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Screening and functional validation of key gene CTTNBP2NL in
pancreatic cancer

ZAI Hongyan'”, CHEN Jinlong'?, ZHU Qin'’, JIANG Wei'?, DUAN Yankun™’, OU Zhenglin'’

(1. Department of General Surgery 2. National Clinical Research Center for Geriatric Disorders 3. Department of Infectious Diseases,
Xiangya Hospital, Central South University, Changsha 410008, China)

Abstract

Background and Aims: Pancreatic cancer is a common malignant digestive system disease that is
difficult to diagnose and treat. Most patients have missed the opportunity for surgery at the time of
diagnosis. Developing new targets for early diagnosis and treatment of pancreatic cancer is of great
significance. Therefore, this study was conducted to screen key genes related to the progression of
pancreatic cancer using bioinformatics approach and identify their specific mechanisms that affect tumor
progression

Methods: The GEO datasets GSE15471, GSE16515, and GSE132956 were selected, and differential
gene analysis was performed on these three datasets using the R limma package to identify differentially
expressed genes in pancreatic cancer. The Venn diagram was used to determine the intersection of these
genes. Metascape was used to perform functional enrichment analysis on the differentially expressed
genes, KMPLOT was used to analyze the correlation between these genes and patient survival, and
GEPIA was used to validate the differential expressions. The key gene was selected, and its correlation
with clinical and pathological information of pancreatic cancer was analyzed using Linkedomics. The
biological functions of the interaction factors of the key gene were analyzed using KEGG and GO
enrichment analysis. A PPI network was constructed using Cytoscape software to analyze related
signaling pathways. The expression of the key gene was subsequently verified in pancreatic cancer tissue
samples and cell lines, and cellular functional experiments were conducted to validate its function.
Results: A total of 177 upregulated genes and 104 downregulated genes were identified in the three
GEO datasets. Metascape enrichment analysis revealed that the upregulated genes were enriched in
tissue morphogenesis, angiogenesis, cell movement, and cell proliferation, while the downregulated
genes were enriched in processes such as metabolism and pancreatic secretion. KMPLOT survival
analysis identified six factors (CTTNBP2NL, FGD6, ITGA2, KRT19, S100P, TMPRSS4) that were
significantly associated with pancreatic cancer and all of them were risk factors for the survival of
pancreatic cancer patients (all P<0.05). GEPIA wvalidation also showed that these genes were
significantly upregulated in pancreatic cancer (all P<0.05). Among them, CTTNBP2NL was of unknown
function in pancreatic cancer, so it was selected for further study. Clinical correlation analysis showed
that CTTNBP2NL was significantly correlated with the N stage of TNM classification in pancreatic
cancer and was upregulated with the increase of the stage. PPI analysis revealed 17 proteins that
interacted with CTTNBP2NL, and KEGG enrichment analysis found that these proteins were related to
the PI3K/Akt and TGF-f pathways. GO enrichment analysis also found that these proteins were related
to cell separation and apoptosis. The three GEO datasets showed that CTTNB2NL was highly expressed
in pancreatic cancer, and both mRNA and protein expressions of CTTNB2NL were upregulated in
pancreatic cancer tissues and cell lines (all P<0.05). Functional experiments showed that in pancreatic
cancer cells after CTTNBP2NL silencing, the proliferation, migration and invasion were significantly
inhibited while the apoptosis was significantly increased, and meanwhile, the activity of the PI3K/Akt
signaling pathway was significantly inhibited (all P<0.05).
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Conclusions: CTTNBP2NL is highly expressed in pancreatic cancer and closely associated with the

proliferation, migration, and invasion of pancreatic cancer cells. Its mechanism of action may be related

to the activation of the PI3K/Akt signaling pathway. CTTNBP2NL can potentially serve as a prognostic

biomarker and diagnostic target for pancreatic cancer.
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1.5 Z[ﬂﬂﬁ!i%% ah8805; Abcam) M H. GAPDH (1:2 500; abh9485;

B R R 40 M8 & (PANC-1., CFPAC-1 il MIA
PaCa-2) g 3K T 3% [ M A 8% % ) ff 56 h O
(ATCC), NIEH WM S45 T 5 40 Ml 52 HPDE6-C7 Il
SE T WL T B W S A R A R F] . PANC-1 I
MIA PaCa-2 4 g 76 DMEM &5 3% 3 (32 [ Gibeo) o
Ri3%; CFPAC-1 4 i 78 IMDM 15 35 3£ (Gibeo) HiH%
7% ; HPDE-C7 40 i £ RPMI-1640 15 353 (Gibeo)
BgR o B A BE R b b A 10% G 4 I T
(Gibeo) Hl 1% 5 % E/4E % & (Gibeo) , I 7£
37 °C 5%CO, Y BE F2 8 RE 5% .
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CTTNBP2NL#1 F1 si-CTTNBP2NL#2) DA 2 4 17 (1) FH
PEXT AR (si-NC)  f BT 3 35 06 25 A BR 2 W) & Bl .
si-CTTNBP2NL#1 5 %1 . 5'-GAC CUU GUU AUA GAA
GCC UUA TT-3', si-CTTNBP2NL#2 % %1 : 5'-CGU
UUG ACA UUC CAU CAG AUU TT-3'; si-CN: 5'-UUC
UCC GAA CGU GUC ACG UTT-3'; J¥ %1 Jf fdi
Lipofectamine 2000 (% Invitmgen) AT EY ) G
FRRE UL, TEAMMEFE Y48 hn, HEATIIRE L &
4B RNA . EER 4R
1.7 qRT-PCR#&il

{#i i TRIzol iz 51| (Invitrogen ) M 4355 5. RNA,
PrimeSeript™ RT Master Mix i 71 & ( H 4% Takara) ¥
RNA i %% 5t 5y ¢DNA., fi F§ ABI Prism 7900HT
sequence detector ( 3¢ [E Applied Biosystems) FISYBR
Green PCR 57| & (Takara) il H 09 £ R Y %15,
Pl GAPDHAE N N2 . PCR7E 95 CF WiZE 4 2 min;
SRIGAE 95 C R HEATAEME 15 5 7E 60 °C T 3B K ZE fif
30 s; FLHEAT 40 DIF IR . BCHE S TR 2700 0k
AACE=SE50 20 (Ct HARFER -Ct N2 ) XA (Ct
HinH-CtINZ) . 51PFs# 1,

1.8 Western blot#&illl

B W 2 B 4 2R KR 3R Y 40 i R RIPA 24 )
(BB RAEYEA) RBCEENA, i BCAE
Fe R e & (R RAEWEAR) W E
RV MR T, 10% - kw3 B TR B — 3R TN 0 Tk e o
ML IR B AR BT, RS # # 3 PVDF B o 9T
CTTNBP2NL (1:500; # PA5-46134; Thermo Fisher
Scientific) , $T p-PI3K  (1: 1 000; abl191606;
Abcam) , ¥{ PI3K (1:1 000; ab32089; Abcam) ,
PUp-AKT (1:1000; ab38449; Abcam), HLAKT (1:500;

© WA )3 of [ FF I F A EPTA

Abcam) FE4 CT I MEH o FHUR o 4 1k Py il 1)
BRI P IgG (1:2000; ab6721; Abcam) fE37 CF
JEE 2 ho MG A = RO A & (LH
Millipore ) #47A] ¥4k, GAPDHYE RN Z: .

#1 gRI-PCR3|#7%|%
Table1 ¢RT-PCR primers

E47S J751(5—3")
CTTNBP2NL
E ] CAG GCA CCG AAA GGT GAT CC
JZ 11 TCC TTC TCT AGC ATG TAG GTG AC
GAPDH
1E ] ACA GCC TCA AGA TCA TCA GC
S 1) GGT CAT GAG TCC TTC CAC GAT

1.9 CCK-83I§

# PANC-1 Fil MIA PaCa-2 40} LA 1 x 10° /9L 1Y
AR 96 fLMRHh, FESIRNA S QL J5 0. 24,
48 . 72 h, FALHINA 10 WL CCK-8 i ( 2
“RAEWHEAR) LB, B 96 FLARE A K 756 T A
37 CTHWEE 2he RS, B 96 fLAk , 38 i i bR X
( 36 [# Bio-Tek ) £ I 4 Ff 7£ 450 nm &b W & OD {H ,
2 AL 2 R
1.10 RXHAREAR D

fii H Annexin V-FITC 28 jg 9 T & i ial50 & (&
WHRREYEAR) HEHBEMAT . sz, 7o
S5 1% 10° 4> PANC-1 FI MIA PaCa-2 41 Jiid 32 #h 5
6 fLt ., a8 him, WOHEANM, PR ANMIFE
BTGNS AR5, K55 wL Annexin
V-FITC 110 pL BAk P BE 7E 2 i 2E 5 9% 7 20 min.
76 1 h N i J§ FACS Calibur %i =% 40 §g 1% (BD
Biosciences ) 1AL 40 M08 T
1.11 XRLIE

$4 7 Gt J5 H PANC-1 Fil MIA PaCa-2 41 Jifd 32 Fh 78
6 fLth FAEK 48 him . HU IR, MW E 1L
2 R0 20 B 2 R R IR L . I PBS BRI VER 2 1K
G, A1 mL DMEM #5352 3 o £ 0 h 124 h #1145
RIIE .

1.12 Transwell SE4&

Transwell I 72 38 i {# FH 1445 2 5 19 Transwell
i ¥ 47 (BD Biosciences) o WU 3K 55 4t 48 h J5 AY
PANC-1 il MIA PaCa-2 4 it , # & T 200 pL JG I
i DMEM 5 32 e p g4 M 8l % . FIEE A
600 WL DMEM F1 10% FBS. ¢ & 24 h ), 20 i
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% GSE15471. GSE16515 Fl1 GSE132956 %% #i% 42

B3 M B, GSE15471 WA 297 A3 [H 7 i g 9 vh
T, 1 13 EE B GSE16515 HR AT 419 Ak
FTE, 11754 E18; GSE132956 H A 1 081 4~ 3%
R R, 880 4~ b, &k X 3 ik 38 A I 4k
A A 3L 177 A (D 1A), SR [E R 98 A9 356
1044~ ([E1B) o X 22 5 FE P #F 1T Metascape & 45 43
Mr, 58 En, FHENEEEALESLELE.
LT B . 40 B iz 20 R0 40 M3 5 A b FE (151 1C) .
T A R DR A A AR AR o i A R (] 1D) o

Hut

GSE15471

GSE16515 %v GSE132956

M5885: NABA MATRISOME ASSOCIATED
R-HSA-1474244: Extracellular matrix organization
G0:0098609: cell-cell adhesion

M18: PID INTEGRIN1 PATHWAY

GO actin organi
G0:0043588: skin development

G0:0048729: tissue morphogenesis

G0:0001568: blood vessel development
G0:2000147: positive regulation of cell motility
R-HSA-6798695: Neutrophil degranulation
G0:0045785: positive regulation of cell adhesion
G0:0018149: peptide cross-linking

G0:0009611: response to wounding

G0:0008283: cell population proliferation
R-HSA-109582: Hemostasis

WP2877: Vitamin D receptor pathway
G0:0061041: regulation of wound healing
G0:0007229: integrin-mediated signaling pathway
G0:0000902: cell morphogenesis

G0:0010810: regulation of cell-substrate adhesion

A
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-log10(P)
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SENThEE; D LT IE2E RN ThhE
Figure 1
normal specimens
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FGD6 . ITGA2. KRT19., S100P. TMPRSS4 %4 64> 2%
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2.3 CTTNBP2NL 5 fi% RR % B9 Il PR 48 5 1% & Ih g8
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Linkedomics (http://www. linkedomics. Org) 7 Mr

CTTNBP2NL 5 Ji# B 98 8 2 09 I IR A OC M R
CTTNBP2NL & ik 5 [ i 98 TNM 4354 v (1) N 43 1 7
XK, HIKSEBES 88 0 i (33 P<0.05) (E13A).
PPI ¥ £& 43 #7 % 7% CTTNBP2NL i B AER F (&1 3B),
I 38 & KEGG 43 #r & 8L H B /E N + 7E PI3K/Akt,
TGF-B %5 i w & (K3C) . Goﬁ’%éw?ﬂﬂifm
PSR T (EI3D) .
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It EHR2ERIEN; B:

B
G0:0006575: cellular modified amino acid metabolic process
G0:0006520: cellular amino acid metabolic process
G0:0003013: circulatory system process
hsa04972: Pancreatic secretion
GO:0009636: response to toxic substance
R-HSA-425407: SLC-mediated transmembrane transport
hsa00260: Glycine, serine and threonine metabolism
———— G0:0031638: zymogen activation
—— G0:0043603: cellular amide metabolic process
— GO:0031668: cellular response to extracellular stimulus
[ R-HSA-425410: Metal ion SLC transporters
——— G0:0006457: protein folding
— ] G0:0043269: regulation of ion transport
— G0:0042220: response to cocaine
— hsa04630: JAK-STAT signaling pathway
G0:0046903: secretion
— R-HSA-2980736: Peptide hormone metabolism
— R-HSA-196849: Metabolism of water-soluble vitamins and cofactors
| E—] G0:0048871: multicellular organismal homeostasis
— WP2806: Complement system
2 4 6 8 10 12
-log10(P) D

TP 2ERIEN; C: ke B2ER

The differentially expressed genes and functional enrichment between pancreatic cancer tumor specimens and
A: The co-upregulated differential genes; B: The co-downregulated differential genes; C: Functions

of co-upregulated differential genes; D: Functions of co-downregulated differential genes
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— — ik
— —
HR=2.2 (1.42-3.42) HR=2.75 (1.58-4.79) HR=3.23 (1.75-5.97)
logrank P=0.000 31 logrank P=2e-04 logrank P=7.9e-05

— 1 — i

&1 5
HR=2.8 (1.73-4.53) HR=3.3 (1.79-6.1) HR=2.02 (1.31-3.12)
logrank P=1.2e-05 logrank P=56e-05 logrank P=0.001 3

B2 BRREEZSERNEFSIMRE  A: KMPLOT /30128 B 5 IR 8 B A AF 38 A Ik B: GEPIA i
AHORTE N L BRI P ) 2R T DL
Figure 2 Survival analysis and expression of differential genes in pancreatic cancer =~ A: KMPLOT analysis of the relationship
between differential genes and the overall survival rate of pancreatic cancer patients; B: The expressions of related genes in
pancreatic cancer in GEPIA database
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E3 CTTNBP2NL S5RRpRERIRKRMEXERINGEESE
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PPI43#7 CTTNBP2NL B9 EAESL ; C: KEGG 434 CTTNBP2NL [ HAEIL K BhEE; D: GO 4 CTTNBP2NL [ H /E X

e

Figure 3 Clinical relevance and functional enrichment of CTTNBP2NL in pancreatic cancer

A: Linkedomics analysis of the

correlation between CTTNBP2NL and clinical features of pancreatic cancer; B: PPI analysis of CTTNBP2NL interaction
genes; C: Functional analysis of CTTNBP2NL's interacting genes using KEGG analysis; D: Functional analysis of

CTTNBP2NL's interacting genes using GO analysis
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