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[ Abstract] Objective: The clinical application of erlotinib in patients with pancreatic cancer has been controversial due to
its limitation in improving overall survival (only 0.4 months). Our study aimed to enhance the anti-pancreatic cancer activity
of erlotinib by combing the MDM2/MDMX-p53 inhibitor. Methods: For the in vitro study, MTT was applied to detect cell
viability; cell apoptosis was evaluated by flow cytometry; Matrigel transwell assays were employed to detect cell invasion abil-
ity. Western blotting was used to learn the expression level of associated proteins in order to reveal the possible mechanisms.
Nude mice subcutaneous transplantation tumor models were established to learn the in vivo anti-tumor activity of erlotinib

combined with MDM2/MDMX-p53 inhibitor. Results: For the in vitro study, MDM2/MDMX-p53 inhibitor could significant-

ly inhibit cell proliferation, promote cell apoptosis, and impair

[WREEEA]  2020-04-26 [f£EBHI] 2020-11-11 cell invasion. For the in vivo study, the inhibition rates were
[EEWHE]  ~Berid AREERS (45 :2020J0-505) 22.47% ( the erlotinib group), 28.41% (the MDM2/MD-
[EifEE] “2ZE 2, E-mail:doclienxiao@ sina. com; # i MX-p53 inhibitor group) , 55.39% (the combination group) ,
1% , E-mail ;2005 dongxuyuan@ 163. com respectively; and the difference was statistically significant ( P
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<0.01). Further study revealed the combined treatment showed MDM2/mdmx-p53 inhibitor could up-regulate p53, down-

regulate MDM2, MDMX and EGFR, which might contribute to the improvement of the anti-cancer activity of erlotinib. Con-

clusion: MDM2/MDMX-p53 inhibitor can improve the anti-tumor activity of erlotinib in pancreatic cancer both in vitro and

in vivo. Further studies were needed if the combined treatment could be developed as a promising strategy for pancreatic

cancer in clinic.
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Figure 1. Activity of Erlotinib Combined with MDM2/ MDMX-p53 Inhibitor in Pancreatic Cancer Cells

A. ASPC-1 cells were treated with stepwise increased concentrations of MDM2/MDMX-p53 inhibitor and nutlin-3« for 48 h; IC10 for
MDM2/MDMX-p53 inhibitor and nutlin-3a were 5.268 pg/mL and 10. 08 pwg/mL, respectively. B. ASPC-1 cells were treated with
stepwise increased erlotinib, erlotinib combined with MDM2/MDMX-p53 inhibitor (5.268 pg/mL) and erlotinib combined with nut-
lin-3c (10.08 wg/mL) for 48 h; IC50 for erlotinib was 3.482 pg/mL. C. PANC-1 cells were treated with stepwise increased concen-
trations of MDM2/MDMX-p53 inhibitor and nutlin-3« for 48 h; IC10 for MDM2/MDMX-p53 inhibitor and nutlin-3a were 6. 679 pg/

mL and 14. 072 pg/mL, respectively. D. PANC-1 cells were treated with stepwise increased erlotinib, erlotinib combined with
MDM2/MDMX-p53 inhibitor (6.679 pwg/mL) and erlotinib combined with nutlin-3a (14.072 pg/mL) for 48 h; IC50 for erlotinib

was 4.461 pg/mL.

MDM2/MDMX-p53 inhibitor and nutlin-3q are referred to as MDM2/MDMX inhibitor and MDM2 inhibitor in the figure.
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Figure 2. Invasion Assay of Erlotinib Combined with MDM2/ MDMX-p53 Inhibitor in Pancreatic Cancer Cells

A. Matrigel transwell assays were employed to detect the invasion ability of ASPC-1 cells in 48h; the control group, the erlotinib group
(3.482 pg/mL), the nutlin-3a group (10.08 pg/mL) , the MDM2/MDMX-p53 inhibitor group (5.268 wg/mL),
bined with nutlin-3a group and the erlotinib combined with MDM2/MDMX-p53 inhibitor group were incubated with indicated inhibitors

the erlotinib com-

at certain concentrations; penetrated cells were stained as is shown in Panel A. B. Number of penetrated cells in ASPC-1 cells ( * P <
0.05,
group, the erlotinib group (4.461 pg/mL),
pg/mL) ,
bated with indicated inhibitors at certain concentrations; penetrated cells were stained as is shown in Panel C. D. Number of penetrated
cells in PANC-1 cells ( “P <0.05,"" P<0.01).

The control group, the erlotinib group, the nutlin-3a group, the MDM2/MDMX-p53 inhibitor group, the erlotinib combined with nut-
lin-3a group and the erlotinib combined with MDM2/MDMX-p53 inhibitor group are referred to as Control, Erl, Nutlin-3ac, MDM2/X
inhibitor, Erl + Nutlin-3a, and Erl + MDM2/X inhibitor, respectively, in Panel A and C, and are referred to as Control, Erlotinib,
Nutlin-3a, MDM2/MDMX inhibitor, Erl + Nut, and Erl + MDM2/MDMX, respectively, in Panel B and D, respectively.

" P<0.01). C. Matrigel transwell assays were employed to detect the invasion ability of PANC-1 cells in 48h; the control
the nutlin-3a group (14.072 wg/mL), the MDM2/MDMX-p53 inhibitor group (6.679
the erlotinib combined with nutlin-3a group, and the erlotinib combined with MDM2/MDMX-p53 inhibitor group were incu-
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Figure 3. Erlotinib Combine with MDM2/MDMX-p53 Inhibitor Promotes Apoptosis
A. ASPC-1 cells were treated with DMSO, erlotinib, nutlin-3cc, MDM2/MDMX-p53 inhibitor, erlotinib combined with nutlin-3a and

erlotinib combined with MDM2/MDMX-p53 inhibitor for 48 h, respectively. Flow cytometry was performed to show tumor cell apoptosis.
B. PANC-1 cells were treated with DMSO, erlotinib, nutlin-3a, MDM2/MDMX-p53 inhibitor, erlotinib combined with nutlin-3« and er-

lotinib combined with MDM2/MDMX-p53 inhibitor for 48h, respectively. Flow cytometry was performed to show tumor cell apoptosis.
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DMSO, erlotinib, nutlin-3cc, MDM2/MDMX-p53 inhibitor, erlotinib combined with nutlin-3a and erlotinib combined with MDM2/
MDMX-p53 inhibitor are referred to as Control, Erlotinib, Nutlin-3a, MDM2/MDMX inhibitor, E + Nutlin-3a, and E + MDM2/MD-

MX inhibitor, respectively.
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Figure 4. Mechanisms of Anti-tumor Activity of Erlotinib Combined with MDM2/MDMX-p53 Inhibitor

A. ASPC-1 cells were incubated with DMSO, erlotinib (3.482 pg/mL), MDM2/MDMX-p53 (5.268 wg/mL) and erlotinib combined
with MDM2/MDMX-p53 for 48 h; cells were then harvested for western blotting; expression levels of p53, MDM2, MDMX and EGFR
proteins were shown in Panel A. B. ASPC-1 cells were incubated with DMSO, erlotinib (4. 461 pg/mL), MDM2/MDMX-p53
(6.68 wg/mL) and erlotinib combined with MDM2/MDMX-p53 for 48h; cells were then harvested for western blotting; expression
levels of p53, MDM2, MDMX and EGFR proteins were shown in Panel B.

DMSO, erlotinib, MDM2/MDMX-p53 and erlotinib combined with MDM2/MDMX-p53 are referred to as Control, Erl, MDM2/X and

Com, respectively, in the figure.
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Figure 5. In Vivo Anti-tumor Activity of Erlotinib Combined with MDM2/MDMX-p53 Inhibitor

A. Tumors growing in mice and tumors harvested from mice that treated with DMSO ( the first row) , erlotinib ( the second row) ,
MDM2/MDMX-p53 ( the third row) and erlotinib combined with MDM2/MDMX-p53 ( the fourth row) ; B. Tumor growth of mice trea-
ted with DMSO, erlotinib, MDM2/MDMX-p53 and erlotinib combined with MDM2/MDMX-p53, respectively; C. Weigh changes of
mice treated with DMSO, erlotinib, MDM2/MDMX-p53 and erlotinib combined with MDM2/MDMX-p53.

DMSO, erlotinib, MDM2/MDMX-p53 and erlotinib combined with MDM2/MDMX-p53 are referred to as Negative, Erlotinib, MDM2/
MDMX inhibitor, and Erlotinib + MDM2/MDMX inhibitor, respectively, in the figure.
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