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Abstract

Objective: To analyze the expression of MCM4 in colorectal cancer cells, study the role of MCM4 on
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colorectal cancer cells, and further explore the association between MCM4 and colorectal cancer
(CRC). Methods: 1) Immunohistochemistry was used to compare the expression of MCM4 in dif-
ferent colon tissues and analyze the relationship between MCM4 and clinicopathology in colorec-
tal cancer patients. 2) Survival analysis was performed using the Kaplan-Meier method with lo-
grank test to assess survival differences. Cox regression analysis was used to determine the pre-
dictive value of MCM4 for CRC. 3) The expression levels of MCM4 in colorectal cancer cell lines HCT
116 and Caco2 were detected by qRT-PCR and Western Blot. 4) To construct an expression vector
that knocks down MCM4 and establish a cell line expressing the knocked-down MCM4. The proli-
ferative ability of CRC cells was detected by CCK-8 cell proliferation assay and cell clone formation
assay. Results: 1) MCM4 is expressed at higher levels in CRC tissues and cells than in normal colo-
rectal tissues and cells. 2) MCM4 promotes the proliferative capacity of colorectal cancer cells. 3)
High expression of MCM4 was significantly associated with poor prognosis. Conclusions: MCM4
promotes the development of colorectal cancer and may be an effective colorectal tumor marker
and a potential therapeutic target.
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1. 5]

s, 45 H W (CRC)E A K& WL AR Mg A T 28 =, [ 7E SR REAH R FE T 2 iR AL 51 28 —
[1]c T4k, H Il AR &5 B Vi 0o NBOFIBE T NEAE R4 B TH[2].2020 47, A1 [ 7 (1) CRC H8#% 4 555,477
B, H4EGHY CRC B 1 28.8%, CRC FHISAET: H#E N 286,162 #, 4Bk 30.6% [3]. JLF—FIH
IR 2 I o MR e 4], PRk, B TR, RHUR IR WS B, R T T ) e e R
7, X TREIC CRC A2 AET- S DL R4t i i B (W AR AR 3 B B X [5]. L W tiEse, —uk
IR E S CRC BRI R R 2 IAIAFERI SRR R [6] [7] [8] [9], 0 MSI-2 mkik 545 H e & A R
TUGHDE, FEAT e LS B I 55 R2 B T AL A B9 Wint7a (k45 B e 1 Rk A2 R & SALLA 1
CRC ffEIdKIL, SALLA REIE SR EAEAFFEA K. SALLA 7] IMEN—ANEAERIZ ORI TS 1) 45
EL AR £ M T m ) miR-183 Rl e & — MEA RISt AEYIFR £, 7T LATIN CRC &2 (1 )ig &2
RIAGAIAN RAEAF . XONRR T CRC WRYT #3247 07 ), X0k B T - M AR T

UM AR LR FI(MCMs) B 7 6 FIFHCEE H, 25 DNA S HIEE LG DL iR g ik i Thie, 16
F R E P E T A A[10]. MCM4 {EN MCMs I EE — G, B ATP BiG Tk, & DNA %5 il
ARSIRIT ARG, S8 ) O RN HH 22 HAth DNA S (A 1598 [11] . Bl MaF7E & BL, MCM4 )5
WRIAG Z MR R R EEDIM G, MCM4 TS . TENBE. AUE. BEdhERE, H5%
FHPUEAS RAHFE[12] [13] [14] [15]. #R1fi, HEI MCM4 5 CRC AR 7R &=, MCM4 #£ CRC
W AR A AR

TEARWFTEH, ARG HT T MCMA 1845 B e 4L 4UR 4 i & b (1) 3R E T 0L, MCM4 i 45 B i 41
MO FE RN, FRATERTT T MCM4 [J3RIEKTAE CRC H I R SR B 38 I UG 5. 1K SE A 78
BB A 75 MCM4 £ N —FloBi () CRC AR EAERAL T 8T i) LB

ik
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2. FEMAH
2.1 AFER

BEEUIRG TN R EERE 2017~2018 AT 45 B iRiG AR 134 453, SRIGHCXS CRC 44U AR 4RI
FIIE & I RE LU, 134 ) B Y WA 5 R BRSE BAESE A CRC. e B B — IR IR AR EE LR, %
ARG YT N REE B B 24 AC B 2 I S iR R3S T B3 s R =

2.2. YR AMLApRIE T

PR N 45 B 4 5 (HCT 116+ Caco2) LA K N\ IE 45 1 b B 48 i (NCMA60) 24104 v [ k2 e 4 i
FE(HE i) HCT 116 H McCoy’s 5A K57 #4577, Caco2 H Dulbecco’s Modified EagleMedium (DMEM)
Bi 9%, NCM460 JT] 1640 B FrFLEE 77 . 3 M FRIL ) & 100064+ 5 A 1% 7 & REEH K. 40fE 37°C.
5% CO, % fF FH59%,

2.3. YO R

MCM4 IFRE M shRNA FldE4atD shRNA 1275 2 8 f& 14 | Vigene Biosciences (1, 7). #m)
MCM4 AR X3, it T 4 AN & RNAShRNA), A3 3 — ANk E . shRNA 155006 1 s .
W 18995 F e YL #) HCT 116 A1 Caco2 4iffdH, HCT116 LA 2 ug/mL K 5 (A FER4 25 2 ik, Caco2 LA 5 ug/mL
(VRS B 2R e, DM AR E T MCM4 RIAM4I R . N RZCR A gPCR A1 Western Blot SZIR IR IF «

Table 1. shRNA sequences
= 1. shRNA F51

shRNA shRNA f751(5"-3")

ShRNA1L GCCACACCACCCACAGCATGGTTCAAGAGACCATGCTGTGGGTGGTGTGGCTTTTTT
ShRNA2 GGGCAGCAGCAGAAGATATAGTTCAAGAGACTATATCTTCTGCTGCTGCCCTTTTTT
ShRNA3 GGGCTGAGATCAACATCTTGCTTCAAGAGAGCAAGATGTTGATCTCAGCCCTTTTTT
shRNA4 GCCTTGGCTCCAAGCATTTATTTCAAGAGAATAAATGCTTGGAGCCAAGGCTTTTTT

24. RFAAULE

Al ARR AR E Y G, 70°CTFHE 60 min. Y] s B AKE, HYI B TR gt
W(PBS) P LMEE HUR, ARG N 3% /KIEW ., =R E 25 min, BHE IR A ABG .
N 3% BSA 5] i5 441, =i A 30 min SERILIEE . )5 MCM4 (%% ilEdifA, abcam) A 1:500
Wikt ACWEERA. T PBS ZmMeE 5, 5 -PiEEIFE 50 min. H DAB R(5, 7Rk XY, &
BELK, VEBR ZHZK, DB N EaRET R

R =04y, 55 =145, o =24, 58 =3 /)M mA &5 (0~10% = 0 47,
11%~50% =1 43, 51%~75% =2 4}, 76%~100% = 3 4})%} MCM4 [ e N A5 SLIEAT P53« MCM4 3R IEPF
43 R R VP 4y 36 LA YL BH MR AR |5 LE R4y . 0~2 4038 SUNARERIE, 3~9 438 SUNEIRIA.

2.5. RNA 2B gRT-PCR

i Trizol 7 (Invitrogen) M 4T SRR AR R HUE. RNA, #2405 il i 7 A0 U B £ - Accurate Biotech-
nology %% 56177 £ & i cDNA. M SYBR Green Premix Pro Taq Hs qPCR {7 (g, o E)#EAT
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Sz K G E B PCR. MCM4 K154y : forward, 5-AGCATGGCACTCATCCACAA-3'FI reverse,
5'-GCACAGCTCGATAGATGCCT-3'. GAPDH 15|44 forward, 5-GCACCGTCAAGGCTGAGAAC-3’
F1 reverse, 5-TGGTGAAGACGCCAGTGGA-3'. X EEFH 2-AACt 7%,

2.6. Western Blot

YA AR (A FE A RIPA 24722 pii(Solarbio, China) /@ 3k, & AR HH BCA & FIR M e ki &
(Solarbio, China)illf%. & FFfiEId SDS-PAGE HLIK I 21 R £ /% (PVDR)IE . =3 T 5%t
fEZE9hE I 1.5 h j5, JIAN—3t MCM4 (1:2000 %%, abcam). GAPDH (1:3000 ##%, Affinity, China),
4CHEIK . TBST ¥Eik)E, —PiFE 1.5h. H ECL B RIBOL R .

2.7. CCK-8 #ptiisascie

b Y (AN AL R T 96 FLAER L 1991 2 x 10° ML, 7E 37", 5% CO, 4 fF FHi7% 24, 48, 72,
96 h J7, #ESLANA 10 pL Cell Counting Kit-8 (CCK-8)iX7H(APEXBIO, M), F 37°C. 5% CO, [H i
BEE 20, AR5 FHEEER I 450 nm AR FE(

2.8. mRaSeBERL A SEL

WG A A T 6 JLBH, 1 x 10 NIRRAL, T84 10%f5 4 1fi% i) McCoy’s S5A Fl DMEM
RS 10~14 K. MR RER, ZabRigE. 7 LE, H PBS Pidk. H 4%Z RHEERE E 20 min j5,
TR Giemsa LG, MANNTEKEZRIEYE, T SR Moo,

3. ittt

SKH SPSS 26.0 TG0 Mr. 45 B DU IIME + ArEZER IR, R AR08 MCM4 5 CRC
SR — RO R BEARRAE A G, SR ¢ RS EE A 2 IR 22 57 o SR B IR 35 7 22 0 43 A = 4L T)
25, RHRRZEMZHE Cox BIESHT. BT SR E NSO, o =0.05, P <0.05 #ik
NEB G EE L

4. R
4.1. MCM4 EEEZEFEALRS CRC AAFRITRILER

MCM4 £ 45 B[ 23 1 BRI 20k i T 1 45 B EE 24 (P < 0.01) (14 1).
4.2. MCM4 BYFRIEIKF 5 —RRIm R R ERFAE R o 14

HRIE 134 BB ) e HALSE B, BATH CRC B/ AW, BFF MCM4 Rik/KF5 CRC E#H —
PRI PR 978 BRAFAE A AH DS PE (72 2) 456 1 i, MCM4 1 = 314 5 8 K /NP = 0.030) T Grade (P = 0.034)
N Grade (P < 0.001). TNM Staging (P < 0.001) & F A%, MCM4 RIEEHEE . Ml MEiE. 44
F5r4% . M Grade #7655 (all P> 0.05). [Fi, AL Cox HLE AL E T MCM4 Xt CRC [ Tl
W E (72 3). HIFIE Cox BT RN, MR/, 4415559 TNM Staging PA & MCM4 Rk K (HR
=4.691, 95%CI = 1.621~13.581, P < 0.001) 5 OS & & K (% 3). ZH & Cox A£AEHTiESL, TNM Staging
(HR = 4.022, 95%CI = 1.545~10.471, P = 0.004) A & MCM4 F£iA/KF-(HR = 4.691, 95%CI = 1.621~13.581, P
=0.004)/& CRC &% OS WM L fabr. Sbak, FATE 4 7 MCM4 ()R 1E /K5 CRC &35 TilJa 2 7]
IR FR(E 2), & 2 Prox, MCM4 [R5k 5 CRC B K UG A R B AH K.
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Figure 1. MCM4 expression in human colorectal cancer tissues. (a) Immunohistochemical (IHC) staining of normal and co-
lorectal cancer tissues for MCM4 expression (200x, 400x); (b) Expression level of MCM4 in CRC. MCM4 was significantly
upregulated in colorectal cancer tissues compared with normal tissues

1. MCM4 EANEEHBEBLETHIRIE. () REALELZ(HCO)RBIEEMEERREHELE H MCM4 BIRIE(200x,
400%). (b) MCM4 7£ CRC FIFRIAKFE. SIEFELMHELL, MCM4 EEBEREHLAFEZE A

Table 2. Correlation between MCM4 expression level and general clinicopathological features in 134 patients with colorec-

%I ;aqgir BlLEE AR B E MCM4 RIEKF S5 —RIERFIEFHERME X1
MCM4 ik K
GES f1%(n) : P
Low (n = 102) High (n = 32)
GHI
<60 40 28 12
>60 94 74 20 0.278
P
St 74 56 18
L 60 46 14 0.894
LREADACY
17 38 30 8
H 96 72 24 0.629
i EDNAN
<5cm 92 75 17
>5cm 42 27 15 0.030
HLVE I
ks 107 82 22
ik 27 20 10 0.168
T/ #
TUT2 31 28 3
T3/T4 103 74 29 0.034
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N 73]
NO 101 94 7
N1/2/3 33 8 25 <0.001
M Z3- 44
MO 126 98 28
M1 8 4 4 0.074
TNM 45
I/ 106 93 5
nnv 28 9 27 <0.001
Table 3. Univariate and multivariate analyses of OS in 134 patients with colorectal cancer
2 3. Xt 134 GIEEMREREER OS #TRERMEZE RS
- BRI Z R
HR (95%Cl) P HR (95%Cl) P
aa
<60 1
>60 0.585 (0.270~1.267) 0.174
5
Sk 1
7 1.206 (0.557~2.608) 0.635
i o
4 1
B 1.213 (0.528~2.786) 0.649
iR pNAN
<S5cm 1 1
>5cm 3.588 (1.672~7.696) 0.001 1.964 (0.869~4.441) 0.105
ML R
ks 1 1
% 3.238 (1.467~7.416) 0.004 2.126 (0.949~4.764) 0.067
TNM 45
I/ 1 1
v 10.469 (4.756~23.048) <0.001 4,022 (1.545~10.471) 0.004
MCM4 ik /KF
i< 1 1
= 11.616 (4.675~28.866) <0.001 4,691 (1.621~13.581) 0.004
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Figure 2. Kaplan-Meier survival analysis of MCM4 expression levels in
134 patients with colorectal cancer

[& 2. Kaplan-Meier £ 7517 134 GIEE AR EEH MCM4 FRIkKF

43. SIFE4m FRMRELL, MCM4 £ CRC @il hERiE

NTHEF MCM4 7E CRC HIIYER . FRATRA T 5Emf ¢ % € & PCR (QRT-PCR)F1 Western Blot £l
MCM4 7E N IE 5 25 I 52 20 Ha(NCM460) A 25 B 40 B (HCT 116 Caco2) IR IAK . &5 R EIR, 4
B MCM4 (1) mRNA /KPR 3 & T IEE 45 LR 4P < 0.01, & 3(a). AN, FATLKI
HIEE S5l b A b, 45 B e 40 M AE 28 K B MCMA 5 3Rk 7K1 (1] 3(b)).

25 =
B 1.5 -
g Kk
g 1.0 -
k) N
3 05 & ¢
MCM4 | ™ gup &8 | 97kDa
0.0 I
NCM460  Caco2  HCT116 GAPDH | —— | 36kDa
(@) (b)

Figure 3. MCM4 expression levels in CRC cells (Caco2, HCT116) and human normal colonic epithelial cells (NCM460) as
determined by gRT-PCR (A) and Western Blot (B)

3. j&id qRT-PCR (A)F1 Western Blot (B)#&1 MCM4 £ CRC 4HBfI(Caco2. HCT116)F1 A IE #4587 L R 4HBE(NCMA460)
Y RIKIKE

4.4. MCM4 {Ri# CRC ZmpafYE5E

N T HEF MCM4 X CRC 4H a3 8 52 m, AT TR 7 MCM4 /& CRC 4i i 13Kk 7K ~F . qRT-PCR
F1 Western Blot [ 45 545 2 7% shHCT116 1 shCaco2 £ mRNA Fl12% [ /K MCM4 ik K 5 2 /%
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fik(all P < 0.01, Kl 4), 1k, FALEL CCK-8 Al E LIt kI, SxTIRAMLEL, K MCM4 ()%
IEAKCF AT B2 0] shMCM4 4RI 4m R85 (] 5(a), 14 5(b)). REBUKI, RE MCM4 5, SxER4IAAEL,
CRC #tiffd HCT 116 11 Caco2 ()4 Jfa v [ T2 il 5 2 Y 2 93D (151 6(a)» 141 6(D)) o LA F 45 SRR BRI MCM4
1)1 K T 4] CRC 4H Ffd frI 34 5

HCT116
< 1.5
5 *k
€ [ |
S 1.0
o ¥ :
=]
DY o
® 0.5
MCM4 97kDa 2
GAPDH E 36kDa < |;|
0.0 T
HCT116 sh-NC  sh-MCM4
@
Caco2
<« 1.5
QZ: EEEY
= 1
9 1.0+
[
& @ 3
NN £
o 0.5
s
Caco2 sh-NC sh-MCM4
(b)

Figure 4. Validation of the efficiency of MCM4 knockdown in CRC cells (a), (b). The results of qRT-PCR and Western Blot
showed that the expression level of MCM4 in sh-MCM4 group was significantly lower than that in control group

4. £ CRC #HBEHIEITF MCM4 B ENEIZE (a), (b). qRT-PCR F1 Western Blot Z55R 27, sh-MCM4 4B MCM4 B
RIK R R AR T3S BRLE

1.5 2.0
*T¥ =~ SHNC o %7 SHANC
- SH-MCM4 1.5 —= SH-MCM4
1.0 *
(=] (=]
I‘*’ g 10_ Kk
a a
o o
0.5+
0.5
0.0 F——7F——7F——7 0.0 f—+—7—"7—""1—"
0 24 48 72 96 (h) 0 24 48 72 96 (h)
HCT 116 Caco2
(@) (b)

Figure 5. Effect of stable knockdown of MCM4 on the proliferation of HCT116 (A) Caco2 (B) cells detected by CCK-8 cell
proliferation assay

5. CCK-8 #ARfIHE5E ST 46 MIFS E BLE MCM4 X HCT116 () Caco2 (b)ZHRa 154 #9220
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Figure 6. Effect of stable knockdown of MCM4 on cell proliferation in HCT116 (a) and Caco2 (b) cells detected by cell
clone formation assay
& 6. £HBE 5 BE AL SEI AR MIFS E B MCM4 3 HCT116 (a)F1 Caco2 (b)ZRAE1E%E OS2 ME

5. g

EATURFL T, FRATHEIT T MCM4 7£ CRC FIIPEM . AR MCM4 7E CRC HZLL KX 4ty
BRIEAKT, FR, BATEWIL T MCM4 fE CRC HEEIER . ATESHT T MCM4 [IFRIEKT 5
CRC IR HEZHIN KR, #m MCMA [RIEKI-5 CRC JRE /A SC. [AI, RATEKI MCM4
s CRC BEMTE AR, Cox ZHEAITEAR, MCM4 & CRC BHMALTEHRE. &
Z, BAVWHEFLERH, MCM4 Al gt CRC IR 4K & H A5 TG A R AR

WU Gt ARAE R B I (MCMs) & DNA i1 ATPase, I 5 & il i 45 & 35 52 DNA EHi[16].
EIRIE, MCMs K-Fi7H 7 5% v 40 i (8 5 4 9 [17] [18] [19] [20], Lb4h, HFURE M EEE S R 2
K[21]. 1EN MCM FGE—4F, MCM4 7£ DNA EHlidfEiZ oEA, B5 MCM4 7£ ) ) MCMs
T 2k T RE- S B4 M 3 R B B AR 7 A . T MCM4 £E CRC IR R BRI ANTESRE .. AT,
FATESE T MCM4 1£ CRC ALK& 4l fa i oid ik, @i MCM4 1] 35 FAIK CRC 4 i 114 14 GE e 26 Al
Y e FETE . A, FRATIERIL, MCM4 i RE A4S BE WG AR B EHG. X 5EEEMTER
—%, Go Kobayashi % AF 7 £ 5 1E % JR % E A L, MCMA4 78 R % F R b s ik H 5 Ki-67. HER2.
EGFR. p53 [MERIAFI, HAMNESRHEL S ARG A R B K[22]. Yan Xu FENiEEPiER MCM4
R I S 200 G 8 LR B 7 T i B Y 52 B, 3 mT R OK PR I 8 1) 2B K 2 [12]

TERATBEFE A, FRATIE S BT H MCM4 [ 0k 55 088 (105 B 40 A T8 /N8 — M I PR AR AIE
REMHK. FAKEH MCM4 5 BEHZEM OS MG, 1 H., Cox Z K&/ /R MCM4 5% CRC B3 1)
MALTE R &R, DL ERER S RS R, MCM4 Al fEfe CRC IR TG Fr &4 . 1X 5 Narutaka Katsuya %5 A
MRS 4E R —5, MCMA4 7 B B h 5 R EMH . 546, @K MCM4 5 GC 1G4 R AH
5%, T HAEZEES i, MCM4 & — a7 s B & [23].

R FAFAE— W RBR . B, LW EE— 5 M\ FHLH i 78 MCM4 X CRC HIEH
HIR, LA ERD, ARG MG . &a, 52829 — P IIEN MCM4 FIRUCR .
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