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Abstract. - OBJECTIVE: To investigate the ef-
fect of metformin (MET) on enhancing the sensi-
tivity of human pancreatic cancer cells to gemcit-
abine (GEM) by regulating the phosphatidylinosi-
tol-3-kinase (PI3K)/protein kinase B (Akt)/mamma-
lian target of rapamycin (mTOR) signaling pathway.

MATERIALS AND METHODS: The GEM-resis-
tant human pancreatic cancer PANC-1/GEM cell
line was established, and the proliferation abil-
ity of PANC-1 and PANC-1/GEM cell lines was
detected using the Cell Counting Kit-8 (CCK-8),
which was then detected by flow cytometry after
they were labeled by Ki67. Quantitative Reverse
Transcription-Polymerase Chain Reaction (qRT-
PCR) and Western blotting were adopted to detect
the difference in the mTOR expression between
PANC-1 and PANC-1/GEM cell lines. The prolif-
eration ability of PANC-1/GEM/MET and PANC-1/
GEM cell lines was determined using CCK-8 af-
ter drug-resistant cell lines were treated with 20
mmol/L MET combined with 0.4 umol/L GEM or
0.4 umol/L GEM alone for 48 h. Colony formation
assay was applied to detect the proliferation abil-
ity of cells. The difference in the expression of
mTOR/PI3K/Akt between PANC-1/GEM/MET and
PANC-1/GEM cell lines was tested via qRT-PCR
and Western blotting, respectively.

RESULTS: Compared with PANC-1 cells,
PANC-1/GEM cells had significantly enhanced
proliferation ability (p<0.01). Flow cytometry
results showed that the proliferation ability
of PANC-1/GEM cells was notably enhanced
(p<0.01). The expression level and phosphory-
lation level of mTOR in drug-resistant cell lines
were increased (p<0.01). After the drug-resis-
tant cell lines were treated with 20 mmol/L MET
for 48 h, the proliferation ability of PANC-1/GEM/
MET cells was evidently decreased compared
with that of PANC-1/GEM cells (p<0.01). The
messenger ribonucleic acid (mRNA) and protein
expression levels of mTOR/PI3K/Akt were mark-
edly down-regulated (p<0.01).

CONCLUSIONS: MET can regulate the PI3K/
Akt/mTOR signaling pathway to enhance the
sensitivity of human pancreatic cancer cells to
GEM.
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Introduction

Pancreatic cancer is a tumor with an extreme-
ly high degree of malignancy and poor therapeu-
tic effect and prognosis, and its incidence rate is
increasing year by year'. In Western countries, it
has become the fourth leading cause of death from
malignant tumors?. In addition to operation, che-
motherapy is an important adjuvant treatment,
especially for unresectable tumors. Gemcitabine
(GEM) is a nucleoside analogue which is widely
used in the clinic and is the best drug to treat pan-
creatic cancer so far. GEM plays an important role
in alleviating symptoms, prolonging survival time
and improving the quality of life, especially in the
treatment of advanced pancreatic cancer’. Howev-
er, in the course of tumor chemotherapy, the exis-
tence of drug resistance, especially acquired drug
resistance, seriously hinders the use of this che-
motherapeutic drug*’. Some studies have shown
that the mechanism of drug resistance of GEM is
related to abnormal regulation of the phosphatidy-
linositol-3-kinase (PI3K) signaling pathway. The
expression of the PI3K/protein kinase B (Akt)/
mammalian target of rapamycin (mTOR) signaling
pathway is out of balance in various human tu-
mors. Abnormal activation of the PI3K/Akt/mTOR
signaling pathway can lead to abnormal prolifer-
ation and differentiation of cells and promote the
occurrence and development of tumors®’.

Metformin (MET) was initially widely applied in
clinic as a safe and effective drug for diabetes mel-
litus type 2%. With the deepening of research, more
and more research reports have revealed that MET

10283



H.-Y. Zhou, X.-M. Yao, X.-D. Chen, J.-M. Tang, Z.-G. Qiao, X.-Y. Wu

can significantly inhibit the progression of tumor cells
such as breast cancer and lung cancer cells, and exert
a significant anti-cancer effect’. However, there is no
report on whether MET can regulate the PI3K/Akt/
mTOR signaling pathway and enhance the sensitivity
of human pancreatic cancer cells to GEM.

In this study, therefore, whether MET can reg-
ulate the PI3K/Akt/mTOR signaling pathway and
enhance the sensitivity of human pancreatic can-
cer cells to GEM was investigated through the es-
tablishment of the GEM-resistant human pancre-
atic cancer PANC-1/GEM cell line and treatment
of drug-resistant cell lines with 20 mmol/L MET
+ 0.4 pmol/L GEM or 0.4 umol/ L GEM alone for
48 h, to explore a more effective treatment regi-
men for pancreatic cancer.

Materials and Methods

Reagents and Instruments

Cell Counting Kit-8 (CCK-8; Dojindo Molec-
ular Technologies, Kumamoto, Japan), Ki67, AV/
PI, the bicinchoninic acid (BCA) protein quantifi-
cation kit, cell lysate (Hanbio Co., Ltd., Shanghai,
China), the ribonucleic acid (RNA) extraction kit
(Invitrogen, Carlsbad, CA, USA), the quantitative
Reverse Transcription-Polymerase Chain Reac-
tion (QRT-PCR) kit (Nanjing Jiancheng Bioen-
gineering Institute, Nanjing, China), the primer
synthesis kit (Hanbio Co., Ltd., Shanghai, Chi-
na) and PI3K, Akt, mTOR and glyceraldehyde
3-phosphate dehydrogenase (GAPDH) primary
and secondary antibodies (Cell Signaling Tech-
nology, Danvers, MA, USA).

Cell Culture and Treatment

The GEM-resistant human pancreatic cancer
PANC-1/GEM cell line was established and cul-
tured in an incubator with 5% CO, at 37°C. When
the cell fusion reached about 80%, the single cell
suspension was digested with trypsin and inoculat-
ed and cultured in the corresponding culture plate
for subsequent experiments. When the cell fusion
reached 60-70%, drug-resistant cell lines were
treated with 20 mmol/L. MET combined with 0.4
umol/L. GEM or 0.4 pmol/L. GEM alone for 48 h,
and subsequent experiments were carried out.

Detection of Cell Proliferation
Activity via CCK-8

Cell proliferation activity was detected by
CCK-8 after 48 h of cell transfection: 100 uL cells
at a concentration of 1x10>/mL were inoculated in
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each well of a 96-well plate. Three repeated wells
were set in each group, and the medium was re-
placed after incubation with 5% CO, at 37°C for
48 h. 10 pL of CCK-8 detection solution was add-
ed to each well, and after 30 min, the optical den-
sity (OD) value at the wavelength of 562 nm in
each well was measured with a microplate reader.

Detection of Cell Proliferation
Activity via Flow Cytometry

When the fusion of PANC-1 cells reached 60-
70% in a 6-well plate, the cells were treated with
trypsin and collected after 48 h of administration.
Then 300 pL of binding buffer was added, gently
shaken and fully mixed, and Ki67 was added for
labeling after punching with 1% Triton. Finally,
the proliferation of cells was detected by flow cy-
tometry (FACSCalibur; BD Biosciences, Franklin
Lakes, NJ, USA).

Colony Formation Assay

In a 6-well plate, 1,000 PANC-1/GEM cells
were inoculated into each well, and after they
adhered to the wall, the drug-resistant cell lines
were treated with 20 mmol/L MET combined
with 0.4 pumol/L GEM or 0.4 umol/L GEM alone
for 7 d. Subsequently, the cells were stained with
crystal violet and photographed, and the colonies
formed by the cells were observed.

Detection of the Expression Level
of Related Messenger RNAs (mRNAs)
via qRT-PCR

The treated cells in a 6-well plate were added
with 500 uL of TRIzol (Invitrogen, Carlsbad, CA,
USA) in each well and let stand for 5 min. Then,
they were added with chloroform, shaken violent-
ly for 15 s and let stand for 15 min. After that, the
water phase layer was taken to another batch of
new Eppendorf (EP; Eppendorf, Hamburg, Ger-
many) tubes, added with isopropanol and turned
upside down several times, followed by centrifu-
gation. The white precipitate at the bottom of the
tubes was RNAs, whose concentration and purity
were detected after they were washed and dis-
solved in water. The results were considered qual-
ified when the ratio of absorbance (A), /A, was
1.8-2.0. After complementary DNAs (cDNAs)
were obtained through room temperature (RT),
fluorescence Real Time-quantitative analysis was
conducted to detect the mRNA expression level,
and primer sequences are shown in Table I. Reac-
tion conditions: at 94°C for 5 min, amplification
at 94°C for 30 s, 57°C for 30 s and 72°C for 30 s



Metformin enhancing the sensitivity of human pancreatic cancer cells to gemcitabine

Table I. RT-PCR primer sequences.

Gene Primer

name sequences

PI3K Forward GCTCTCTCACTGCATACATTGT
Reverse AGTCACAGCTGTATTGGTCG

mTOR  Forward ACGCACGACGTCTTCCAGTA

Reverse ~CCACCTGGTTCAACTCACTCC
GAPDH Forward GGATATTGTTGCCATCAATGACC
Reverse  AGCCTTCTCCATGGTGGTGAAGA

for a total of 40 cycles and 72°C for 5 min. Micro-
soft Excel software was used to process the data,
and with GAPDH as a control gene, the relative
level was calculated using 2**“*according to the
following formula: ACt (target gene) = Ct (target
gene) - Ct (control gene) and AACt = ACt (target
gene) - ACt (standard value). The relative expres-
sion level of the target gene was 244,

Western Blotting Detection

100 pL of radioimmunoprecipitation assay
(RIPA; Beyotime, Shanghai, China) lysate was
added to the treated cells in each well of a 6-well
plate, lysed on ice for 20 min, scraped off and cen-
trifuged at 12000 rpm and 4°C for 10 min. Then,
the supernatant was collected into another batch of
new EP tubes. The concentration of the extracted
proteins was measured and the proteins were quan-
tified using the BCA kit. 20 pg of proteins were
taken and detected by Western blotting. After elec-
trophoretic separation, the separated proteins were
electrified in an electrophoretic buffer and trans-
ferred onto a polyvinylidene difluoride (PVDF)
membrane (Millipore, Billerica, MA, USA). Then
proteins were sealed in 5% skim milk at room tem-
perature for 2 h, washed on a shaker and incubated
in an incubation box containing the primary an-
tibody (1:1000) at 4°C overnight. After the mem-
brane was fully washed with Tris-Buffered Saline
and Tween (TBST; Sigma-Aldrich, St. Louis, MO,
USA), the second antibody (1: 5000) was added for
incubation at room temperature for 1 h, the color
was developed using electrochemiluminescence
(ECL; Thermo Fisher Scientific, Waltham, MA,
USA) in a dark room, and the images were scanned
and recorded using a gel imager (Bio-Rad Labora-
tories, Hercules, CA, USA). Ultimately, grayscale
analysis and comparison were carried out with
GAPDH as an internal reference.

Statistical Analysis
All the data were expressed as mean + stan-
dard deviation, processed using Statistical Prod-

uct and Service Solutions (SPSS) 17.0 (SPSS Inc.,
Chicago, IL, USA) and statistically analyzed by
one-way analysis of variance. p<0.05 suggested
that the difference was statistically significant.

Results

Proliferation Activity of the GEM-
Resistant Human Pancreatic Cancer
PANC-1/GEM Cell Line

CCK-8 detection was performed after 5,000
cells were inoculated into the 96-well plate. As
shown in Figure 1, the GEM-resistant human pan-
creatic cancer PANC-1/GEM cell line had signifi-
cantly increased proliferation activity compared
with the human pancreatic cancer PANC-1 cell
line (p<0.01).

Proliferation of Cell Lines Labeled
by Ki67 Detected via Flow Cytometry

It was found in Figure 2 that, compared with
that of the human pancreatic cancer PANC-1 cell
line, the proliferation activity of the GEM-resis-
tant human pancreatic cancer PANC-1/GEM cell
line was notably enhanced (p<0.01), indicating
that the proliferation activity of drug-resistant cell
lines is higher than that of ordinary cell lines.

Difference in the Expression
of PI3K/Akt/mTOR Between PANC-1
and PANC-1/GEM Cell Lines
Detected via qPCR

Real Time-quantitative Polymerase Chain
Reaction (qQPCR) detection results manifested
that compared with that in the PANC-1 cell line,
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Figure 1. Proliferation activity of the human pancreatic
cancer PANC-1/GEM cell line detected via CCK-8. *p<0.01
vs. PANC-1 group.
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Figure 2. Cell line proliferation detected via flow cytometry. **p<0.01 vs. PANC-1 group.
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Figure 3. Difference in the expression of PI3K/Akt/mTOR between PANC-1 and PANC-1/GEM cell lines detected via qPCR.

*#p<0.01 vs. PANC-1 group.

the expression level of PI3K/Akt/mTOR in the
PANC-1/GEM cell line was markedly increased
(p<0.01), suggesting that the drug resistance of
the PANC-1/GEM cell line may be related to the
abnormal expression of the PI3K/Akt/mTOR sig-
naling pathway.
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Figure 4. Proliferation activity of the human pancre-
atic cancer PANC-1/GEM cell line detected via CCK-8.
**p<0.01 vs. PANC-1 group.
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Effect of MET Combined with GEM
in the Treatment of the Drug-Resistant
PANC-1/GEM Cell Line
on the Proliferation Activity

CCK-8 detection was performed after 5,000
cells were inoculated into the 96-well plate, Ac-
cording to the results (Figure 4), after drug-resis-
tant cells lines were treated with 20 mmol/L MET
combined with 0.4 pmol/L GEM or 0.4 pmol/L
GEM alone for 48 h, the cell proliferation activity
in the MET + GEM group was evidently reduced
compared with that in the MET group (p<0.01),
indicating that MET can enhance the sensitivity
of human pancreatic cancer cell lines to GEM.

Effect of MET Combined with GEM
in the Treatment of the Drug-
Resistant PANC-1/GEM Cell Line
on Clone Formation

As shown in Figure 5, after drug-resistant
cells lines were treated with 20 mmol/L MET
combined with 0.4 pmol/L GEM or 0.4 pmol/L
GEM alone for 7 d, the colony formation ability
in the MET + GEM group remarkably declined
compared with that in the MET group (p<0.01),
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Figure 5. Cell proliferation ability de-
tected via colony formation assay (mag-
nification: 40x).
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indicating that MET can improve the sensitivity
of human pancreatic cancer cell lines to GEM.

Effect of MET Combined with GEM
in the Treatment of the Drug-Resistant
PANC-1/GEM Cell Line on the mRNA
Expression Level of PI3K/Akt/mTOR

After drug-resistant cells lines were treat-
ed with 20 mmol/L MET combined with 0.4
pmol/L. GEM or 0.4 pumol/L GEM alone for 48
h, the mRNA expression level of PI3K/Akt/
mTOR in the MET + GEM group was remarkably
down-regulated compared with that in the MET
group (p<0.01; Figure 6), suggesting that MET
can enhance the sensitivity of human pancreatic
cancer cell lines to GEM by inhibiting the PI3K/
Akt/mTOR signaling pathway.

Effect of MET Combined with GEM
in the Treatment of the Drug-
Resistant PANC-1/GEM Cell Line
on the Protein Expression Level
of PI3K/Akt/mTOR
After drug-resistant cells lines were treated
with 20 mmol/L MET combined with 0.4 pmol/L
GEM or 0.4 pmol/L GEM alone for 48 h, the

protein expression level of PI3K/Akt/mTOR in
the MET + GEM group was notably decreased
compared with that in the MET group (p<0.01;
Figure 7), suggesting that MET can enhance the
sensitivity of human pancreatic cancer cell lines
to GEM by inhibiting the PI3K/Akt/mTOR sig-
naling pathway.

Discussion

Pancreatic cancer ranks second in the digestive
tract tumors, with a high degree of malignancy,
thus endangering human health, and its morbidity
and mortality rates are comparable to those of col-
orectal cancer'®. The hidden incidence of pancreat-
ic cancer makes patients easily miss a better opera-
tion opportunity, and it has a high recurrence rate,
so the treatment of pancreatic cancer is still faced
with difficulties. As a first-line chemotherapy drug
for pancreatic cancer, GEM has a certain curative
effect on the clinical treatment of advanced pan-
creatic cancer, but there is no significant curative
effect and improvement in survival rate and overall
survival'l, Therefore, improving the sensitivity of
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Figure 6. MRNA expression level of PI3K/Akt/mTOR detected via qRT-PCR. **p<0.01 vs. PANC-1/GEM group.
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Figure 7. Protein expression level of PI3K/Akt/mTOR detected via Western blotting. **p<0.01 vs. PANC-1/GEM group.

pancreatic cancer cells to chemotherapeutic drugs
will become an important measure for the treat-
ment of pancreatic cancer.

PI3K, as a heterodimer, consists of P85 regu-
latory subunit and P110 catalytic subunit, and is
an important member of the growth factor recep-
tor tyrosine kinase signaling pathway'>'*. After
PI3K is activated, downstream proteins can be
phosphorylated, and serine protein kinase Akt
can be recruited and phosphorylated. Phosphor-
ylated Akt can further phosphorylate the target
protein mTOR of rapamycin, an important target
downstream molecule, and then make this signal-
ing pathway continue to be transduced'. S6 ribo-
somal protein kinase and eukaryotic translation
initiation factor are target downstream proteins
of mTOR. When S6K and 4E binding protein 1
are phosphorylated by mTOR'", the transcription
and translation mediated by various downstream
regulatory factors are activated, resulting in ab-
normal proliferation and deterioration of tumor
cells. The PI3K/Akt/mTOR signaling pathway
plays an important role in tumor development and
has become an important research object in tumor
treatment'®"’. MET, as a safe hypoglycemic agent,
has been shown by more and more studies”™ to
have an anti-tumor effect with mild adverse reac-
tions. Ricchi et al have confirmed that MET, in
combination with chemotherapeutic drugs, pro-
duces enhanced chemotherapeutic efficacy with
reduced side effects.

In this work, the GEM-resistant human pan-
creatic cancer PANC-1/GEM cell line was es-
tablished, and it was found that the proliferation
ability of PANC-1/GEM cells was significantly
enhanced compared with that of PANC-1 cells.
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Flow cytometry results revealed that the prolifera-
tion ability of PANC-1/GEM cells was remarkably
enhanced, and the expression level and phosphor-
ylation level of mTOR in drug-resistant cell lines
were increased. In addition, after drug-resistant
cell lines were treated with 20 mmol/L MET for
48 h, the proliferation ability of PANC-1/GEM/
MET cells were notably decreased compared with
that of PANC-1/GEM cells, and mRNA and pro-
tein expression levels of mTOR/PI3K/Akt were
significantly down-regulated, but the apoptosis
rate was significantly increased. Similarly, previ-
ous studies have shown that paclitaxel combined
with MET can significantly inhibit the prolifera-
tion and progression of lung cancer and human
breast cancer cells. It has also been found that in
the paclitaxel + MET group, the mTOR of cells
is inhibited, resulting in stronger cell cycle arrest
and apoptosis, and the inhibition rate on trans-
planted tumors was markedly increased com-
pared with those in the paclitaxel group®.

Conclusions

MET can regulate the PI3K/Akt/mTOR sig-
naling pathway to enhance the sensitivity of hu-
man pancreatic cancer cells to GEM, which is ex-
pected to become a new approach in the treatment
of pancreatic cancer.

Funding Acknowledgments

The study was granted by the Suzhou “Science and Ed-
ucation” Youth Science and Technology Project (No.
kjxw2018072).



Metformin enhancing the sensitivity of human pancreatic cancer cells to gemcitabine

Conflict of Interests
The authors declare that they have no conflict of interest.

References

1) Tentes AA, PaLLas N, Karamvert C, Kyziripis D, HRISTAKIS
C. Cytoreduction and HIPEC for peritoneal carci-
nomatosis of pancreatic cancer. J BUON 2018; 23:
482-487.

2) Kim E, Kim K, Kyu CE, On DY, Tae Kim Y. Chemoradio-
therapy after gemcitabine plus erlotinib in patients
with locally advanced pancreatic cancer. J BUON
2017; 22: 1046-1052.

3) EL Maaour G, Le Tourneau C, Barty GN, Faivre

S, Ravmonp E. Markers involved in resistance to

cytotoxics and targeted therapeutics in pancreatic

cancer. Cancer Treat Rev 2009; 35: 167-174.

DI PALMA A, MATARESE G, LEONE V, DI MaToLA T, AcQuUA-

viva F, Acauaviva AM, RiccHi P. Aspirin reduces the

outcome of anticancer therapy in Meth A-bearing
mice through activation of AKT-glycogen synthase

kinase signaling. Mol Cancer Ther 2006; 5: 1318-

1324,

Eccer G. Modifications in the regression of the

acute inflammation caused by a beta-adrenergic

effect unbalanced by the alpha-component (“bi-

ased beta-effect”). Exp Pathol 1982; 21: 149-155.

6) Lau YK, Du X, Ravannavar V, Horkins B, SHaw J,
BessLer E, THomAS T, Pires MM, KeniRy M, PArsons RE,
Cremers S, Szaolcs M, Maurer MA. Metformin and
erlotinib synergize to inhibit basal breast cancer.
Oncotarget 2014; 5: 10503-10517.

7) GreenHiLL C. Gastric cancer. Metformin improves
survival and recurrence rate in patients with dia-
betes and gastric cancer. Nat Rev Gastroenterol
Hepatol 2015; 12: 124.

8) O'BriEN AJ, ViLLani LA, Broaorietp LA, Houpe VP,
Gauc S, Bianbino G, Kemp BE, Tsakiripis T, Murti
P, Stemnserc GR. Salicylate activates AMPK and
synergizes with metformin to reduce the survival
of prostate and lung cancer cells ex vivo through
inhibition of de novo lipogenesis. Biochem J 2015;
469: 177-187.

9) Snima KS, Nair RS, NAR SV, KamATH CR, LAKSHMANAN
VK. Combination of anti-diabetic drug metformin
and boswellic acid nanoparticles: a novel strategy
for pancreatic cancer therapy. J Biomed Nano-
technol 2015; 11: 93-104.

1

o

10) YanG J, ZHu H, JiN Y, Song Y. MiR-431 inhibits cell
proliferation and induces cell apoptosis by target-
ing CDK14 in pancreatic cancer. Eur Rev Med
Pharmacol Sci 2018; 22: 4493-4499.

11) HAan G, GonGg H, WanG Y, Guo S, Liu K. AMPK/
mTOR-mediated inhibition of survivin partly con-
tributes to metformin-induced apoptosis in human
gastric cancer cell. Cancer Biol Ther 2015; 16:
77-87.

12) Sare S, NaRr V, Karki K. Metformin-induced anti-
cancer activities: recent insights. Biol Chem 2018;
399: 321-335.

13) Ben SaHRA I, LAURENT K, Giuuano S, LARBRET F, PoNnz-

10 G, GouNoN P, Le MARCHAND-BRUSTEL Y, GIORGET-

TI-PeraLDI S, CormoNT M, BertoLotto C, Deckert M,

AuserGer P, Tanti JF, Bost F. Targeting cancer cell

metabolism: the combination of metformin and

2-deoxyglucose induces p53-dependent apopto-

sis in prostate cancer cells. Cancer Res 2010; 70:

2465-2475.

Isakovic A, HArRHAJI L, STEvanovic D, MAarkovic Z, Sum-

ARACDumanovic M, Starcevic V, Micc D, Traskovic V.

Dual antiglioma action of metformin: cell cycle ar-

rest and mitochondria-dependent apoptosis. Cell

Mol Life Sci 2007; 64: 1290-1302.

15) Jones RG, Pias DR, Kusek S, Buzzai M, Mu J, Xu Y,
BirnBaum MJ, THompson CB. AMP-activated protein
kinase induces a p53-dependent metabolic check-
point. Mol Cell 2005; 18: 283-293.

16) KarNeEvi E, SAID K, ANDERSSON R, RosenpAHL AH. Met-
formin-mediated growth inhibition involves sup-
pression of the IGF-I receptor signalling pathway
in human pancreatic cancer cells. BMC Cancer
2013; 13: 235.

17) Yu Y, Savace RE, EatHIRAJ S, MEADE J, Wick MJ, HALL
T, ABBADESsA G, ScHwarTz B. Targeting AKT1-E17K
and the PIBK/AKT pathway with an allosteric AKT
inhibitor, ARQ 092. PLoS One 2015; 10: e0140479.

18) Kim J, Kunou M, Viorter B, Guan KL. AMPK and
mTOR regulate autophagy through direct phos-
phorylation of Ulk1. Nat Cell Biol 2011; 13: 132-141.

19) RiccHi P, PALMA AD, MaToLA TD, APICELLA A, FORTUNATO
R, ZArriLL R, Acauaviva AM. Aspirin protects Ca-
co-2 cells from apoptosis after serum deprivation
through the activation of a phosphatidylinositol
3-kinase/AKT/p21Cip/WAF1pathway. Mol Pharma-
col 2003; 64: 407-414.

20) WenDEL HG, DE STANCHINA E, FRIDMAN JS, MALINA A,
Rar S, KoGan S, Corpon-CArDO C, PELLETIER J, Lowe
SW. Survival signalling by Akt and elF4E in onco-
genesis and cancer therapy. Nature 2004; 428:
332-337.

14

=

10289



