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Alk B homolog 5 regulates the proliferation of hepatocellular
carcinoma cells by targeting pre —-mRNA processing factor 6
through mRNA demethylation

Zou Yan!, Li Hui?, Jiang Guichun?, Xie Yanmin"
1.Endoscopy Center, Liaoning Province Cancer Hospital & Institute, Shenyang 110042, Liaoning, China
2.Nursing Department, Liaoning Province Cancer Hospital & Institute, Shenyang 110042, Liaoning, China
“Corresponding author: Xie Yanmin, E-mail: xieyanmin@cancerhosp —In—cmu.com

[Abstract] Objective This study intends to explore the role of Alk B homolog 5 (ALKBHS) in proliferation
of hepatocellular carcinoma (HCC) cells. Method The expression levels of ALKBHS5 and pre -mRNA
processing factor 6 (PRPF6) in HCC tissues were analyzed via the cancer genome atlas database. Real-time
fluorescent quantitative polymerase chain reaction and western—blot were used to determine the mRNA and
protein expression levels of ALKBHS5 and PRPF6 in HCC cell lines (Huh7 and Hep3B). Fluorescence in situ
hybridization determined the subcellular localization of ALKBHS and PRPF6 in HCC cell lines (Huh 7 and
Hep3B). The N6 —methyladenosine methylation level of PRPF6 was detected in the immunoprecipitation
complex. By up -regulation and knockdown of the gene expression, Huh7 cells and Hep3B cells were
transfected respectively and were divided into sh—-NC group (negative control transfected cells), sh—ALKBH5
group (short hairpin—ALKBHS transfected cells) and sh—ALKBHS+ex—PRPF6 group (short hairpin—ALKBHS
transfected + overexpressed pcDNA 3.1 —PRPF6 transfected cells). Then, CCK -8 assay and dyeing
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proliferation test were used to determine the proliferation of the cells in different groups. Tumor xenograft in

nude mice checked the biological function of ALKBHS and PRPF6 in vivo. Besides, the expression levels of

AKT/mTOR pathway related proteins in the cells of different groups were detected by western—blot. Result

ALKBHS was up-regulated in HCC cells, which could remove the methylation modification of PRPF6. In

vitro and in vivo experiments have showed that ALKBHS5 could participate in the malignant proliferation of
HCC cells by regulating the expression of PRPF6. Moreover, the knockdown of ALKBHS could inhibit the

phosphorylation of serine —threonine kinase (AKT) and mammalian target of rapamycin (mTOR), while the

overexpression of PRPF6 contributed to the phosphorylation of AKT and mTOR. Conclusion ALKBHS can

promote the proliferation of HCC cells, and the related mechanism is achieved through the ALKBH5/PRPF6/

AKT/mTOR axis.
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Pre =-mRNA processing factor 6;

N6 —methyladenosine;

methyladenosine RNA binding protein, YTHDF ) & ji%
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1.1 AR EHE

KHMA 10% M4 13 (fetal bovine serum,
FBS) Y DMEM 555535578 A\ HCC 4i il & (Huh?7
Fl Hep3B ) FlI A 7Kk A= AL 40 il & (THLE-3) ( @
R RIS

ALKBHS T 4 /¥ 1| (short hairpin —ALKBHS ,
sh-ALKBHS5) . JC 373 (short hairpin-normal control ,
sh-NC) I H 2[H Thermo Fisher /A %], PRPF6 peD NA
3.1 1 IR ORL (overexpressed peDNA3.1-PRPF6 , ex —
PRPF6) H b ¥ 75 9L ®l A, HCC 40 Jfl 43k
sh=NC 241 (BAHEXT 841 )  sh—-ALKBHS SE54H  sh—
ALKBHS +ex -PRPF6 =& ¥ #4H |, R J5 & M
Lipofectamine ® RNAIMAX i 1 iy ¥4 B i 17 %%
B¢ o 2 ZTIIF 5153514 sh-ALKBHS5#1,5°-CAC
CGCTGCAAGTTCCAGTTCAAGCTTCAAGAGAGCTT
GAACTGGAACTTGCAGC -3 ; sh —ALKBH5#2 , 5" -
CACCGACTGTGCTCAGTGGATATGCTTCAAGAGAG
CATATCCACTGAGCACAGTC=3",
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1.2 ERRAEERSEH %K (real—time
fluorescent quantitative polymerase chain reaction,
RT-qPCR)

fif FH TRIzol i3] (3 K, ¥ [ ) #REUERNA
FEKLI RNA 26 RE S W B | BUFe s M PCR 247 4%
& 18 TAKARA A A UL 84T, BL B-actin fEH
WS AT AR E i BRI 3 AN AL 2 RS E
Ot PCR AL HEAT KW, S F A T,
PRPF6,5 -CGCGGGAGAACATTCCTACA-3" Fll 5°—
GTGATGGCTCGGTCGATGAT-3;ALKBH5,5" TG A
AGCTCATGCAAACACC -3~ F1 5= CCCCCAAAGT
GGTGGTATCC -3"; B —actin, 5 ~CTCCATCCTGGCC
TCGCTGT-3" Al 5°=GCTGTCACCTTCACCGTTCC -
37, R 2-200 T B E A X R IR A A=
Cliurker— Clgoaciino
1.3 FEBREBE

FH RIPA 24 i A1 1 HU 2% pf % ( Thermo Fisher
F ) BEBORE S P BB AT, ARG TE 4 CT UL
14 000 g #5L> 15 min, SRJ5HF L3 WGA & SDS-5R
P R e B G | 6 RS B R A — 9 2 A L L 5 e
IR FEEFHEM 1 h IHFFE4CTE—
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Wbk —EWE, B RCRY
(Thermo Fisher, 3¢ [ ) X} 4545 #E 47 vl ¥4k | I 38 3
Image] X 8% 0 47 19 K BE FA 7200 4, AWFSR
i LAUF P . HT ALKBHS Hi44 (1:1000, Abcam,
J2[H) . PRPF6(1:1500, Abcam , 3% [ ) FlHt -k
HAPUA(1:1500, Santa Cruz, EH)
14 RWHIFELLZZE (fluorescent in situ hybridization ,
FISH)

49% W[5 % Huh7 1 Hep3B 40l 15 min, %A
Jii W2 R 92 0 (phosphate buffer solution,PBS)
VRN, MEEAMM LB FISH #%
RiboTM %6 J5 A0 4% 28 105 £ (RiboBio , 7 [E ) i 15
W4T, #R1CH ALKBHS (1) #l PRPF6(mRNA )
PEFE L ECLIPSE Ni & §48%(Nikon, H 4%) #4714
RSP =38
1.5 mRNA B EALEN

7 4 PRPF6 mRNA 7KF | {fi il Magna
RIP RNA 454 & A RAEDIVE N & (Millipore , 35
) #E1T RNA SRPEDIVE , 739 A Huh7 1 Hep3B
240 it P L 200 ng B RNA | I-4% B8 i 15 7 119 156 B
il m6A RNA I EEALE i) & (Epigentek , 3¢

)i ay ol
1.6 CCK-8 {83 iE S1ilE

fli ] cCK-8 il & ([ #= B 9E ir, HA)
5 A G TE G 7, 53 0 sh—-NC 2H sh—-ALKBHS5#1
#  sh-ALKBH5#1+ex-PRPF6 Z1 ) Huh7 F1 Hep3B
M (5x10° /4L, 200 p) R T 96 fLbb . 7
37 °C W¥H 24 .48.72 f1 96 h Jii, 435l S i L
JIA 20 pl CCK-8 ¥, 9 & 1 h J& |, 1 FH 43 066
JFEVLAE 450 nm 6% BE AL I B OE BE | ARAE O
JEE A 22 ) A= A oty 28 6 00 290 L 4 51 10
1.7 5-ZRE-2-BERHF (5-Ethynyl-2"-
deoxyuridine, EAU ) 3 & 18 781X 36

fifi i EdU 463 7 & (RiboBio, 1 [ ) ] &
HCC 43458 . B Y 41 5 50 wmol/L EAU
—EWEE 2 h, HA, A 46— T k-2 K
FEN5| W (Sigma , R ) Yot | S5Jm , PO W
% EdU BHYE4R I,
1.8 RMBEMEERIRE

ARSI R R 4~6 G, AT 18~22 g,
3615 B, B A ¥ BUE JO RS 9 IR 40 5 e R 45 v
T TR AT R IR = AR (55+10) %,
TRE M (2242) C, )M 12 h BARE RSB | #1 B AW 3%
FA B R A 60 46 5 K B e Al /s L& R
Bkl X BON A= K B HOC 41 (Huh7 41)
THALIEH PBS TEE: JEME N 1x107 4~ /ml ) HL4H
JLEHR . AN A AR K =4 L 55 1 4L, sh-NC 55
Huh7 4 fif1; 25 2 41, sh-ALKBHS5#1 %% %% Huh7 4
ffl; 553 41, sh-ALKBHS#1+ex—PRPF6 ¥% % Huh7
YA, W5 AR AR R 2 R T S B RS (8
AN S 5 H), 25058 200 pl, #3577 FE
PRI A AR RT3 100%, A5 12 d J5 PG
A5 P AR ol P R RN R R e 9 194 I
KEAE (L) Ff/NER (W), B3 K 1 R
HAE, I LT MR AR (V) . V=(Lx
W2)/2, ShY s REP 2240 748 IR BE B sh ) & B
S0 P2 B3 S (5 £ 20201208-2) .
1.9 EWERESWMEITHH

FAEH CEPIA %45 %  (http://gepia.cancer—
pku.cn/) 4TI AE 2L R 4 K (the cancer genome
atlas, TCGA) &% LUK |, Starbase B (http://
starbase.sysu.edu.cn/) Flill ALKBHS #l PRPF6 Z [H]
P AR B - A B AT 3 R
SCHS . Geit BT R SPSS 24.0 B4R SE AL, R WE
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ZH LU0 iR 2H 2B B DE R REAS  TCGA B0t JE (1)
ST R HCC 2L ALKBHS 1) 363k K
78 T 55 1E # A 41 (P<0.05, 8 1C),

A C
& ALKBHS

WRNA A ik it

ALKBEHS w

N
Yo
6 1.
B - X
15 p ‘\‘!5
=] # :
2 =
£ 10 ¥ 5
o e
=5
2 o e
- o :
"o 4 , e
A & > A —
e o & Fd =
& Q“Q 'cb\.» e 7
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B 1 ALKBHS 7ERT40 A% hid B R ik
i .A,ALKBH5 B9 mRNA fE HCC 4 e vp i % ik ;B,
ALKBHS5 # 1 7E HCC 40 ffg rfad #1K ;¢ ALKBHS 3 1E
HCC 2L (B0E 3L K 21 3% i) HeC HHE Ve sk el 8l b |
i ;"P<0.05,

2.2 ALKBHS5 i35 PRPF6 #J m6A FRE{L

& fi1 8 13 Starbase & 5 10 U fE 98 5
ALKBHS %5419 mRNA, HH' PRPF6 j& ALKBHS
A EELE R AR FRATAI T HCC 40 i2+h PRPF6 193
ik B AR ) m6A H 364k K. 5 ALKBHS —F,
PRPF6 ) mRNA F18E I AE HCC 40l i R ikt
¥ (P<0.05, K 2A #12B), L5, PRPF6 7K F-1E
TCGA RN HCC AHE M had Fik (P<0.05,

E2c), BJS, FRA16 H ALKBHS 19T ¥ 51 5k i
IR L (F 2D) , ¥ 5 #1 BAT EAERBRRCE
K g e S22 88 wF 98, B HCC 40 Jifg
ALKBHS5 3K 0%, PRPF6 1) mRNA Fl#E £
RAKEERA BT R B (B 2E F12F)

FISH £l ALKBHS (£ H ) Fll PRPF6 (mRNA)
) ST 200 Jf A7, 9 G S U S WS 4 T 2 R A
FE W5 0 3 A7 (B 26) , X /R 5 3 22 8] A fE
FETEMEAEM , 758 ALKBHS 75 PRPF6
iR BHLE, FRATE BV T ALKBHS /& 75 4 X
PRPF6 ) mRNA #£47 m6A Z=H 3Efk, 5 THLE-3
N A EE , PRPF6 75 HCC 4L Y m6A 7K AR
(P<0.05, K 2H), fEM#l ALKBHS Y%k )5,
PRPF6 ) m6A 7KF- LT+ (P<0.05, & 21), X #ER
ALKBHS 7] LA 25 Bk PRPF6 1) m6A &1 -t 7 1
PRPF6 7E HCC 4 il v A BUB RV
2.3 ALKBHS #1 PRPF6 # M HCC 4AA1E5H

AT 2o 7] & 555G 50 §E ALKBHS 11 PRPF6
fE HCC A ML h i A= P2 Th e . B e R AT A
PRPF6 13 3K i RL (ex—PRPF6) 1] LA I 18 PRPF6
i #eik (B 3A), CCK-8 id5e /R sh-ALKBHS 7]
M HCC 40 M 9 384 58 | ex—PRPF6 A LLHETY sh-
ALKBHS 1 i 98 240 e 186 56 A9 /E FH (L 3B) , FRATTBE
JE i EdU S5 SHE T X — 4518, f£ ALKBHS @
fiCJ5 , HCC 4 i 2 65 2 FRAIK |, PRPF6 i3 ik 5
HCC 40 2 'Cam BE W & (€] 3¢ A1 3D), X it —
A IE T ALKBHS 1 PRPF6 7E HCC 41 i 14 7
HIAE
2.4 ALKBHS5 71 PRPF6 7E4&k A B9 4 12 Th €

FRAT3E o SRR R AR Y 92 58 55 IE ALK BHS
Fl PRPF6 TEAR N A 2E T fe, SEERES AR 434
/I BRI i R f TS L ] 4 A, RS sh—-ALKBHS5#1
40 B 1 /0N BRLBE T B A S 24 i 9 A R (589.30 +
51.20) mm®, TESF sh-NC 2 /1N KLY - 25 firb 93
(AT (1142.61+58.25) mm?®, % W] @i ik ALKBHS
AL DL BR A AR R, o FRAK A PRPF6 AT LA
X M % | sh—-ALKBHS#1 +ex—PRPF6 4 Jif 983 i1
AR R (970.20+58.12) mm? (&l 4B), [FI#E, @A
ALKBHS PR T 9% 7 & [sh-ALKBHS#1 41
(0.71+0.03)g t sh-NC 41 (1.63+0.20)g,P<0.05],
1t LIk PRPF6 iWi%% 1 XA L [ sh—-ALKBHS5#1 +
ex—PRPF6 41 (1.49+0.1)g t sh-ALKBHS5#1 41
(0.71£0.03)g, P<0.05], W&l 4C,
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EdU
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I : A, ex-PRPF6

Fi HCC 4 PRPF6 1931k ; B, CCK-8 i B 1Al =4 (sh-NC 21 ,sh-ALKBH5#1 ZH fll sh-ALKBHS5#1+
ex—PRPF6 41)H HCC 41 /Y (Huh Fl He[:?B)rIJfMFIII H0L;C, Edu 55

¥ (47,6 KA -2 AHEM| YL (6 20) PEAl = 20 (sh-NC

2 sh-ALKBHS#1 Z1#1 sh-ALKBHS#1+ex—PRPF6 ZH ) "' HCC 4l ffd (Huh F1 Hep3B) BYMFH T, “P<0.05,

2.5 ALKBHS5 #1 PRPF6 7] LI ¥ HCC 4 A
#) AKT/mTOR if %

T #F— 2 ¥ F ALKBHS Fl PRPF6 i F
HCC 40 f ¥4 58 ey AL, FR A1 908 T ALKBHS A1
PHPI"6 XF AKT/mTOR i f§ B 520, 38 1 25 F 5T Ep

253 RG] sh—-NC 2H  sh—ALKBHS#1 41 F1 sh-
ALKBHS5#1 #1+ex—PRPF6 2%} 22 2 FR /9 & R 2 11
P4 Bl (serine—threonine kinase, AKT) , #§f21L AKT
(phosphorylated—=AKT, p—AKT) . i FL sh ¥ 75 h B
Z M H M (mammalian target of rapamycin, mTOR) |
p—mTOR RiKHEM , 4558 s | ik ALKBHS A~
22520 AKT F1 mTOR I35 (&l 5A 5B.5D),{H

EAIE AKT A1 mTOR B BRI (& 5A .5C,
SE) ., Ffi# PRPF6 )il #6i5 , AKT Hl mTOR Y8R
2 35 A0 B34 ( 5A 5C . 5E), #&78 ALKBHS
A AKT/mTOR 38 % 9 300 42 38 i PRPF6 55 3
B, 0% ) AKT/mTOR #8625 T HCC A
3 iTig

HCC HYIE e — 048 R s 209K
LM B s R, EHE RN ARB B, A R
A AR Z 5 HA ) @R AT RES S Hee &
A R ) 45 RS D DL AN AR 4 , A B R ATT I
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X HCC BN, EEAK  RNA 1 m6A A& F2, W4nii &  Aniss s 508 - diiiEss 238
ZH AL OCHE, HATWFE R RNA B 58020 i H, m6A H LAk (9 26 18 5 2 Fh i 8 2 U1+
m6A H AL BIS 5 T ILF A 4l Yfad 5603 2003 4ERFFE B & BT ALKBHS (1925 F 3k
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AEAERD X EHAE m6A A R sh 28 nT Y
ALKBHS /&5 — P HuESE i) X 1L, )R T
oo— ) 186 1 03 A UM S 5 0% | I LA Fe (1) AN
o—F I R T X2 5 meA B, ALKBHS
TERRAE 1) KA R R A T B A% “F & WMk
Bk AR ok T 2 vERE R s a2k | If
A0S 4E 5 T 40 Mo 19 B 38 5505, {2 ALKBHS
Al LU 4 ] YTHDFs Fl miR-107/LATS2 4 519
Yes UK H (Yes—associated protein, YAP)I 4 5k
PR R0 R L, A5 B — 21 F ALKBHS
1E475E IR T I PE A

AT, RATE S AW 5 B 2E P A
S K UE A& B ALKBHS 1 LLi # PRPF6 (1)
4k PRPF6 25 mRNA W05 4% | I Y HE4k B
At A A FE 24 US F U4/U6 BN BiAZ 2R 1
A% (small nuclear ribonucleoprotein particles, snRNP)
ZIE B F17 ) PRPF6 1T LIAE N B 243
AE B 1Y) i 3 % 321K (androgen receptor , AR) AL I 1
M, 5 AR G5 A, W i of BEOTE RO BE K R R R 8]
BT LAIE A P A B 2 5 A R A 56 4 3 R IR
a5 s EE ) A BFE R AR AlE AN
MRS A4 ) 7 =UIE AKT/mTOR 3 (200

RATBE G 237 T ALKBHS X} PRPF6 FY 8 15
YEH, ALKBHS 7] LA Z: Bk PRPF6 #Y m6A W 3E{L &
Wi, {f PRPF6 U457k %Kik, i ALKBHS
J&i ,PRPF6 [ 2K B 8 F [ LML KT, i
Ab A N FIA SR 258 Y UE S ALKBHS L PRPF6 1K
7 S HCC 4 ) PR Al X ] A28
if ALKBHS F1 PRPF6 (1) 3 [F] # 7% AKT/mTOR i
PRI,

FETARMFREE R, RATINIALKBHS FEIL T
PRPF6 1) m6A ALK | T2t T HCC 4l i
PREGHE , ARWFFE R HCC &4 K e m6A &
AR AR BV R TR B ARYE . FLAnfur Iy
PLKI AR TT B SO AE Je SEF R P 4R 2 1 T30,
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