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Abstract cyclins B and E is required for exit out of mitosis and entry into the
S-phase of the cell cycle, respectively. The proteasome is also respogL
sible for the degradation of proteins involved in the regulation of cell 3
survival/apoptosisif., p53 and nuclear factatB) as well as those

(cyclopentyl) CO-Arg(NO,)-Leu-H (CEP1612), induces apoptosis and in- |nvo_lved in the |nte.rface-be.tV\(een cell cycle and apoptass, the
hibits tumor growth of the human lung cancer cell line A-549 in anin vivo cyclin-dependent kinase inhibitors Fﬁ “and p27<|p1 Refs. 4-8). =
model. In cultured A-549 cells, CEP1612 treatment results in accumula- 1€ fact that the proteasome has been implicated in many disease
tion of two proteasome natural substrates, the cyclin-dependent kinase States suggested that proteasome inhibitors have therapeutic potentlgl-
inhibitors p21WAF and p27<P*, indicating its ability to inhibit protea- ~ Furthermore, these inhibitors would provide outstanding tools forg
some activity in intact cells. Furthermore, CEP1612 induces apoptosis as determining the role of the proteasome in various physiological func
evident by caspase-3 activation and poly(ADP-ribose) polymerase cleav-tions. This has prompted many to design, synthesize, and b|o|og|callg
age. Treatment of A-549 tumor-bearing nude mice with CEP1612 (10 evaluate proteasome inhibitors.

mg/kg/day, i.p. for 31 days) resulted in massive induction of apoptosis and  Several groups have made a variety of structurally unrelated pro
significant (68%; P < 0.05) tumor growth inhibition, as shown by termi- teasome inhibitors (6, 10). These include peptide aldehydes such
nal deoxynucleotidyltransferase-mediated UTP end labeling. Further- PSI (N-benzyloxycarbonyl-lle-Glu@-t-butyl)-Ala-Leu-H (11) or
more, immunevitfining of ‘“”‘.8[ specimens demonstratedh vivo accumu- CbzLLnV-H and CbzLLnL-H (12), which inhibit the chymotrypsin-
lation of p21 and p27"™ after CEP1612 treatment, The results like activity of the proteasome. Others have made tripeptide epoxy

suggest that CEP1612 is a promising candidate for further development as
an anticancer drug and demonstrate the feasibility of using proteasome K&tones (13), dipeptidyl boronic acid (14), indanylamide derivativess

The ubiquitin proteasome system is responsible for the proteolysis of
important cell cycle and apoptosis-regulatory proteins. In this paper we
report that the dipeptidyl proteasome inhibitor, phthalimide-(CH ,)sCH-
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inhibitors as novel antitumor agents. (15), and vinyl sulfone derivatives (16).
Igbal et al. (17) designed a series of dipeptidyl aldehydes that
Introduction inhibited potently the chymotrypsin-like activity of the proteasome.

One of these, CEP16X2was highly selective>*500-fold) for chy-

The proteasome is a high molecular weight multicatalytic proteaggotrypsin-like over trypsin-like activity of the proteasome. CEP1612
complex. This 20S proteasomp!,(700,000) associates with activa-was also shown to be cell permeable and inhibited the proteasome i
tors to form a 26S proteasomb/(2,000,000), which catalyzes theintact cells with an 1G, of 1 um. Initially, CEP1612 was shown to
ATP-dependent degradation of polyubiquitinated protein substratsieck MCH-1 antigen processing (18). Subsequently,eAral. (19)
(1-3). The multicatalytic complex has several proteolytic activitiesemonstrated that CEP1612 induces apoptosis in human prostaf?,
including chymotrypsin-like, trypsin-like, peptidylglutamylpeptide-reast, tongue, and brain cancer cell lines. Furthermore, they demoi-
hydrolyzing, small neutral amino acids-preferring, and branched chaimated that CEP1612 induced apoptosis in SV40-transformed but n(gt
amino acid-preferring activities. Among the proteasome substrates #ire parental normal human fibroblasts WI-38 (19). In addition, inhi- m
proteins intimately involved in the regulation of several importariition of the proteasome activity is sufficient to overcome Bcl-2- or & g
pathways including those of programmed cell death (apoptosis), detir-Abl-mediated drug resistance of tumor cells (19, 20). In th|5g
division cycle, signal transduction, and antigen presentation (reviewstddy, human lung adenocarcinoma A-549 cells were implanted s.c. i
in Refs. 4—8). Aberrant proteasome activity has been implicated rinde mice to evaluate whether CEP1612 can induce apoptosis artd
several pathological conditions such as cancer, muscular dystropinibit human tumor growtfin vivo.
emphysema, leprosy, and Alzheimer’'s disease (7, 9). Of particular
interest to us is the involvement of the proteasome in the degradatMaterials and Methods
of proteins pivotal to the cell division cycle and apoptosis in human

cancer cells. For example, the degradation by the proteasome O?ynthess of Dipeptidyl Proteasome Inhibitor CEP-1612.CEP1612 was
prepared according to the procedure reported previously (17), except for a key
modification in the synthesis of the NHerminal region. Benzyl cyclopenty-
A L ) lacetate was monoalkylated with 1,8-diiodooctane in tetrahydrofuran by so-
The costs of publication of this article were defrayed in part by the payment of pag h hvldisilazid 8°C. Sub h hthalimid
charges. This article must therefore be hereby maddertisemenin accordance with ium hexamethyldisilazide at7 ubstitution with potassium phthalimide
18 U.S.C. Section 1734 solely to indicate this fact. and deprotection of the benzyl ester produced the-Miminal derivative.
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CEP1612 INDUCES APOPTOSIS AND INHIBITS A-549 TUMOR GROWTH IN NUDE MICE

activation method. Final deprotection byNLHCI produced the aldehyde, p27<'"* and apoptosis as well as inhibit tumor growth of the human

CEP1612. lung adenocarcinoma A-548 vivo using the nude mouse xenograft
Cell Culture and Drug Treatment. Human lung adenocarcinoma A-549 model.

cells were purchased from American Type Culture Collection (Rockville, MD) T4 determine thein vivo apoptotic and antitumor activity of

and grown in Ham’s F-12K Nutrient Mix, containing 10% FBS, at 37°Cin ggp1612, we synthesized this molecule as described previously by
humidified incubator containing 10% GOTreatment of cells with the pro- Igbal et al. (17), using modifications of the route as described in

teasome inhibitor CEP1612 was performed as described previously (19). ,, . N ) . - L
Proteasome Activity Assay.Chymotrypsin-like substrate suc-Leu-Leu- Materials and Methods,” and confirmed its ability to inhibit protea-

Val-Tyr-AMC and 20S proteasome (recombinaidethanosarcina ther- SOMe activity (Elg. 1). CEP1612 |nh|b|t|on. of the chqutrypsm-hke
mophila, Escherichia coliwere purchased from Calbiochem (La Jolla, CA)Proteasome activity was demonstrated using a recombinant 20S pro-
For measurement of 20S proteasome actiiityitro, Suc-Leu-Leu-Val-Tyr- teasome and Suc-leu-leu-val-Tyr-AMC as substrate as described in
AMC (20 um), 0.5 ug of 20S proteasome, and inhibitor CEP1612 (0.05-1tMaterials and Methods.” Fig.B shows that CEP1612 inhibited the

um) were incubated in 100 of assay buffer (20 m HEPES, 0.5 mM EDTA, proteasome activity in a concentration-dependent manner withgn IC
and 0.035% SDS, pH 8.0) for 1.5 h at 37°C. Reaction samples were dilutedjo60 nv. Our IC,, is higher than Igbagt al. (17), and this could be

200 ul with assay buffer. Free AMC liberated by the substrate hydrolysis Wasacause of the fact that they used human brain 20S proteasomes and
quantified on a fluorometer (VersaFluor fluorometer; Bio-Rad, RiChmo”‘i’nethoxysuccinyI-GIu-VaI-Lys-Met-para-nitroanilide as substrate.

CA.) W't.h an excitation filter of .330 nm and an emission filter of 460 nm. Fc?f\/lore important, however, is the fact that CEP1612 synthesized by us
estimation of proteasome activity in tumor tissue extracts from nude mice

. . o
treated and untreated with CEP1612, tumor extracts £8) and 20 um was as potent a_s that synthesized b_y qitail. (17) when used in %
Suc-Leu-Leu-Val-Tyr-AMC were incubated in 20 of assay buffer (20 m whole cells against the breast carcinoma MCF-7 and SV40-transg
HEPES, 0.5 mM EDTA, pH 8.0) at specific time intervals at 37°C. Free AMdormed WI-38 (see below).
was quantified as described above. We next investigated whether CEP1612 inhibits proteasome active

Western Blotting. Whole-cell extraction and the enhanced chemiluminesty and induces apoptosis in cultured A-549 cells. A-549 cells werez
cence Western blot assay were performed as we described previously (&Bated with CEP1612 (30m) for 24 h and lysed, and the lysates were 2
Briefly, proteins were resolved by 15 or 8% SDS-PAGE gel and immungmmunoblotted with antibodies to p2£™ and p2¥'** as described
blotted with antibodies against caspase-3 (CPP32)\'p21(SX118), p2*™* iy “Materials and Methods.” pX1AFL and p2 P are two cyclin-

(G173-524; PharMingen, San Diego, CA), and PARP (Boehringer Mannheirgly o ndent kinase inhibitors that are known natural substrates for th
The ECL blotting system (NEN Life Science Products, Boston, MA) was use

for detection of positive antibody reactions. fﬁytrrlOII’)ipSIn-tllke.tﬁcg\llzltglogltge pro:tea(jsqmteh(ZS, 24). Fllgt".glovﬁsb t
Antitumor Activity in the Nude Mouse Tumor Xenograft Model. Nude awl;gf‘ ment wi P1 resufted n the accumuiation of bo
mice (Charles River, Wilmington, MA) were maintained in accordance with21 and p2F'”%. These data confirmed that CEP1612 inhibits

the Institutional Animal Care and Use Committee procedures and guidelines.
A-549 cells were harvested, resuspended in PBS, and injected s.c. into the right
and left flank (10x 10° cells/flank) of 8-week-old female nude mice as
reported previously (22). When tumors reached about 100—15% amimals
were dosed i.p. with 0.2 ml once daily. Control animals received a saline o ,I:I,\i
vehicle, whereas treated animals received injections of CEP1612 (10 mg/kg/ N
day). The tumor volumes were determined by measuring the lehgihd the | H
width (W) and calculating the volumeV(= Iw?2), as described previously e} O O
(22). statistical significance between control and treated groups was evaluated N NH
by using Student’s test P < 0.05). H 7
Effects of CEP1612 on Organ Proteasome ActivityThe ability of
CEP1612 to reach mice organs was determined by injecting nude mice with
CEP1612 (10 mg/kg i.p. once) and sacrificing the mice at times 0, 5, 15, 60, NO2
and 120 min after injection. Three mice were collected per time point. Livers, CEP1612
kidneys, and lungs were then collected and processed for proteasome acti
assay as described above for tumor proteasome activity measurements.
TUNEL Assay and Immunostaining. Apoptosis was determined by ~
TUNEL using anin situ cell death detection kit (Boehringer Mannheim).D 7000 -
Frozen sections were prepared from the treated and untreated tumors. %e
slides were fixed in paraformaldehyde (4% in PBS, pH 7.4). After rinsing with,
PBS and incubation in permeabilization solution, the tissues were cross reacgd 5000 4
with TUNEL reaction mixture (for 60 min at 37°C in a humidified chamber),'ﬁ" 4000 1
with converter-alkaline phosphatase solution (for 30 min at 37°C in a humiog
ified chamber), and with alkaline phosphatase substrate solution (Vector Laf- 3000
oratories, Burlington, MA, for 5-10 min). For the immunostaining of ¥21*
and p2¥'P1, the tumor frozen sections and slides were prepared as describ@d
for TUNEL assay; the anti-p242¥* or anti-p2¥'* antibody was applied to £ 1000
the slide. The reactions were analyzed by light microscopy. R
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CEP1612, a cell permeable dipeptidyl aldehyde proteasome inhib- CEP 1612 (uM)
itor, was initially designed and synthesized by Igkalal. (17) and Fig. 1. A, structure of the dipeptidyl proteasome inhibitor, CEP16B2CEP1612

_ : : inhibits the 20S proteasome activiip vitro. To determine whether the dipeptidyl
SUbsequemly shown to block MCH-1 antigen processing (18)' MopF_kf%teasome inhibitor CEP1612 blocks proteasome actiwitytro, a cell-free system was

recently, Anet al. (19) demonstrated that CEP1612 induced apoptosied by incubation of the inhibitor with a recombinant 20S proteasome Erooli and

in several human cancer cell lines and that normal cells were resistgimotrypsin-like substrate. The proteasome activity was determined as RFU by meas-
to CEP1612-ind d tosis. In thi t t evid thl'in with a fluorometer the fluorescence from the AMC cleaved product as described
0 -induced apoptosis. In this report, we present evViIdence;l0fy ierials and Methods.” Data are representative of three independent experiments.

the ability of CEP1612 to induce the expression of Y¥21' and Bars, sD.
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CEP1612 INDUCES APOPTOSIS AND INHIBITS A-549 TUMOR GROWTH IN NUDE MICE

we A N ¥ However, tumors from CEP1612-treated animals contained much
é? Q«‘? §-° Q’»\'? higher levels of these cyclin-dependent kinase inhibitors. Consistent

& & & & with our in vitro results of Fig. B, CEP1612 treatmenh vivo was

1, B also able to induce accumulation of 21t and p2¥'F*. Thus,
bl : " — CPP32 CEP1612 injected i.p. was able to reach the s.c.-implanted A-549

tumors and inhibit the intended target vivo. We next determined
. — n17/CPP32 whether CEF_>1612 also inhil'oi'Fed the_ proteasome_ actiyity in mice
- p organs. To this end, we have injected i.p. 15 nude mice with CEP1612
(10 mg/kg) and sacrificed the mice after 5, 15, 60, and 120 min (3
mice/time point). Livers, lungs, and kidneys were then processed for
— PARP proteasome activity assays as described in “Materials and Methods.”
__ p85/PARP CEP1612 inhibited potently (80%) liver proteasome activity within 5
min of treatment. In contrast, kidney proteasome activity was inhib-
o 2, The prtecsome r CERLO12 esute i ccuruaton ofcyci depencited by only 56 2 h after CEP1612 injection. Lung proteasome
the cycIin—depengent kinase i'?1hibitors YofL and pg?(")m in A-549 cells treated either activity was not affected by CEP1612 treatment (Fig).4 .
with DMSO vehicle or 30um CEP1612 for 24 h is shown. Whole-cell extracts were | he above results demonstrated that CEP1612 reaches its target and
prepared and analyzed by Western blot using antf21 and anti-p2#'"* antibodies.  jnhibits human tumor growttn vivo. Whether this inhibition of tumor §
5 elalon o cspase. and stmaton of PARE leauage In =40 cote e Wilowth is atirbutable to induction of apoptosis was next determined g
PARP antibodies. The full-length PARP aMj 85,000 fragmentp85/PARP)as wellas  Tumor specimens from control and CEP1612-treated animals werg

pro-CPP3CPP32)and activated fornfp17/CPP32)are indicated. Data are represent—processed for TUNEL assay as described in “Materials and Methods.B
ative of two independent experiments.

i

proteasome activity in A-549 cells. Previously, Anal. (19) reported A
that CEP1612 induces apoptosis in human breast, prostate, brain, and 7>
head and neck cancer cell lines. To determine whether CEP1612
induces programmed cell death in A-549 cells, we exposed these cells
to CEP1612 and determined its ability to induce processing and
activation of caspase-3 and cleavage of PARP as described in “Ma-
terials and Methods.” Fig. B shows that treatment with CEP1612
resulted in the processing of caspase-3, as evident from the CEP1612-
dependent generation of the pl17 form from the CPP32 form. Simi-
larly, CEP1612 treatment also resulted in the cleavage of PARP to its
p85 proteolytic fragment (Fig.B). The 1C,, of CEP1612 to induce
PARP cleavage in A-549, MCF-7, and SV40-transformed WI-38 was

1 pm and similar to what Aret al. (19) reported previously.

The data described above clearly demonstrate that the proteasome
inhibitor CEP1612 induces apoptosis in cultured A-549 cells. To Doys
determine CEP1612 antitumor efficacy and its ability to induce ap-
optosisin vivo, we implanted A-549 cells s.c. in nude mice, and when
the tumors were palpable (100—-150 fmthe mice were either
treated with vehicle control or CEP1612 (10 mg/kg/day, i.p.). After 1
month of daily treatment, the A-549 tumors were removed and pro-
cessed for inhibition of proteasome activity and TUNEL as well as
p21VAFt and p2¥'F* immunostaining as described in “Materials and
Methods.” Fig. 2\ shows that tumors from control animals grew to an
average size of 285.3- 26.0 mn?. In contrast, tumors from
CEP1612-treated animals grew to an average size of only
176.4 + 36.6 mnt. Thus, treatment with CEP1612 resulted in a
statistically significantP < 0.05), 68% tumor growth inhibition (Fig.
3A). To demonstrate that the proteasome activity of A-549 tumor cells
was inhibitedin vivo, tumor extracts were incubated with purified 0 30 60 90 120
peptide substrate for various periods of time, and the chymotrypsin-
like activity of the proteasome was assayed as described in “MaterialsFi 3.A, antitumor efficacy of CEP1612 against human lung adenocarcinoma A-549
and Methods.” Fig. B shows that tumor extracts from control animal%enog-raﬁs in nude mouse. A¥549 cells were%njected s.c. at dgy 0 into the right and left
contained proteasome activity that reached 2000 RFUs over 120 niiinks (10 X 10° cells/flank) of 8-week-old female nude mice. When the tumor size
In contrast. tumor extracts from CEP1612-treated animals contairfégfhed an average of 125 mnanimals (five mice/group) were treated i.p. daily either

’ . with vehicle @) or CEP1612 (10 mg/kgY¥) for 31 days, and tumor volumes were
Only 1050 RFUs, demonStratmg that CEP1612 treatment resu“edjé'ﬂarmined as described in “Materials and Methods.” Data are representative of two
43% inhibition of proteasome activityn vivo (Fig. 3B). To further independent expgriments. Statistical significance between control and tre;atefd‘groups were
document that CEP1612 inhibited the proteasome activity, we né¥Fiech 2 P8 ECiiios B s GO, Bt o e desribedit he end
determined by immunostaining whether treatment of nude mice Wighexperiment, tumor specimens were dissected, frozen, and sectioned. Then tumor
this molecule resulted in the accumulation in the A-549 tumors of twastracts from CEP1612 treated), untreated §), or BSA control @) were incubated

. F1 Pl with purified chymotrypsin-like substrates at various times (0—-120 min), and the protea-
of its natural substrates, p‘2’ and p27( ' Flg' 4A shows that some activity was determined using a fluorometer as described in “Materials and Meth-

tumors from control animals have low levels of B2¥* and p27'F1.  ods.” Data are representative of two independent experimBats, SD.
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Fig. 4. CEP1612 accumulates the cyclin-dependent kinase inhibito¥$}52and p27'®* and induces apoptosis vivo. A,A-549 xenografts in nude mice were treated and prepared kS
as described in the Fig. 3 legend, and immunostaining was performed by using afifg2ind anti-p27'"* antibodiesB, to determine whether administration of CEP1612 induces 3.
apoptosis of A-549 cellf; vivo, nude mice bearing A-549 tumors were treated either with vehicle (DMSO) or CEP1612 (10 mg/kg/day, i.p.) for 31 days and sacrificed, and tu&nor
specimens were dissected, frozen, and sectioned; apoptosis was detected isBigidUNEL assay as described in “Materials and Methods.” Areas of the tumor that are apoptoti€3
show dark nuclear staining, and 227 and p2¥'®* also show intense staining. The fields shown:ar&00.C, to determine whether CEP1612 inhibits the intense proteasome activity X
in mice organs, we treated the mice with CEP1612 for various periods of time and collected lungs, livers, and kidneys and measured their profégssndesatbed in “Materials
and Methods.” Data are representative of two independent experiniars;SD.
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TUNEL analysis demonstrated that A-549 tumors from vehicle cogreater plasma levels may be required. Alternatively, a subpopulation
trol-treated animals contain no apoptotic cells (FiB).4n contrast, of the tumor cells may be resistant to the proteasome inhibitor.
tumor cells from animals treated with CEP1612 were apoptotic. ThuEherefore, the long-term effect on tumors may be tumor growth delay
CEP1612 treatment resulted in the induction of massive apoptosigéather than tumor regression. With regard to side effects, over the
A-549 tumorsin vivo. 31-day period of daily i.p. treatment, no overall gross toxicity was
Taken together, our data demonstrate that treatment of A-5dBserved. Indeed, animals treated with CEP1612 (10 mg/Kg/day; 31
tumor-bearing nude mice i.p. with CEP1612 resulted in inhibition afays) showed no weight loss, decreased activity, or anorexia. This is
the proteasome activity in these tumors, accumulation of cyclinensistent with previous studies from &nal. (19) that demonstrated
dependent kinase inhibitors, induction of programmed cell death, athét in cultured cells, human cancer cells were sensitive whereas
significant inhibition of tumor growth. However, despite induction ohormal cells were resistant to CEP1612-induced apoptosis. However,
apoptosis, no tumor regression was observed, suggesting possibly thiatpharmacodynamic studies demonstrated that the proteasome in-
1283
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hibitor was able to reach several organs and inhibit their proteasomeinduces accumulation of ubiquitin-protein conjugates in a neuronal cell. J. Neuro-

L. . . . : chem.,63: 1578-1581, 1994,
activity. Therefore, more detailed microscopic and macroscopic p . Rock, K. L., Gramm, C., Rothstein, L., Clark, K., Stein, R., Dick, L., Hwang, D., and

thology studies are required to document the lack of toxicity of this Goldberg, A. L. Inhibitors of the proteasome block the degradation of most cell

proteasome inhibitor. proteins and the generation of peptides presented on MHC class | moleculegsCell,
. : 761-771, 1994.
Recently’ Orlowsket al. (25) and Adamset al. (26)‘ US_II_‘lg struc- 13. Spaltenstein, A., Leban, J. J., Huang, J. J., Reinhardt, K. R., Viveros, O. H., Sigafoos,
turally unrelated molecules, also demonstrated the ability of protea- J., and Crouch, R. Design and synthesis of novel protease inhibitors tripeptide

some inhibitors to inhibit tumor grovvth. Orlowskt al. (25) showed o',B'-epoxyketones as nanomolar inactivators of the proteasome. Tetrahedron Lett.,

e . X . 37:1343-1346, 1996.
that trgatment of Burkitt's Iymphoma-bearmg nude mice with Z_LLF14. Adams, J., Behnke, M., Chen, S., Cruickshank, A. A., Dick, L. R., Grenier, L.,
CHO inhibited tumor growth by 42%. Similarly, Adan&t al. (26) Klunder, J. M., Ma, Y. T., Plamondon L., and Stein, R. L. Potent and selective
showed that the dipeptide boronic acid PS-341 inhibited by 60% the inhibitosrg c;-fgtgg proteasome: dipeptidyl boronic acids. Bioorg. Med. Chem. Bett.,
growth in nude mice of the prostate cancer cell line PC-3. The fact that |um, r. T., Kerwar, S. S., Meyer, S. M., Nelson, M. G., Schow, S. R., Shiffman, D.,

three structurally unrelated proteasome inhibitors can inhibit human Wwick, M. M., and Joly, A. A new structural class of proteasome inhibitors that prevent

i ; ; NF-« B activation. Biochem. Pharmacd@5: 1391-1397, 1998.
tumor grovvthln VIYO 9"_’93 strong suppqrt for proof of concept (_)fle. Bogyo, M., Shin, S., McMaster, J. S., and Ploegh, H. L. Substrate binding and
using proteasome inhibitors as novel anticancer drugs. The remainingsequence preference of the proteasome revealed by active-site-directed affinity
challenge is to design more potent and selective proteasome inhibi-probes. Chem. Biol5: 307320, 1998.

. . . . . Igbal, M., Chatterjee, S., Kauer, J. C., Das, M., Messina, P., Freed, B., Biazzo, W.,
tors, with optlmal pharmaCOKInetlc proﬁles to suppress human tum]07r and Siman, R. Potent inhibitors of proteasome. J. Med. CH#8n2276-2277, 1995. o

growth without toxicity in clinical settings. 18. Harding, C. V., France, J., Song, R., Farah, J. M., Chatterjee, S., Igbal, M., and Simarg
R. Novel dipeptide aldehydes are proteasome inhibitors and block the MHC-I anti-3
Acknowledgments gen-processing pathway. J. Immundi55: 1767-1775, 1995. a

Q
19. An, B., Goldfarb, R. H., Siman, R., and Dou, Q. P. Novel dipeptidyl proteasome%
We thank the Pathology Core facility at the H. Lee Moffitt Cancer Center inhibitors overcome Bcl-2 protective function and selectively accumulate the cyclin- S

: : : o dependent kinase inhibitor p27 and induce apoptosis in transformed, but not norm
and Research Institute for processing the immunostaining samples. human fibroblasts. Cell Death Diffei5: 10621075, 1998.
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