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[(HE] BH WAL RR4-B5FAEE I 7 (inositol polyphosphate-4-phosphatase type I B, INPP4B) 745
(colorectal cancer, CRC) H' Y235 S fi R 72 X, B CRCAH A H INPP4B 5 5L i 43 J& 2 1 7 (matrix metallopeptidase 7,
MMP7)C R, IR HRFEINPPABXT CRCAU AR 3G HH . IERE M52 M AL . F7iE [l FHTIMER2.0FIGEPIA 2548 43t
INPP4BYESE OF) AR S5 (R 55 ) 4141 P Y 638 22 B R CRCTUR Y 52 15 a3 e 20 AR A I R T A DT Y 102 Bl CRC e
J T INPP4BIYZR IR, 43 AT INPPAB 5 I ARG BLFE AR B AR DG s FE4d 33K /M08 INPP4BI) CRCAH I H, ST 1 PCRES
M INPP4BAIMMP7(1) 3 R 263K, Western blotf il INPP4BE [ 23k, F| H CellTiter 96© AQueous Onef Il 41 ot , RKJR S
B A TEARC SIS AL BT AR (RTCA ) Rl 4 M 5B R 2%, 4545 Linked Omics B4 2 4341 5 INPP4BH REAH G AR 5
B, AR IR 0 T R BREOT SR SR, SIEW AL (0. 1.91, HWiE: 1.89), 7F
CRCHINPP4BHR AT 15 (45 M- 2.30, L Me: 2.33) o SR AL ALA I G PR Pyl 2 20 o] 55 4 2B TIE SC INPP4BFECRC
FIRHEE (P<0.001) o Cox[El TR /34 B /R INPP4BUXUS: FL (HR) =1.457, 95% 8 {5 X /8] (CI): 1.003 ~ 2.115 )M CRCHiJF,
Kaplan-Meier {1 £k . /R INPP4BTE 3615 H % - (78 (P<0.05) s Y KB 0 HT INPPAB I S I AR FEIE 45, & PLINPPABAY 5
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[ Abstract] Objective To investigate the expression of inositol polyphosphate 4-phosphatase type I B
(INPP4B) in colorectal cancer (CRC) and the relevant clinical significance, to determine the relationship between INPP4B
and matrix metallopeptidase 7 (MMP7) in CRC cells, and to make preliminary exploration of the effects of INPP4B on the
proliferation and migration of CRC cells and mechanisms involved. Methods ~ The TIMER2.0 and GEPIA2 databases
were used to analyze the differences in INPP4B expression between cancer and para-cancerous tissues and the effects of
such differences on the prognosis of CRC. The expression of INPP4B in 102 surgically resected CRC tumors was
determined by immunohistochemistry (IHC), and the correlation between INPP4B and clinical pathological indicators
was analyzed. In CRC cells with overexpressed/knocked-down INPP4B, the expression of INPP4B and MMP7 were
examined by real time fluorogenic quantitative PCR, the protein expression of INPP4B was assessed by Western blot, cell
proliferation was determined using the CellTiter 96® AQueous One assay, and cell migration and invasion were assessed
using wound healing assay and real-time label-free dynamic cell analysis (RTCA). The LinkedOmics database was used to
analyze signaling pathways related to INPP4B function, and the role of potential key molecules was validated at the
cellular level. Results Analysis with the TIMER2.0 database and GEPIA2 database showed elevated INPP4B expression
(colon adenocarcinoma [COAD]: 2.30, rectal adenocarcinoma [READ]: 2.33) in CRC compared to normal tissue (COAD:
1.91, READ: 1.89). IHC testing confirmed that INPP4B was upregulated in clinical CRC tissues and paracancerous tissues
(P<0.001). Cox regression model analysis showed that INPP4B (hazards ratio [HR]=1.457, 95% confidence interval [CI]:
1.003-2.115) affected the prognosis of CRC, and the Kaplan-Meier curve showed that patients with high INPP4B

expression had shorter overall survival (P<0.05). y° test was performed to analyze the relationship between INPP4B
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expression and clinicopathological indexes, and it was found that high expression of INPP4B was correlated with lymph

node metastasis ()(2=3.997, P=0.046) and neural invasion(Xzz&Sll, P=0.004). In in vitro experiments, CRC cells

overexpressing INPP4B showed a significantly increased cell proliferation and migration compared to the cells in the

control group (P<0.05). Analysis using the LinkedOmics database showed that INPP4B was correlated with extracellular

matrix remodeling and cell migration. Pearson's correlation analysis showed that MMP7 was positively correlated with

INPP4B (r=0.3782, P<0.001). INPP4B overexpression or knockdown in vitro also led to the upregulation or the

downregulation of MMP7 expression in CRC cells. Conclusion

INPP4B is highly expressed in CRC tissues and

significantly correlated with lymph node metastasis, neural invasion, and patient prognosis. MMP7 may mediate the role

of INPP4B in promoting CRC cell migration and invasion.

[Key words] INPP4B  Colorectal cancer

25 H 9 (colorectal cancer, CRC) 221K i 45 5 5E
TRYEE RJRRY, FEFR [, 20224ECRCET & 1159.2 77,
FET 16130977, K2 J I A Gk I 8 2407, SET 2%
4™, CRCIEH SAFEAFA456.9%, LIk TRRSE FH 5",
M B PECRCHYSAEAEAFRA £20% . K, #R
CRCH & H R AT BY T 8 I RIATT AR, o
CRCEH TG .

LI Z W 2 4- W 2 W 11 % (inositol polyphosphate 4-
phosphatase type II B, INPP4B) &5 WENLEE 3- 145
(phosphatidylinositol 3-kinase, PI3K) {551 [# 14 5 4
fiff, SEAE IS ARt BEARBEILAE 3, 4- —BERR(P1(3,4)P2)
FERRAL, W0 Akt TG AL, TR0 Akt T E(E 58
A B . AR, SR AES . PINPPABIE F #
ARy SR A 67 VR T ARl AR SR AR . (R
4 RINPP4BAECRCH A FE G I A — 30, FI 5 # 3~
WIINPPABTE e 3235 T K, WA 58 E HE INPP4BH]
DI HECRCHY KB K7, X FINPPABXF CRCAN I
BE 1R A 5 2 15835, X CRCHG B 14 1 H 1% ol = wF
58, NI, B gk — A W B INPP4BTE CRCH A4 FH LA K
PR INPP4BXT CRCH;FL I FEN

4 mEHM7(matrix metallopeptidase 7,
MMP7), XARAFEEF R, 7] i 53 2 Fh 240 i S 5
SR, PR IEIEAE A RS RN A AR AR . MMP7 4 % R
FECRCHV R mRIB 1, W A WX LW INPP4B Y
MMP7 (¥ AHEE K AECRCH IFEH

B FEANIE 1 A WA B2 AT L I R AR (4 G A
Ko 40 M 7K S B 56 3E, B AR INPP4BXT CRCHE 4 AU 201, IF
WA CRCAN i P INPP4B-5 MMP7 2 1k AR S, MR ST
I PRINPP4B 55785 CRCH 5 AR AL B2 LT i) S8 %

1 FABREHE

1.1 AHEIEENS
FIFHTIMER2. 055085 2" 214347 INPP4BAE Rl i i B 2

MMP7

KT, P CoxtBi U3 INPP4B . A0 | PG, Rk . b
T Al . VR A X 4
COAD) & W5 1520, Ik Kaplan-Meier i . Hl
GEPTA2ZHE i (http://gepia2.cancer-pku.cn/#general ) 43+
B TCGAFIGTEXEUHE 22 98 Rl 55 ' INPP4BIY A 1K
Ol FALinkedOmicsEZREXHE " (http://www.linkedomics.
org/admin.php), BEFETCGA-COAD/H M (rectum
adenocarcinoma, READ) £ i BA 51, X 2H 23 43 71 oy
COADIRNAseq ¥t #4T INPP4BH PearsonAH Fe P43
Bro i FRE B M (ORA) & SEINPP4BIE M 3¢
FHGO_BP,
1.2 IGRCRCHEARR &

WA 20154 1 H ~20214F 12 H DU R AR P I B T A1)
B L I R B s BV SE K A 102 B BEAR, A K 265488 (R
55955 (855 ) CRCEEA . JITA (R AR AL Z AT
97 BAR BT, PTG AR A 349 28 (5 5 3L I DT 2 ) L
12, IHEWHOWE L R GE e 73 b s 22 i L0390 M 5
W, ARBFITZ DU R 2EAE PG B 2 vt 2R B R it
(L5 KS2021548 ), FEARICAE L ARAH B E A TR o
1.3 REHALST

LA A, Bk . KAk, o S SR TR
THBR PR A AL P, J5 {8 FHTRIS-EDTA (pH=9.0) %
HAPATHURIBE . —HUINPP4B(CST, 14 543) Fi Bk i
M1 s 600, “HUNEY E AL L, [ FHDABE (4, )5 K
FHBRARREG . W N AL R, kD) 7 BALIE R
S EAELET (x400) HEATUREE, RSB BEHLTT 21001
YA, 45 G R EETT 40 R (O 04y, IREE G 157, 15
BN 25), RAS 8 K353, ST Ar IR, X IR 435K
HJ{E (IHC SCORE=1.215), ¥ 10251] HA 58 5 jg B R Y
FEASZ I 53 INPP4AB 5 2 75 2H 3841] . INPP4BfIk %
ikeH 64171
1.4 INPP4BiI K& /RUR 40D F MM 32

PCRY 14 (TaKaRa Taq™) AINPP4B(hINPP4B)

Ji (colon adenocarcinoma,
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(NM_001101669) fIcDNA, 5% FH XU ik BR il 4 P4 D7) il
BamH 1 (NEB, R3136) flEcoR | (NEB, R0101) . ¥
cDNAJH At % ik /K Lenti-EF1a-MCS-Flag.His-CMV -
GFP-Puro(Addgene), #4 i Lenti-EF1a-hINPP4B-Flag.His-
CMV-GFP-Purofitki, i HHBLOCK-iT"™ RNAi Designer
(https://rnaidesigner.thermofisher.com/rnaiexpress/) i1
shRNAJFHNIFG R CERHEY) ), I8 A5 IEAUEDNA
SR FH WU R PR ) 1 N D) B BamH T FEcoR T | BlIsi 44
Lenti-U6-shNT-SV40-GFP-Puro(Addgene), ffi A& ALHY
XiEshRN A, 14 3 5 F4 i Lenti-U6-shINPP4B-SV40-GFP-
Puro, JHDH5a K JA#T i (tolobio) ¥4k J5FE A . $& Tk
V) L 0 SR B G T %o B 50 o 7 el B R
psPAX2FIPmd2.G5 ¥ Y4 il 5| PEI(MCE ) iR & )5 ¥4 Y
HEK293T4i it (Harvard Medical School), %24 h . 48 h
I G A VW, 4 U85 N A Polybrene (10 ug/mL)
(MCE), ¥k BEFE YL HFHCTS . HKe3 2 i (111 74 45 s
¢ ), ¥% 4 58 iR FlPuromycin (6 pg/mL) (APExBIO) 47
ik . RAFINPP4BL RIBAMIBRHCT8 ™ ™" Al
INPP4ABRI AN AR K e3™ ™0 Kt 1o () 2 oA ot AR 200 ffg
PRHCT8“™ ", HKe3“"*°,
1.5 Western blot

FHRIPAZE 1 24 7 (Beyotime ) Z4f# 41 L, $EHURE
1, SDS-PAGEBE LK . 5 1€ i R 1 Bradfordi . 5
4744 HINPP4B(CST, 4039), B-actin(Sigma-Aldrich,
ABT1485) HIfE N2, i Anti rabbit IgG(CST, 7074),
Anti Mouse IgG(CST, 7076), ECL Mg Y7 & (Cytiva,
RPN2235), ImageQuant LAS 40001k % ¥t 4% 43 W {X
(GE healthcare) .
1.6 ERHEEEPCR

FHTRIZOL(Ambion) 24 4 JLITCTE, A G5 )5 B
O, W B2 /K AR R Nase & o, I S PR 5 2 O LI
RNA. ZPFEEBE, ToRE/K %% J5 nanodrop (Thermo ) Il i
RNAWRE . #0058 5 & (Promega, A2971 )%
RNAWi 5 5% ) cDNA, qPCRIA I £ (Promega) Kl H 1%L
KICHH . 51W) R A YA w5 B, P W1, S 8
FEUNTR: 95 °C 2 min , 1IMEFF; 95 °C 155, 60 °C 30 s, 407>
TEH . LAGAPDHNER N Z:, ffi 2 S35 A X R34
i, SR 3
1.7 ZHRERIJRELE

B3 B K R HCTS . HK e3 40 il [ 16 5 550
HE, USRS ER Tofltih o B, 28 — H 2= E b
FERRFL R SRR, PBSYE VE3UK, Yk XI5 40 i, A TG
MIEREFRHE2 mL, A TG . 73070, 12, 24 hie B

55 5545
F1 31455
Table1 Primer sequences

Gene . , , Product
name Primer sequences (5' to 3') length/bp
INPP4B F: CTGATGCTGACGCTAAGAAGAG 108

R: TAGGAAGCCTGGGTCATACA
MMP7 F: GCTGACATCATGATTGGCTTTGCG 238

R: CTGCATTAGGATCAGAGGAATGTCCC
GAPDH F: GGTGTGAACCATGAGAAGTATGA 123

R: GAGTCCTTCCACGATACCAAAG

INPP4B: inositol polyphosphate 4-phosphatase type Il B; MMP7: matrix
metallopeptidase 7; GAPDH: glyceraldehyde-3-phosphate dehydrogenase.

JE R EFHEATHA RO T 30T
1.8 ERTHREEIEMEMES HEAR (RTCA)

H5165 UL & 47 10%FBS I DMEMZH 1% 32 5 A 5
CIM-platef) & 2 Hr, 7E FUSCHT U AF BT Y CIM-plate |-
ZALHINAL00 pLIE A 315 T LT £ 53 2H A B, 4
JH1%% B R4 10 mL ™, NGS5 A CIMAR & T4 15 h 3 TRk
30 min/S BT T RTCA{ X+ (Agilent, xCELLigence
RTCA DP) b DIHATZEZEfABTIC % o 3 515 mini% 2k
FHATIC 54024 hY CELL INDEX{H iz e 40 i (2 28 1T 7%
HEJJ. CELL INDEX{H 5, 4iffifZ22 . TR Re Il .
1.9 #HpEigsE NI

JI T T XoF 5 2R R I Y A, 1O A D
4x10° N /HLIERD T 96FLAR, 43 HITEFER A LS (91, 3. 5.
7 d&FLIMA 15 uL CellTiter 96® AQueous Oneis
(Promega) f1100 pLI%FF=3E, BAEM &2 h , B bR (0K I
490 nmAb IWEOGEE(H . WO FE (B IE Fb T4t 3 5 fig
1.10 ZitEFH*

K FGraphPad Prism 8%k} (GraphPad Software, San
Diego, CA, USA), Z4 [8] W BER H1J7 2253 BT (ANOVA),
2 8] 75 P b A ] e/ 4 . SR JHIBM SPSS Statistics
V21.0H K 35 43 HT INPP4AB =5 {15 3% 35 19 2 1)l AR B4
Fro {8 FITIMER2. 05545 2 1) £ 5 BORE, L Cox U RS
BRI PRSGE CRCHYf [ K 3R, F| i Kaplan-Meier i 43 #7
INPP4B5 CRCEE A Y KR . fiH]LinkedOmics
H ¥ Pearson Al S P4 HT R 5T INPP4B-5 MMP7HI A 54
P<0.05 2 AT E L.

2 #R

2.1 AHEFIEENTIFIE
2.1.1 INPP4BFECRCAT /G4 &k ik

fifi FHH GEPTA 245 % 25 & TCG A RN G TEx Y B4 43 b
INPP4BF IR, 455 B /R INPP4BECRCH A T
IEEFEAELA),
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Fig 1 Expression of INPP4B in CRC cancer tissue samples

A, The expression of INPP4B in COAD ( 275 in tumor group and 349 in nomal controls) and READ ( 92 in tumor group and 318 in nomal controls) was analyzed

using the GEPIA2 database combined with TCGA and GTEx data; B, the expression of INPP4B was determined by IHC in 26 pairs of colorectal tumor tissue and matching

normal tissue samples (W P<0.001). COAD: colon adenocarcinoma; READ: rectal adenocarcinoma; TPM: transcripts per kilobase million; HT: human tumor; HN: human

normal.

AWFFETE N RS B 26051 0T 25 B W I 41 21 540
N IE # L SUREAR, THCA I INPPABR IR L . 45 9% & BHL
INPP4BYESS B e v i) 3R A5 0 W1 4 e T~ I 55 1
WAL (E1B),
2.1.2 INPP4B%5 CRCH) A /& 48 %

CoxH I 7% (62, ZETIMER2. 0% 7 58 i Bl 5 14
258/ COAD & 1 (U $F64BI3E 1), INPP4BI # ik A
[ . (hazard ratio, HR)=1.457, 95%A] {5 X |i] (confidence
interval, CI): 1.003 ~ 2.115], 4F % (HR=1.027, 95%CI:
1.004 ~ 1.050) LA K% 4319 (stage 4) (HR=7.030, 95%CI:

R2 CoxtREIT L TIMER2.04 47 & H INPP4BXf COAD £ 77 I %I
(n=258)
Table2 Using the Cox model to evaluate the effect of INPP4B on the
overall survival of COAD (n=258)

Variable HR 95% CI P
INPP4B expression

No 1 Ref

Yes 1.457 1.003-2.115 0.048
Purity 0.879 0.271-2.855 0.830
Age 1.027 1.004-1.050 0.023
Sex

Female 1 Ref

Male 1.279 0.755-2.167 0.360
Race

Others 1 Ref

Black 0.611 0.124-3.019 0.545

White 0.578 0.128-2.611 0.476
Stage

Stage 1 1 Ref

Stage 2 1.317 0.437-3.966 0.625

Stage 3 2.192 0.746-6.440 0.154

Stage 4 7.030 2.366-20.894 <0.001

HR: hazard ratio; CI: confidence interval.

2.366 ~ 20.894) 5 B H EAF UG A 2 (P<0.05) .

MG [ K INPP4BFE KT 1 S B0k SR 53
4, Hods i R R IR FR AL 191 (0 A A7 30, 25 R 13
FIKINPP4BHCOAD R F 174525 (K2) .

1.0}

= Low INPP4B expression
— High INPP4B expression

5 o
o ®
T T

Cumulative survival
o
S
-

=}
8}
T

o} HR=1.46 P=0.005 87

0 20 40 60 80
t/month

100 120 140

[ 2 TIMER2.0$#E 1 R E INPP4BR %57k FCOAD BE M EFTR
Fig 2 Prognosis for the survival of COAD patients with different
expression levels of INPP4B in the intestinal epithelium
n=129 per group.

& RIS IEINPP4B 5 I RIFIRIEHRAI X T
HRAEINPPAB S5 ZH AL VE 43 4 MH, 4 1029 i IR FE A
43 NINPP4B HIGHZ (n=38) MILOWZL (n=64), LLIZ M4
[ 25 ST PR BRA B 1) 25 57 0 45 R LINPP4B 5 i g
WL EE5E RS (x°=3.997, P=0.046) . Z2i21H (x°=8.511,
P=0.004) £ 5, INPP4B = £ iA5 BYAE A e bk I 45 56 # il
M RIRAI RIS 2 (3) . A8 IR & BLINPP4B
SHA . AW RZEFLE R R DL IR K R R A
X (P>0.05)

2.3 {KSMEREIGIEINPPABE R IAXT CRCAIAEILSE T
MEERR

2.3.1 AR AFR MR GG IR IE

525 ORI Je AN HCTS ™ "M kb, 13 #IKINPP4BHY

2.2
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Table 3 The relationship between INPP4B expression and clinical
pathological indicators in 102 clinical tissue samples of CRC

INPP4B
Pathological feature Total expression/case (%) Xz P
High Low

Sex 1.213  0.268
Female 60 25(41.67) 35(58.33)
Male 42 13 (30.95) 29 (69.05)

Age 1.063 0.301
<60 yr. 47 15(31.91) 32(68.09)
>60 yr. 55 23(41.82) 32(58.18)

Tumor differentiation 2982 0.225
Low 27 13 (48.15) 14 (51.85)
Middle 49 19 (38.78) 30 (61.22)
High 21 5(23.81) 16(76.19)

Tumor invasion 0.601 0.435
T1-T2 28 9(32.14) 19 (67.86)
T3-T4 69 28 (40.58) 41 (59.42)

Lymph node metastasis 3.997 0.046
+ 39 19(48.72) 20 (51.28)
- 62 18 (29.03) 44 (70.97)

Neural invasion 8.511 0.004
+ 18 12(66.67) 6(33.33)
- 83 25(30.12) 58 (69.88)

Anatomic subdivision 0.210 0.647
of the neoplasm

Colon 54 19 (35.19) 35 (64.81)

Rectum 48 19 (39.58) 29 (60.62)

A I HCT 8™ * O (R INPPABTE H: K 146 (/K 263535 7}
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Fig 3 INPP4B overexpression promotes the proliferation of CRC cells
A, Western blot (left) and RT-PCR (n=3 per group, right) were performed
to verify INPP4B expression in transfected cells; B, Cell Titer-Glo® was used to
detect the effect of different levels of INPP4B expression on cell proliferation (n=8

« . .
per group). P<0.05, P<0.01, P<0.001.
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Fig4 The overexpression of INPP4B promotes the migration and

@ Cell index
I

invasion of CRC cells

A, Wound healing assay was conducted to measure the migration of
INPP4B overexpression (n=8 per group) and knockdown (n=10 per group) cell
lines; B, RTCA assay was conducted to determine the invasion of INPP4B
overexpressing and knockdown cell lines (#=3 per group). * Control (serum-free).
p<0.001,

" p<0.05, " p<0.01,”" P<0.0001.
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