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Targeting Bcl-2 Protein to Enhance
Chemosensitivity of Hormone Refractory

Prostate Cancer Cell Line, DU-145
by a Synergistic Combination of

Docetaxel and Gossypol

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee:: Do ce ta xel has be co me the stan dard of ca re for hor mo ne-ref rac tory pros ta -
te can cer (HRPC), ho we ver drug re sis tan ce and to xi city are still chal len ging in da ily can cer prac-
ti ce. The an ti-apop to tic path way cen te red aro und the Bcl-2 pro te in might be one of the res pon sib le
path ways. Ad ding a se cond drug to do ce ta xel tre at ment is one of the most com mon ap pro ac hes to
sol ve this prob lem. Goss ypol was re por ted to ha ve po tent an ti can cer ac ti vi ti es in pros ta te can cer.
In this study, we se arc hed for the pos sib le syner gis tic cyto to xic/apop to tic ef fects of this com bi na -
ti on tre at ment in hor mo ne- and drug re sis tant pros ta te can cer cell li ne, DU-145 vi a in hi bi ti on of
Bcl-2 pro te in. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss:: XTT cell vi a bi lity as say was used to as sess cyto to xi city of the
drugs alo ne and in com bi na ti on. For ve rif ying apop to sis, Cell De ath De tec ti on Eli sa Plus Kit and
Cas pa se-Glo 3/7 as say we re used. Wes tern Blot analy sis for Bcl-2 pro te in was car ri ed out. RRee  ssuullttss::
A no vel drug com bi na ti on of do ce ta xel and goss ypol re sul ted in a sig ni fi cant syner gis tic cyto to xic
ac ti vity and apop to sis as com pa red to any sing le agent alo ne, in a do se- and ti me de pen dent man-
ner, and al so sig ni fi cantly re du ced Bcl-2 pro te in le vels in DU-145, in doses that can be used cli ni -
cally. CCoonncc  lluu  ssii  oonn:: Ad ding goss ypol to do ce ta xel as a com bi na ti on tre at ment in HRPC pa ti ents might
be a so lu ti on for ta xa ne re sis tant pa ti ents. In hi bi ti on of Bcl-2 might be one of the un derl ying ro u -
tes of ac ti vity for this com bi na ti on.

KKeeyy  WWoorrddss::  Docetaxel; gossypol; prostatic neoplasms

ÖÖZZEETT  AAmmaaçç:: Do se tak sel, hor mo na di renç li pros tat kan se ri nin (HRPC) te da vi sin de stan dart te da vi
ha li ne gel miş du rum da dır an cak ilaç di ren ci ve tok si si te so run la rı uy gu la ma da ha la mev cu di ye ti ni
de vam et tir mek te dir. Apop toz kar şı tı olan Bcl-2 pro te i ni pros tat kan se rin de ilaç di ren cin den so rum -
lu yol lar dan bi ri ola bi lir. Bu so ru nu çöz mek için en çok kul la nı lan yön tem do se tak se le ikin ci bir ilaç
ek le mek tir. Gos si po lün pros tat kan se rin de kuv vet li an ti-kan ser et ki gös ter di ği bil di ril miş tir. Bu
ça lış ma da, DU-145 ad lı hor mo na ve ila ca di renç li pros tat kan ser hüc re si di zi sin de, do se tak -
sel/gos si pol kom bi nas yo nu nun Bcl-2 pro te in in hi bis yo nu yo luy la gös te re bi le ce ği ola sı si ner jik si-
to tok sik/apop to tik et ki yi araş tır dık. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr:: İlaç la rın tek ba şı na ve kom bi nas yon
ha lin de hüc re ler üze rin de yap tı ğı tok sik et ki, hüc re can lı lı ğı nı be lir le yen XTT yön te miy le araş tı -
rıl dı. Apop to zu doğ ru la mak için Cell De ath De tec ti on Eli sa Plus Kit ve Cas pa se-Glo 3/7 yön tem le -
ri kul la nıl dı. Wes tern Blot yön te miy le Bcl-2 ana li zi ya pıl dı. BBuull  gguu  llaarr:: Ye ni bir ilaç kom bi nas yo nu
olan do se tak sel ve gos si pol, ilaç la rın tek ba şı na yap tı ğı na oran la be lir gin si ner jik si to tok sik ak ti vi -
te gös ter di ve ilaç la rın her bi rin den da ha faz la apop to za ne den ol du. Bu et ki doz la ve za man la ar -
tan bir et kiy di ve kli nik te kul la nı la bi le cek doz lar da DU-145 hüc re di zi sin de Bcl-2 pro te i ni ni azalt tı.
SSoo  nnuuçç:: HRPC has ta la rın da do se tak se le gos si pol ek le ne rek ya pı la cak kom bi nas yon te da vi si tak san di-
ren ci için bir çö züm ola bi lir. Kom bi nas yo nun et ki me ka niz ma la rın dan bi ri de Bcl-2 in hi bis yo nu ola-
bi lir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Dosetaksel; gossipol; prostat tümörleri
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l te red ba lan ce bet we en an ti a pop to tic and
pro a pop to tic mo le cu les may ca u se tu mor
de ve lop ment and/or prog res si on.1 The an-

ti a pop to tic Bcl-2 fa mily pro te ins play a pi vo tal ro -
le in the re gu la ti on of apop to sis in many types of
hu man can cers, inc lu ding pros ta te can cer.2 So me of
the mem bers of this fa mily such as Bcl-2 and Bcl-
XL are an ti a pop to tic whi le ot hers such as Bad, Bax
or Bid are pro-apop to tic.2-4 Ove rex pres si on of Bcl-
2 pro te in se ems to enab le the pros ta te can cer cells
to sur vi ve in an an dro gen-dep ri ved en vi ron ment
and pro tect them to un der go apop to sis. Ex cess an-
ti a pop to tic pro te in, Bcl-2 in pros ta te can cer cells,
will re sult in re sis tan ce to tre at ment.5 Thus, Bcl-2
might be a very use ful tar get for the tre at ment of
hor mo ne-ref rac tory pros ta te can cer (HRPC).

The ma jo rity of me tas ta tic pros ta te can cer pa-
ti ents res pond to an dro gen dep ri va ti on tre at ment
ini ti ally, ho we ver most will be co me cas tra te re sis -
tant wit hin ap pro xi ma tely two-ye ars of ti me.6 Do-
ce ta xel, the most ef fec ti ve che mot he ra pe u tic agent
for HRPC, shows its ac ti vity thro ugh sta bi li zing mi-
c ro tu bu les du ring cell di vi si on. In ad di ti on to this
cytos ta tic ac ti vity, it al so re gu la tes cell sig na ling and
ex pres si on of cer ta in ge nes. Do ce ta xel tre at ment in-
cre a ses Bcl-2 phosp hory la ti on, down re gu la tes Bcl-
XL pro te in le vels, in du ces p53 and an ti an gi o ge nic
fac tors and thus re sults in apop to sis.6-8 Alt ho ugh do-
ce ta xel che mot he rapy has be co me the first-li ne
stan dard of ca re for HRPC ba sed on the re sults of
two lar ge ran do mi zed tri als, prostate specific anti-
gen (PSA) res pon ses ra rely ex ce ed 50% and me di an
sur vi val is less than 20 months. Thus che mot he rapy
in this cli ni cal sta te re ma ins a sub ject of ac ti ve cli -
ni cal in ves ti ga ti on.9,10 The re are al so so me prob lems
en co un te red du ring do ce ta xel tre at ment inc lu ding
se ri o us si de ef fects in most of the pa ti ents.11 In ves -
ti ga tors are now fo cu sing on how to en han ce the
cytos ta tic and cyto to xic ef fects of do ce ta xel by com-
bi ning it with no vel an ti can cer agents for the tre at -
ment of pros ta te can cer. 

Goss ypol is a na tu ral poly phe no lic com po und
ex trac ted from cot ton plant (Goss ypi um spe ci es)
and the tro pi cal tre e, Thes pe si a po pul ne a. Re-
cently, goss ypol was re por ted to ha ve po tent an ti -
can cer ac ti vi ti es in many types of ma lig nan ci es,

inc lu ding pros ta te can cer. The An ti tu mo ral and Bi -
oc he mi cal Ef fects of Goss ypol on hu man cell li nes
we re in ves ti ga ted.12 Goss ypol was shown to be a
po tent in hi bi tor of Bcl-2/Bcl-XL. Ho we ver, the
exact mec ha nisms res pon sib le for in hi bi ti on of cell
growth and sti mu la ti on of apop to sis ha ve not be en
elu ci da ted yet.13-15

In this study, we ai med to in ves ti ga te the pos-
sib le syner gis tic cyto to xic/apop to tic ef fects of a no -
vel com bi na ti on, do ce ta xel and goss ypol in
hor mo ne- and drug ref rac tory pros ta te can cer cells,
DU-145. We al so se arc hed for the pos sib le en han -
ced ef fect in down re gu la ti on of Bcl-2 pro te in sin -
ce both do ce ta xel and goss ypol are known to be
ef fec ti ve on the in hi bi ti on of Bcl-2 in HRPC. 

MATERIAL AND METHODS
CELL LI NE AND RE A GENTS

Hu man DU-145 pros ta te can cer cells we re ob ta i ned
from ICLC (Ge no va, Italy). The cells we re grown as
mo no la yers in ad he rent cell li nes and we re ro u ti -
nely cul tu red in RPMI 1640 supp le men ted with
10% he at-inac ti va ted fe tal bo vi ne se rum (FBS), 1%
L-glu ta mi ne, 1% pe ni cil lin-strep tomy cin in 75 cm2

polys tyre ne flasks (Cor ning Li fe Sci en ces, UK) and
ma in ta i ned at 37oC in a hu mi di fi ed at mosp he re
with 5% CO2. Growth and morp ho logy we re mo n-
i to red and cells we re pas sa ged when they had re ac -
hed 90% conf lu en ce. Cell cul tu re supp li es we re
ob ta i ned from Bi o lo gi cal In dus tri es (Kib butz Be it
Ha e mek, Is ra el). Do ce ta xel and goss ypol (≥98% pu-
rity) we re ob ta i ned from Sig ma Che mi cal Co (USA).
The stock so lu ti on of do ce ta xel (10 mM) and goss -
ypol (10 mM) we re pre pa red in dimethyl sulfoxide
(DMSO). The fi nal di lu ti ons we re ma de im me di a -
tely be fo re use, and new stock so lu ti ons we re ma de
for each ex pe ri ment. The DMSO con cen tra ti on in
the as say did not ex ce ed 0.1% and was not cyto to -
xic to the tu mor cells. All ot her che mi cals, un less
men ti o ned, we re purc ha sed from Sig ma. An ti- Bcl-
2 an ti body and Be ta-Ac tin an ti body we re ob ta i ned
from Amers ham (Mu nich,, Ger many). 

VI A BI LITY AS SAY

Af ter ve rif ying cell vi a bi lity using trypan blu e dye
exc lu si on test by Cel lo me ter au to ma tic cell co un ter
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(Nex ce lom Inc.,USA.), cells we re se e ded at ap pro -
xi ma tely 1x104/ well in a fi nal vo lu me of 200 µl in
96-well flat-bot tom mic ro ti ter pla tes with or wit -
ho ut va ri o us con cen tra ti ons of drugs. Pla tes we re
in cu ba ted at 37°C in a 5% CO2 in cu ba tor for the
in di ca ted ti me pe ri ods. At the end of in cu ba ti on,
100 µl of XTT (Roc he App li ed Sci en ce, Mann he im,
Ger many) was ad ded to each well, and pla tes we re
in cu ba ted at 37°C for anot her 4 h. Ab sor ban ce was
me a su red at 450 nm aga inst a re fe ren ce wa ve length
at 650 nm using a mic rop la te re a der (DTX 880 Mul-
ti mo de Re a der, Beck man Co ul ter, Ful ler ton, CA,
USA). The me an of trip li ca te ex pe ri ments for each
do se was used to cal cu la te the IC50 and the com bi -
na ti on in dex (CI) va lu es.

EVA LU A TI ON OF APOP TO SIS 

Measurement of DNA Fragmentation by ELISA Assay

Apop to sis was eva lu a ted by enz yme-lin ked im mu -
no sor bent as say (ELI SA) using Cell De ath De tec ti -
on ELI SA Plus Kit (Roc he App li ed Sci en ce,
Mann he im, Ger many) ac cor ding to the ins truc ti -
on ma nu al. The re la ti ve amo unts of mo no- and oli -
go nuc le o so mes ge ne ra ted from the apop to tic cells
we re qu an ti fi ed using mo noc lo nal an ti bo di es di-
rec ted aga inst DNA and his to nes by ELI SA. Bri efly,
cytop las mic frac ti on of the un tre a ted con trol and
do ce ta xel and/or goss ypol tre a ted cells we re trans-
fer red on to a strep ta vi din-co a ted pla te and in cu ba -
ted for 2 h at ro om tem pe ra tu re with a mix tu re of
pe ro xi da se con ju ga ted an ti-DNA and bi o tin la be -
led an ti his to ne. The pla te was was hed thro ughly,
in cu ba ted with 2.29-Azi no-di-[3-ethy lbenz thi a zo -
li ne sul fo na te] di am mo ni um salt (ABTS), then ab-
sor ban ce was me a su red at 405 nm with a re fe ren ce
wa ve length at 490 nm (DTX 880 Mul ti mo de Re a -
der, Beck man Co ul ter, Ful ler ton, CA, USA).  The
kit con ta ins %100 apop to tic cell lysa te as an in tra-
as say de tec ti on con trol. Thus, re la ti ve apop to sis
was cal cu la ted ba sed on %100 apop to tic cell lysa te
ab sor ban ce va lu e in our ex pe ri ments. 

Measurement of Caspase 3/7 Enzyme Activitiy

The Cas pa se-Glo 3/7 as say (Pro me ga, Ma di son, WI,
USA) was used to me a su re cas pa se 3/7 enz yme ac-
ti vity ac cor ding to the ma nu fac tu rer’s ins truc ti ons.

DU-145 cells at a con cen tra ti on of 104cells/well
we re pla ted in a 96-well pla te in 100 µl cul tu re me -
di um in the ab sen ce or pre sen ce of in cre a sing con-
cen tra ti ons of do ce ta xel or goss ypol and the
com bi na ti on of both. 100 µl of Cas pa se-Glo 3/7 re -
a gent was ad ded to each well and in cu ba ted at ro -
om tem pe ra tu re for one mo re ho ur. Fi nally, the
lu mi nes cen ce of each samp le was me a su red with
lu mi no me ter (DTX 880 Mul ti mo de Re a der, Beck-
man Co ul ter, Ful ler ton, CA, USA).

WES TERN BLOT ANALY SIS

DU-145 cells we re grown for 72 h in the ab sen ce or
pre sen ce of do ce ta xel (1nM) or goss ypol (5 μM)
and, in com bi na ti on of both at 37oC. To pre pa re cell
lysa tes for Wes tern im mu nob lot analy sis, cell pel-
lets we re was hed with phosphote buffered saline
(PBS), and lysed in buf fer con ta i ning 20 mM Tris
(tris(hydroxy methyl)ami no met ha ne)-HCl (pH8.0),
137 mM NaCl, 10% glyce rol, 1% Tri ton X-100, 1
mM Na3VO4, 25 mM -glyce rop hosp ha te and pro-
te a se in hi bi tor cock ta il 1 (Sig ma, St Lo u is, MO,
USA). Af ter cen tri fu ga ti on at 14,000g for 15 min at
4oC, pro te in con cen tra ti ons we re qu an ti ta ted by
Brad ford met hod (Bi o-Rad La bo ra to ri es, Her cu les,
CA). Equ al amo unts of pro te in we re se pa ra ted on
an SDS- pol yacr yla mi de gel elec trop ho re sis (PA GE)
and trans fer red to poly viny li de ne dif lu o ri de im mo-
bi lon-P mem bra nes (Bi o-Rad La bo ra to ri es, Her cu -
les, CA). The mem bra nes we re bloc ked with 5%
non fat drymilk pre pa red in Tris-buf fe red sa li ne
con ta i ning 0.1% Twe en 20 at ro om tem pe ra tu re for
1 h, and then in cu ba ted with pri mary mo noc lo nal
Bcl-2 and be ta-ac tin an ti bo di es (Amers ham, Mu-
nich, Ger many) at ro om tem pe ra tu re for 1 h. Di lu -
ti ons of pri mary an ti bo di es we re pre pa red
ac cor ding to the ma nu fac tu rer’s ins truc ti ons. Fol lo -
wing se ve ral was hes in tris buffered saline and
Tween 20 (TBST), mem bra nes we re in cu ba ted
with ap prop ri a te se con dary an ti bo di es (1:2000) at
ro om tem pe ra tu re for 1 h. The pro te in bands re c-
og ni zed by the an ti bo di es we re vi su a li zed by the
ECL Wes tern blot ting de tec ti on system ac cor ding
to the pro to col pro vi ded by the ma nu fac tu rer
(Amers ham, Mu nich, Ger many) using Ko dak Gel
Lo gic 1500 Ima ging System.
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STA TIS TI CAL ANALY SIS

The da ta we re analy zed using Graph Pad PRISM
soft wa re (ver si on 5) (San Di e go, CA, USA). All ex-
pe ri ments we re set up in trip li ca te and the re sults
we re ex pres sed as the me an ± stan dard de vi a ti on
(SD). The pa i red Stu dent’s t- test was used to com-
pa re the dif fe ren ces bet we en pa i red samp les. Dif fe -
ren ces we re con si de red sig ni fi cant at p va lu e be low
0,05. Me di an do se ef fect analy sis was used to as sess
the in te rac ti on bet we en the agents. The com bi na -
ti on in dex (CI) va lu es we re cal cu la ted by using Bi -
o soft Cal cuSyn prog ram (Fer gu son, MO, USA) and
CI was used to ex press syner gism (CI<1), ad di ti ve
ef fect (CI= 1), or an ta go nism (CI >1).16

RESULTS

CELL GROWTH IN HI BI TORY EF FECTS OF DO CE TA XEL AND
GOSS YPOL IN DU-145 CELLS 

To eva lu a te the ef fects of do ce ta xel and goss ypol on
the vi a bi lity of hu man pros ta te can cer cells, DU-145
cells we re ex po sed to in cre a sing con cen tra ti ons of
do ce ta xel (from 0.01-to 100 nM) and goss ypol (from
3- to 20 μM) for 24, 48 and 72 h, and XTT cell vi a -
bi lity as say was per for med. Both do ce ta xel and
goss ypol dec re a sed cell vi a bi lity in a ti me- and do -
se de pen dent man ner in DU-145 cells (da ta not
shown). As shown in Fi gu re 1, the re we re 8-, 15-,

and 43% dec re a ses in cell vi a bi lity of DU-145 cells
ex po sed to 0.1-, 1-, and 10 nM of do ce ta xel, res pec -
ti vely, when com pa red to un tre a ted con trols at 72 h
(Fi gu re 1). Hig hest cyto to xi city was ob ser ved at 72
h and IC50 va lu e of do ce ta xel in DU-145 cells cal cu-
la ted from cell vi a bi lity plots was 15 nM.

In ad di ti on to this, our da ta sho wed that in cu -
ba ti on of DU-145 cells with in cre a sing con cen tra -
ti ons of goss ypol re sul ted in sig ni fi cant in hi bi ti on
of vi a bi lity. In pa ral lel with tho se re sults, the re we -
re 5-, 29- and 61% dec re a ses in cell vi a bi lity of DU-
145 cells in res pon se to 3-, 7.5 and 15 μM of
goss ypol, res pec ti vely, as com pa red to un tre a ted
con trols at 72 h (Fi gu re 2). IC50 va lu e of goss ypol
was 10 μM for DU-145 cells. 

COM BI NA TI ON OF DO CE TA XEL AND GOSS YPOL CA U SED
IN HI BI TI ON OF CELL GROWTH SYNER GIS TI CALLY IN 
DU-145 CELLS 

In or der to exa mi ne the ef fects of do ce ta xel and
goss ypol com bi na ti on on cell vi a bi lity, DU-145
cells we re tre a ted with in cre a sing con cen tra ti ons
of both drugs for 72 h. Com bi na ti on of va ri o us con-
cen tra ti ons of do ce ta xel and goss ypol sho wed sig-
ni fi cant growth sup pres si on in hu man pros ta te
can cer cell li ne DU-145 as com pa red to any agent
alo ne as shown in Tab le 1. 

FIGURE 1: Effects of docetaxel in DU-145 cells. Viability was assessed by
XTT viability assay following 72 h culture. The data represent the mean of
three different experiments (p<0.05). The error bars represent the standard
deviations, and when not seen, they are smaller than the thickness of the
lines on the graphs.

FIGURE 2: Effects of gossypol on DU-145 cells. Viability was assessed by
XTT viability assay following 72 h culture. The data represent the mean of
three different experiments (p<0.05).The error bars represent the standard
deviations, and when not seen, they are smaller than the thickness of the
lines on the graphs.
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The XTT vi a bi lity da ta in di ca ted that 0.1 nM
do ce ta xel and 5 µM goss ypol re sul ted in 25%- and
19% dec re a ses in vi a bi lity of DU-145 cells, res pec ti -
vely, whi le the com bi na ti on tre at ment, at the sa me
con cen tra ti ons, re sul ted in 70% dec re a se in vi a bi -
lity, as com pa red to un tre a ted con trols (Fi gu re 3).

The CI va lu es we re cal cu la ted to be 0.294 or
0.276 in DU-145 cells that we re ex po sed to 0.1- or
1 nM do ce ta xel and 5 µM goss ypol, res pec ti vely;
in di ca ting that the com bi na ti on of do ce ta xel and
goss ypol at the se con cen tra ti ons sho wed a strong
syner gism (Tab le 1).

EF FECTS OF THE SE QU EN TI AL TRE AT MENT

The pre vi o us fin dings de mons tra ted that tre at ment
of tu mor cells with do ce ta xel and goss ypol re sul -
ted in sig ni fi cant syner gis tic ac ti vity at 72 h. We
exa mi ned the ef fect of se qu en ti al tre at ment of DU-
145 cells with eit her do ce ta xel or goss ypol and sub-
se qu ent tre at ment with the se cond agent.
Pret re at ment of tu mor cells with do ce ta xel for 36 h
and then wash and tre at with goss ypol for an ad di -
ti o nal 36 h re sul ted in syner gis tic cyto to xi city in
DU-145 cells. In addition, pret re at ment of tu mor
cells with goss ypol for 36 h and then wash and tre -
at with do ce ta xel for an ad di ti o nal 36 h re sul ted in
syner gis tic cyto to xi city in DU-145 cells (da ta not
shown). Therefore, syner gis tic ef fect of the com bi -
na ti on tre at ment was ob ta i ned, no mat ter which
agent app li ed first.

A SIG NI FI CANT IN CRE A SE IN DNA FRAG MEN TA TI ON WAS
DE TEC TED IN RES PON SE TO COM BI NA TI ON TRE AT MENT
OF DO CE TA XEL AND GOSS YPOL AS COM PA RED TO ANY
AGENT ALO NE IN DU-145 CELLS 

To exa mi ne the in duc ti on of apop to sis in res pon se
to do ce ta xel or goss ypol and com bi na ti on of both in
DU-145 cells, we in cu ba ted the cells in the pre sen -
ce of agents alo ne or in com bi na ti on of both for 72
ho urs and then qu an ti fi ed the le vels of mo no-oli go
nuc le o so me frag ments by Cell De ath De tec ti on Kit
(Roc he App li ed Sci en ce, Mann he im, Ger many).
The re sults of DNA frag men ta ti on analy ses cle arly
sho wed that com bi na ti on of both agents in du ced
apop to sis in a syner gis tic man ner as com pa red to
any agent alo ne.

As shown in Fi gu re 4, the re we re 1.6- or 1.5-
fold in cre a ses in DNA frag men ta ti on in 0.1 nM do-
ce ta xel or 5 µM goss ypol ex po sed DU-145 cells, re-
s pec ti vely com pa red to un tre a ted con trols, whi le
the com bi na ti on of both re sul ted in 9-fold in cre a -
se in DNA frag men ta ti on. On the ot her hand, in 1
nM do ce ta xel or 5 µM goss ypol or com bi na ti on of
both ex po sed DU-145 cells, the re we re 1.9- or 1.5-
and 10.3 fold in cre a ses in DNA frag men ta ti on, re-
s pec ti vely com pa red to un tre a ted con trols. Da ta in
Fi gu re 4 show that com bi na ti on of two drugs in-
du ced apop to sis sig ni fi cantly thro ugh DNA frag-
men ta ti on as com pa red to any agent alo ne.

Concentration of DrugsCI Value Interpretation

DOC (0.1 nM) + Gossypol (5 µM) 0.294 Strong Synergism

DOC (1 nM) + Gossypol (5 µM) 0.276 Strong Synergism

TABLE 1: Combination index (CI) values of DOC (doc-
etaxel)/gossypol in DU-145 cells. Combination index (CI)

values were calculated from the XTT viability assays, 
according to CalcuSyn® software. The CI was used to

express synergism (CI < 1), additive effect (CI= 1),
or antagonism (CI > 1), where CI<0.5 represents 

strong synergism.

FIGURE 3: Synergistic effects of docetaxel and gossypol on viability of DU-
145 cells. Viability was determined by the XTT viability test in a 72-hour cul-
ture. The results are expressed as the mean of three different experiments
(p<0.05). The error bars represent the standard deviations, and when not
seen, they are smaller than the thickness of the lines on the graphs.
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CAS PA SE 3/7 ENZ YME AC TI VITY HAS BE EN IN CRE A SED IN
RES PON SE TO COM BI NA TI ON OF DO CE TA XEL AND GOSS -
YPOL MO RE THAN ANY AGENT ALO NE IN DU-145 CELLS

Cas pa ses might be ter med as hang men of apop to sis.
The ac ti va ti on of many forms of cas pa ses is se en in
many cells un der go ing apop to sis. To eva lu a te whet -
her cas pa ses play ro le in do ce ta xel and goss ypol-in -
du ced apop to sis of DU-145 cells, we me a su red the
le vels of cas pa se 3/7 using Cas pa se-Glo 3/7 As say. 

The re sults re ve a led that the re was a do se de pen -
dent in cre a se in cas pa se 3/7 enz yme ac ti vity in do ce -
ta xel or goss ypol tre a ted DU-145 cells. DU-145 cells
ex po sed to 1 nM do ce ta xel and 5 µM goss ypol sho -
wed 2.7- or 2.3 fold in cre a ses in cas pa se 3/7 enz yme
ac ti vity, res pec ti vely com pa red to un tre a ted con trols,
whi le the ir com bi na ti on re sul ted in 14.2 fold in cre a -
se in cas pa se 3/7 enz yme ac ti vity (Fi gu re 5).

DO CE TA XEL AND GOSS YPOL IN DU CED APOP TO SIS 
IS PARTLY CON TROL LED BY THE EN HAN CED 
DOWN-RE GU LA TI ON OF AN TI A POP TO TIC BCL-2 
PRO TE IN IN DU-145 CELLS

Sin ce Bcl-2 is one of the tar get pro te ins for both do-
ce ta xel and goss ypol tre at ment in HRPC, we per for -
med Wes tern Blot analy ses to exa mi ne whet her the
com bi na ti on of two re sul ted in a syner gis tic down-

re gu la ti on of an ti a pop to tic Bcl-2 pro te in in DU-145
cells. We ha ve cle arly shown that the re was a sig ni -
fi cant dec re a se in pro te in le vels of Bcl-2 in DU-145
cells ex po sed to 1 nM do ce ta xel and 5 μM goss ypol
com pa red to any agent alo ne (Fi gu re 6). The se da ta
in di ca ted that com bi na ti on of do ce ta xel and goss y-
pol in du ced apop to sis in DU-145 cells thro ugh the
down re gu la ti on of an ti a pop to tic Bcl-2 pro te in.

DISCUSSION
Da ta pre sen ted he re pro vi de the evi den ce that tre -
at ment of hor mo ne- and drug re sis tant pros ta te
can cer cell li ne, DU-145 with a no vel com bi na ti -
on, do ce ta xel and goss ypol, re sults in a sig ni fi cant
syner gis tic cyto to xic ac ti vity and apop to sis com pa -
red to any sing le agent alo ne. This ef fect was ob-
ser ved in a do se- and ti me de pen dent man ner. It
was al so shown that apop to sis was in du ced in pros -
ta te car ci no ma cells with sig ni fi cant cyto to xi city,
no mat ter which agent was app li ed first. Ad di ti o -
nally, we de mons tra ted that the re we re drug con-
cen tra ti on de pen dent in cre a ses in DNA frag -
men ta ti on and cas pa se 3/7 enz yme ac ti vity in pros -
ta te car ci no ma cells ex po sed to do ce ta xel or goss y-
pol alo ne, but the com bi na ti on of two re sul ted in
syner gis tic ac ti vity.

FIGURE 5: Apoptotic effects of docetaxel and gossypol alone or in combi-
nation in DU-145 cells through caspase 3/7 enzyme activity analyses. The re-
sults are the means of two independent experiments (p< 0.05). The error bars
represent the standard deviations, and when not seen, they are smaller than
the thickness of the lines on the graphs.

FIGURE 4: Apoptotic effects of docetaxel and gossypol alone or in combi-
nation in DU-145  cells through DNA fragmentation analyses. The results are
the means of two independent experiments (p<0.05). The error bars repre-
sent the standard deviations, and when not seen, they are smaller than the
thickness of the lines on the graphs.
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Im pa i red ba lan ce bet we en pro- and an ti-apop -
to tic path ways is ac cep ted as a ma jor con tri bu ting
fac tor in the pro cess of car ci no ge ne sis. Among tho -
se pro te ins re la ted to apop to sis, up-re gu la ti on of Bcl-
2 is fre qu ently as so ci a ted with po or prog no sis, drug
re sis tan ce and short of sur vi val in se ve ral types of
can cers, inc lu ding pros ta te can cer.16-22 

Sin ce Bcl-2 ove rex pres si on, of which ob ser ved
in a high per cen ta ge of HRPC pa ti ents, im pe des
apop to sis and has a cru ci al ro le in tran si ti on from
an dro gen-de pen dent to an dro gen in de pen dent tu -
mor growth, many stu di es are go ing on in or der to
find an op ti mal so lu ti on for Bcl-2 ove rex pres si on.23

This pro te in con tri bu tes to re sis tan ce to do ce ta xel.
Pos sib le en han ce ment of the ef fi cacy of do ce ta xel
in HRPC by com bi ning the agent with ob li mer sen,
a fully phosp ho rot hi o a ted an ti sen se oli go nuc le o ti -
de that se lec ti vely down-re gu la tes Bcl-2 pro te in
ex pres si on is un der in ves ti ga ti on in a re cent tri al.
Pre vi o us pha se I and II tri als of ob li mer sen as a
che mo sen si ti zing agent be fo re do ce ta xel the rapy
ha ve yi el ded pro mi sing re sults.24 Thus, Bcl-2 might
be a po ten ti al sur ro ga te mar ker and a tar get mo le -
cu le for ta xa ne-ba sed tre at ments in HRPC.

Ba sed on this know led ge, it is cle ar that new
tre at ment ap pro ac hes are ne e ded for do ce ta xel sen-
si ti za ti on in HRPC. Si mi lar to the ef fects of do ce ta -
xel on Bcl-2 pro te in in can cer cells, goss ypol, a
na tu ral pro duct from cot ton se ed, has re cently be en
iden ti fi ed as a po tent small mo le cu le in hi bi tor of
both Bcl-2 and Bcl-xL.25 The re are stu di es de mons -
tra ting the fact that goss ypol in cre a ses the sen si ti -
vity of pros ta te can cer cells to con ven ti o nal
cyto to xic tre at ment, wit ho ut ca u sing any sig ni fi cant

to xi city.26 Our te am has be en wor king with goss ypol
sin ce 2007 in our re se arch la bo ra tory, and pre vi o -
usly we ha ve al so shown that drug re sis tan ce and
me ta bo lism ge ne ex pres si on pat terns ha ve be en
chan ged with com bi na ti on tre at ment of do ce ta xel
and goss ypol in hor mo ne- and drug ref rac tory PC-
3 pros ta te can cer cells. In that study, we ha ve de -
mons tra ted that fi ve im por tant ge nes (BRCA1,
CCND1, ERBB2, RB1 and TPMT) as so ci a ted with
eit her drug re sis tan ce or me ta bo lism we re dow nre -
gu la ted by ≥ 3 fold by the com bi na ti on tre at ment
by PCR- Ar ray met hod. Ho we ver, the le vel of al te -
ra ti on in Bcl-2 fa mily ge nes co uld not re ach to sta-
tis ti cally sig ni fi can ce. Sin ce, PC-3 and DU-145 are
dif fe rent cell li nes by me ans of both phe noty pi cal
and ge noty pi cal pro per ti es, the sa me com bi na ti on
tre at ment might work in dif fe rent ro u tes of cel lu lar
re sis tan ce.27 We al so be li e ve that wor king with ot -
her pros ta te can cer cells li ke DU-145, in our study,
will bet ter let us to elu ci da te ca u se and ef fect re la -
ti ons hips of this new drug com bi na ti on for HRPC.

In the pre sent study, we ha ve iden ti fi ed that the
com bi na ti on tre at ment of do ce ta xel and goss ypol
sig ni fi cantly re du ced Bcl-2 pro te in le vels in hor mo -
ne- and drug ref rac tory pros ta te can cer cells, DU-
145, at do ses that can be used clinically. Sin ce
exis ten ce of Bcl-2 is as so ci a ted with drug re sis tan ce
and ag gres si ve na tu re of HRPC, in hi bi ti on of this an-
ti a pop to tic pro te in may le ad to over co me re sis tan ce
to apop to sis in HRPC cells. Thus, ad ding goss ypol to
do ce ta xel as a com bi na ti on tre at ment in HRPC pa-
ti ents might be one of the so lu ti ons for pa ti ents who
de ve lop fa i lu re or re sis tan ce to ta xa ne the rapy.

CONCLUSION
In conc lu si on, in hi bi ti on of Bcl-2 pro te in by the
com bi na ti on tre at ment of do ce ta xel and goss ypol
might be one of the cri ti cal ro u tes un derl ying the
strong syner gis tic cyto to xic and apop to tic ef fect of
both in hor mo ne-and drug ref rac tory pros ta te can-
cer cell li ne, DU-145. From a cli ni cal po int of vi ew,
si mul ta ne o us app li ca ti on of the se drugs with strong
synergy in in du cing apop to sis in DU-145 cells might
al low re duc ti on in do ce ta xel do ses and di mi nish do-
ce ta xel re la ted ad ver se ef fects whi le ma in ta i ning the
the ra pe u tic ef fect in pa ti ents with HRPC.

FIGURE 6: Demonstration of protein levels of antiapoptotic Bcl-2 in DU-145
cells exposed to docetaxel and gossypol alone and in combination of both.
Protein levels of Bcl-2 were determined by Western blotting and beta actin
protein levels were measured as an internal positive control.
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