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Abstract

Aims: To investigate the effects and mechanisms of overexpression of MARCH2 on autophagy levels
and growth of hepatocellular carcinoma HUH?7 cells. Methods: MTS and EDU were used to detect the
growth of MARCH2 overexpressing hepatocellular carcinoma HUH?7 cells. Flow cytometry was used
to detect apoptosis and cell cycle in MARCH2 overexpressing hepatocellular carcinoma HUH7 cells.
Western blot and laser confocal microscopy were used to detect the autophagy levels in MARCH2
overexpressing HUH7 hepatocellular carcinoma cells. Results: In this study, MTS and EDU assays
showed that the overexpression of MARCH2 promoted the growth of hepatocellular carcinoma
HUH7 cells. Flow cytometry detection illustrated that MARCH2 overexpression had no obvious ef-
fect on the hepatocellular carcinoma HUH?7 cell apoptosis and cell cycle. Further experiments dis-
played that MARCH2 overexpression impaired the autophagy of hepatocellular carcinoma HUH7
cells. Rescued autophagy with the common autophagy inducer rapamycin can bring the prolifera-
tion rate of hepatocellular carcinoma HUH7 cells back to the control level. Conclusions: Our data
indicates that MARCH2 plays an essential role in the progression of tumor development through
inhibiting autophagy. Therefore, MARCH2 is an attractive novel target for tumor therapy.
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IO 20 B SN R AR TS BRR 2, T B 54MRAEK. KEMEE. ALY, B R
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W AE g AR 2 e VR (4] [5]. HATCAESE, EWESER BECNI £ 7B 3R . i o
Higg it B RIE K PRK . /R BECN1-knokout /N R AT LAFE, (HIBRELRE e hE BRI R K075 2% 4o 25 18
hn, E RS TE S REE[1]. SR, BECNI £E R A A g b i A 4]

T o S A e P8 B s DL PRI B AR, 1 75%~85%,  HL 5975 R AT 0 2 AE i vh 23 AT i 35 75
PSS =A06]. FFAHMERRIGE, BFMISH 20 TR, 24 ik, FFamME 2 WoAyT Zorl
T BRI T FAZ A AFP. 35 BB R (PIVKA 1) K2 HSP9Oo &5 I 24 bR S RGN , (8 H: R R Ak
S AN B R I PR S W AR T R 75 5K (7] 8] PRIbL, i 5 R I T 1) ik DR s 2 1 A JH- 4 e £ 7 4012
Wi\ TS VAL AR TT SRR Rohs B R .

S A 1 A . TS AVATT MR OC[9]-[14]. A SCHRIRIE Hif-1o %5 m6A 4% YTHDFI
M5, B2 ATG2A Il ATG14 (655, WRShHAEIT F: IC JH-4H 0 15 R s 1) 440 [9]. CDK9 #ll
Hil A L S SIRT1-FOXO03-BNIP3 4, FHIKT pink1-prkn3 /-5 A ZkifA E WK B 5h, 18 50 AT 40 g e 2 ki
PR THREFERS HII6 YT RCR[10]. STOML2 S8 A3k pink 1 /15 A £k A4 B W A 7 0 A B JE i U Sl 189
AN B L R [ 11]. PNO1 J@id MAPK 15518 B VR % s 4 i 5 W A& 12[12]. Desideri E BT
FR I BN T 0 B WRIIR YAPL A1 IL6ST R AR, TTE3E F 5 40 M A0 240 B iR 3 S AN A2 [13]
TERFAR M o, R R R R AR B R R A R P A5 T e SR A AR T 14]
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ST FE e P A R PR Y T SR T — Rl R o S o) LA B AR RSN (1 e B AR T
IR AH M WA R R RN AN e 2R YA I Hh i E R A

MARCH?2 52 A 7E 10,000 2 (1) J5RLZE ol i AR WA 85 20 A, $R BRI BA LC3 AR IB A Ub 45
G 208 NER, R4 SQSTMI-Luc i~ & i Hi (1) H W AH S LRI [15]

MARCH2 #£[X /& Bartee UREEZ1AE 2004 “F R, EALT 19p13.2, FEE 4K 25,746 bp, HIFHELD
HEGEY 246 NEIERR, NS> T 27 kDa. MARCH2 J&5E 07 T A B . I BRI YR I IR BE R AR 1,
B [ AL 200 M 26 T 4 2k 2R 1 2 AR N 3L 3014 7> 7 B7.2. MARCH2 5 STX6 454, & 58 /RIEEFI A1 735
fil. MARCH2 5 DLGI1 #HEA/ER{E#E DLG1 iz &4k, V855 DLG1 7EA MRS S MaRIE, 520 4H i Ak
. MARCH2 5 R2AR M EAER, 21t B2AR iz &AL, TR f2AR /KF-. MARCH2 il 5
CAL 1 STX6 4it5iz &AM I MM CFTR.

H 7% MARCH?2 [AIHF 78 3 2 2 FE i 6y 7 T, % MARCH2 5 H B [P AH S PRI 70 55 #0i - (R 0,
AR B B2 ZARF 7T MARCH2 76 AT41M0E HUHT 40AE A W f2 i i sh e DL 2 FALH . i T e T4
Je e R R AL A GBI 4 e v R T ARE BT R ILIA ST IR AL BRSO 1K
R, BEEF.

2. RIS E
2.1. $iEFIA

p62/SQSTMI1 FifAI H # itk MBL A#]; LC3B $iikE H Sigma Aldrich A ]; cleaved-PARP LAY
H3EE CST A 7l; cleaved-caspase 3 LA H 3 [EH Abcam A7 ; —HiIW H 3E[E Rockland /A 75 bafilomycin
A (BafA;). Rapamycin J#J 5 3% [H Sigma Aldrich A 5],

2.2. FRAHE

15 FH B35 51 40(5'-CGGAATTCATGCTGGAAGCCATGGCGGAGC-3") 1 il 51 4
(5'-CCCAAGCTTTCAGGGCTCTCCAGATTTGGG-3")iffiif PCR M HeLa 41 +19 3 MARCH2 cDNA. %A
Jai@id EcoRI A1 HindIIT JHALRH4E AV MSRE OB >R, I 5% 31| pcDNA.3.1/mye His(-)B(Life Technol-
ogies, V85520)] EcoRI fi7 55, 4% pcDB-MACH2 ik, FEAMFiH1 465N MARCH2. GFP-LC3B itk
P 2 B PG 2% L R o e A 5 A M

2.3, ERIEFFRAER

HUH7 403595 T8 10%RF & ) DMEM a5, HRUEN. H MegaTran 1.0 #£4T pcDB-
MACH?2 s8R R G, 1 G418 ik, LAES. MARCH2 i Rk (T4 e HUHT i R, 2%
ARG G Rt R

2.4. Western Blotting 7%

HUH7 40 SR A EREL, EAE R, 10%4-95(TBST ML) = i 1 1 hs AR —HT, 4 C
A SRJEIIANAE R DyLight 680/800 #7121 —H1(1:10,000), = ##E# /<M. 1 h; F Odyssey Infrared
Imager £ 2615 5 AT K AR

2.5. 4HRAFE M
{8 MTS 25 G As i 4n fys 7, B MTS 857 T =95 & 90 min 8¢ 37°C/K#3 10 min & f#. T
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57746 100 pl 4HA(5000~10,000 /AL 96 FLEEFRMR AN 20 ul MTS k7], HAL3~5 4, FHFERERH
U ¥ 96 FLEF TR EI B 3740, 37°C\ 5% COL MIIAEE THFE 1~4 /N5 25 SEZIR I AT BBk AT N — 25,
AR, ATEREFLINN 25 pl 10% SDS &1k e B, Sl G ORAF TR, 7E 18 h 2 i, H
BEEARA T 490 nm &bl 2 OD . 453 A0HT: K H-HKFLIY OD fH sk 20 B FLE Z 4L OD 1. #-FAT4L
[) OD {HECFI%L . AATE F1% = SL504 OD/XFHEZH OD x 100%.

2.6. EdU &M

i BdU Rl ulsr) st I An g 5e, AR el B R ch R, JRE SR BT . K BdU ¥R RAE
0.9%7C 1 NaCl /', ££ 0.22 um Fidy€, FEUGRANMIAT 4 /NEPIIASTFRIE R, AR 3 RIDRS 20 [ 5 7E 4%
W, BT . 4UM0% ) Hoechst 33342 5 ¢,
2.7. LARREHAR

F g — X =A e S FUR b, JRPE 37°C I EAFRE] . SREWCEEAI, FUKA I BERR Hh 2 #h
JK(PBS, 137 mM NaCl, 2.7 mM KCI, 10 mM Na,HPO4, 2 mM KH,PO,; pH 7.4; Solarbio, P1010)¥% =X, H
70%UK A B R e . FEMARAT, I\ RNase (100 pg/ml), F FRAL P IE(PI, 50 pg/ml)Xt 40 i ik AT S
. T 30 40 A 4R I ] FACSCalibur i 4024 (35 [ Becton Dickinson)iE47 7047

2.8. dHPRAT-#

YA PE T2 /K P8I FITC-Annexin V- 4% (R 771 & AT AR B AR o — =X =40 7S FLAR i 4
i P i B 1 B A 9 R B AE S S ul FITC AR IBERI IR SR 1 V1 100 ul 224138 (10 mM HEPES, pH 7.4,
140 mM NaCl, 1 mM MgCl,, 5 mM KCI, 2.5 mM CaClL)*H, 7EEE F7ERRE T 30 8. K5, gkl
2 F FACSCalibur 7t =040 B AGEAT 24T
29. BAHRERMBENE

RN AFER /NI KL 2 60%~80% % FE, ] Megatranl.0 #5458 FRR 28 sl AN AR
WAL B R FURL, B O 24 /NIHE, AL 4% 2 B EE [ 58 st — b HEAT S u ot gt
Hoechst33342 4et%, PBS m¥e =ik, B THOCIRELME T WSEIFMME. ££ 50 DAL P& 40
ft] GFP-LC3B #&, JFM =L sLit A gt i Hodls -

2.10. ERARAK

Ha A B E A4 P 1B 1 AL O BT SR AE 100 ul Z20F(10 mM HEPES, pH 7.4, 140 mM NaCl, 1
mM MgCl,, 5 mM KCl, 2.5 mM CaCl,)™H, #R 5 A Annexin V-FITC (Solarbio, CA1020-20)5F 44 30 740,
TN HLAL P BE (P, Solarbio)4etf 5 438k, ] FACSCalibur 7t 204 M ASG3E4T 4347 .

2.11. &t 5

HHE LLFME + W RoR . ] Student ¢ K500 1E S48 B HEAT ALIR) 22 S 0 M o AR ST ISt 27
BXBEN p<0.05. Prahids i) p EAGZRMI . FrA {8 GraphPad Prism 5 247 .

3. &8
3.1. MARCH2 B FiA(RiEFF AR HUH7 Z0RRiEsE
AT #E5C MARCH2 X FF4 i HUH7 40 B3 5E r52m, AT e idsr 1 Refe fae if R 18 MARCH2
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(R4 s HUHT 400 A . Wil 1(A)FTR, MARCH2 7840 0% HUHT 400 &b B R0k . Tk,
BATAT T MTS #ll, DL MARCH2 iR ARG R, ARKIMLER, SXRAMLL,
MARCH?2 i FRIE A R (HUHT) 1 40 B A7 R B4 g m (B 1(B)).

BATEM & T FF41 e HURT 40 R P 5- 2B F-2 -l S R FF(EAUY B N KT (B, —Fh AR [3H] N
FEPREL A AR B 0 52 T ik, T R 4T 3 5« FRAT TV 22 31, 7 MARCH2 3 2R3 1) 4 e HUH7
AHHL(M~37%ZE] 58%) 1, EAU FH 4 i (R 38 58 240 i) 1 1 4o BB 25 B (& 1(O)FE] 1(D))s
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Figure 1. Overexpression of MARCH2 promotes hepatocellular carcinoma HUH?7 cells growth. (A) Expression of MARCH2
in hepatocellular carcinoma HUH7 cells was analyzed by Western blot. ACTB was detected as the protein loading control. (B)
Cells growth of hepatocellular carcinoma HUH?7 cells with or without of MARCH2-overexpression was detected by MTS
assay. Data were mean + SD from three independent experiments. “p < 0.05, “p < 0.01. (C) Cells were plated in glass slides
and incorporated with EdU. 4 h later, the indicated cells were performed by immunofluorescence assay Nuclei were stained
with Hoechst 33342. Representative confocal microscopy images were shown. (D) Quantification of the percentage of EAU
positive cells in 200 cells were shown from five randomly selected areas from each slide. Each bar represents the mean + SD
from three independent experiments. “p < 0.05, “p < 0.01

1. MARCH?2 T RiA{R AT AAEfE HUHT ARERYE K. (A) @iT Western blot 434F MARCH2 7ERT4RARfE HUH7 48
FrREERIE. (B) MTS JE4&M MARCH2 iRk HIAT4AAREE HUH7 HRERE KIER . BiR A= KR Fi91E
+ FREE, p<0.05, "p<001. (C) HBMEBMETHHF L, FHBAEU. 4/)\HE, BERETEINEREMAIE
HEATHM . A Hoechst 33342 ST AMZIHAITRE . ERTREMHVAREERRE G, (D) NSRBI FRENEE
HENMXEERT 200 NMEES EdU FAMARBESHENEE. SFERR=ZMRISIHRTHE + foEE, p <
0.05, “p<0.01

B T8 T2 RN A PRAE TS 2R 00— AN DRI 2E, AR 0 3l i 5 22 S R (PS) 1 8 i, 1 /2 4 M ) 1 )
Abr& . (] FITC ARiCHIIRERE A V LR ESs & Pyl it it 40 i A BT DAR 2% 5 iR 5035 T 40 i
KM PS HIRFE. MHIZAITE, BATKI T MARCH2 i ik (40 i HUHT 40 iR T2 00 20 b
I P eyl BB e v . T aRAN AR 7 T 88 7R, MARCH2 3 34 A0S HE 41 Af 8] Fr) 240 A
T2 3 22 5 (B 2(A)FIE] 2(B)) o b4k, X T-AH S ER [ caspase-3 A1 PARP #4713, )11 caspase-
3/PARP 7K-F-#E MARCH2 i Fe ik MUt M4 fitd 2 (B9 I 2284k, IXEWRE MARCH2 i % IA K RE M 4
M T2(E 2(C))

[, A B AR AT Al b, 45 SR R, MARCH2 i 3R0& T4 g HUHT 4 S 3
ML %2, 5 MARCH2 i 23 (P40 M0 HUHT 400 GO/G1 W4t/ b 52, A4 pRE HUHT
A G2/M BB AL 3(A)~(D)), F B MARCH2 it %3k S B0 40 i HUH7 28 0 2 K sk

B2, IREEE R B, MARCH2 fid A HE 7 40 foss HUH7 40 i) A=K, (HR AR 15 5 40 i
T
3.2. MARCH?2 #\ BT 0B HUH7 ZARRaY B

TER I MARCH2 & 34 HUHT ARG aE s, AT T H T RERINLE] . Fh T F 4 e A s
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Figure 2. Overexpression of MARCH2 fails to affect hepatocellular carcinoma HUH7 cells apoptosis. (A) Representative
apoptosis profiles of hepatocellular carcinoma HUH7 cells with or without of MARCH2-overexpression from flow cytometry
with PI/Annexin-V double staining. (B) The percentage of apoptotic cells [Annexin]-[V Positive (%) + PI Positive (%)] was
calculated. The data represent the means = SEM of at least three independent experiments. (C) The level of cleaved-caspase 3
and cleaved-PARP in hepatocellular carcinoma HUH7 cells with or without of MARCH2-overexpression were tested by west-
ern blotting
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Figure 3. Overexpression of MARCH?2 enhances cell population in the S phase. (A) Cell cycle of hepatocellular carcinoma
HUH?7 cells with or without of MARCH2-overexpression was detected by flow cytometry. (B-D) G0/G1, G2/M and S phase
cells were calculated. Each bar represents the mean + SD from three independent experiments. “p < 0.05, *p < 0.01

& 3. MARCH2 i FIARI AT 4RAESRE HUHT 4BRah S HAZERRE S . (A) RAAREARENEZIRE MARCH2 I RIAH
FF¢mpdE HUH7 dRRaRY4RBEEAEA. (B-D)IHE GO/Gl. G2/M F1 S BAAPE . BRERK=NIMISSIHFEHE £ §F
HEE, p<0.05, “p<0.01

HHAT AWERIEAI[9]-[14], FFEHAE I FE IR 7T G852 2 H MR T . k4, BT MARCH2 & —Fh H I
R, FAMBEE MARCH2 i 3K3E 51k i AT 4 g HUH7 40 39 58 Ik vl 585 B A 5.

ATVl T MARCH2 X A WIS ) 52m . R BMENEEE Bor, S5 AME, MARCH2 i
FiEWD T GFP-LC3B W AUIR4 i . BT GFP-LC3B 3 45 A MEAA ISR A<, GFP-LC3B B A5 His /b
A A H T E WA k> sA R AR TE BR B W AR EE N . N T 43T MARCH2 i ik 4l i B oIk, R
THEAFESAFAE L AEE R Al (BafAD)IGOL NE5FR4M0, BafAl i #0575 HCATPase (V-ATPase)
SKBH LE B AR A B AR 2 (8] RS . FRATTLEZ S, BafAl A3 53 MARCH2 #5440 ot i) GFP-LC3B A
X IE AR 2 (18] 4(A)FNE] 4(B)). MRFEIXLEEZE AL, FRoAT14E T kil i 8 1 0 Bl & 1 LC3B L.
PTATUEER], MARCH2 fE40M0 HUH7 408 it id 2K BRI 7 AYEYE LC3B-IT KV fEABIEA
BafA 1 )78 2 48 L i 4 Mo rhoU 2 3SR 45 B (7 4(C)RTE] 4(D))e HEAF, 7E MARCH?2 ief 3654 20 it v Wi 52
B PR EERY) SQSTMI 25717 b X FR 4B B in (14l 4(E)FN1&] 4(F)), #FHH MARCH2 i [ RIAFHK T A
W SRS R, AT IR T HT4H e HUH7 40000 E W0 & .

TR, FATE MARCH?2 i3 21k 48 2 rb 458 FH 5 B W75 377 7 e 5 2 kA I JH- 48 s HUH7 24
M AR . S5 SRERI, R AT D R A0 I 3 B R (A 5).
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Figure 4. MARCH2 injures autophagy in hepatocellular carcinoma HUH?7 cells. (A) The indicated cell lines with or without
MARCH2-overexpression were infected with GFP-LC3 for 24 h, then treated with or without Glucose free DMEM for the last
8 h and/or BafAi1 (10 nM) for the last 6 h. Representative confocal microscopy images of GFP-LC3B distribution obtained
from the indicated cell lines are shown. (B) Quantification of GFP-LC3B puncta per cell treated as in (A). Data are means +
SD of at least 100 cells scored. **p < 0.01, **p < 0.001. (C) The levels of LC3B-II were detected in the cells treated as in (A)
by western blot. (D) Quantification of LC3B-II levels relative to ACTB in cells treated as in (C). Average value in control cells
was normalized as 1. Data are means + SD of results from 3 experiments (“p < 0.05, ““p < 0.01). (E) The levels of SQSTMI in
the indicated cell lines with or without MARCH2-overexpression were analyzed by Western blot. (F) Quantification of
amounts of SQSTM1 relative to ACTB in cells treated as in (E). The average value in control cells was normalized as 1. Data
are means + SD of results from 3 experiments (*'p < 0.01, **p < 0.001)

4. MARCH2 #IFIFF4RAE%E HUHT HAERIBME. (A) HEBRTFRAE MARCH2 BRIARERMAMEAM GFP-LC3
B304 NE, RIGESRE 8 MRS TE L EEE DMEM F/RKZERSS 6 N BafAl (10 nM)RME., BR T MiE
R FIRIGH GFP-LC3B MR RMAREEHRE R (B) RAWAEN T4 GFP-LC3IB R EE. ¥R
AEDL 100 MARITESHTEHE + FREE, Tp<0.01, ™p<0.001. (C) BIERAFRENENIN(A)FLIERI A H
LC3B-II B97kF. (D) aR(C)ATiRAL IR LC3B-11 KFAEXT ACTB HEE. MRMAMEAFIERENLA 1.
HIRA 3 MR RPFIEATEE(p <0.05,"p<0.01). (E) BT Western blot HHrEBHAEH MARCH2 TR
LB RS SQSTMI BI7KF. (F) 2(E)FmALLIERIAET SQSTMI #8xTF ACTB KIEE. XHERMAMAITY
ERA—1H 1. BiIBA 3 NIRERNFHE + FREE(D <0.01,""p <0.001)

81 -»- Vector
-+ MARCH2+RAPA

61 -« MARCH2

Relative cell growth
Ny

Days

Figure 5. Rescued autophagy can bring the proliferation rate of tumor cells back to the control level. Cells growth of hepato-
cellular carcinoma HUH?7 cells with or without of MARCH2-overexpression and/or rapamycin was detected by MTS assay.
Data were mean + SD from three independent experiments

[ 5. #8eY MR USRS R AR IRV IBE R . MTS SENATIZAE MARCH2 RIAN/HEIHE RN AT MR
HUH7 ZRRYEK1ER . BIBA= MK THE + fEEE
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IXEEHAR R W], MARCH?2 i 2 4] 5 ot J- 4 e HUHT 48 1 A4 SR v 1k
4. WHig

ARFTRE SN, B R R AR T AR R A . B R BB DA A AT DA iR ) R A, X R R
) 1 T2 AE 08 2 Wk P 2 17 5 550 ik DR T g 0 S R (9 258, n AKT 973 PIBK RAZFI PTEN23 it
Ko XM H W I T AR iE A0 M R 554k o 1 WA S Fif g 0 1) D) 7 14 B ELBEIE SR & X6 ATGS.
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