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EPS8L3 PROMOTES PANCREATIC CANCER PROLIFERATION
AND METASTASIS BY ACTIVATING GSK3B

EPS8L3 PROMOVISE PROLIFERACIJU RAKA PANKREASA
| METASTAZU AKTIVIRANJEM GSK3B

Zun Fan”, Ming Li*, Yinjie Xu, Chenxing Ge, Jianfeng Gu*

Department of General Surgery, Changshu No. 1 People’s Hospital Affiliated to Soochow University,
Changshu, China

Summary

Background: We intended to investigate the role and regu-
latory mechanism of EPS8L3 in increase the development
of pancreatic cancer (PC).

Methods: In order to analyze the relationship between
EPS8L3 level and clinicopathological indicators of PC
patients, gRT-PCR was used to detect the expression of
EPS8L3 in tumor specimens of 40 PC patients. EPS8L3
knockdown models were then constructed in PC cell lines.
Furthermore, the effect of EPS8L3 on PC cell function was
analyzed by CCK-8 and Transwell assay. Dual luciferase
reporter gene assay and recovery assay were used to fur-
ther investigate the underlying mechanism.

Results: gRT-PCR results indicated that EPS8L3 was highly
expressed in PC tissues compared with adjacent ones. At
the same time, the incidence of distant metastasis was
higher in PC patients with high EPS8L3 level. In vitro analy-
sis such as CCK-8 and Transwell experimentations indicat-
ed that knockdown of EPS8L3 markedly inhibited the pro-
liferative and metastatic ability. Bio-informatics together
with luciferase report assay proposing that EPS8L3 can tar-
get GSK3B. Western Blot results revealed that knockdown
of EPS8L3 markedly reduced the GSK3B expression in PC
cells, and there was a positively associated between the two
in PC cells. In addition, the recovery experimentation
proved that EPS8L3 and GSK3B have a mutual regulation
effect. Overexpression of GSK3B can reversal the prohibi-
tive effect of EPS8L3 knockdown on the malignant devel-
opment of PC cells, thereby jointly regulating the occur-
rence and development of PC.

Address for correspondence:

Jianfeng Gu, MD.

Department of General Surgery, Changshu No."
People’s Hospital Affiliated to Soochow University, No.",
Shuyuan Road, Changshu, Jiangsu 215500, China

Tel: 860512-52223921

e-mail: jscsgjf@126.com

Kratak sadrzaj

Uvod: Nameravali smo da istrazimo ulogu i regulatorni me-
hanizam EPS8L3 u povecanju razvoja raka pankreasa (PC).
Metode: U cilju analize odnosa izmedu nivoa EPS8L3 i
klini¢kopatolo$kih indikatora pacijenata sa PC, kRT-PCR je
koris¢en za detekciju ekspresije EPS8L3 u uzorcima tumora
40 pacijenata sa PC. EPS8L3 modeli obaranja su zatim
konstruisani u PC ¢elijskim linijama. Stavise, efekat EPS8L3
na funkciju PC éelija analiziran je CCK-8 i Transvell testom.
Dualni test reporter gena luciferaze i test oporavka
kori§c¢eni su za dalje istrazivanje osnovnog mehanizma.
Rezultati: kRT-PCR rezultati su pokazali da je EPS8L3 bio
visoko eksprimiran u PC tkivima u poredenju sa susednim
tkivima. Istovremeno, incidencija udaljenih metastaza bila
je veca kod pacijenata sa PC sa visokim nivoom EPS8L3. In
vitro analize, kao §to su eksperimenti sa CCK-8 i Transvell,
pokazali su da je nokdaun EPS8L3 znacajno inhibirao pro-
liferativnu i metastatsku sposobnost. Bio-informatika zajed-
no sa testom luciferaze predlaze da EPS8L3 moze ciljati
GSK3B. Rezultati Wester Blot-a otkrili su da je nokdaun
EPS8L3 znacajno smanijio ekspresiju GSK3B u PC celijama
i da je postojala pozitivha veza izmedu njih u PC ¢elijama.
Pored toga, eksperimenti oporavka su dokazali da EPS8L3
i GSK3B imaju efekat uzajamne regulacije. Prekomerna
ekspresija GSK3B moze da preokrene prohibitivni efekat
obaranja EPS8L3 na maligni razvoj PC (Celija, ¢ime se
zajednicki reguli$e nastanak i razvoj PC.

Zaklju¢ak: EPS8L3 promovise razvoj PC-a regulacijom
GSK3B, $to sugerise da se EPS8L3 moze koristiti kao bio-
marker za ranu dijagnozu i le¢enje PC-a.
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Conclusions: EPS8L3 promotes the development of PC by
regulating GSK3B, suggesting that EPS8L3 can be used as
a biomarker for early diagnosis and treatment of PC.

Keywords: EPSSL3, GSK3B, pancreatic cancer, prolifer-
ation, metastasis

Introduction

Recently, with the continuous increase of the
population base, the aging of the population has
become increasingly serious, and the social demo-
graphic structure has changed dramatically, leading
to the increasing incidence and mortality of cancer.
Cancer has become a major public health problem
affecting human life and health (1-3). Currently,
Pancreatic cancer (PC) is one of the most frequent
and malignant tumors in the digestive system. The
median survival time is about 3—6 months, and the 5-
year survival rate is less than 5% (4, 5). According to
the statistical analysis of the latest epidemiological
survey, PC has an extremely high mortality rate in
malignant tumors. There are millions of patients who
die of PC every year in the world, and its mortality rate
ranks fourth (4, 6). Although we have been constantly
exploring the diagnosis along with the treatment of
PC in the past several decades, the overall survival of
PC is still extremely poor. Many patients are diag-
nosed in the middle and late stages, and are accom-
panied by local invasion or distant metastasis. Only
about 20% of patients can undergo surgery (7, 8).
Therefore, exploring molecular targets that can
specifically regulate the occurrence and development
of PC and elucidate their molecular mechanisms has
important theoretical guiding significance and clinical
application value for improving early diagnosis and
clinical treatment of PC (9, 10).

Epidermal growth factor receptor pathway sub-
strate 8 (EPS8) is an intracellular signaling pathway
substrate. Located on chromosome 12q23.q24, it
contains approximately 821 amino acids with a rela-
tive molecular weight of 97 kD (11, 12). Some stud-
ies have found that EPS8 has three gene analog
members, namely EPS8L1, EPS8L2, and EPSS8LS3,
which have the same linear topological structure (12,
13). Among them, EPS8L3 can participate in tumor
development, actin cytoskeleton reorganization, fila-
mentous actin microfilament aggregation via multiple
signaling pathways (12, 14, 15). Therefore, in this
study, by collecting PC tissue samples, we analyzed
the relationship between EPS8L3 level and clinical
characteristics of PC, and further explored the specific
molecular mechanism of EPS8L3 mediated PC malig-
nant development, aiming at providing experimental
basis for its clinical application.

Kljuéne reéi: EPS8L3, GSK3B, kancer pankreasa, proli-
feracija, metastaza

Materials and Methods
PC samples collection

Forty pairs of pancreatic tissues were resected
from surgical patients from our hospital. All patients
had not received medical treatment and/or radiother-
apy before surgery. The excised experimental speci-
mens were immediately stored at -80 °C . Two expe-
rienced pathologists diagnose all tissue samples used
in the experimentation. Each part of this experimen-
tation conformed to ethical requirements; and all par-
ticipants provided the signed informed consents.

Cells culture

PC cell lines AsPC-1, PANC-1, CFPAC-1, MIA
PaCa-2, BxPC-3 and normal pancreatic ductal epithe-
lial cell line HPNE were all purchased from the ATCC
(Manassas, VA, USA). All cell lines were cultured in
DMEM high glucose medium containing 10% FBS
(Gibco, Rockville, MD, USA), penicillin (100 U/mL)
and streptomycin (100 ng/mL) in a 37 °C, 5% CO,
incubator. Detection of migrative ability was deter-
mined via Transwell assay.

Transfection

EPS8L3 knockdown lentiviral vector was
designed, constructed and packaged by Shanghai
Jima Pharmaceutical Technology Co., Ltd. (Shanghai,
China). Subsequently, lentivirus transfection was per-
formed following instructions.

Cell proliferation assays

48 h after transfection, 2000 cells were seeded
into each 96-well. After culturing the cells for 24, 48,
72 and 96 hours, 10 pL of CCK-8 (Dojindo
Laboratories, Kumamoto, Japan) reagent was added,
and the culture continued for 2 hours. Then the OD
value of each well at 450 nm absorption wavelength
was measured using a microplate reader.

Real-time fluorescent quantitative PCR

Total RNA was extracted using TRIzol kit and
reverse transcribed into cDNA. QRT-PCR reaction
was performed using SYBR on the Applied Bio-
systems Step One Plus real-time PCR instrument.

Primer sequences used in this study were listed below
(5’-3"): EPS8L3: F: CTCCATCCTGTCCATCACCG, R:
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AGTCGAGGTCTGCTTTGCTC; GSK3B: F: ACAGCA-
GCGTCAGATGCTAA, R: AACGTGACCAGTGTTG-
CTGA; B-actin: F: CCTGGCACCCAGCACAAT, R:
TGCCGTAGGTGTCCCTTTG.

Dual luciferase reporter assay

HEK293T cells were seeded in 24-well plates
and co-transfected with pcDNA-NC/pcDNA-GSK3B
and wild-type/mutant EPS8L3 pMIR luciferase
reporter plasmids. 48 hours after transfection, trans-
fected cells were lysed using the luciferase lysate.
Then the dual luciferase reporter gene assay was per-
formed following the instructions of the dual
luciferase reporter gene system (Promega, Madison,

WI, USA).

Statistically analysis

All data analysis was processed using GraphPad
V5.01 software (La Jolla, CA, USA). Student’s-t-test
and one-way ANOVA was used to analyze the statistical
difference between two groups and multiple groups. P
values < 0.05 indicated significant difference.

Results
EPS8L3 was highly-expressed in PC tissues

The results indicated that the level of EPS8L3 in
tumor tissues of PC patients was significantly higher
than that in adjacent tissues (Figure 7A), suggesting
that EPS8L3 may play the role of oncogenes in PC. At
the same time, in vitro gqRT-PCR results also indicated
that EPS8L3 was up-regulated in PC cell lines, espe-
cially in PANC-1 and BxPC-3 (Figure 1B). According
to the gRT-PCR results of EPS8L3 level in 40 pairs of
PC patient tissues, EPS8L3 level was divided into two
groups, low expression group and high expression
group, and chi-square test was used to analyze the
correlation between EPS8L3 level and clinicopatho-
logical parameters of PC patients. As shown in Table
I, high expression of EPS8L3 and the incidence of dis-
tant metastasis in patients with PC showed a positive
correlation (Figure 1C).

Knockdown of EPS8L3 inhibited proliferative
ability and metastasis of PC cells

To study the effect of EPS8L3 on PC, we estab-
lished an EPS8L3-knockdown lentivirus model. After
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Figure 1 EPS8L3 is highly expressed in pancreatic cancer tissues and cell lines. (A) The expression of EPS8L3 in the tumor tissue
of pancreatic cancer patients was significantly higher than that in the adjacent tissue; (B) the expressions of EPS8L3 pancreatic
cancer cell lines PANC-1 and BxPC-3 were significantly increased; (C) the high expression of EPS8L3 was significantly correlated
with the expression of EPS8L3 in patients with pancreatic cancer. The incidence of distant metastasis was positively correlated.
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Table | Baseline data of the enrolled patients with pancre-
atic cancer.

transfected of EPS8L3 knockdown vectors in PANC-1
and BxPC-3 cell lines, gRT-PCR and Western Blot

EPSSL3 exoression substantiated their interference efficiency, indicating
Number P that the knockdown vector was successfully construct-
Parameters | " s | Low High | P -value ed (Figure 2A & 2B). Subsequently, the CCK-8 exper-
(n=20) | (n=20) imentation revealed that the proliferative ability of PC
Age (years) 0.206 cells were significantly weakened after EPS8L3
260 20 8 12 knockdown (Figure 2C). Moreover, the Transwell
60 20 v 5 experimentations also suggested that knockdown of
- EPS8L3 markedly decreased metastasis of PC cells
Gender 0.519 (Figure 2D and Z2E). These results indicated that
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No 28 17 1 GSK3B by a specific binding site (Figure 3A). In addi-
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Figure 2 Silencing EPS8L3 inhibits the proliferation and metastatic ability of pancreatic cancer cells. (A) The protein level was
significantly down-regulated after transfection of sh-EPS8L3 in pancreatic cancer cell lines PANC-1 and BxPC-3; (B) The mRNA
level was significantly reduced after transfection of sh-EPS8L3 in pancreatic cancer cell lines PANC-1 and BxPC-3 down-regulated;
(C) Pancreatic cancer cell lines PANC-1 and BxPC-3 transfected with sh-EPS8L3 significantly reduced cell proliferation; (D)
Pancreatic cancer cell lines PANC-1 and BxPC-3 were transfected with sh-EPS8L3 The ability of cell migration was significantly
attenuated; (E) The ability of cell invasion was significantly attenuated after transfection with sh-EPS8L3 in pancreatic cancer cell

lines PANC-1 and BxPC-3.
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Figure 3 The targeting relationship between EPS8L3 and GSK3B. (A) The results of luciferase reporter gene experiments show
that EPS8L3 can be targeted by GSK3B through specific binding sites; (B) In PANC-1 and BxPC-3 cell lines, knockdown of EPS8L3
can significantly reduce the expression level of GSK3B; ( C) The expression of GSK3B was also significantly higher in tumor tissues
of pancreatic cancer patients than in adjacent tissues; (D) GSK3B was significantly overexpressed in pancreatic cancer cell lines.
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Figure 4 EPS8L3 promotes the malignant progression of pancreatic cancer by activating GSK3B. (A) GSK3B protein level was
significantly up-regulated after co-transfection of EPS8L3 knockdown vector and GSK3B overexpression vector in pancreatic can-
cer cell lines PANC-1 and BxPC-3; (B) EPS8L3 knockdown by co-transfection of PANC-1 and BxPC-3 The proliferation ability of
the vector and GSK3B overexpression vector was significantly increased; (C) PANC-1 and BxPC-3 co-transfected with EPS8L3
knockdown vector and GSK3B overexpression vector significantly increased the invasion and migration ability.
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knockdown of EPS8L3 can markedly reduce the
GSK3B expression in the PC cells (Figure 3B).
Moreover, gRT-PCR results suggested that the GSK3B
level was markedly higher in PC tumor tissues as well
as PC cell lines (Figure 3C & 3D).

EPS8L 3 modulated GSK3B in PC cell lines

In order to further the regulation between
EPS8L3 and GSK3B in PC, GSK3B was overex-
pressed in EPS8L3-knockdown PC cells. The Western
Blot experimentation showed that GSK3B overexpres-
sion can markedly restored the expression of GSK3B
(Figure 4A). Subsequently, the CCK-8 experimenta-
tion showed that GSK3B overexpression can reverse
the inhibition of the proliferative ability of PC cells
caused by EPS8L3 knockdown (Figure 4B). In addi-
tion, Transwell experimentations also suggested that
GSK3B overexpression can reversal the reversal
impact of EPS8L3-knockdown on the invasive and
migrative ability of PC cells (Figure 4C). Therefore, we
concluded that EPS8L3 may activate GSK3B, thereby
promoting the proliferative ability and metastasis of
PC cells.

Discussion

Although progress has been made on the effec-
tive diagnosis as well as the treatment methods for
PC, but the mortality rate of PC is still high, and its
incidence and mortality rate are almost the same (4-
6). So far, there are no particularly effective drugs for
PC; at the same time, less than 20% of PC patients
are acceptable for surgery (7, 8). The main reason is
that the incidence of PC is hidden and the pathologi-
cal process is rapid, and the patients are mostly in the
middle and late stages when they are diagnosed with
PC, accompanied by proximal infiltration or distant
metastasis (9). Therefore, exploring specific molecu-
lar targets that control the development of PC and
elucidating its molecular mechanism has important
theoretical guiding significance as well as clinical
application value for improving early diagnosis and
clinical treatment of PC (9, 10).

EPS8L3 is involved in the malignant develop-
ment of various tumors. Studies have found that
EPS8L3 promotes the proliferative ability and metas-
tasis of HCC by regulating EGFR dimerization and
internalization (16). In addition, EPS8L3 up-regula-
tion is related to the occurrence and poor prognosis

of HCC (17). However, little has been reported about
the action of EPS8L3 in the development of PC.
Here, we aimed to clarify its role and molecular
mechanism in PC, which may have signality for the
diagnosis and treatment of PC. In this research, qRT-
PCR results found that the EPS8L3 level was signifi-
cantly higher in the PC tumor tissues than that of
adjacent ones, and it was in positive correlation with
the incidence of metastasis in PC patients. PC is one
of the malignant tumors with extremely high malig-
nancy, very rapid pathological process, and abnor-
mally strong proliferative ability and metastasis (18,
19). Functional studies such as the CCK-8 and
Transwell experimentations indicated that EPS8L3
can promote the proliferative ability and metastasis of
PC cells, proposing that EPS8L3 may be a key factor
in predicting the malignant development of PC.

The bioinformatics predicted that EPS8L3
sequence containing the GSK3B binding site, and
dual luciferase reporter gene assay verified that
EPS8L3 could be directly bind to GSK3B. GSK3 is a
serine/threonine protein kinase and one of the rate-
limiting enzymes of glycogen synthase kinase. There
are two main subtypes of GSK3 in mammals: GSK3A
and GSK3B, with relative molecular weight of 51 kd
and 47 kd, respectively. Both of them have similar
structures and substrates but different functions (20,
21). In the early stage, it has been reported that
GSK3B is participated in the malignant development
of PC (22, 23). Here, the Western Blot results
revealed that knockdown of EPS8L3 can markedly
reduce the GSK3B expression in PC cells; and the
recovery experimentations also suggested that over-
expression of GSK3B can reversal the prohibitive
effect of silencing EPS8L3 on the proliferative ability
and metastasis of PC cells.

Conclusion

Taken together, the present study demonstrates
that EPS8L3 promotes the development of PC by

regulating GSK3B, and that EPS8L3 can be used as
a biomarker for early diagnosis and treatment of PC.

Conflict of interest statement

All the authors declare that they have no conflict
of interest in this work.



112 Fan et al.: EPS8L3 promotes pancreatic cancer

References

1.

10.

11.

12.

13.

Jackaman C, Tomay F, Duong L, Abdol RN, Pixley FJ,
Metharom B et al. Aging and cancer: The role of
macrophages and neutrophils. Ageing Res Rev 2017;
36: 105-16.

. Calcinotto A, Kohli J, Zagato E, Pellegrini L, Demaria M,

Alimonti A. Cellular Senescence: Aging, Cancer, and
Injury. Physiol Rev 2019; 99(2): 1047-78.

. Bernardes DJB, Blasco MA. Telomerase at the intersec-

tion of cancer and aging. Trends Genet 2013; 29(9):
513-20.

. llic M, llic I. Epidemiology of pancreatic cancer. World J

Gastroenterol 2016; 22(44): 9694-705.

. Ansari D, Tingstedt B, Andersson B, Holmquist F,

Sturesson C, Williamsson C, et al. Pancreatic cancer: yes-
terday, today and tomorrow. Future Oncol 2016; 12(16):
1929-46.

. McGuigan A, Kelly P Turkington RC, Jones C, Coleman

HG, McCain RS. Pancreatic cancer: A review of clinical
diagnosis, epidemiology, treatment and outcomes. World
J Gastroenterol 2018; 24(43): 4846-61.

. Ren B, Cui M, Yang G, Wang H, Feng M, You L, et al.

Tumor microenvironment participates in metastasis of
pancreatic cancer. Mol Cancer 2018; 17(1): 108.

.Yang J, Ren B, Yang G, Wang H, Chen G, You L, et al.

The enhancement of glycolysis regulates pancreatic can-
cer metastasis. Cell Mol Life Sci 2020; 77(2): 305-21.

. Collisson EA, Bailey P Chang DK, Biankin AV. Molecular

subtypes of pancreatic cancer. Nat Rev Gastroenterol
Hepatol 2019; 16(4): 207-20.

Singhi AD, Koay EJ, Chari ST, Maitra A. Early Detection
of Pancreatic Cancer: Opportunities and Challenges.
Gastroenterology 2019; 156(7): 2024-40.

Di Fiore PP, Scita G. Eps8 in the midst of GTPases. Int J
Biochem Cell Biol 2002; 34(10): 1178-83.

Li YH, Xue TY, He YZ, Du JW. Novel oncoprotein EPS8:
a new target for anticancer therapy. Future Oncol 2013;
9(10): 1587-94.

Cheng CY, Mruk DD. Regulation of spermiogenesis,
spermiation and blood-testis barrier dynamics: novel

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

insights from studies on Eps8 and Arp3. Biochem J
2011; 435(3): 553-62.

Yang G, Lu YB, Guan QL. EPS8 is a Potential Oncogene
in Glioblastoma. Onco Targets Ther 2019; 12: 10523~
34,

Zhang H, Zhou L, Zhou W, Xie X, Wu M, Chen Y, et al.
EPS8-mediated regulation of multiple myeloma cell
growth and survival. Am J Cancer Res 2019; 9(8):
1622-34.

Zeng CX, Tang LY, Xie CY, Li FX, Zhao JY, Jiang N, et al.
Overexpression of EPS8L3 promotes cell proliferation by
inhibiting the transactivity of FOXO1 in HCC. Neoplasma
2018; 65(5): 701-7.

Li P Hu T, Wang H, Tang Y, Ma Y, Wang X, et al.
Upregulation of EPS8L3 is associated with tumorigenesis
and poor prognosis in patients with liver cancer. Mol Med
Rep 2019; 20(3): 2493-9.

Vujasinovic M, Valente R, Del CM, Permert J, Lohr JM.
Pancreatic Exocrine Insufficiency in Pancreatic Cancer.
Nutrients 2017; 9(3): 183.

Hidalgo M, Cascinu S, Kleeff J, Labianca R, Lohr JM,
Neoptolemos J, et al. Addressing the challenges of pan-
creatic cancer: future directions for improving outcomes.
Pancreatology 2015; 15(1): 8-18.

Beurel E, Grieco SF, Jope RS. Glycogen synthase kinase-
3 (GSK3): regulation, actions, and diseases. Pharmacol
Ther 2015; 148: 114-31.

Hur EM, Zhou FQ. GSK3 signalling in neural develop-
ment. Nat Rev Neurosci 2010; 11(8): 539-51.

Edderkaoui M, Chheda C, Soufi B, Zayou F, Hu RW,
Ramanuijan VK, et al. An Inhibitor of GSK3B and HDACs
Kills Pancreatic Cancer Cells and Slows Pancreatic Tumor
Growth and Metastasis in Mice. Gastroenterology 2018;
155(6): 1985-98.

Ogunleye AJ, Olanrewaju AJ, Arowosegbe M, Omotuyi
Ol. Molecular docking based screening analysis of
GSK3B. Bioinformation 2019; 15(3): 201-8.

Received: May 12, 2022
Accepted: July 11, 2022



