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A B S T R A C T

Small molecule inhibitors (SMIs) of murine double minute 2 (MDM2) are known to restore

the apoptotic and cell cycle regulatory functions of p53 by disrupting the MDM2–p53 inter-

action. In principle, these SMIs are not effective against tumours with mutation in the

tumour suppressor p53 (mut-p53), which is known to be present in approximately 50% of

all cancers. In this study we are reporting, for the first time, that MI-319 in combination

with cisplatin induced cell growth inhibition and apoptosis in pancreatic cancer (PC) cells

irrespective of their p53 mutational status. MI-319–cisplatin combination synergistically

suppressed cell growth (MTT Combination Index [CI] < 1) and colony formation (clonogenic

assay) and induced apoptosis. Western blot analysis and siRNA silencing studies in mutant

as well as p53 null cells highlighted a mechanism involving p73 which is also known to be

under the regulation of MDM2, and unlike p53, it is rarely mutated in PC. Down-regulating

MDM2 using siRNA enhanced p73 reactivation and increased cell death. Further, the com-

bination effectively reduced tumour growth in both wt-p53 and mut-p53 tumour xenograft

models (50% Capan-2 animals were tumour free). Consistent with our in vitro results, rem-

nant tumour tissue analysis showed up-regulation of p73 and the cell cycle regulator p21.

In conclusion, this study highlights a new role of MDM2 inhibitors in combination with

cisplatin, and thus warrants further clinical investigation in human pancreatic tumours

containing both wt-p53 and mut-p53.
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1. Introduction

Pancreatic cancer (PC) is a deadly disease and is considered to

be among the most intractable malignancies as it is refractory

to the conventional chemotherapeutics and radiation.1

Among the various genetic alterations in PC, mutation in the

tumour suppressor p53 (mut-p53) gene has been reported to

be about 50%.2 In the remaining 50%, the p53 is normal (wild

type), but its function is inhibited by MDM2 (murine double

minute 2) protein whose key role is to promote ubiquitination

and proteasomal-dependent degradation of p53.3 Therapies

that are based on restoring p53 function by blocking MDM2

using small molecule inhibitors (SMIs) have by far been effec-

tive in inducing growth arrest and apoptosis in cells in culture

as well as in different animal model system via the activation

of wt-p53 pathway.4–6 Our laboratory has been working on a

new class of MDM2 inhibitors (MI-319 and MI-219) and assess-

ing its effects on PC showing induction of cell growth inhibi-

tion, apoptosis and tumour growth arrest. However, the

therapeutic applicability of blocking MDM2 by such inhibitors

including Nutlin-3 has been focused on its activity in wt-p53

tumours and very modest information is available on the role

of other MDM2-regulated proteins such as the role of p73 espe-

cially in PC. Interestingly, recent evidences suggest that all p53

family proteins may cooperate in preventing tumour forma-

tion and this is proven by the observation that p63- and p73-

deficient cells are resistant to p53-induced apoptosis.7–9

P73 appears to be an important protein, which is also un-

der the influence of MDM2 and shares a high degree of se-

quence homology to p53.10 Although p73 has been

implicated in developmental biology, there is ample evidence

suggesting that, at least in part, the function of p73 may clo-

sely resemble that of p53.11,12 Indeed, like p53, p73 induces G1

cell growth arrest, activates the transcription of some endog-

enous p53 target genes such as p21Waf1/Cip1, mdm2, bax, cy-

clin G13–15 and induces apoptosis irrespective of p53

status.1,4 Most significantly, p73 has been shown to be a key

determinant of cellular sensitivity to anticancer therapeutics,

and is widely induced by chemotherapeutic agents in a vari-

ety of tumour cell lines particularly in tumours lacking

p53.16 Several studies have shown that p73 is activated by

DNA-damaging agents, including anthracyclines, topoisomer-

ase I inhibitors and cisplatin.17–20 Importantly, not all cells

demonstrate the activation of p73 in response to each of these

DNA-damaging agents, and thus the p73-dependent response

to drugs is likely dependent on the cellular context including

the presence or absence of functional p53. Among chemo-

therapeutic agents, cisplatin, docetaxel (Taxotere) and doxo-

rubicin (Adriamycin) have been frequently used for the

treatment of cancers including prostate, breast, lung and pan-

creatic cancers, alone or in combination with other agents.21–25

Several clinical trials have reported that these agents, used in

combination with other drugs, show improved outcomes in

objective response rates and survival in pancreatic cancer

(El-Reyes and Philip 2003).26 Since both p53 and p73 have been

implicated in cell response to cisplatin, the aim of the present

study was to explore role of p73 in MDM2 inhibitor-cisplatin

mediated anti-tumour effects in PC cells lacking functional

p53 than in PC cells having wt-p53.
2. Materials and methods

2.1. Cell culture, experimental reagents and chemicals

Human PC cell lines Capan-2, BxPC-3, Colo-357 and Panc-28

were purchased from ATCC. The cell lines have been tested

and authenticated in core facility Applied Genomics Technol-

ogy Center at Wayne State University on 13th March 2009. The

method used for testing was short tandem repeat (STR) profil-

ing using the PowerPlex� 16 System from Promega (Madison,

WI). Primary antibodies for p53, p73 and p21 were purchased

from Cell Signaling. All secondary antibodies were obtained

from Sigma (Saint Louis). MI-219 and MI-319 were synthe-

sized by using our previously published methods.27,28

2.2. Cell growth inhibition studies by MTT assay

The cells Capan-2, Colo-357, BxPC-3 and Panc-28 (3 · 103) were

seeded in a 96-well culture plate and treated with MI-319 (0 or

15 lM) or cisplatin (1 lM) or combination of both for 72 h and

MTT assay was done as described earlier.29 The results were

plotted as mean ± SD of three separate experiments having

six determinations per experiment for each experimental

condition. Clonogenic assay for cell survival on Colo-357,

HPAC and Capan-2 was performed according to the previously

described methods.30

2.3. Trypan blue exclusion test

Panc-28, Colo-357 and Capan-2 cells were treated with either

MI-319 (15 lM), cisplatin (1 lM) or their combination for 24 h.

On completion of incubation, viability was assessed after

adding 50 lL trypan blue solution (0.4% in PBS) in culture

medium.

2.4. siRNA and transfections

The p73 siRNA, p21WAF1 siRNA, MDM2 siRNA and control siR-

NA were obtained from Cell Signaling. Colo-357 cells were

transfected with respective siRNAs for 5 h using Lipofect-

AMINE 2000 as described in the manufacturers protocol (Cell

Signaling).

2.5. Quantification of apoptosis by Annexin V FITC flow
cytometry and ELISA

The cell apoptosis in Capan-2, Colo-357, BxPC-3 and Panc-28

post MI-319 (15 lM) alone; cisplatin (1 lM) alone or their com-

bination treatment (for 72 h) was determined using Annexin

V FITC apoptosis kit (Biovision Research Products) and ELISA

detection kit (Roche, Palo Alto, CA) according to manufac-

turer’s protocol.

2.6. Western blot analysis

Panc-28, Colo-357, Capan-2 and BxPC-3 cells were treated

with either MI-319 (15 lM) or cisplatin (1 lM) or their combi-

nation for 20 h followed by extraction of protein for Western

blot analysis. Procedure for cells lyses, protein concentration
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determination and SDS–PAGE analysis has been described in

our previous publication.29

2.7. Animal preclinical efficacy trail design

All in vivo studies were conducted in accordance with Wayne

State University approved animal care and ethics committee

guidelines and procedures. Capan-2 and BxPC-3 xenograft

were generated using our well-established methods.29 To en-

sure randomness, 32 animals that were transplanted bilater-

ally with 30 mg tumour fragments (one week earlier) were

pooled in a single cage. Four groups, each containing 8 ani-

mals were assigned as follows: control (Vehicle only), MI-319

treated 200 mg/kg orally twice a day for three weeks, cisplatin
Fig. 1 – MI-319–cisplatin combination induces cell growth inhib

trypan blue exclusion assay for the loss of viability in Panc-28,

concentrations. (B) Evaluation of effect of MI-319–cisplatin comb

Capan-2 and Colo-357 cells after 72 h treatment at indicated con

cisplatin combination (CI < 1 is considered synergistic). (C) Micro

and Capan-2) at indicated treatments and evaluated by the clono

reduction in the colony formation in the combination compared

of Colo-357, Capan-2 and BxPC-3 cells post indicated treatment
treated 4 mg/kg (intravenous [i.v.]) twice a week for two weeks

and combination (MI-319 200 mg/kg orally + cisplatin 4 mg/

kg). Tumour weight was recorded throughout the treatment

period using the previously described methods.29 At the end

of the treatment period, animals were euthanized and their

tumours harvested for protein isolation and Western blot

analysis.

2.8. Statistical analysis

Statistics was evaluated using GraphPad StatMate software

(GraphPad Software, Inc.). Comparisons were made between

control and treated groups and transfections. P < 0.05 or

P < 0.01 was used to indicate statistical significance.
ition in PC cells irrespective of p53 functional status: (A)

Colo-357 and Capan-2 cells treated for 72 h at indicated

ination on cell viability by MTT assay in BxPC-3, Panc-28,

centrations. Lower panels isobologram analysis of MI-319–

photographs of cell survival of PC cell lines (Colo-357, BxPC-3

genic assay. In all the cell lines tested there was a significant

to cells treated with either drug alone. (D) Microphotograph

s for 72 h. *, P < 0.05; **, P < 0.01.
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3. Results

3.1. MI-319-mediated effects on PC cells were enhanced by
cisplatin in reducing cell viability and inhibition of cell
growth/survival irrespective of p53 function

The combination studies of MI-319 with cisplatin have never

been done on PC cells with mut-p53, we therefore tested

whether MI-319 could synergize with cisplatin leading to en-

hanced suppression of cell viability and survival as assessed

by trypan blue, MTT and clonogenic assays. As can be seen

from the results of Fig. 1A in Panc-28 and colo-357 cells MI-

319 or cisplatin (at 15 lM and 1 lM, respectively) alone did

not induce any appreciable loss of cell viability (only 10-15%

in Panc-28 and Colo-357). However in the combination we ob-

served drastic growth inhibition (greater than 60%). As ex-

pected capan-2 that is wt-p53 was responsive to MI-319

alone at the concentrations tested and the combination re-

sulted in even more pronounced loss of viability. We then
Fig. 2 – MI-319–cisplatin combination induces apoptosis in PC c

Colo-357, BxPC-3 and Panc-28 cells post indicated treatments fo

combination (CI < 1 synergistic). (B) (upper panel) Apoptosis ana

under indicated treatments in BxPC-3, Colo-357 and Capan-2 ce

cisplatin combination.
tested growth inhibition using MTT assay and our results pre-

sented in Fig. 1B clearly show that MI-319 alone or cisplatin

alone does not show appreciable inhibition of cell viability

(except for Capan-2 which contains wt-p53). However, in the

combination group, we observed more pronounced suppres-

sion of cell viability, and isobologram analysis revealed a syn-

ergistic combination effect between MI-319–cisplatin (Capan-

2 confidence interval [CI] = 0.44; Colo-357 CI = 0.43; BxPC-3

CI = 0.84 and Panc-28 CI = 0.64) (Fig. 1B lower panel).

In order to further determine the effect of MI-319 and cis-

platin on cell growth, we performed clonogenic assay. The

combination of MI-319 and cisplatin resulted in a significant

inhibition of colony formation in Colo-357, Capan-2 and

BxPC-3 cells when compared with either agent alone

(Fig. 1C). Further, microphotographs were taken post MI-

319, cisplatin or combination treatment which also showed

a similar trend (Fig. 1D). The consistent results from trypan

blue, MTT and clonogenic assay data as shown in Fig. 1A–

D confirm that MI-319 in combination with cisplatin is
ells: (A) (left panel) Histone DNA/ELISA analysis of Capan-2,

r 72 h. (right panel) Isobologram analysis of MI-319–cisplatin

lysis by Annexin V FITC flow cytometry analysis at 72 h

lls. (lower panel) Representative % apoptosis by MI-319–
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effective against PC cells irrespective of p53 function. We

then studied the combination effects of MI-319 and cisplatin

on apoptotic cell death in Capan-2, Colo-357, BxPC-3 and

Panc-28 cells.

3.2. Induction of apoptosis by MI-319, cisplatin and the
combination

The underlying mechanism on the inhibition of cell viability

was investigated by determining apoptosis. Results of Histone

DNA ELISA concur with our earlier data, and we found that MI-

319 (15 lM at 72 h) alone induces apoptosis only in Capan-2

cells (Fig. 2A; left panel) and not in BxPC-3, Panc28 or Colo-

357 cells. However, when combined with cisplatin, we found

synergistic induction of apoptosis in all the cell lines tested

(CI < 1 in all cases Fig. 2A; right panels). We also verified apop-

tosis by Annexin V FITC flow cytometry assay and found simi-

lar results as shown in Fig. 2B. Subsequently, we sought to find

the molecular mechanism for the induction of apoptosis Panc-

28, Colo-357, Capan-2 and Colo-357 cells as presented below. It

is interesting to note that MI-319 also synergized with oxalipl-

atin that resulted in enhanced growth inhibition and apoptosis

in the combination treatment in mut-p53 PC. However, this

manuscript focuses on MI-319–cisplatin combination.
Fig. 3 – MI-319–cisplatin combination induces p73 in cells with

p53 and p21 in Panc-28, Capan-2, Colo-357 and BxPC-3 cells de

treatments. (B) Western blot analysis of lysates of Colo-357 cells

for 5 h. Note MDM2 down-regulation results in p73 activation.
3.3. MI-319–cisplatin combination activates p73 in cells
with dysfunctional p53

In principle, MDM2 inhibitors are not effective in tumours with

dysfunctional p53. This is proven by our results as we do not

find any cell growth inhibition and apoptosis with MI-319 alone

in all the cell lines tested (BxPC-3, Colo-357 and Panc-28).

Therefore, mechanism behind the observed cell growth inhib-

itory and apoptotic activity of the MI-319–cisplatin combina-

tion was further investigated using Western blot analysis. As

can be seen from the results, MI-319 induces the MDM2-regu-

lated p73 in cells with mut-p53, and that the induction of p73

was further enhanced in the combination treatment with cis-

platin (Fig. 3A). The p21WAF1 is a key cell cycle regulator which

is under the transcriptional control of p53 family members of

proteins, and we found that p21WAF1 was up-regulated in the

combination treatment group. Further, we also used siRNA to

down-regulate MDM2 and see the effect on p73. As expected

siRNA silencing of MDM2 resulted in up-regulation of p73

(Fig. 3B). This proved that the observed up-regulation of p73

was indeed a consequence of MDM2 down-regulation by MI-

319. These results clearly show that MDM2 inhibitor can reac-

tivate p73, which is responsible for cell growth inhibition and

induction of apoptosis induced by MI-319 and cisplatin. We
functional and non-functional p53. (A) Protein levels of p73,

tected by Western blot analysis post 20 h at indicated

was treated with either DMSO, control siRNA or MDM2 siRNA
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subsequently tested whether blocking p73 using siRNA could

abrogate the cell growth inhibitory and apoptotic inducing po-

tential of MI-319–cisplatin combination treatment.

3.4. siRNA against p73 and p21 blocks apoptotic activity
of MI-319–cisplatin in mut-p53 Colo-357 cells

To verify the role of p73 and downstream cell cycle regulator

p21 in the induction of cell growth inhibition and apoptosis

by MI-319–cisplatin combination, we first incubated mut-p53

Colo-357 cells with p73 or p21 siRNA for 5 h followed by incu-

bation with MI-319–cisplatin combination and assayed cell

growth inhibition and apoptosis using MTT, Histone DNA ELI-

SA and Annexin V FITC assay. As can be seen from the results

of Fig. 4A growth inhibition by MI-319–cisplatin combination

could be abrogated by p73 and p21 siRNA.

Furthermore, Histone DNA ELISA and Annexin V FITC flow

cytometry confirmed that indeed treatment of cell with p73 or

p21 siRNA could block the apoptotic potential of MI-319–cis-

platin combination (Fig. 4A; middle and lower panels). Fur-

ther, microphotograph of Colo-357 cells was in line with

MTT and apoptosis results of Colo-357 where we observed en-
Fig. 4 – siRNA against p73 and p21 abrogates MI-319–cisplatin m

inhibition and apoptosis analysis by MTT, histone DNA/ELISA a

treated with DMSO; MI-319 15 lmol/L + cisplatin 1 lmol/L comb

siRNA and combination + p21 siRNA. (B) Microphotograph of Co

Western blot analysis showing downregulation of p73 and p21 p

**, P < 0.05.
hanced cell death in combination group which was sup-

pressed by siRNA treatment. To verify p73 and p21 down-

regulation by siRNA, Western blot analysis was performed

on lysates from respective treatments and as can be seen

from Fig. 4C indeed both p73 and p21 were effectively

down-regulated post siRNA treatment. In order to gain further

insight and provide direct proof in support of p53 indepen-

dent mechanism of action of the combination of MI-319 and

cisplatin, we tested the effect of MI-319–cisplatin combina-

tion in a non-pancreatic cancer cell line lacking p53 (HCT

116–/– obtained from Dr. Vogelstein at Johns Hopkins). As

can be seen from MTT, Histone/DNA ELISA and Annexin V

FITC apoptosis results on HCT-116 (p53 null) cells post p73

siRNA presented in Fig. 5A, the combination was effective in

inducing growth inhibition and apoptosis but was ineffective

in the p73 siRNA-treated groups. Western blot analysis con-

firmed up-regulation of p73 and p21 by MI-319, cisplatin and

combination treatment. Together, these results provided di-

rect evidence, for the first time, showing that p73 is involved

in cell growth inhibition and induction of apoptosis induced

by MI-319–cisplatin combination treatment but not p53. We

subsequently tested whether this combination could work
ediated cell growth inhibition and apoptosis. (A) Cell growth

nd Annexin V FITC flow cytometry analysis of Colo-357 cells

ination; combination + control siRNA; combination + p73

lo-357 cells treated for 72 h under similar conditions and (C)

ost respective siRNA treatment in Colo-357 cells. ***, P < 0.01;
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in animal xenograft models induced by both Capan-2 and

BxPC-3 cells.

3.5. Oral administration of MI-319 enhanced the
therapeutic effect of cisplatin mediated via p73 dependent
mechanism in PC xenografts

In order to study the clinical relevance of our MI-319–cisplatin

combination, we used two PC xenograft tumour models (Ca-

pan-2 wt-p53 and BxPC-3 mut-p53). As expected, oral admin-

istration of MI-319 alone suppressed tumour growth only in

Capan-2 and not in BxPC-3 xenografts. Intravenous adminis-

tration of cisplatin (4 mg/kg twice a week for two weeks) re-

sulted in a nominal suppression of tumour growth in both

models. Although the anti-tumour efficacy was more pro-

nounced in wt-p53 xenografts yet MI-319–cisplatin could sig-

nificantly suppress tumour growth in mut-p53 model

(P = 0.001 when compared to cisplatin alone treated group).

Of greater importance is the observation that 50% Capan-2

mice were tumour free (Fig. 6A). To further elucidate the

molecular mechanism involved in MI-319–cisplatin combina-

tion, Western blot on tumour tissue lysates was performed.

Fig. 6B shows that tissue p73 was elevated along with its

downstream cell cycle regulator p21WAF1 in both Capan-2

and BxPC-3 tumour samples. These results provide in vivo

support which is consistent with in vitro results in support

of the involvement of p73 rather than p53 in mediating the

anti-tumour activity of MI-319–cisplatin combination in PC.
Fig. 5 – MI-319–cisplatin induces cell growth inhibition and apop

(A) HCT116 (p53 null) cells were exposed to indicated treatment

(top panel). Apoptosis was assessed by Histone/DNA ELISA at 7

panel). (B) Western blot analysis of of HCT116 (p53-null) cells ex
4. Discussion

To our knowledge this is the first report showing activity of

MDM2 inhibitor in combination with cisplatin against PC cells

irrespective of p53 status. The ability of p73 to be up-regulated

by MDM2-cisplatin combination and mediating the p53-inde-

pendent anti-tumour effects could be a reflection of its more

pervasive role compared to mutant p53 in pancreatic tumo-

urigenesis than has currently been believed. Our interesting

and novel animal studies and supportive in vitro data provide

confidence towards testing a potent anti-tumour combination

(MI-319–cisplatin) for PC patients in the clinical setting.

In recent years small molecule inhibitors of MDM2 have

been exhaustively pursued as anti-tumour agents for wt-p53

tumours.31–36 However, such inhibitors have their use re-

stricted to only 50% of the tumour population harboring wt-

p53.37,38 In the other half of tumours, mutations or complete

absence of p53 renders MDM2 inhibitors of no use, and thus

newer agents for this large tumour population is urgently

needed. The protein p73, which is a functional homologue

of p53 drew the attention of tumour biologists because it is

rarely mutated in human cancers and can induce cell cycle ar-

rest and apoptosis by activating genes that are also regulated

by p53.39 Further, it is well established that p73 is also under

the influence of MDM2, and thus making it an ideal target

candidate by MDM2 inhibitors in tumours where p53 is dereg-

ulated.40 Thus we believe agents that induce p73 in combina-

tion with MDM2 inhibitors would be an attractive therapy. To
tosis in p53 null cells through the activation of p73 pathway.

s. Cell growth inhibition was assessed by MTT assay at 72 h

2 h and Annexin V FITC assay at 72 h (middle and lower

posed to indicated treatments for 20 h.



Fig. 6 – MI-319–cisplatin combination suppresses tumour growth irrespective of p53 status. (A) (right and left panels) Mice

tumour weight post indicated treatment. (B) Western blots analysis for p73 and p21 on lysates isolated from tumours

harvested from mice of different treatment groups showing loss up-regulation of p73 and p21. (C) Photographs of isolated

tumours post treatment (1) vehicle only; (2) MI-319; (3) cisplatin and (4) combination as indicated in Section 2.
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that end cisplatin is an ideal candidate because it is a widely

used chemotherapeutic agent and a known inducer of both

p53 and p73.41 Its use in conjunction with an agent such

MI-319 certainly holds logical promise because the mecha-

nism of action of both drugs involves the activation of p53

(or its family members) effector pathways.

Indeed our results clearly showed, for the first time, that

MI-319 in combination with cisplatin could induce drastic cell

growth inhibition and apoptosis in PC cells irrespective of p53

function. This combination worked in a synergistic manner,

which was confirmed by isobologram analysis (CI < 1 in all

cases). Mechanistically, MI-319–cisplatin combination in-

duced apoptosis through up-regulation of p73 in PC cells har-

boring mutant p53. The MI-319–cisplatin combination also

activated pathways that are downstream of p73 including

the important cell cycle regulator p21WAF1. Most significantly

the induction of cell growth inhibition and apoptosis in p53

null system (HCT 116 cells with homozygous deletion of

p53; p53–/–) through a similar mechanism further reiterated

the p53 independent mode of action of MI-319–cisplatin com-

bination. We also used siRNA silencing studies to verify the

exclusive role of p73 in cell killing and found that knockdown
of p73 could block the cell growth inhibitory and apoptotic

inducing potential of MI-319–cisplatin combination. Interest-

ingly MDM2 siRNA knockdown also resulted in p73 up-regula-

tion which confirms that MDM2 blocks p73 function which

can be re-activated by inhibitors such as MI-319. In order to

substantiate the clinical relevance of our studies, we tested

MI-319–cisplatin combination in two xenograft tumour mod-

els of PC consisting of both wild type and mutant p53. Consis-

tent with our in vitro results, the combination suppressed

tumour growth in both Capan-2 (50% tumour free) and

BxPC-3 xenografts more potently compared to MI-319 or cis-

platin alone. Further confirmation regarding the involvement

of p73 came from the tumour tissue protein analysis which

showed up-regulation of p73 and p21WAF1.

Recent findings clearly demonstrated that p53-dependent

apoptosis in response to DNA damage is impaired in cells

lacking p73, indicating that p73 is critical component of the

apoptotic response to DNA damage.8 Moreover, emerging evi-

dence strongly suggests that the pro-apoptotic activity of p73

is regulated through a pathway distinct from that used by p53.

As p53 and p73 share extensive structural and functional sim-

ilarities, they have overlapping as well as distinct biological
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functions. Similar to p53, p73 is induced and accumulated in

response to a subset of DNA-damaging agents such as cis-

platin; however, the regulatory mechanisms of the pro-apop-

totic activity of p73 are distinct from those used by p53. In

addition, p73 might enhance the chemosensitivity of tumour

cells to conventional DNA damaging agents. Therefore, p73

alone or in combination with the other p53 family members

might provide a clue in overcoming chemo-resistance in tu-

mour cells, the typical feature of PC.

Pancreatic cancer is particularly resistant to apoptosis in-

duced by anti-neoplastic agents such as gemcitabine and cis-

platin, which is partly attributable to the lack of functional

p53. To this end, it has been shown that E2F1 in combination

with the most clinically efficient drug, gemcitabine, resulted

in a strong induction of apoptosis independent of functional

p53.42 This therapeutic effect was directly correlated with

the induction of p73, suggesting that the E2F1/p73 pathway

plays a critical role in PC therapy. Therefore, the data pre-

sented herein provide compelling evidence in support of the

role of p73 rather than p53 in mediating the anti-proliferative

and pro-apoptotic effects of MDM2 inhibitor when combined

with cisplatin and, as such, provide useful information for the

development of combinatorial therapy for the treatment of PC

with both functional and non-functional p53. In conclusion,

our studies clearly suggest that the combination of MI-319

with cisplatin would become a universal therapeutic strategy

for the treatment of the majority of the human pancreatic tu-

mours in the future.
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