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[Abstract] Objective: To identify genes associated with mRNA expression-based stemness index (mRNAsi) in gastric cancer (GC)
and explore their functions. Methods: Bioinformatics analysis was conducted using The Cancer Genome Atlas (TCGA) database and
microarray GSE66229 dataset. The expression of TCEAL7 in tissues and cell lines was assessed by quantitative real-time polymerase
chain reaction (qRT-PCR) and immunohistochemistry. The effect of TCEAL7 overexpression on the proliferation, migration, invasion,
and stemness characteristics of GC cells was studied. Results: The expression of TCEAL7 was downregulated in GC. High expression
of TCEAL7 was associated with poorer prognosis. Overexpression of TCEAL7 inhibited the proliferation, migration and invasion of GC
cells, attenuated spheroid formation, and decreased the population of stem-like CD44"™/CD24"" cells. The nomogram which included
clinical features and TCEALT7 expression showed good accuracy and discrimination for predicting the prognosis of patients with GC.
Conclusions: TCEAL7 was identified as a mRNAsi - related prognostic factor in GC, inhibiting the malignancy of tumor cells and
attenuating stemness characteristics.

[Key words] gastric cancer; mRNA expression-based stemness index; prognostic

[J Nanjing Med Univ, 2024, 44(06): 769-780]

B ¥ (gastric cancer, GC) & BRI A L T 11
[BREWE] FXERFEEEE(81970499) 4 KIRR, 2020 42 BRZH 76.9 Ji NFET GCH 2,
JE{E1E# (Corresponding author) , E-mail: guoxinz@njmu.edu.cn UG F AR B8 7 GC B ny A vg i = A1



* 770 ° Mo E R

544 555 6 1
20246 A

AAEER Bl T ER RT3, BE KA
PRAAEZATIIRBARS o A1 1) e SO 2L AT
[ B 7 M DAAES U5 £ T 20 A B0V T e i R e
B8 5 PR AT R 3R A5 R 23 A R AE (328 T T 2R
SERITHIT T3 WY, BAT B v R AL A0 R S8 5 K
A B RS RN 5] AT 251, TS TS A RE
PR, £ GC 4 i 4 1) 55 1 A 5% 1 2k B X 36 7
GCA2H T .

AT A T — 22 4B 5 (one-class logis-
tic regression, OCLR) 744 3 T mRNA R IA /K F 11
T 45 £ (mRNA expression-based stemness index,
mRNAsi) F K5l i IR PR AE™ . B, 7EJES IDE
e i B A0 L ORI T VR 2 5 T RFAE AR G
(g i R R 5@ BRI B U R BT, mRNAsi
I RIEAR R I S5 J8d « F2 S5 BE200 S8  FH 400 o g A
GC H XU 73 RN T3 i Tt o LA S A . R
M, BT A X e AJ 55 # 4R b T U3 mRNAsi AH G ) T
JEFER L, B Z ThRESRIRIR R .

VE R HE F AL R 7 A BRI R — I,
TCEALT 4R IE 3 7 1 42 NF-kB 38 % 41 5] O S
A et AR, H AT B BT TT 4R IE TCEALT
5 GCHMERHEZ 1)K R

A LIS HE T TCGA $Udfs 2 Al GEO B4k 2
(¥ GSE66229 % 45 4 (1 A= W) 15 B 5 20 o, 1 o2
TCEAL7 24 GC H15 mRNAsi AH G 1 7 J5 A &4, IF
BEAT T AN AN ALZLZ T S 56 PASSIE TCEALT ()R
HRZRHAE GC I ThRE

1 #HRIFTE

1.1 ##

B B LR 40 & GES-1 R H J 4l il 3R (AGS
FHGC-27) 1 H 5% [H ATCC. APC-CD44 il PE -
CD24 Jit 2P 74 (BD Biosciences 2 7 , 32 E) 5 Lipo-
fectamine 2000 (Invitrogen A & , 35 [H) ; TRIzol (Invit-
rogen A #) , 3% [H ) ; PrimeScript RT i 7l & . TB
Green® Premix Ex Taq™ (TaKaRa A ®] , H &) ;
TCEAL7 %% AL HT R (1120, BilF3E 2 R R EE
PR B o 2T 4 41 i A= K ER 5 AT B-27 (Tvitro-
gen A H], FEED,

1.2 Zik
1.2.1 &k

M TCGA 4 %2 F 2, RNA-seq $¥, FH T % 57
F 1K N (differentially expressed gene, DEG) 43 #T,
£04E5 375 5l 5 Bges A A R0 32 451 0 R A AR AR, DL K%

M TR Y - 2 21 3% JE (genotype - tissue expression,,
GTEx) ¥¥8 2 v 3R B 174 B 1E 1 B HAREAR. N
T2 EAIE, I GEO #4E PE KA T GSE66229 ¢
P54 (1 GSE62254 Al GSE66222 41 i) , He v A 4%
100 /N 1E A A 300 PR FEAS

122 A41E L0

B R “sva” HH I ComBat /7752 BRHALIREL
Mo A3 “limma” B AF 68 € DEG. £ H“WGCNA”
AR AL AT AL R 3 20K X 4% 43 T (WGCNAD o
15 F“clusterProfiler” X AF AT R R AR (GO 'E
I3 BT AR L R 5 2R R 2 R T (KEGG) 5518
FEIERE AT
1.2.3 TCEAL7 % kA A H) 3%

K FH LASSO [8]JAF Cox [81 343 B 384T T 5 32 [A]
AL BT A R “ems” M G 51 25 ] . 3@
b CHRHOM AUC SR VPAl A58 1Y) [X 43 R g AR 1 g
3o A% “survIDINRIT” 84 LU AR Y (1) 4 1t 12 A
X 47 fie
1.2.4 W RARA

5 %t 5 R AR IE W AU AR Y RE H R R E
B2 — M BB 7R AT, FEARER A %
RARAE . AR T B R RS2 — I8 =
e B ZS G2 2 (A #E (2020-SR-383) . T Hg 1y
ZE T IERES.

1.2.5 mfpssfindt g

Yl B 7E 37 °C~ 5%CO, [ 3K 55 Fp 15 78 . il
RPMI 1640 3 75 58, 55 7R B IN 1 1975 % 2= A
BRI 0% G4 Mk . # 8 TCEALT it 33k i
$io f# H Lipofectamine 2000 #% 4% 5k 2 4 .
1.2.6  RNA R B it % 4 2 2 PCR(qRT-PCR)

& RNA K H TRIzol AT #EHL . { H PrimeScript
RT i 7 & & B ¢cDNA. {#i FH TB Green® Premix Ex
Taq™ # 17 qRT-PCR LAk Il TCEAL7 3 & 7K °F .
mRNA 7K V@ it GAPDH {E A 19 2 it 47 b5 #E 4L o
TCEAL7 £ 37 51 % : 5" - GAAAAACGCCCGTATG-
GAGAA-3", FiF 5l ¥ : 5 - GCAGCCTCTGTCTA-
AAATTCCCT-3" 5 GAPDH L35 51 %) : 5" -GGAGTC-
CACTGGCGTCTTCA -3, N i 51 ¥ : 5’ - GTCAT-
GAGTCCTTCCACGATACC-3'. K 243kt 5 H
(125 K mRNA [FAH X RIA i
127 #IEBLENF

Jir A AR AR 4% 2 5 T B 8, A i
e VIRERE N4 pm. M TCEALT Bk 4 )5,
R ENG I — 2 .



54455 6 1
20246 A

X FEwE, BRI, K S BT S
FrEDRITE L) ], R BER R 22 A (A ARRLERRD 5 2024, 44(6) : 769-780 771

B TSGR TCEALT 15 8 B Hila

1.2.8 @5 5E%

B GC YN FIN 6 fLAR, 37 CHFE 14 d BT
TE RS, A8 FH &5 db gt . K GC 4l g Fi N 24 £L
B, f# FH EdU. DAPL % 5 o f J5 3 B B8 bk B2
FSX100 & B2 247 M52
1.2.9 X|JE 5% 35 F= Transwell 5% 35

PBS Ve Ja , 4 M 7E T i 85 7R B R i & 48 h
AT KRS0 . Al B AR R 8% D R RIR B
FIAEA o FH 25 I LR I 25 (100 wL/AL) , 30 min &
IINKEFRIE, AT IERE AR B SLE . IREHP RIS
M R 7R 5L, Bl g, Ra
TE37 C5%CO 5 T E 24 he FE/G{EHEIE R
BT ST R
1.2.10 AR s 5 36 TCEALT 49 HGC-27

it ik TCEALT A1 BH M % B i HGC-27 40 i 4%
R FRAEAR R B 6 FLAR I, FE7E JC 7% DMEM/F12 $%
FREHRRIFE10d. BFRERBRINRE L EKE T
(20 ng/mL) B AT 45 41 g A= K A 7 (10 ng/mL)
M 2%B-27, B 3 d JIAHT B 1.5 mL 40 f 3% 77 4k
15 FH BB T R A
12,11 R X mpbyHr

N 7 A CD44 A1 CD24 ) EL 5], APC Frid B
CD44 FL 4R A1 PE ¥R 1) CD24 FLAKLE 4 °C 5 41 i i
H 30 min. B J5TE PBS ik It EH 25, 1 F R
AR MIAL S HT o
13 %itsrik

KRB A (RA 4.0.5 BEAT AWM B0
BT o 18 Wilcox Bk A A 56 V1Al 20 18] 22 = o B2 H
Kruskal-Wallis & 58 8 i5F mRNAsi Al TCEAL7 5 Il IR
FEAE A M o il FH Pearson #H % £ & TCEAL7 1
mRNAsi Z [A] [ % & o ¥ H Kaplan-Meier J7 7% Al
Log-rank 5 % BEAT A7 0 M. P < 0.05 NZEFH YL
TR

2 % R

2.1 A EFNH

K1 e 22845 T AW TR . M TCGA
B4 AN GTEx ##l e v SR 2 22 R R IB HE A,
22— AN L BRI IR RN J5 5 1 5 2H 5 g 4 R) 3
%5 416 /> DEG, H: #1672 4~ DEG ik i,
3 7444~ DEG £i& N (E2A) . il OCLR HiEfE
TCGA H4 e th 1) GC Hdfs v FH T PEAH G A, 2R
J g 22 5 L R RN 1 A DG TR B i WGCNA 43 4T
TEES BN TO bR B P S A B R R E, FEiE T R 2R

I3 BT 11 AN AN [F) A H AT 56k (B 3A) o FE P <
0.05 FI'&E AR A5 H>1 264 K, A 8 M 5 mRNAsi
BE AR (EI3B) o MR- TR A PR ) 45 3
WA 0 BB A R 2 N 5 mRINAsi F 96 fie 5 35 10 B B
(r==0.79, P=6x10"") . ¥ & ® 1 (cor.gene GS > 0.7
Fl cor.Gene MM > 0.8), 7E W5 i HL ) 504 4L R
4 55 R RIBEAT J5 2270 Hr (B 3C) o IR EEEE A 11
hREER WK 4A B TR . 45 &ImKME BIt@d
LASSO [B] V353 ¥, TCEAL7 5 245 1 %2 5 mRNAsi
HGC T v FE AR OC B ME— GBI R (E 4C. DD o

GTEx TCGA
database databae _1
DEG mRNAsi [ KM analysis
WGCNA analysis
GO enrichment
— v analysis
TCGA clinical gene modules
fea Iz Asi
el'ature related t(l) mRNAsi KEGG signaling
pathways analysis
v
LASSO Cox
analysis Exprssion

l F analysis ‘—‘
N Survival P

Key gene "l analysis b
Establishment

of nomogram

1 mRNAsi #8X 7 f5 2 Ei] 31 51 E R Rz E
Figure 1 The flow chart for identification and verification

GSE662299

of mRMAsi-related prognostic genes

2.2 mRNAsi A2 TCEAL7 % i K-FF= & G547

1E i 4H 23R i 8 2H 2R (1) mRNAsi 43 1) 4n ] 2B
7, R () mRNAsi 2 2 5 T 1IEH 4141, Kaplan-
Meier &= 1773 #1327~ P9 2 o A A7 8 Coverall survival,
0) E R A Gt m L (E20) . Mah, bt T
mRNAsi 7EAN[F] T 70 8 bk LA WM 2 A AJCC 2
W RIE K. EEHMER LB L (E
5A~D). N 2K Frow, Mg 4 23 TCEALT (3R 1A
W BT IEH 4. tbAh, TCEALT 76 B % T1 43
FIE AL (B SED) , 78 AJCC 43 3 o 4 42 4 ik (I
SHD, T AE R E R (B SO A M 2 1 (B 56) i, &
KA ERTG 25 o AR, N Pearson [7] )
MU TCEAL7 5 mRNAsi £ k6 (B 2D) . 4=
1753 B R TCEALT 3k & /K ~F 24 5% 7K ~F- 41 0S



<77

2.

&2}

B

PN

Fa4EH 6 M

20246 A

ZRAHEE 2P,

N T B FZ R AR e T R, iR 3

(%)

=

(=]
1

[ lg(P-value) |

[«
1

mRNAsi

(3]

=

S
1

—_

=

S
1

log,(fold change)

P <0.001

TCEAL7

TCEAL7

T TCGA B 43 M1 T TCEALT 18 HoAth S5 R4 i g

P <0.001
1

T

L

T T
Normal tissue Tumor

P <0.001

T ¢

T T
Normal tissue  Tumor

C

=~ High mRNAsi ~+ Low mRNAsi

1.004

0.754

0.504

0.254
P <0.001

Survival probability

0_

0 25

Time (months)

+ High TCEAL7 - Low TCEAL7

1.00

0.751

0.50

0.251

Survival probability

O_

50 75 100 125

0 25
Time (months)

50 75 100 125

FRIESTE R R . 45 R E7R, 15K 2 HU

A: The volcano plot showed that 1 672 DEGs were upregulated, while 3 744 DEGs were downregulated. B, E: The difference in mRNAsi (B) and
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tween the high and low mRNAsi (C) or TCEAL7 (F) level groups. D: Pearson correlation analysis illustrated TCEAL7 had a negative correlation with

mRNA

C

si.

1.0+
0.94
_ 0.81
%
‘5 0.7
=
0.6
0.5
0.4-

Module colors II

r=0.89, P=2.4e-173

QZ: 0.8 o g%
=) oo o U
= 0.74 % ol SEeLgS
= AN A
£ 0.6 SRR T A

P IORACRY S

o 7%

£ 0.5 o o T BB
E} o e o°m%°%i@€8;g ¢
& 0.4+ °§:of$§°°3 <
= PR o
0.3 T e e
n %;Oo‘,u°
2029 ¢35 °
s %0
v °
© 0.1

B2 DEG Hif#iZ, mRNAsi 1 TCEAL7 RiA K FREFESH
Figure 2 Screening of DEG;, expression level and survival analysis of mRNAsi and TCEAL7

Cluster dendrogram

B

Magenta

Red
Turquoise

Brown

Yellow

0.3 04 05 0.6 0.7 0.8 0.9

Module membership in blue module

Green
Blue
Purple
Black
Pink

Grey

Module-trait relationships

0.047 0.027
0.4) (0.6)
-0.044 -0.056
0.4 0.3)
0.15 0.11
(0.004) (0.03)
0.46
(3e-20)
0.38 0.26
(6e-14) (8e-07)
-0.19 -0.17
(2e-04) (0.001)
-0.41
(5e-16)
-0.52 -0.052
(1e-26) (0.3)
-0.39 —0.24
(2e-14) (3e-06)
-0.24
(4e-06)
0.032 0.21
0.5 (6e-05)
mRNAsi EREG-mRNAsi

0.5

A: The clustering analysis validated eleven various modules, with each color module presenting the same gene expression pattern. B: The green,

blue, purple, black, and pink modules were correlated negatively with mRNAsi, and turquoise, brown and yellow modules were positively correlated with

mRNAsi. C: Scatter plot analysis of blue modules.

3 DEG Ry RIAMLE 547
Figure 3 Weighted gene co-expression network analysis(WGCNA) of DEG



54455 6 1

RGN B, W R S TR E

B TSGR TCEALT 15 8 B Hila

20244F6 PREDRIBEFELT]. B B R EAR CE AR BLE RO , 2024, 44(6): 769-780 * 773 ¢
A KEGG pathway C 23 17 14 11 1 1
Endocrine and other factor-regulated calcium reabsorption s - — : : : :
Mineral absorption s 044 N
Carbohydrate digestion and absorption s -lg P & .
Aldosterone-regulated sodium reabsorption < g 0.2- .
Proximal tubule blcarbonate reclamation s 4 PR e T
Vascular smooth muscle contraction - 3 T 00 g
Thyroid hormone signaling pathway - o
Oocyte meiosis - P2 02 1
Dilated cardiomyopathy 4 = = R s ; . ; ; ;
Gastric acid secretion {  » 8 -7 -6 -5 -4 -
Thyroid hormone synthesis { @ Gene counts 8 7 ? ()\5) 4 3
~ Bilesecretion{ 2 08
cAMP signaling pathway - 4 . f Dy 232322171614141163 1 111 1
Salivary secretion - ® @5 % 12.2 -
Adrenergic signaling in cardiomyocytes - @6 E 12.0 + it
Insulin secretion = | e, 4 T
c¢GMP-PKG signaling pathway - E 11.8 4 el
46 81012 < LU et
Rich factor —:E 11.69 ][t sersenbaeresssnst
£ 114
< T T T T T T
~

log(N\)
B GO
lTon trans membrane transpory ®
Muscle contraction - o
Locomotory behavior 4 @
Sodium ion transport @
Regulation of heart contraction ® %
Regulabion of cardiac muscle contraction by regutation of the release of sequestered catcium ion - ° )
Cellular potassium ion homeostasis - ® Counts
Potassium ion transport - £ 2.0
Regutation of cardiac conduction + 025
Sarcoplasmic reticulum membrane . 030
Dystrophin-associated gtycoprotein complex -+ 035
Sodium potassium-exchanging ATPase complex -+ ° 4' 0
Junctional sarcoplasmic reticulum membrane ++ :
Junctional membrane complex -« =
Actin cytoskeleton & ~lg P
Myelin sheath - 35
Witage-gated potassium channel complex - o 3'0
Z disc 1 L :
2.5
Steroid binding -+ 2.0
Satcium-activated potassium channel activity -+ 1S
Sodium: potassium-exchanging ATPase activiity 4« =
Transcriptional activator activity, RNA polymerase Il core promoter proximal region seouence-specific binding @ E
Heparin binding -
ATPase binding - q
T T T T T
4 5 6 7 8
Rich factor

A, B: Kyoto encyclopedia of genes and genomes (KEGG) signaling pathways analysis (A) and gene ontology (GO) enrichment analysis (B). C, D:

The plots of coefficients(C) and partial likelihood deviance (D) showed that TCEAL7 was selected to be the optimal gene related to survival. BP: Biolog-

ical process; CC: Cellular component; MF: Molecular function.
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Figure 4 Enrichment analysis and LASSO regression
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A-D: The difference of mRNAsi level in TNM stages and AJCC stages based on TCGA dataset. E=H : The difference of TCEAL7 expression level
in TNM stages and AJCC stages based on TCGA. I-L: The difference of TCEAL7 expression level in TNM stages and AJCC stages based on

GSE66229 dataset.
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Figure 5 The difference of mRNAsi and TCEAL?7 level in TNM stages and AJCC stages
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A: The expression level of TCEAL7 was lower in tumors than in normal tissues in most cancer types. B: Cox regression analysis of TCEAL7 in dif-
ferent types of tumors. P < 0.05, "P < 0.01 and ""P < 0.000 1. CI: Cofidence interval.
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Figure 6 The expression level of TCEAL?7 in different types of tumors from TCGA database
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A, B: Univariable (A) and multivariable (B) Cox regression analysis of 6 clinicopathologic features. C: A nomogram for predicting 1-,3- and 5-year
0S of GC. D: AUC of three models for 1- to 6-year OS; E, F: Calibration plot of the nomogram for predicting probabilities of 3- year OS(E) and 5-year OS
(F) of GC. OS: overall survival; GC: gastric cancer; AUC: area under curve; HR: azard ratio.
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Figure 7 Construction and evaluation of TCEAL?7 expression-based model
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Table 1 Comparison of the accuracy and discrimination of three models
Cox model 2 vs. Cox model 1 Cox model 3 vs. Cox model 1
Index Estimated value 95%CI P Estimated value 95%C1 P
IDI(1-year OS) 0.018 -0.001-0.057 0.073 -0.024 -0.096-0.016 0.239
Continuous NRI(1-year 0S) 0.173 0.022-0.322 0.027 0.015 -0.256-0.183 0.103
MIRS(1-year OS) 0.068 0.000-0.132 0.04 0.004 -0.085-0.076 0.107
IDI(3-year OS) 0.045 0.007-0.108 <0.001 0.025 -0.057-0.088 0.558
Continuous NRI(3-year 0S) 0.243 0.095-0.384 <0.001 0.156 -0.147-0.331 0.352
MIRS(3-year) 0.146 0.003-0.234 0.013 0.064 -0.042-0.195 0.419
IDI(5-year) 0.032 -0.023-0.192 0.239 -0.047 -0.197-0.118 0.452
Continuous NRI(5-year) 0.186 -0.268-0.769 0.259 -0.106 -0.589-0.531 0.591
MIRS(5-year) 0.125 -0.053-0.227 0.286 -0.018 -0.266—-0.172 0.631

Cox model 1: age, gender, and TNM stages were enrolled.

Cox model 2: age, gender, TNM stages, and TCEAL7 expression level were enrolled. Cox

model 3: age, gender, and TCEAL7 expression level were enrolled. NRI: net reclassification improvement; IDI: integrated discrimination improvement;

MIRS: median improvement in risk score.
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A: The difference of TCEAL7 expression level in tumors and normal tissues. B: Kaplan-Meier survival analysis for high TCEAL7 level group and

low TCEALT7 level group. C: AUC of three models for 1- to 6-years OS. D, E: Calibration plot of the nomogram for predicting probabilities of 3- year OS

(D) and 5-year OS(E) of GC.
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Figure 8 The validation of the expression and prognostic value of TCEAL7 based on GSE66229 dataset
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A: qRT-PCR detected the expression of genes in GC cells (AGS and HGC-27) and GES-1. B: Results of the expression of TCEAL7 protein in GC

specimens by IHC(X200). C, D: Assessment of GC cell proliferation by colony formation (C) and Edu assays (D, X200). E: Wound healing assay to de-

tect the effect of TCEAL7 on cell migration (X40). F: Transwell assay to examine the effect of TCEAL7 on cell migration and invasion (x100). G, H

Spheroid colony formation assay (G, x100) and flow cytometry analysis (H) in HGC-27 cells to explore the effect of TCEAL7 on the stem characteristics
of GC. P <0.05, P <0.01 and P < 0.001.
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