R cells were grown1986), nucleotides 702-946 for tifg\-subunit (Mason et al,
for 5 days in DCC-treated medium with the indicated amounts 01986), nucleotides 845-1073 for thgB-subunit (Mason
activin A (Innogenetics, Ghent, Belgium). Growth was determinecet al,1986) and nucleotides 508-819 for the follistatin transcript.
with a colourimetric (MTT) assay, as described earlier (RomijnThe latter probe therefore detects mRNAs, which can be translated
et al, 1988). into both follistatin-288 and follistatin-315. For the activin recep-
The prostate tumour xenografts used in this study are theors, the cRNA probes protect nucleotides 1482-1692 for
androgen-dependent PC-82 (Hoehn et al, 1980), PC-295, PC-31A¢tRIA (ten Dijke et al, 1993), nucleotides 191-361 for ActRIB
PC-329 (van Weerden et al, 1996) and the androgen-independg@enBank, accession number Z22536), nucleotides 132—791 for
PC-133, PC-135 (van Steenbrugge, unpublished results), PC-324¢tRIIA (Donaldson et al, 1992) and nucleotides 429-947 for
PC 339 and PC-374 (van Weerden et al, 1996). ActRIIB (Hildén et al, 1994). For humapactin, a probe corre-
Primary tumour material was obtained after radical prostatecsponding to nucleotides 1207-1337 (Erba et al, 1986) was used.
tomy in 24 patients. From 20 sections of paraffin-embedded tissueRNAase protection assays were performed as described by
to be used for RNA isolation, sections 1, 10 and 20 were used f&ambrook et al (1989). RNAase treatment was performed using
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) A.. Figure 4 Relative expression of MRNA encoding activin receptors, inhibin
0 subunits and follistatin in non-malignant (open bars) and malignant (hatched
AD AID AD AID AD AID AD AID bars) clinical prostatic tissue, as measured by RNAase protection. Signals
Alpha BA BB Follistatin are expressed in arbitrary units, relative to actin. Significant differences
P (P < 0.05) between the non-malignant and malignant clinical samples are
Figure 3 Relative expression of mMRNA encoding activin receptors, inhibin indicated with an asterisk. The numbers in parentheses indicate the number
subunits and follistatin in human androgen-dependent (AD): PC-82 (), PC- of samples determined in each group

295 (A), PC-310 (o), PC-329 (O); and androgen-independent (AID)
xenografts: PC-133 (m), PC-135 (), PC324 (e), PC-339 (), PC-374 (A),
as measured by RNAase protection. Signals are expressed in arbitrary units,

relflti\_/ekto actin. Significant differences (P < 0.05) are indicated with an (Figure 1). For ActRIIA mRNA expression, significantly higher
asiens levels were found in the R-line when compared to the FGC- and
LNO-lines. Furthermore, a small but significant difference was
observed between the FGC- and LNO-line for the ActRIIB mRNA
100 U mt! RNAase T1 (Boehringer, Mannheim, Germany) in levels. The FGC and LNO cell lines express inhibin/activin
combination with 1Qug mi! RNAase A (Boehringer). BB-subunit mRNA, while in the R-lin@B-subunit mRNA was
Hybridization temperature was 42 Routinely, 519 RNA was  virtually absent. We found low inhibin/activpA-subunit mRNA
analysed. In each run, positive and negative controls werkevels in all three sublines, while expression of inhipisubunit
included. Results were quantified using a PhosphorimagemRNA was at the detection limit of our assay. Follistatin mRNA
(Molecular Dynamics/B&L Systems, Maarssen, The Netherlandsgxpression was not detectable.
and data are expressed relativg-gtin. Unless stated otherwise,  The functionality of the activin signalling pathway in the
mean values s.e.m. are given and comparisons between groupsNCaP sublines was investigated by growing the androgen-
were made using the Mann—-Whitngytest.P-values < 0.05 were independent R cells in the presence of varying amounts of activin.

interpreted as indicating a significant difference. The cells were significantly inhibited in their proliferation when
incubated on DCC-medium in the presence of actiRir (0.05)

RESULTS (Figure 2).

LNCaP sublines Prostatic carcinoma xenografts

In three independent experiments, we found that the androgeim tissue specimens of well defined androgen-dependent and
dependent FGC- and the androgen-independent R- and LNO-celhdrogen-independent xenograft models, we quantitatively
lines expressed activin type | (ActRIA and ActRIB) and type Ilinvestigated expression of inhibin/activin subunits, activin recep-
(ActRIIA and ActRIIB) receptor mRNAs at comparable levels tors and follistatin mMRNAs. All xenografts studied expressed
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activin type | (ActRIA and ActRIB) and type Il (ActRIIA and (Thomas et al, 1998). Remarkably, the relative signal for ActRIA
ActRIIB) receptors (Figure 3). Inhibin/activpA-subunit expres-  was lower than that for ActRIB in the LNCaP cell lines while in
sion was not detectable in the androgen-dependent xenograftepst of the xenografts relatively more ActRIA was expressed than
while of the androgen-independent xenografts only PC-324ctRIB. In the clinical prostate samples expression of ActRIA and
showed a low level of expression. Inhibin/acti@B-subunit  of ActRIB were comparable; this may have been caused by the
MRNA, however, was abundantly expressed in the androgempresence of stromal tissue in these samples.

dependent xenografts. This expression level was found to be The combined expression of type | and type Il receptors in
significantly lower P < 0.05) in the androgen-independent human prostatic epithelial cells indicates that a functional activin
tumours. Follistatin mMRNA was expressed with a large variationreceptor complex can be formed in the presence of activin, thereby
ranging from undetectable to a relatively high (16.8 relative unit®nabling activin to have an effect on these cells. We confirmed this
(RU)) expression in the androgen-independent xenograft PC-32¢éh androgen-independent R cells. These results are in line with
We could not detect inhibia-subunit mRNA expression in the data reported on androgen-dependent LNCaP cells (Dalkin et al,

xenograft samples. 1996; Wang et al, 1999, but differ with results obtained with the
androgen-independent cell lines PC3 and DU-145 (Ying et al,
Clinical prostatic carcinomas 1997). Possibly, the defect in the retinoblastoma gene product in

- . . . . .DU-145 (Rubin et al, 1991) and the expression of relatively large
In all clinical prostate samples investigated, expression of aCt'V'%mounts of follistatin by PC3 cells (Wang et al, 1896r the

type | (ACt_RIA and ACtRIB) an_d type i (ActRIIA)_receptors Was resence of a mutated p53 gene in PC3 cells (Rubin et al, 1991)
found, V\_'h”e ACIRIIB expression was de_tected in four of sever{;{e responsible for this lack of response to activin treatment.
non-malignant prostatic tissues and in nine of eleven samples o

prostate carcinomas. The carcinomas expressed significantly
lower levels of ActRIB mRNA when compared to the non-malig- Activin/inhibin subunits and follistatin

n'(:':l_nt tlsszesl(lhsbi_i ‘7"0 Vs 2(,56.\& 3'3 Rg rezpegtlveg'z; 0.05) In addition to activin receptor expression, we quantified mRNA
(Figure 4). Inhibin/activinBA- an BB-su u_nlt m S WEre javels for inhibin/activinB-subunits in prostate tumour cell lines,
expressed at comparable levels in non-malignant and carcinoma- prostate tumour xenografts and in samples of non-malignant

tous samples. Ir_]hlbl_u-subunlt MRNA expression was low ornot 4 malignant prostatic tissues. Expression of predomingBtly
detectable. '.:O”'Statm MRNA expression was gener.ally iound .aéubunit MRNA was found in the FGC cell line, but this expression
low expression levels, and was &gmfncaqtly lower in the carciy, o virtually absent in the androgen-independent R-line.
nomas when compared to non-malignant tise .05). Decreased production of activin might lead to a growth advantage;
the R-line is indeed still sensitive to growth inhibition by activin
DISCUSSION (Figure 2). However, the other androgen-independent cell line in
our study (LNO) did not show this decreag®tsubunit expres-
sion, indicating that not all androgen-independent cell lines have
We measured mRNA expression levels of activin receptors typlw levels of activin. For the FGC-subline, we found variable
IA, IB and type lIA, IIB in human prostate cancer cells, either inresults for inhibin/activirBB-subunit expression in three indepen-
culture, in xenografts or clinical tissues. In the three sublines oflent experiments, resulting in a relative large variation, which
LNCaP, significant differences were observed in the expression gfannot be explained at this moment. The three independent
ActRIIA and ActRIIB mRNA. In prostatic carcinoma xenografts experiments were performed with relatively large time intervals;
we demonstrated expression of all known activin type | and activitherefore we hypothesize that, at least for this subline, variable
type Il receptors. No significant differences in expression ofconditions of e.g. cell density or passage number, may have cause
activin receptors were observed when androgen-dependent affte observed variation. Qualitative expression B&-subunit
androgen-independent xenografts were compared. In tissuBRNA in LNCaP has been reported earlier, using RT-PCR (Batres
obtained after radical prostatectomy, in which the neoplastic gradet al, 1995; Furst et al, 1995). Dalkin et al (1996) investigated the
of the samples was determined microscopically to range from norgffect of endogenous activin on proliferation of LNCaP-FGC cells
malignant to Gleason grade 10, expression of ActRIA and ActRIBy addition of follistatin and found an increase in proliferation
mRNA was found. Transcript levels for ActRIB were significantly after 24 h treatment confirming endogenous activin production.
lower in the carcinomas when compared to the non-malignaritow, but detectable inhibia-subunit mRNA levels were found in
tissues. This implies a decreased sensitivity to growth inhibitiothe RNAase protection assay for the LNCaP sublines, whereas the
by activin: it was shown that ActRIB is responsible for inhibition absence of inhibimi-subunit mRNA in LNCaP cells using RT-
of proliferation by activin, rather than ActRIA (Carcamo et al, PCR has been reported earlier (Batres et al, 1995). It is unclear
1994). No correlation was observed between Gleason grade amdiether this difference is caused by subtle differences in proper-
ActRIB mRNA levels within this limited series. Expression of ties of the LNCaP cell lines used, or culture conditions applied. On
ActRIIA mRNA was demonstrated in all samples, but ActRIIB the other hand, the RT-PCR assay may not have functioned opti-
mRNA transcripts were undetectable in a number of them. Theg®ally, which is difficult to assess due to the absence of a positive
results corroborate and significantly extend previous reports usingontrol for the inhibina-subunit mMRNA RT-PCR (Batres et al,
the reverse transcriptase polymerase chain reaction (RT-PCR) f&P95). Inhibin immunoreactivity was found to be absent in LNCaP
the qualitative detection of expression of activin receptors ircells (Batres et al, 1995), suggesting that inhibin production in
human prostate cancer cell lines (Batres et al, 1995; Furst et AGC cells is indeed very low. In the xenograf#-subunit
1995; Dalkin et al, 1996), and are in line with the detection ofexpression was not detectable in the androgen-dependent sample
ActRIIA and IIB transcripts in the rat prostate (Feng et al, 1993nd was only detected at low levels in one out of three androgen-
and recently of ActRIIA mRNA in benign prostate hyperplasiaindependent tumours. RNAase protection will only measure

Activin receptors
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expression in the epithe|ia| component of the Xenograﬁs sinc@ééarcamo J, Weis FMB, Ventura F, Wieser R, Wrana JL, Attisano L and Massagué J
stromal cells express the murine genes which, with the exception of (1994) Type | receptors specify growth-inhibitory and transcriptional responses

to transforming growth factd@ and activin Mol Cell Biol 14: 3810-3821
ActRIIA mRNA, are not protected by the human cRNA probesy, i\ ac Girain JT, Bradshaw D and Myers CE (1996) Activin inhibition of

(RHN van Schaik, unpublished results). This suggests that the prostate cancer cell growth: selective actions on androgen-responsive LNCaP
stromal cells may be responsible for the inhpAasubunit MRNA cells.Endocrinologyl37. 5230-5235
expression in the prostate. The androgen_independent Xenogralﬁgnaldson CJ, Mathews LS and Vale WW (1992) Molecular cloning and binding

had significantly lower expression levels of inhibin/activin properties of the human type Il activin recepBiachem Biophys Res Commun
184 310-316

BB'SUbun!t mRNA when compared_ t_O the anqmge_n'quend?rgrba HP, Gunning P and Kedes L (1986) Nucleotide sequence of the )uman
samples, indicating a decrease in activin production with increasing cytoskeletal actin mRNA: anomalous evolution of vertebrate non-muscle actin
malignancy. In the clinical samples we found a relatively high  genesNucleic Acids Res4: 5275-5294 ' N
expression of bOthBA- and BB-subunit transcripts. Inhibin Feng ZM, Madigan MB and Chen CLC (1993) Expression of type Il activin receptor

. . . . enes in the male and female reproductive tissues of tHendxdcrinolo
a-subunit mRNA levels in non-malignant and malignant prostate ?32 2593-2600 P i

tissues were low or undetectable as determined by RNAase protagust Ba, zhang z and Ying SY (1995) Expression of activin and activin receptors
tion. Using in situ hybridization and immunohistochemistry on in human prostatic carcinoma cell line DUL#8.J Oncol7: 239-243
BPH- and prostate cancer Samplesv expre58|on of indnibubunit Gonzalez-Manchon C and Vale W (1989) Activin-A, inhibin and transforming

mRNA was found in prostate epithelial and basal cells, which was growth factorf modulate growth of two gonadal cell linéndocrinologyl25
’ 1666-1672

absent in ma“gnant regions of tissue from men _W'th h'_gh _g_radﬁasenson M, Hartley-Asp B, Kihlfors C, Lundin A, Gustafsson JA and Pousette A
prostate cancer (Mellor et al, 1998). We did not find a significant  (1985) Effect of hormones on growth and ATP content of a human prostatic
difference in the expression of inhibirrsubunit transcript levels carcinoma cell line, LNCaP-Prostate7: 183-194

when non-malignant (O:BO 3 RU) and tumour samples (&4) 2 Hashimoto M, Kondo S, Sakurai T, Etoh Y, Shibai H and Muramatsu M (1990)

R Activin/EDF as an inhibitor of neural differentiatidBiochem Biophys Res
RU) were compared, although this may be due to the very low . “= " 02 500

expression levels detected in our study. We found a significantlyiedger MP, Drummond AE, Robertson DM, Risbridger GP and de Kretser DM
higher expression of follistatin mMRNA in the non-malignant samples  (1989) Inhibin and activin regulatéH]thymidine uptake by rat thymocytes and
when compared to the carcinomatous tissues. Because follistatin 373 cells in vitroMol Cell Endocrinol61: 133-138

: : ; ildén K, Tuuri T, Eramaa M and Ritvos O (1994) Expression of type Il activin
mMRNA expression was undetectable by RNAase protection in thd o S )
P y P receptor genes during differentiation of human K562 cells and cDNA cloning

LNCaP subl_lnes, folll_stat!n might be expres_sed _|n_stromal cells ot the human type IIB activin recept@tood83: 2163-2170

rather than in the epithelial cells. In fact, follistatin immunoreac-Hoehn W, Schroder FH, Riemann JF, Joebsis AC and Hermanek P (1980) Human
tivity was recently reported to be localized in fibroblastic stroma prostatic adenocarcinoma: some characteristics of a serially transplantable line
(Thomas et al, 1998). Human follistatin MRNA expression was alsp 1 nude mice (PC 82prostatel: 95-104

found in three out of nine xenoarafts studied. indicating that thé—loroszewicz JS, Leong SS, Kawinski E, Karr JP, Rosenthal H, Chu TM, Mirand EA
9 ! 9 and Murphy GP (1983) LNCaP model of human prostatic carcinGarecer

epithelial cells are also capable of expressing follistatin mMRNA. In' Resa3 1809-1818
addition, the human prostatic carcinoma cell line PC3 expresse® KY, Sensibar JA and Lee C (1995) Effect of TRE- TGFa, and EGF on cell
large amounts of follistatin (Wang et al, 189@/hile also follistatin proliferation and cell death in rat ventral prostatic epithelial cells in culture.

. . . J Androl16: 482—-490
MRNA could be detected in LNCaP cells using RT-PCR (DalklnMcPherson SJ, Thomas TZ, Wang H, Gurusinghe CJ and Risbridger GP (1997)

etal, 1996). All 'n_ all, _these data indicate that prostate epl_thellal Ce”_s Growth inhibitory response to activin A and B by human prostate tumour cell
can express follistatin, and suggest that the expression level in Jines, LNCaP and DU145.Endocrinol154 535-545
LNCaP cells is relatively low. Mason AJ, Biall HD and Seeburg PH (1986) Structure of two human ovarian

Our results on MRNA expression indicate that autocrine growth  inhibins.Biochem Biophys Res CommilGh 957-964

.. . . assagué J (1996) T@Fsignaling: receptors, transducers, and Mad prot€iel.
control by activin can occur in the prostate, and that mallgnan'\{I 859_’ 947_(950 ) T@Rignaling P P

cells may escape growth inhibition by activin by a decrease ifiathews LS (1994) Activin receptors and cellular signaling by the receptor serine
mRNA expression levels for the activpB-subunit or for the kinase familyEndocr Re\.5: 310-325

activin receptor ’[ype 1B. Decreased ac’[ivin signa”ing may |ead tMayO KE, Cerelli GM, Spiess J, Rivier J, Rosenfeld MG, Evans RM and Vale W

. . . A . (1986) Inhibin A-subunit cDNAs from porcine ovary and human placemte.
increased cell proliferation and inhibition of apoptosis of prostate Natl Acad Sci USB3: 58495853

epithelial cells (Zhang et al, 198)7 ‘thereby facilitating pr.ostate Mellor SL, Richards MG, Pedersen JS, Robertson DM and Risbridger GP (1998)
tumour development. Future experiments need to establish to what Loss of expression and localization of inhibirsubunit in high grade prostate
extent the differences found in mMRNA levels can be translated to cancerJ Clin Endocrin Metal83: 969-975

the protein level and can lead to differences in the behaviour of tH%isbridger GP, Thomas T, Gurusinghe CJ and McFarlane JR (1996) Inhibin-related
proteins in rat prostatd.Endocrinol149 93-99
tumours. Romijn JC, Verkoelen, CF and Schroder FH (1988) Application of the MTT assay to
human prostate cancer cell lines in vitro: establishment of test conditions and
assessment of hormone-stimulated growth and drug-induced cytostatic and

cytotoxic effectsProstatel2: 99-110
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