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High expression of the stemness-associated molecule Nanog in esophageal squamous cell
carcinoma tissues promotes tumor invasion and metastasis by activating the TGF-$

signaling pathway
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Abstract: Objective To investigate the expression of Nanog and its regulatory relationship with MMP-2/MMP-9 proteins in
esophageal squamous cell carcinoma (ESCC). Methods We detected Nanog and MMP-2/MMP-9 protein expressions in 127
ESCC tissues and 82 adjacent normal tissues using immunohistochemistry and explored their correlations with the
clinicopathological parameters and prognosis of the patients. GEO database was utilized to analyze the pathways enriched with
the stemness-related molecules including Nanog, and TIMER online tool was used to analyze the correlations among TBR1,
MMP-2, and MMP-9 in esophageal cancer. Results Nanog and MMP-2/MMP-9 proteins were significantly upregulated in ESCC
tissues and positively intercorrelated. Their expression levels were closely correlated with infiltration depth and lymph node
metastasis of ESCC but not with age, gender, or tumor differentiation. The patients with high expressions of Nanog and MMP-
2/MMP-9 had significantly shorter survival time. Bioinformatics analysis showed enrichment of stemness-associated molecules
in the TGF-{ signaling pathway, and the expressions of MMP-2/MMP-9 and TPR1 were positively correlated. In cultured ESCC
cells, Nanog knockdown significantly decreased the expression of TPR1, p-Smad2/3, MMP-2, and MMP-9 and strongly
inhibited cell migration. Conclusion The high expressions of Nanog, MMP-2, and MMP-9, which are positively correlated, are

closely related with invasion depth, lymph node

metastasis, and prognosis of ESCC. Nanog regulates the

o7 B #1:2023-10-11 expressions of MMP-2/MMP-9 proteins through the TGF-
BETIR : [ AR IS (81860518) s 4110 - Ao [ bk £ 441 signaling pathway, and its high expression promotes
eI H (GIHZ202105) s I A F i 2 A5 H (€Z002907) migration of ESCC cells.
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Tab.1 Clinical and pathological characteristics of 127
esophageal cancer patients

Clinicopathological parameters n Percentage (%)
Age (year)

<60 73 57.48

=60 54 42.52
Gender

Male 78 61.42

Female 49 38.58

Differentiation

High 40 315

Medium 72 56.69

Low 15 11.81
T stage

Tl 16 12.6

T2 52 40.94

T3-T4 40 46.46

Lymph node metastasis
+ 84 66.14
- 43 33.86
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Fig.1 Immunohistochemical staining of Nanog, MMP-2, and MMP-9 proteins in esophageal squamous cell carcinoma tissues and
adjacent normal tissues. A: Negative expression of Nanog in adjacent normal tissues. B: Weak positive expression (1+) of Nanog in

esophageal squamous cell carcinoma tissues. C: Moderate positive expression (2+) of Nanog in esophageal squamous cell carcinoma
tissues. D: Strong positive expression (3+) of Nanog in esophageal squamous cell carcinoma tissues. E: Negative expression of MMP-2
in adjacent normal tissues. F: Weak positive expression (1+) of MMP-2 in esophageal squamous cell carcinoma tissues. G: Moderate
positive expression (2+) of MMP-2 in esophageal squamous cell carcinoma tissues. H: Strong positive expression (3+) of MMP-2 in
esophageal squamous cell carcinoma tissues. I: Negative expression (-) of MMP-9 in adjacent normal tissues. J: Weak positive
expression (1+) of MMP-9 in esophageal squamous cell carcinoma tissues. K: Moderate positive expression (2+) of MMP-9 in esophageal
squamous cell carcinoma tissues. L: Strong positive expression (3+) of MMP-9 in esophageal squamous cell carcinoma tissues.

R2 AESHERES

ZH41F Nanog MMP-2 & MMP-9 & B FRILER

Tab.2 Expression of Nanog, MMP-2 and MMP-9 protein in esophageal squamous cell carcinoma and adjacent tissues

Protein Tissue samples n High expression Low expression 1 P
ESCC tissue 122 79 43 70.475 <0.01
Nanog
paraneoplastic tissue 79 4 75
ESCC tissue 99 58 41 35415 <0.01
MMP-2
paraneoplastic tissue 73 10 63
ESCC tissue 119 60 59 46.605 <0.01
MMP-9
paraneoplastic tissue 81 3 78

2.5 Nanog 7T #tid i& TGF-B 1z 5 18 %& % "/ MMP-2/
MMP-9 % & 84 % ik

HEWIE B2F oM B, Nanog S5 PR G L R 32 28
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7, BT TBR1 5 MMP-2/9 2 1EAH (& 3),, Nanog
5 TBR1.p-Smad2/3 £ 1 RIA/K -1 IEAHSE (=0.318,
P=0.001; r=0.301, P=0.002) , H MMP-2/MMP-9 5
TRR1.p-Smad2/3 [ AYZRIAA LR TEAHDE (=0.448,
P<0.001,=0.303,P=0.004;=0.202, P=0.045,=0.239,
P=0.015,55)",
2.6 HRHhom S 5 B 4 AT AR 3T Nanog 32 &
b 2 R AT

B S 4@ e

qRT-PCR 1 Western blot ¥l 45 5 i 7% , si-Nanog
20 Nanog 1) mRNA } £ [ 2 35 7K - BH g Ik X it 21
(P<0.05,1514A \B) . RIJRSEEEERL S, 5% LA
Lt , A AIC Nanog J& £ 45 8 95 20 i A9 3 8 2% B I B A1R
(P<0.05,514C).
2.7 Nanog i#l i& TGF-B 155
(EE T2

gqRT-PCR Fl Western blotting 4% 3£ i 7~ , 5 X} 14
ZH AH HG , B % Nanog J5 TGE-B {553 i M A2 2211 7%
AHSESF 19 mRNA K- M R W R R (LS,
P<0.05).
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Tab.3 Clinical-pathological parameters of patients with esophageal squamous cell carcinoma having high or low Nanog, MMP-2 and
MMP-9 protein expressions

Nanog MMP-2 MMP-9
Clinicopathological N N N
parameters ; High Low X P ; High Low X P ; High Low X P
expression expression expression expression expression expression
Gender
Male 76 50 26 0.095 0.758 57 31 26 0.977 041 69 35 34 0.006 1.000
Female 46 29 17 42 27 15 50 25 25
Age (year)
<60 70 45 25 0.016 0.900 60 40 20 4.099 0.060 72 37 35 0.068 0.852
=60 52 34 18 39 18 21 47 23 24
T stage
T1 15 2 13 23.90 <0.01 8 2 6 6.029 0.049 14 1 13 11.89 0.003
T2 50 31 19 45 31 14 50 28 22
T3-T4 57 46 11 46 25 21 55 31 24
Lymph node metastasis
+ 80 55 25 1.626 0.202 66 46 20 10.08 0.020 79 46 33 5.731 0.020
- 42 24 18 33 12 21 40 14 26
Differentiation
High 36 19 17 5.483 0.064 31 18 13 0.268 0.875 13 6 7 2.534 0.282
Medium 71 47 24 59 34 25 67 38 29
Low 15 13 2 9 6 3 39 16 23
A B . -
100 - Nanog high ~ 1004 -~ Nanog high e 100 -~ Nanog high
e_\c, == Nanon low s == Nanon low < == Nanon low
- = =
E >
= s t
E 504 a 50 a 501
) 0 T T 1 1 0 T T T 1 0 T T } 1
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200
Survival (month) Survival (month) Survival (month)

[E2 Nanog., MMP-2 R MMP-9 EBFRIZKESREHEEERGEFHBEXRNETHLE

Fig.2 Postoperative survival curves of esophageal squamous cell carcinoma patients with low and high Nanog, MMP-2 and
MMP-9 protein expressions. A: Survival curves of patients with high and low Nanog expressions (P<0.001). B: Survival
curves of patients with high and low MMP-2 protein expression (P=0.004). C: Survival curves of patients with high and low
MMP-9 protein expressions (P=0.017).

R4 REBEH Nanog EHRIZEREZTIHBXELRIZHEXYE

Tab.4 Correlation between expressions of Nanog and invasion- and migration-related proteins in esophageal cancer

MMP-2 MMP-9
Nanog r P r P
n High expression Low expression n High expression Low expression

High expression 66 43 23 0.205  0.045 74 46 28 0.307  0.001

Low expression 30 13 17 40 12 28
3 itig I, BT AR AR ML, SHBT IR T B

BRI E AR B IES I —  Hok BURR YRGB U AR e AR A R T B

R I e e s S S OV G RN 2 )N AR I A ZE RS 1 R A 2 T e T4

BUEIRI C P, o R AR S BUEAFBUR A, MUBIFFE7E™, I Nanog 2 —Fh 2 5NN T20HE A F 3T
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Fig.3 Bioinformatics analysis. A: KEGG pathway enrichment analysis of differentially expressed genes in the gene
chip dataset GSE13834. B: Scatter plot showing the correlation between TBR1 and MMP-2 expression in esophageal

cancer. C: Scatter plot showing the correlation between TBR1 and MMP-9 expression in esophageal cancer.

x5 AEEF Nanog. MMP-2 & MMP-9 & B &KiA 5 TGFp = Sl EEA EQRIENEXE
Tab.5 Correlation of Nanog, MMP-2 and MMP-9 protein expressions with expressions of TGF-f signaling pathway proteins in

ESCC
TBRR1 p-Smad2/3
Protein r P P P
n High expression Low expression n  High expression Low expression

High expression 68 50 18 0.318 0.001 68 50 18 0.301 0.002
Nanog

Low expression 32 13 19 35 15 20

High expression 56 47 9 0.448 <0.001 52 40 12 0.303 0.004
MMP-2

Low expression 47 18 29 55 27 28

High expression 53 39 14 0.202 0.045 54 40 14 0.239 0.015
MMP-9

Low expression 50 26 24 51 27 24
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Nanog = F iR 2 A ARG AE AR AT TR IR . X
VLI Nanog £ F7E B R4 2T m 3k, HE A 3R
SE I B R SO R E ARG A E R R
AN AT A BIAE L B U5 P P S R At i A
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FEP 23 B MMP-2/9 J5 1 19335 DA TRt 55 141 fi R 44
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R SN N ER Y S S R 2 U At S e e L
A 5¢ Spearman Fk AH ¢ 43 Hr 1 7K, Nanog 5
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TE T 43 I 0 22 5 5L R A 3 B AR A AT R B,
Nanog 55153 345 8- AE TGF-B %557 58 it ; [m] st
TELE W 3 TIMER 3 M7 % B TBR1 5 MMP-2/9 & 1E A
7, 3R Nanog 1] BB i TGF-B 15 5-l 52 1 MMP-2/
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Fig.4 Effect of Nanog knockdown on migration of esophageal squamous cell carcinoma cells.
A: qRT-PCR of Nanog mRNA expression levels after Nanog knockdown (P<0.05). B: Western
blotting of Nanog protein expression after Nanog knockdown. C: Scratch assay for assessing
changes in migration ability of TE-1 cells after Nanog knockdown. *P<0.05, **P<0.01 vs NC

group.
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knockdown. A: qRT-PCR of TPR1, Smad2, MMP-2, and MMP-9 mRNA levels after Nanog knockdown. B:
Western blotting of TBR1, p-Smad2/3, MMP-2, and MMP-9 protein levels after Nanog knockdown. *P<0.05,
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