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Expression of ENO1 in Gastric Cancer Stem Cells and Its

Relation to Invasion and Metastasis of Gastric Cancer
SHU Xiong, LIU Hui-qi,PAN Yun-zhi,SUN Li-chao,YU Long,SUN Li-xin,
YANG Zhi-hua ,RAN Yu-liang

(National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital ,Chinese
Academy of Medical Sciences and Peking Union Medical College,Beijing 100021, China)

Abstract: [ Purpose | To investigate the expression of enolase-1 (ENO1) in gastric cancer stem cells
(GCSCs) and its relation to the invasion and metastasis of gastric cancer. [Methods] CD44* cells
were sorted from human gastric cancer SNU-5 cells,the expression of ENO1 mRNA and protein
was detected by RT-PCR and two-color immunofluorescence method. SUN-5 cells and sorted
CD44* cells were transfected with short hairpin RNA  (shRNA) to knock down the expression of
ENOI. The expression of Oct-4,Sox 2 and stemness-related gene Nanog was detected by RT-
PCR ,and the biological characteristics of GCSCs were examined by sphere colony formation assay,
invasion assay and in vivo tumorigenicity. [Results] The expression of ENO1 mRNA and protein
in CD44" cells from SNU-5 was significantly higher than that in CD44" cells. The mRNA expres-
sion of Oct-4,Sox 2 and Nanog from shRNA-ENO1 cells was significantly lower than that of con-
trol PLV-Ctr cells (P<0.05). Compared with the PLV-Ctr cells,the shRNA-ENO1 cells showed sig-
nificantly decreased self-renewal capacity and invasion ability,and the tumor growth in vivo was
inhibited. Western blot showed that Vimentin,snail and N-cadherin was up-regulated in shRNA-
ENOLI cells,while E-cadherin was down-regulated and the phosphorylation of AKT and PI3K was
decreased , suggesting that ENOI may be activated by AKT/PI3K signaling pathway. [ Conclusion ]
ENOL1 is highly expressed in GCSCs,which may be involved in the invasion and metastasis of gas-
tric cancer.

Key words: gastric cancer stem cells;enolase-1;CD44 ;invasion ;signal pathway
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Figure 1 Expression of ENO1 in GCSCs of CD44" cells
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Note : A : sphere formation abilities in shRNA-ENO1 and PLV-Ctr cells; B : comparison of spheroid
number in shRNA-ENO1 and PLV-Ctr cells.

Figure 2 Analysis of ENO1 expression in SNU-5 cell lines by real-time
PCR and Western blot
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Figure 3  ENOI1 regulated expression of stem cell-related genes of GCSCs

CD44" cells in SNU-5
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Note : A :sphere formation abilities in shRNA-ENO1 and PLV-Cir cells;B:comparison of spheroid
number in shRNA-ENO1 and PLV-Ctr cells.

Figure 4 ENOLI regulated the self-renewal ability of CD44" cells in SNU-5
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Figure 5 ENOI1 regulated tumorigenicity ability of
GCSCs CD44* cells in SNU-5
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Figure 7 ENOI regulated EMT-marker gene of
GCSCs CD44* cells in SNU-5
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Figure 6 ENOI1 regulated invasive ability of GCSCs CD44* cells in SNU-5
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Figure 8 ENOI regulated PI3K/Akt pathway

3 3t i

i A 4 BRI R PN R R DG R AR T ) 3R R A
Z— PN RAR M R B R R, IR E R
H L2 90% 2 it Jr g L 1 10% 0 741 B 9
A X B o A R S R YA T R A T )RR
SRR ) B 25 O H IR IRIE YT, AR R
T BRI B K e B R 2447 e B ) LT A
PRI 28 0 DRt BT 5 i 5 G RS RN 24 B PR, <3
o AR SR IR YT B SR S H R AU EARIA 1Y
HIEIFR,

i g 1 4 R — AR A bR R A R R EK
HEAARE m R T fn IR BRe o dnf, B
T 1] 5 98 T A0 IR AN R O — Rl vk Tl #
e E R R K, B R TS 1S B,
Xt F e 98 40 A 1 25 A 9 A1 T 8 4 AR T
e DN T R TR A/ U U e R )
RN E NI NS A R e Y}
&, HArEW A CD44 CD44/CD24 1S CD44/
CD54 ¢ CD44/EpCAM ' CD71 ALDHI1 % , H h
CD44 & —Fp ™12 A7 76 T 40 B 3% 1 1) 5 FRE M 2R 1
S 375 B IO T 1) 4 B T A7 AR, [ ) 2 4 A/ 3 5 1Y
YRR, A AN S AN | A0 5 T 2 R RS
B, BRI e T RE S

148

oY BEAV T | A R W T A 2ok 2 b — A OB 1Y il
RETEVrZ Al B R IEECENEN ., B FREEN
FAME T, B 5> 758 48kDa, IE4E R 1 K245
WHoE ¥R W] ENOT 7 M v £ 28R AR e, 2
TiURAF 5 32 B e R /N i g R R R TR
2 M e DL R R 0, 3R At R S5 b g 0, BT ENOL
5 E TR CR M ZRIE, B ENOL 1E4E
F5 5 98 T A0 0 0k R AR HER B R T I E A
VSN =

AWFFEFAT] ¥ el i Real-time PCR AT XL 8 54
HeGe ARG T ENOL 76 SNU-5 H CDA44*4 i v i) &
ik, KB ENOT BRI I 7E CDA4 4 i b s 3R 3k
B J5 8 A7 7 F o T3 DTER ENOT 3 Y SNU-5
o &, Al A 5 Ot 4y 1E E R 4E i SNU-5
CD44*4 it (shRNA-ENO1 41 PLV-Ctr 41) , &M ENO1
X B 9 T AN M CDA4 40 M A= W 2# R AE (R 52 M, 45 21
FWH %) EE PLV-Ctr 20 ,shRNA-ENO1 £H T 11 3 [H 3
ik FE AL, 7 & B shRNA-ENOT 41 /9 B 38 58 5
g EML T PLV-Cor 4. b T it — 25 WF5E ENOL
XF CDA4- M AEAR R AR | SO AR AR R 1Y
S, TESTERR 1x10° -4 HE 2= 4 B R B A R S
¥, W% 30 K5, XF e PLV-Ctr 41 ,shRNA-ENO1 4
CDA4* 4 ff i) ~F- 34 % A 9 1 B 30 O 15, L 20 L ENO
TR SIM 28 1 S0 A5 BIHIESE

21 it 6 AU 7 L R 200 AR () 7 S5 440 2 R) 1) L A
BB A W 2 R PR AR O L R 40 R) 7T R 5 4K (epi-
thelial-mesenchymal transition, EMT), i EMT &
2, LRZAMAER & T AN —An B RS B . T— AR
PE 32 B RE IR SR, AR A T e ] 70 5 4N i 1
R ALFERS BN R28 DU T AR RRIE Y ROk B 2 i
FERW EMT 5 b T 40 Mo FEE 25 U AH G, 7 b
¥ JRITHIRPURIEE & R OCHE T S8 ROk FRAT
K ENO1 78 SNU-5 H' CD44*4i fg 75 EMT 3 72 Y
YE R, XFE PLV-Cr 4 ,shRNA-ENO1 40 E-cad-
herin ZRIKIG NN, T I8 32 35 48 2 9] 0T 48 A 45 M %) s 7
¥4 N-cadherin Vimentin 1 Snail, L FAF5E RN,
ENO1 8 B & T 410 CD44+41 ig EMT /) #H 5 4
T, R E S AR B T4 ENOL F1 EMT 4 % V)
BKER ., N TIRE ENOL 78 H % T 40 ML CDA42 it i)
AH AR P A1 A W 2 D) BE Y A OC 4 F AL, Western
blot £l ENO1 7£ PI3K/Akt 15 5 il #% A 56 3k [K %
ik, X PLV-Cir 41 ,shRNA-ENO1 41 PI3K F1 Akt

% @ A7 2019 % % 28 A% 28  China Cancer,2019,Vol.28 No.2



BRI A WZ T TR, 0 PI3K A Akt 25 HAY
BEFKEAZE, #2758 ENOL & FiE ek PI3K Al
Akt Biffk, 1 PI3K Al Akt A2 AR I #4E PI3K/
Akt

AR HFFE A ALK T B ENOL 76 % T 40 iy

CD44* 4 i) 2 B AL Wy 2 U RE HA 208 3L, i HL
B o ENOT AE B 1 20 1 A AL i B7F 5 2 41 /8
B, [T ENOT AR A I 7 B9 40 i LU B
AR g N 12 W AT AR bR e 4 AR 4

SEH .

(1]

(2]

[4]

5]

(6]

(7]

(8]

9

Van Cutsem E,Sagaert X,Topal B,et al. Gastric cancer
[J]. Lancet,2016,388(10060) :2654-2664.

Cully M. Tumour microenvironment:fibroblast subtype
provides niche for cancer stem cells [J]. Nat Rev Cancer,
2018, 18(3):136.

Song S,Pei G,Du Y,et al. Interaction between CDI133
and PI3K-p85 promotes chemoresistance in gastric cancer
cells [J]. Am J Translat Res,2018,10(1):304-314.

Kim H,Lin Q,Glazer PM,et al. The hypoxic tumor mi-
croenvironment in vivo selects the cancer stem cell fate of
breast cancer cells|]]. Breast Cancer Res,2018,20(1):16.
Sorrentino C,Ciummo SL,Cipollone G, et al. Interleukin-
30/1L-27p28 shapes prostate cancer stem-like cell behavior
and is critical for tumor onset and metastasization [J].
Cancer Res,2018,78(10):2654-2668.

Zhu P,Wang Y,Du Y ,et al. C8orf4 negatively regulates
self-renewal of liver cancer stem cells via suppression of
NOTCH2 signalling [J]. Nat Commun,2015,6(1):7122.
Bimonte S,Barbieri A, Leongito M, et al. The role of miR-
NAs in the regulation of pancreatic cancer stem cells [J].
Stem Cells Int,2016,2016:8352684.

Ercan G,Karlitepe A,Ozpolat B. Pancreatic cancer stem
cells and therapeutic approaches[J]. Anticancer Res,2017,
37(6):2761-2775.

Sun J,Sun B,Zhu D,et al. HMGA2 regulates CD44 ex-
pression to promote gastric cancer cell motility and sphere

formation [J]. Am J Cancer Res,2017,7(2):260-274.

4’ ® ’@ 2019 jf‘ % 28 )& % 2 #  China Cancer,2019,Vol.28 No.2

[10]

(1]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Cappello P,Principe M,Bulfamante S,et al. Alpha-Eno-
lase(ENO1),a potential target in novel immunotherapies|J].
Front Biosci(Landmark Ed),2017,22:944-959.

Pece S,Tosoni D,Confalonieri S,et al. Biological and
molecular heterogeneity of breast cancers correlates with
their cancer stem content[J]. Cell,2010,140(1).:62-73.
Pan Y,Shu X,Sun L,et al. miR-196a-5p modulates gas-
tric cancer stem cell characteristics by targeting Smad4
[J]. Int J Oncol,2017,50(6):1965-1976.

Zhu T,Hu X,Wei P,et al. Molecular background of the
regional lymph node metastasis of gastric cancer[J]. Oncol
Lett,2018,15(3):3409-3414.

Brungs D,Aghmesheh M,Vine KL, et al. Gastric cancer
stem cells:evidence, potential markers,and clinical impli-
cations|J|. J Gastroenterol,2016,51(4):313-326.

Zhang C,Li C,He F,et al. Identification of CD44+CD24+
gastric cancer stem cells [J]. J Cancer Res Clin Oncol,
2011,137(11):1679-1686.

Chen T,Yang K,Yu J,et al. Identification and expansion
of cancer stem cells in tumor tissues and peripheral blood
derived from gastric adenocarcinoma patients[J]. Cell Res,
2012,22(1):248-258.

Han ME,Jeon TY ,Hwang SH, et al. Cancer spheres from gas-
tric cancer patients provide an ideal model system for cancer
stem cell research|J]. CMLS,2011,68(21):3589-3605.
Nguyen PH,Giraud J,Chambonnier L, et al. Characteriza-
tion of biomarkers of tumorigenic and chemoresistant can-
cer stem cells in human gastric carcinoma [J]. Clin Cancer
Res,2017,23(6):1586-1597.

Liu YQ,Huang ZG,Li GN,et al. Effects of alpha-enolase
(ENO1) over-expression on malignant biological behaviors
of AGS cells [J]. Int J Clin Experim Med,2015,8(1):231-239.
Fu QF,Liu Y,Fan Y,et al. Alpha-enolase promotes cell
glycolysis, growth , migration,and invasion in non-small
cell lung cancer through FAK-mediated PI3K/AKT path-
way [J]. ] Hematol Oncol,2015,8:22.

Mitra A,Mishra L,Li S. EMT,CTCs and CSCs in tumor
relapse and drug-resistance[J]. Oncotarget,2015,6(13):
10697-10711.




