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Abstract: [ Objective] To investigate the expression level of MMS21 and its functions in hepatocellular carcinoma.

[Methods] The GEPIA2 and CPATC databases were used to analyze the mRNA and protein levels of MMS21 in adjacent
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and carcinoma tissues; the endogenous expression levels of MMS21 were reduced individually by two siRNAs. Meanwhile,
flow cytometry was used to detect the distribution ratio of cell cycle of hepatocellular carcinoma cells. BrdU staining and
DNA fiber assay were employed to determine cells proliferation rate, and colony assay was used to evaluate the ability of
cell proliferation; the MYC tagged MMS21 was cloned and transfected into SK-hepl to generate MMS21 stably overex-
pressed cells. Co—IP combined with mass spectrometry were used to identify MMS21—interacting proteome and map interac-
tive pathway; Western Blot (WB) was performed to determine the effect of MMS21 towards cell cycle—related proteins.
[Results] Compared with adjacent tissues ( n = 160 ), MMS21 was significantly higher expressed in cancerous tissues (
n =369;P < 0.05) and its high expression was associated with poor prognosis ( P < 0.01 ) in hepatocellular carcinomas
Knockdown of endogenous MMS21 by two siRNAs led to the increase of the proportion of cells in GO/G1 phase (P < 0.001;
P <0.01), and the decrease of the ratio of cells in S (P < 0.01; P<0.05), G2/M (P <0.05; P<0.05) phase. Moreover,
depletion of endogenous MMS21 greatly attenuated the speed of DNA replication (P < 0.000 1; P < 0.000 1) and the rate
of cell proliferation (P < 0.01; P < 0.001). Mass spectrometry analysis identified the total of 641 high—confidence proteins
for MMS21, and interactive pathway analysis showed that these binding proteins were highly correlated with cell cycle-re-
lated genes. The results of Western Blot further confirmed this conclusion, and depletion of endogenous MMS21 markedly
reduced the protein levels of Microchromosome maintenance protein family (MCMs).[Conclusions] MMS21 is highly ex-

pressed in hepatocellular carcinoma and positively correlated with the poor prognosis. MMS21 is closely related to the pro-
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liferation of Hepatocellular Carcinoma and regulated the stability of cell cycle related proteins and MCM family.

Key words: hepatocellular carcinoma; MMS21 ; proliferation; ColP-MS; MCMs
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JHF 9 B2 AV 20 e AR DG A0 T R PR A A
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S SCLLSE i DNA A i ab 75 1Y o SR 1 MMS21
FEIF S T D BE S VE AL 1 A i 3E , FRAT TR X
[ HEA T A TR, LA R I 12 W FG T  ft
IR A5 R B AR R

1 #MHE7*

1.1 ##E5iRH

53K R pLVX-DsRed—Monomer—N1 (Clon-
tech, 632152) , Ji# 4 Ifil %if (LONSERA, S712-
012), & RNA 2 HUR ] & (ESscience, RNOO1) ,
Wi % 5t ) & (TaKaRa, RRO47A-1) , SYBR
Green qPCRMix (TaKaRa, RR820), ECLfk &t
&Y (Vazyme, E412-01-AA) , /& {4 L B (TaKa-
Ra, R040), PR P U1 BamH1 (Thermo Scien-
tific, ER0051) , Xhol
ER0691) , GeneJET PCR 4l 4L i & (Thermo Sci-
entific, K0702) , T4 % #2 ff§ (Thermo Scientific,
EL0014) , Kifff 3% i (CITOTEST, 80312-3161),
R 3% - (CITOTEST, 80340-3610) , HRi 4R
gt ik 5f & (Beyotime, P0017S) , RNase (AG,
A3A0336), PI (Beyotime, ST511), Lipofectamine®
RNAIMAX (Thermo Scientific, 13778150) , anti—Br-

(Thermo  Scientific,
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dU (ABclonal, A1482), DAPI (Beyotime, C1002),
Goat anti-Mouse IgG (H+L) Cross—Adsorbed Sec-
ondary Antibody, Alexa Fluor 488 (Thermo Scientif-
ic, A11001), anti-IdU (Origene, TA190129), anti—
BrdU (Abcam, ah6326), Goat anti-Rat IgG (H+L)
Cross—Adsorbed Secondary Antibody, Alexa Fluor
555 (Thermo Scientific, A=21434), anti-MYC (Ser-
vicebio, GB12076) , anti-Tubulin (TransGen Bio-
tech, HC101-01) , anti—Cyclin A2 (CST, 4656T) ,
anti-Cyclin B1 (CST, 4138T) , anti-Cyclin D1
(PTG, 60186-1-Ig) , anti—-Cyclin D3 (CST,
2936T) , anti-Cyclin E1 (PTG, 11554-1-AP) , an-
ti-MCM2 (BD, 610700) , anti-MCM3 (PTG,
15597-1-AP) , anti-MCM4 (PTG, 13043-1-AP),
anti-MCM5 (PTG, 11703-1-AP) , anti-MCM6
(BD, 611622), anti-MCM7 (PTG, 11225-1-AP),
anti—-NSE2/MMS21 (Santa, sc—=51747) .
1.2 ‘HRaEsR
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Bk A rhoR B L i A, 40 ifLAE 37 CCHRI 5% CO,
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BHi TR
1.3 PCR¥ & MMS21

L SK—hepl 4= %E K 41 cDNA NHIHT , 75 15 B i
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Py AT F DROR DN, BB 0 DR /N 14 JE s i AT [l g
fto 44k 5 1 7= %) F BamH1 #1 Xhol P4 VI il 37 C
BN L h e, 24k R B, I T T4 32 1 g L 1 5]
[F)RE T 3 I Y Plvx B 8 A b il R i e
PR M, PR IE T B v B TR 7, R S E . MMS21
PCRY #5149 : F(&% MYCH5%) : CCCTCGAGATG-
GAGCAGAAACTCATCTCTGAAGAGGATCTGAT -
GCCAGGACGTTCCAGTTC; R: CGGGATCCTCCTA
CTCGGAATGACGATGTC,
14 REBERESRE

K M 10 em R IL Y3 Plvx-MYC-MMS21 il
Plvx-MYC-Vector 41l il , f:5 40 g 1< £ 85% , 2Bk -
T L mL 5 A7 2 1 Tl ) 750 R 98 T 4T o) 79 7
NETN buffer (20 mmol/L. Tris - HCI [pH 8.0], 100
mmol/L NaCl, 1 mmol/LL EDTA and 0.5% Nonidet P-
40) 2L W0R A I AE DK 1240 30 min JFURCEET . 5
114 °C 15 000%g o388 250 WL L BR AR ML - TT0E , W

£ LW, ELER A NETN buffer 1 i =K
MY CFR%E SRR , BT 4 COKAR IR & o
W o ¥ Bile Bk - Pk - IR A WIE vE =R,
HU90% # i i A7 B Y B T3 43 B, 10% B o 7R
98 Cr T AE M 10 min, BT 8% SDS-PAEG HLIK i -
1.5 DNA Fiber
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HELL, A B PBS HE AN M L, B Tk L
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NG AR MR T WL IEEE 2 min, TR 2R
I R Rk (20°~40° ) (E WG 2212 0 T L RF 3R KL
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63 fi5 Y BE 1 O L R A WA T %
1.6 A AR
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PO M VE IR AE 4 CIEE R, B0 2 B o
SEIMA 1 mL RNase #1 PLIE 5 & (RNase TAEMRE 2
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Ab B (%) PR B R A b R i e
A 52 , BdE K FH ModFit LT 5.0 8- HE4 74307 .
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AL RNA $EH S 5% qPCR - 244 I [ Taka-
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GTGGACAT-3" , R: 5’ -CTCAGGAGGAGCAAT-
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CAGGACGTTCCAGTTC-3" , R: 5" ~CCATACCAGA
GTTGATACA GGCT-3’
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A: MMS21 mRNA expression in HCC specimens (n = 369) and HCC non—tumour tissues (n = 160) was analyzed by the GEPIA web tool. 1)P <
0.05. B: MMS21 protein expression in HCC specimens (n = 165) and HCC non—tumour tissues (n = 165) was analyzed by the CPTAC web tool. P =
1.01003723609397E~18. C: The overall survival time of the low vs. high MMS21 expression in HCC patients. D: The expression of MMS21 in LO2,
Huh7, HepG2, SK-Hep1 and SUN-182 cells was analyzed by RT-qPCR and Western blotting. n = 3;4) P <0.000 1.
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Fig. 1 MMS21 was upregulated in HCC tissues and associated with poor prognosis
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A: Efficiency of MMS21 silence in SK-Hepl and HepG2 cells. B, C: Cell cycle distributions of SK-Hepl and HepG2 with siMMS21-1,
siMMS21-2 or Scramble. Data are presented as the mean + SEM, n = 3; 1)P<0.05; 2)P < 0.01, 3)P < 0.001, Student’s ¢—test.
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Fig.2 MMS21 silence blocks the G1-S phase transition in HCC cells
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A, B: The proliferative ability of HCC cells transfected with either scrambled or siMMS21 were tested by BrdU assay (n = 3); 2)P < 0.01,3)P <
0.001, 3)P < 0.001, 3)P < 0.001 and colony formation assay (n = 3); 2)P < 0.01, 3)P < 0.001; scale bar indicates 20 pm. >500 cells were analyzed in

each group.
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Fig.3 Depletion of MMS21 inhibits HCC cells proliferation
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DNA fibers were stained with antibodies recognizing CIdU (red)
and IdU (green). Representative images of DNA fibers in Scramble
(Ser) and MMS21 knockdown (#1, #2). The lengths of the CldU and I1dU
tracts were measured and converted to kilobases using a common con-
version factor, the DNA fibers were 2.59 kb/pwm using the spreading
methods. Approximately 200 fibers were counted per sample (n =3); 4)
P <0.000 1.
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Fig. 5 Bioinformatic clustering analyses of MMS21 interactome
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Fig. 6 MMS21 maintained the protein stability of several cell cycle regulators in HCC
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