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Prognostic significance of high expression of thrombospondin 2 in pancreatic can-
cer and its effect on proliferation and migration of cancer cells

YANG Liu, LUO Qian (Department of Hepatobiliary Surgery, Luzhou People’s Hospital, Luzhou 646000, Sichuan, China)

[Abstract] Objective:To explore the prognostic significance of thrombospondin 2 (THBS2) expression and its effects on the prolifera-
tion and migration of pancreatic cancer ASPC-1 cells for patients with pancreatic cancer, and to investigate its possible molecular mech-
anism. Methods: The expression of THBS2 in pancreatic cancer tissues and its effects on overall survival rate in patients were analyzed
by online database. THBS2 expression in pancreatic cancer ASPC-1 cells was detected by Western Blotting; RNA interference was used
to knockdown the expression of THBS2 in ASPC-1 cells, and then the effects of THBS2 knockdown on cell proliferation and migration
were detected by MTT and Transwell assays, while its effects on protein expression levels (MMP, E-cadherin, AKT and PI3K) were de-
tected by Wb. Results: Expression of THBS2 in pancreatic cancer tissues was significantly higher than that in normal pancreatic tissues
(P<0.01), and the high expression of THBS2 could lead to the decrease of overall survival rate in pancreatic cancer patients. The expres-
sion of THBS2 in pancreatic cancer cell lines was significantly up-regulated; however, after interference on the expression of THBS2,
the proliferation (P<0.01) and migration ability (P<0.01) of ASPC-1 cells were significantly decreased, and the expression of AKT and
PI3K in cells was significantly down-regulated (P<0.01). Conclusion: THBS2 is highly expressed in pancreatic cancer tissues and cells,
and is negatively correlated with the prognosis of patients. The mechanism is possibly related with the proliferation and migration of
ASPC-1 cells that regulated by AKT/PI3K signaling pathway.
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Fig.1 Expression of THBS2 was up-regulated in pancreas cancer tissue
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A: Survival curve for pancreatic cancer patients in Pancreatic adenocarcinoma - TCGA — 178 database;

B: Survival curve for pancreatic cancer patients in Pancreatic ductal adenocarcinoma - Yeh - 132 database
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Fig.2 THBS2 expression was negatively correlated with pancreatic patient survival rate
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Fig.3 THBS2 was up-regulated in pancreas cancer cell lines
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Fig.4 Expression of THBS2 was down-regulated in ASPC-1
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Fig.6 Knockdown of THBS2 inhibited migration of ASPC-1 cells

2.6 UK THBS2 ¥4 AKT 1z 5@ %A X & G oK A

T AKT {5 5 38 % £ 41 I 0 5 DL ST U5 T
BE D EENE . ARUK THBS2 RIEZ )5,
W WB SN T AKT {5 5 38 # (A R 5 AKT AR

PI3K [3RIE . 459 (K 8) KB, @ik THBS2 & i 3
N AKT PAJ PIBK 3R uiyqzﬁ,ué'ﬁi%ﬁﬁ TH-
BS2 A G 45 AKT 15 5 18 24 , AT 4% ASPC-1
RIEZAT A



- 210 - HR [ R R iR YT AR, 2019, 26(2)

3 W i 1 22 TR 7249 B, THBS2 26 R 76 A0 4% 45 B 7

i g LA S8 SV s R OF & BUR A BiUR

R (K Rr S AR S AR W AR T AR AR 2 . BRAE B T AE AR 8 e U 1

BE T EENEM. KL, AMUTRLEE RS 7Y, E THBS2 2R B RN 2 R bR S

BRI OLVPAL B USRS DL SR BEAT XS A 2. THBS2 £ 2 F i i Hh k4% 55 2 10 R $2AF
SE M BLRIGIT T B LA BB R IR T ROR . IE5E L EAER IR A E A R R AL .

A B
NC shTHBS2-1# shTHBS2-2#
4
TuBs? | D S S— -
5 = NC -
S m shTHBS2-1#
MMP2 - —— g 3t shTHBS2-2# -
: 3 e
(o)
MMP7 - — Z 2
- — "’:) *k *% k%
g
E-cadherin B3]
ey

LI

THBS2 MMP2 MMP7 E-cadherin

oo [

" P<0.01
A': The bands of proteins in Wb image; B: Statistical histograms of proteins
7 R THBS2 &Ef5 T~ 18 MMPs [GAT_EiF B-$5548E BRI RIA
Fig.7 Knockdown of THBS2 could down-regulate MMPs and up-regulate E-cadherin

L \(¢
15T W shTHBS2-1#
NC  shTHBS2-1# shTHBS2-2# 8 o W ONTHESZZE
% % %
AKT ' - & 10t
| . 5
2
=
PI3K - C— 5 05
o
=
GATDI | —— £ ~ ~
AKT PI3K

"P<0.01
A: The bands of proteins in Wb image; B: Statistical histograms of proteins
8 BYIK THBS2 BEFBHNHI AKT LUK PI3K HIFRIE
Fig.8 Knockdown of THBS2 inhibited the expression of AKT and PI3K

KA F T 56181 Oncomine LA K R2 B4 FE /0t DAJCES R ER EIG IS o b MMP 2 B E 5 6 )&
R, THBS2 7R i H b ) Rs i i T HAE  HAMEK, %0 Maps/r it 2 5E 51
IEWRRAA AP RIE, DI REESHANEE 453, K EES 5K IR R, 752 MR 4
HAFRBEFAHKR KR WBHT R THBS2 7E /el b ik 25 i, 536 BRIk Bk,
FEA R rh s T HAE R RRSE L S BN A0 ORI BE 0 N R BT R R R
YR IL . R THBS2 BRI, e W gl i Bl 4 232, AR 58 kK 9L, £ T #t THBS2 J&5
Mg s e ) UL R IE R e ) B BRAR, DL B SEER R MMP2 L& MMP9 & H IfERIA & B2 T, I E-45
THBS2 W] BE & e e K A KA R — M e R REE N E FifH.

SR AKT/PBK 15 T il i 2 5 4l M0 (1) 2 Fh A= BV B

Ji 9B 4 B AL A% e ) 22 BIMMP SR 5O HRTIE R a4 R A0 A DA R 4 i A AR



b

AN, S5 . R i 2E 2R v 0k i /ISR S B 2 PR TR A S SR e A4 8 B R 11 5 ) © 211 -

P R 11 2R 5 DA O 4 00 G R 42, ] A
T A P53 I, AT A 2 B T AU
itk , AKT/PI3K 15 5 Ji % i 8 8 1 1 9% MMP 25 [
DA A5 2 B A R 28 35 DT 18 42 41 B PR SE % g 012,
25 BIWF R B, THBS2 i N il 2> S 3 AKT/PI3K
T T AH S T AKT BA K PIBK () R, AT 15
SRR G 5E DL ROT R S 2 T AE IR B . (HH BARY
W AR DL ST e — PR R

AT AEYAE B EHRE E I R EE o i &
F, B THBS2 5 R 75 Jik i i 1T B R 4% 45 i ik [A)
MThae. Ht—Bmid s i R IH FE S5 AKT/
PI3K {5 5 38 ik (1) 455, DT 532 i J it g 4 1) 184 B
DA #2 RE 7, R B e ) SR )y 7 4 T — e 1
HibZ%,

(& % xx #(]

[17 VERDAGUER H, ARROYO A, MACARULLA T. New horizons in
the treatment of metastatic pancreatic cancer: a review of the key bi-
ology features and the most recent advances to treat metastatic pan-
creatic cancer[J]. Target Oncol, 2018, 13(6): 691-704. DOI: 10.
1007/s11523-018-0609-7.

[2] HACKERT T, BUCHLER M W. Pancreatic cancer: advances in
treatment, results and limitations[J]. Dig Dis, 2013, 31(1): 51-56.
DOLI: 10.1159/000347178.

[3] SCHOBER M, JAVED M A, BEYER G, et al. New advances in the
treatment of metastatic pancreatic cancer[J]. Digestion, 2015, 92(3):
175-184. DOI: 10.1097/CC0O.0b013e3283473610.

[4] GORAL V. Pancreatic cancer: pathogenesis and diagnosis[J]. Asian
Pac J Cancer Prev, 2015, 16(14): 5619-5624. DOI: 10.7314/apjcp.
2015.16.14.5619 .

[5] LIN Q J, YANG F, JIN C, et al. Current status and progress of pan-
creatic cancer in China[J]. World J Gastroenterol, 2015, 21(26):
7988-8003. DOI: 10.3748/wjg.v21.i26.7988.

[6] SCLAFANI F, IYER R, CUNNINGHAM D, et al. Management of
metastatic pancreatic cancer: current treatment options and potential
new therapeutic targets[J]. Crit Rev Oncol Hematol, 2015, 95(3):
318-336. DOI: 10.1016/j.critrevonc.2015.03.008.

[7]1 HIROSE Y, CHIBA K, KARASUGI T, et al. A functional polymor-
phism in THBS2 that affects alternative splicing and MMP binding
is associated with lumbar-disc herniation[J]. Am J Hum Genet,
2008, 82(5): 1122-1129. DOI: 10.1016/j.ajhg.2008.03.013.

[8] WANG Y, FU W Q, XIE F, et al. Common polymorphisms in IT-
GA2, PONI1 and THBS?2 are associated with coronary atherosclero-
sis in a candidate gene association study of the Chinese Han popula-
tion[J]. J Hum Genet, 2010, 55(8): 490-494. DOI: 10.1038/jhg.
2010.53.

[91 OGURI M, KATO K, YOKOI K, et al. Association of polymor-
phisms of THBS2 and HSPAS with hypertension in Japanese indi-
viduals with chronic kidney disease[J]. Mol Med Rep, 2009, 2(2):
205-211. DOI: 10.3892/mmr_00000085

[10] TSAI E A, GILBERT M A, GROCHOWSKI C M, et al. THBS2 Is

a candidate modifier of liver disease severity in alagille syndrome

[J]. Cell Mol Gastroenter, 2016, 2(5): 663-675. DOI: 10.1016/j.jc-
mgh.2016.05.013.

[11] FEI W Q, CHEN L, CHEN J X, et al. RBP4 and THBS2 are serum
biomarkers for diagnosis of colorectal cancer[J]. Oncotarget, 2017,
8(54): 92254-92264. DOI: 10.18632/oncotarget.21173.

[12] WANG X, ZHANG L, LI H, et al. THBS2 is a potential prognostic
biomarker in colorectal cancer[J]. Sci Rep-Uk, 2016, 6: 33366.
DOI: 10.1038/srep33366.

[13] WENG T'Y, WANG C Y, HUNG Y H, et al. Differential expression
pattern of THBS1 and THBS?2 in lung cancer: clinical outcome and
a systematic-analysis of microarray databases[J/OL]. Plos One,
2016, 11(8) : ¢0161007[2018-09-01]. https://journals. plos. org /
plosone/article?id=10.1371/journal. pone.0161007. DOI: 10.1371/
journal.pone.0161007.

[14] WANG W, WEIL W F, ZHOU C F, et al. Microrna-221-3p, a Twist2
target, promotes cervical cancer metastasis by directly targeting TH-
BS2[J/OL]. Cell Death Dis, 2017, 8(12): 3220[2018-09-01]. https://
www.ncbi. nlm.nih. gov/pmc/articles/PMC5870596/. doi: 10.1038/
s41419-017-0077-5.

[15] AO R, GUAN L, WANGYY, et al. Silencing of COL1A2, COL6A3,
and THBS?2 inhibits gastric cancer cell proliferation, migration, and
invasion while promoting apoptosis through the PI3k-Akt signaling
pathway[J]. J Cell Biochem, 2018, 119(6): 4420-4434. DOI: 10.
1002/jcb.26524.

[16] ZHUO C J, L1 X B, ZHUANG H Q, et al. Elevated THBS2,
COL1A2, and SPP1 expression levels as predictors of gastric can-
cer prognosis[J]. Cell Physiol Biochem, 2016, 40(6): 1316-1324.
DOI: 10.1159/000453184.

[17] LIN X D, HU D, CHEN G, et al. Associations of THBS2 and TH-
BS4 polymorphisms to gastric cancer in a Southeast Chinese popu-
lation[J]. Cancer Genet-Ny, 2016, 209(5): 215-222. DOI: 10.1016/j.
cancergen.2016.04.003.

[18] SUN R C, WU J F, CHEN Y'Y, et al. Down regulation of Thrombos-
pondin2 predicts poor prognosis in patients with gastric cancer[J/
OL]. Mol Cancer, 2014, 13: 225[2018-09-02]. https://www. ncbi.
nlm.nih.gov/pmc/articles/PMC4189190/. DOI: 10.1186/1476-4598-
13-225.

[19] ZHU D J, YE M, ZHANG W, et al. E6/E7 oncoproteins of high risk
HPV-16 upregulate MT1-MMP, MMP-2 and MMP-9 and promote
the migration of cervical cancer cells[J]. Int J Clin Exp Patho, 2015,
8(5): 4981-4989.

[20] YOUSEF E M, TAHIR M R, ST-PIERRE Y, et al. MMP-9 expres-
sion varies according to molecular subtypes of breast cancer[J].
Bmc Cancer, 2014, 14. DOIL: 10.1186/1471-2407-14-609.

[21] CASTRO-CASTRO A, MARCHESIN V, MONTEIRO P, et al. Cel-
lular and molecular mechanisms of MT1-MMP-dependent cancer
cell invasion[J]. Annu Rev Cell Dev Bi, 2016, 32: 555-576. DOI:
10.1146/annurev-cellbio-111315-125227.

[22] CANEL M, SERRELS A, FRAME M C, et al. E-cadherin-integrin
crosstalk in cancer invasion and metastasis[J]. J Cell Sci, 2013, 126
(2): 393-401. DOI: 10.1242/jcs.100115.

[23] REPETTO O, DE PAOLI P, DE RE V, et al. Levels of soluble E-
cadherin in breast, gastric, and colorectal cancers[J/OL]. Biomed
Res Int, 2014, 2014: 408047[2018-09-02]. https://www. hindawi.
com/journals/bmri/2014/408047/. DOI: 10.1155/2014/408047.



212 -

rp ] R AR TR A, 2019, 26(2)

[24] CALVO N, MARTIN M J, BOLAND A R, et al. Involvement of
ERK1/2, p38 MAPK, and PI3K/Akt signaling pathways in the regu-
lation of cell cycle progression by PTHrP in colon adenocarcinoma
cells[J]. Biochem Cell Biol, 2014, 92(4): 305-315. DOI: 10.1139/
beb-2013-0106.

[25] FU J, TIAN C C, XING M T, et al. KU004 induces G1 cell cycle ar-
rest in human breast cancer SKBR-3 cells by modulating PI3K/Akt
pathway[J]. Biomed Pharmacother, 2014, 68(5): 625-630. DOI: 10.
1016/j.biopha.2014.05.006.

[26] ZOU W J, YANG S, ZHANG T, et al. Hypoxia enhances glucocorti-
coid-induced apoptosis and cell cycle arrest via the PI3K/Akt sig-
naling pathway in osteoblastic cells[J]. ] Bone Miner Metab, 2015,
33(6): 615-624. DOI: 10.1007/s00774-014-0627-1.

[27] ABRAHAM A G, O'NEILL E. PI3K/Akt-mediated regulation of
p53 in cancer[J]. Biochem Soc T, 2014, 42(4): 798-803. DOI:
10.1042/BST20140070.

[28] PELLEGRINO R, CALVISI D F, NEUMANN O, et al. EEF1A2 in-
activates p53 by way of PI3K/AKT/mTOR-dependentstabilization

of MDM4 in hepatocellular carcinoma[J]. Hepatology, 2014, 59(5):
1886-1899. DOI: 10.1002/hep.26954.

[29] BARBER A G, CASTILLO-MARTIN M, BONAL D M, et al.
PI3K/AKT pathway regulates E-cadherin and desmoglein 2 in ag-
gressive prostate cancer[J]. Cancer Med-Us, 2015, 4(8): 1258-1271.
DOI: 10.1002/cam4.463.

[30] ZHANG J N, SHEMEZIS J R, MCQUINN E R, et al. AKT activa-
tion by N-cadherin regulates beta-catenin signaling and neuronal
differentiation during cortical development[J]. Neural Dev, 2013, 8.
DOI: 10.1186/1749-8104-8-7.

[31] BROUXHON S M, KYRKANIDES S, TENG X, et al. Soluble E-
cadherin: a critical oncogene modulating receptor tyrosine kinases,
MAPK and PI3K/Akt/mTOR signaling[J]. Oncogene, 2014, 33(2):
225-235. DOI: 10.1038/0nc.2012.563.

[FsBHAT  2018-09-10 [f&EIHAA]  2019-02-16
[Axiwig]  HiFHa



