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Research on the Functions and Mechanisms of Hsa-miR-

99a-Sp in Gallbladder Cancer

Abstract

Background

Gallbladder cancer(GBC) is a tumor with low incidence but high degree of malignancy,
which is the sixth most common gastrointestinal tumors. At present, radical resection
is the only way to cure GBC. However, because of lack of specific early symptoms,
most patients have been found to have progress. The radical resection rate is low and
the prognosis is poor, with a five-year survival rate less than 5 %. miRNAs, a kind of
small molecular noncoding RNA, can be involved in the regulation of downstream
molecules and signaling pathways by binding to the 3'UTR of the target genes. miRNAs

play a vital role in the development and progression of many malignancies.

Method

1. The expression of miRNAs in GBC tissues and peritumoral tissues was detected by
high-throughput miRNAs microarray. MiR-99a-5p was selected as the research object
according to the TCGA database.

2. The expression of miR-99a-5p in GBC tissues and peritumoral tissues was identified
by qRT-PCR. The correlation between miR-99a-5p and clinicopathological data and
prognosis of GBC patients was analyzed.

3. The effect of miR-99a-5p on proliferation and invasion/metastasis of GBC cells was
investigated by functional experiment and in vivo animal experiment.

4. The target genes of miR-99a-5p were predicted by bioinformatics method. Whether
miR-99a-5p interacted with the 3'UTR of the target genes was detected by dual
luciferase reporter assay. Western blot was used to detect the level of target genes which
could be inhibited by miR-99a-5p, also to identify whether miR-99a-5p affected the

relevant signaling pathways and EMT-related markers.

5. The function of SMARCAS in GBC was verified by functional experiment. The
rescue experiment was processed to show whether miR-99a-5p could inhibit the

invasion and metastasis of GBC cells by targeting SMARCAS.
VII
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Result

1.MiR-99a-5p expression in tumor tissues was significantly lower in patients with GBC,
which was significantly correlated with the poor prognosis.

2. Experiments in vitro and in vivo showed that overexpression of miR-99a-5p inhibited
the invasion /metastasis of GBC cells by regulating PI3K / AKT pathway and EMT.

3. MTOR and SMARCAS were the direct downstream target genes of miR-99a-5p.
4. SMARCAS could promote the invasion/metastasis of GBC cells and directly

mediated miR-99a-5p inhibition of GBC invasion/metastasis.

Conclusion

MiR-99a-5p was commonly low expressed in tumor tissues of GBC. Low expression
of miR-99a-5p was involved in the invasion/metastasis of GBC regulating by MTOR,
SMARCAS, PI3K / AKT pathway and EMT. miR-99a-5p may be a potential target for
the treatment of GBC.

Key words Gallbladder cancer; miRNA; target gene; invasion and metastasis;

SMARCAS
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i

JE 378 (gallbladder cancer, GBC)&E: — i AR HAHXTBAR, (HBMARFERSHIH L RS
B, RHERGHEE NABIEIE, KW RN IR e S AL IR R T
FRIX R EF], HRAEEAFECEEEEMENE A, TEEWARER. £PE, HE
FIIRPEN 3.910 TAN. MEERHRI, TREHEFARTNXBILEHRRN 5 F4F
X, EEBELRECAGRE, BRHARZRFERER, —2R%, L EECLERTT
B, RETTREEFARINE, BHITBWTEFRAREIFRIGITER, kS
EAEFEMN 5%, Fik, RHSHENBHEBREIENE. ARARH, HEREHS
BUIFET RG] R 90% B E REBATB. Wik, XTHEBERRULEREEEY
HLA (IR S B 14057 1 E 8 B b S M R B P A Wi 97 IO R A, ST F B PR TR 2
FIAKPURBETEREEER L.

BEE S THEYFEERAPER B, AREFRA TR C LW K. BT A LIS RNA
BB i SRS RNA 4R, IXH RN RNA SORBF R BN 2 M —2. 5/ RNA

(miRNAs) 2 —RKELN 18~25 MEEK/N TIEHRS RNA. B UL SHRERFK 3°UTR
XGRS G EHEERFRE, EIEER mRNA BT RMERE MG E A%
2, EHRREKPRLIEERRLIZNEE, NHEARKYEHE. %, FH. %5,
WE R EE AR, FRNETEE TS FRESEERRERR. BRRE
WFLHEH, miRNAs ZEALH {7 H KX SR ERBFE IR B, B %% KH miR-
26a 7E B4 iR Ik R 45 5 A8 Ak R 3R35 , JE I XY PTEN HE 5] /E A 0% PI3K/AKT @ BK 1,
MiR-199a-3p #IE LB T EBIER T2/ EE, #lin MET. IKK B f ERK-2, R 4EM
ERK-MAPK @8, ¥ Hokill-FEFHGRAERAL.

AR, BEENHEERTIAKEA, miRNA 7EARMEEE R B HEEfAEARN
BOESL. BAZMIATRY, % miRNA ERFEMBEAR+H HAREEN HFR T, B
HEAR RN ER S AN T . IR KRR Z S MAREH, A5 EIRE TS XK
FE RSO, RATEE, MRARSUREE . WEEEBEREE. AN ET
SR HRARREDE BENHRCRI— B 5ERE R ERBHVMERE mRNA, FHE
I E B 7 — A . B30 Chang FPLEN =B E miRNA iz 880 4~ miRNA H%
BN RAE B AMEN miRNA, H3Fk 5085 K5 BIAHUS % P0485%, H+ miR-20a
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TEHSE AL RRIA, ®id Western blot W RH, FHEBAIFIRREEYS: T miR-20a J5,
Smad7 FEHAREH B, 4IHNE. RBUREBREEMEZZHH], FiiAs miR-20a
T 6 £ JH B8 T BRI AT S R IT R A B4h, miR-20a %3 TGF-B KK M 7 iyHl
B, MTREE Bz E R34k (epithelial-mesenchymal transitions, EMT) 3— 3551 lH Z&5% 1)
REFR .

Hsa-miR-99a-5p (LA F#J#X miR-99a-5p) i T 21 Stk 21 B, SA MR FIEH
K5 EMENRERRBRETIMEN, FlIENARME. PR, KSsHE. BitE.
YR B miR-99a-5p HIEH AR R RENM, It HAF RIUESLH S 5 s 40 iR g e
RE&. B, b, FETSERE. HERREE LRE P EBEAARTEARKEE. EEH
3R miR-99a-5p 7EAH IR H IIAHSHF A . I miR-99a-5p 75 IH TR Hh B4R A BAH SSHL ) 2B
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F—E: BBEEALHEASZER miRNA BITFEFLEIE

It

1. B

FHZEHE R B AR AR 0 T A o, R R R R G B LB R, R
Y1 3.9/10 i N, TETHMERETHES 6 A7, B FIEBBEREARE, HEfRZRR
HERER, —2RI, WEBECLERBITIY, RETITRBEFRINS, HEK
WITEFERABR BRI RR, Bk 5 EERERION 5%, Fit, Rk
JREIETIS ek . BRFTURIL, THEER AT R BUNBE TR BT 90% AR S R #H HT K
Bl, @k, X HZSE R LR B R RRER R B A BT 3057 AR B R hn 5 4
ML ZGYRT B A, N TFREEBESTKPULRBERERAEER L.

/N RNA (miRNAs) &—HKELN 18~25 MEEEKI/N o FIEHRID RNA. B LUE
S EEERFRMLERS SEREEARNRE, BENEEE mRNA BT RERE
M B A BEERE, EERE KPR LN R A R A, ATIEL . 2.
B R AT BT R PR EEA S, FRETEN TS TR ESERR R,
MRBLH AT H, miRNAs EHPPRREREEMBNRERREIMER. FUHAE
MR R RIAN miRNAs XERIERRERRE, FSWRIET B R R AN B
MEGEER L.

BARZHEEE, T FRITEHEE R T AEEENZFRE miRNAs, £REA
FERTHIREL T FiE E miRNA & 5 1 75125 4 4 8 B9 40 43 R SCAR N L s S5 44U AT T
RS, Foh, RATGEE TREMMEEEREE (TCGA) $ERENSN, FHRAH LN E&
Wt PCR M YAREAT RHUEINIE, BSERTRE P e R 82 T miR-99a-5p MEATHF A,
B % miR-99a-5p (IFRE/K P 55 IE F 5 (R PROW B B RL R BUR IR BT T 4047

2. MM ERHE

2.1 SCRHH

2.1.1 A\JBRMELBLAREERNBERRE
AR HLSEAWEE 2013 £E 2015 ET LER REZ5EWE HEER L/
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FEBTIRIT I 41 PIERBIBTIRIGEFRINEE, RTBRERIEFRGTT. FrainssH
HLUREARER L . (7R IR e 5 2 R I B A 4 DA AR XY BL A 5 . FARRR
AEAR S EIZURNBE TR, DARALS RNA. REFEHTEN L ER PCR K
W FEEXHEBHSRERDEEEREAHALNNS 2om 1, BE T ARKIVEMMAZERIE
HIHBEFEAN . 63X 41 GIHBERE D, HEF 1341, 286, Fk¥49-88 %, T
EWEN 67 = 11 B HAEBPMMUIRE G 78.0% (32/41), {&RMUIRE & 22.0% (9/41).,
R EIIEEE (M-IV #1) 83 5 63.4% (26/41). B REMELEB I EEILE 14 . TNM
SHURARIMEE SRS NECREEBERARRIEE. BHAEIRE 2 &
BINHIK ZEB6MNA 1R BEHREREFAREHYES, EERKMED (2016 £
11 A) SETrAREEIEE . REFHEHENERN 10 M (126 MH). FrERRAR
KB EEMEE EHFEHFRBEE, AR EET LELB KR ¥R B EERS
B R MR,

2.1.2 Realtime-PCR iR 37

2R &
Trizol &7 Invitrogen /A F]
PrimeScript® RT reagent Kit with gDNA Takara /A 5]
Eraser Wi F R A&
Mir-X miRNA First-Strand Synthesis Kit Takara /A 5]
miRNA HH R &
SYBR Premix Ex Taq (Tli RNaseH Plus) & Takara A 7]
& PCR AA&
SYBR Premix Ex Taq II (Tli RNaseH Plus)x& Takara /2]
& PCR K&
A H AR H AT AR A A
)il EEER L EATERAE
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2.1.3 FESLENEMNGEF
e &
PCR 1% LifePro A ]
Step One Plus 96 #. Real Time PCR 1% Applied Biosystems 2 ]
MDF-382E(CN) & FH &R IE4E HA=F#AF
A XEE TR E LIl 5424R A F]
BETiER BRI AR RAH
NanoDrop2000 & &4 66 it KEAE AT
200pL/1.5ml EP & ZEBAEMER (WM FRAE
2.2 SEWFE

2.2.1 ABERER BN IEHARHEARNE RNA 281

BB R T R A7 B RE 0 S FOAR X B IE A SR A DI R BR E RN, BT 1.5mlEP B,

S AIPIN 1mL Y Trizol, FBAOABFENER, FHHRSIRERAT 4CHITHE . BHRERS
W T EERE S OPLH 4C . 12000rpm 250 Smin J5 REX EIEW, PARRREUS RNA A.

L.

RIS RNA FB BRI

6] SRS IR N 200pL &4, L FEUE EP BRIZIRY 15s, B EP B TUK L&
£ 5min.

4°C, 12000 rpm, 5> 15min.

REGE B BB AN S BE% 1.5ml EP &, IASARNRRE, BEWSE
7k L#E 10min.

4°C, 12000 rpm, E5» 10min.

#% BB ImL 75% ) Z B R 205 B £ RNA JTiE.

4°C, 7500 rpm, B&.0» Smin.

#E LW, KT 15Smin J5H 20pL A5 DEPC /K f# RNA JTH.

18 F NanoDrop2000 4366 E tHll5E A260/A280 PAK RNA WE, A260/A280 M7E 1.9-
2.1 Z I,

5 RNA #%H8 mRNA B FARA G BT R . REEHA:
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B—p: 42°C 3min (FZRREFEZ DNA)

B4 37°C 15min

85°C 5s
10. MiRNA ¥ #5% R S E R BT U R . REM&MHFR:
37°C 60min
85°C 5min

11. A RNA %77 F-80°C F&H

2.2.2 SR ER PCR EWITE miRNA B HER
miR-99a-5p 5| ¥R H40F

Forward primer: 5°-AACCCGTAGATCCGATCTTGTG-3’

HIb R RARE LRI BRA T A AR L5762 & PCR AT U6 5|14 Mir-X” miRNA First-

Strand Synthesis Kit miRNA ## F A &g tt.

# LA T HA TR PCR RN :
%l fEHE  ARE
SYBR Premix Ex Taq II(2 X) 10ul Ix
Forward Primer (10uM) 0.8pl 0.2pM
Uni-miR Reverse Primer (10pM) 0.8ul 0.2uM
ROX Reference Dye (50 X) 0.4ul 1x
Template (cDNA &) 2ul *2
ddHO 6ul
Total 20l *4

RN 2 A

95°C 30s

95°C 5s

40 MEER
60°C 34s

B 758 40 41 5 FLAR % L PR 35 40 40 miR-99a-5p AEX BESR A 2-ACt yEI 2 . Ct {8 PCR
PP TGS S IR EE B TR I BB & Y S . AC=HSH miR-99a-5p
(¥ Ct PIME-H 4 U6 ) Ct “FH{E . FEZIE B8 44 T ) miR-99a-5p AHXT B 248t FL Il
S, ARWT: AAC=HERE AL ACHEFHA T ACt.
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2.3 it

1 FE] SPSS 21.0 $EEHEATBAR 4T, miR-99a-5p 7EIHEERE 141N AR RIS S5 A4,
BORFRA tH%:  miR-99a-5p KIFIK S AR EARHT 2 IR ARA 2 . RS
SHTNISRAD Kaplan-Meier ¥:HET, 77 HIRE Z MK Logrank 5 MEEREZHE
ST Cox E A%, HRBBRIMCEHE « WHEEMBRER. Ll P<0.05 WHAHYS
R L

meER

ol

3.

3.1 EERMELN P ER miRNA HFFE

HT IR RE P RTHAEEENERELIX miRNAs, FREBMALRTHERAT
Aglient A miRNA FEIESFr(v19.0)0 3% 4 51 RHZRIE AR L 4R R HARXS B9 55 4 413
AT T RIS, A0 3 2588 4 E2FAIA M ARRE miRNA FERE, MUELL Us 1EA MK
% miRNA. SR ER, ANEEERASH R T HAEREALA B ETRAR miRNAs 11
SAERBAH A F BZKRIAN miRNAs (ZEREH>2, P {H<0.05) (B 1-1).

mmmmmmmm

coo

o

h=a-miR-211-3p

hisa-miR-4743-5p

hsa-miR-1
hsa-mik-133h
heg-miR-143-3p
hea-miR-145-5p
hsa-mik-851h-2p
heg-mik-10k-5p
hea-miR-99a-50

hsa-miR-133a

hsa-miR-430-5p

hsa-miR-29c-3p

h=sa-miR-29c-5p

M- RERRER SRS ARKATALLERALY miRNAs RS HRE™.

Figure 1-1: Heat map diagram of differentially expressed miRNAs in GBC tissues by clustering
7
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analysis [15],
HEBE LT A 5L miRNA &/, LAAEEBEHARS, 2AQNMERY2ERE
BR, FHRARRAREFEFAR, LERBREMNFHEE, Eé&EHREAMIK
Rk
B R R FEE R LA MERNZ 7RIS miRNA, XEHEIESET
miRNA FiA R HERER BN R R AT EER L. MBS, 1«
X 13 % ZRFIEN miRNAs 1, RIS ERE T miR-99a-5p (EAEEF A K.

3.2 TCGA ¥iEEEH miR-99a-5p X H A4

AT BB IRE RIS E M, RITELER TCCA $df E i 77 2R AW miR-
99a-5p FEFHEEE P EBEAME. T TCGA b B o R e AR ZRH A0 52 w1 Bl
WA TR S B RS AL S AT W IR B E R K. B 12 BoR, EPERT
PUTH R IS4, miR-99a-5p WRILANH BEERE, BALHPREENERERK.
TCGA it P I 43 65 R I BAE B T miR-99a-5p 7EAE TSR - o] S LA B E B L0 E

TCGA liver hepatocellular carcnoma (LIHC) miRNA expression by RNAseq
(HluminzHiseq) » N=424

] 2
7 =
= @
a
ser: temp £
5
a
TCGA cholangiocarcinoma {CHOL) miRNA expression by RNAseg
(HluminaHiseg) = N=45
E 2
B =
= =
=
nser: temp =
o
)

B 1-2: TCGA #% %%+ I 7& (L) felf AAZE & (T) B4R 5% F 4842 miR-99a-5p 48
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st RIAFI I,
Figure 1-2: Comparison of miR-99a-5p relative expression levels in hepatocellular
carcinoma (upper) and intrahepatic cholangiocarcinoma (lower) tumor tissues and peritumoral
tissues in TCGA database.
(£%]: miR-99a-5p %X &, e RiFAE, BEREAMAEEX, HFHRLA, ¥
EREBUER, HEREABFAL.)

3.3 PBERBALEEA D miR-99a-5p FFRIEER

AT RIE EREFBEE R, RIDEFED I 52 B PCR M ERN 41 FIIERE
R IARNS BL R F AL miR-99a-5p WRIAE R, RN i 846 B RE R miR-99a-5p
FEND B B H RIA L. B 1-3 8% miR-99a-5p HHEBBAHTNRIEBEERT
SN FAL, AR miR-99a-5p HIFHREEBREAL N 2.79 £, ZRAFG ¥

= X (P<0.0001).

A ‘ B
p<0.0001

s
. g 2
s ' a2
- Y H o ©
g 2 01 o iy, 0] a2
o o S | i | w“ I_E

o o L - ~
{1 *ae @ o
0o L] =
g 0.014 E =
g L2 o5
= £3
: k)

0.001 E

A 1-3: miR-99a-5p & A E 44N,
Figure 1-3: Evaluation of miR-99a-5p expression levels.
(A) miR-99a-5p £ 41 Pl R BERALRAMN LR F AR T AT EALE. BFaR
miR-99a-5p #-FH KX FRBEL T 2,79 15, HMET t BBk fr947, P<0.0001;
(B) le k& &4 FAE SR FEL P miR-99a-5p R X F K,

3.4 miR-99a-5p TIARSIERE B ENIGARIBFRMIGEKRTERHEXES T

N THIFA miR-99a-5p RIXESIHRRERMEL AR T HFEBERR, RITEL RS
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FHHLFEA S miR-99a-5p HJFRIEBINKE 41 BIIEBREARA 4 PI4: miR-99a-5p KFIAHA
miR-99a-5p BiRIEA . EHIFHELAL S miR-99a-5p RIAEMIT FHEZNERE, R
ZRERIE. BISRA 2 KA Fisher I /HT, 4R E/n miR-99a-5p HIFRIE R 5kE L
BRAESR (P=0.009), TiSHER]. F#. BB AN, SRR, BRIFRER TNM 41 75H
BXRAR (¥ P>0.05 (R1-1D.
4% 1-1: miR-99a-5p A3t R A & 52 FREL IR REHIEZ H X R
Table 1-1: Association between miR-99a-5p expression and the clinicopathological

characteristics in GBC

miR-99a-5p MX KA E

M RREE R 2 P
"’ KTKIE (0=27) ERE (0=14) X
7
E:) 13 8 (29.6%) 5(35.7%)
0.158 0.691
z 28 19 (70.4%) 9(64.3%)
FER(P)
<60 10 6 (22.2%) 4 (28.6%)
0.158 0.691
>60 31 21 (77.8%) 10(71.4%)
BB R /Mem)
<3 15 9(33.3%) 6 (42.9%)
0.360 0.548
>3 26 18(66.7%) 8 (57.1%)
SHMOCTERE
B e 32 21(77.8%) 11(78.6%)
0.003 0.954
&t 9 6 (22.2%) 3(21.4%)
e R R BE (ATCC)
Tis-Tz 16 9 (33.3%) 7(50.0%)
1.076 0.300
Ts5-T4 25 18 (66.7%) 7(50.0%)
WHELHD
B2 14 13 (48.1%) 1(7.1%)
6.894 0.009
5 27 14 (51.9%) 13 (92.9%)
TNM #HH(AICCO)
I-1I 15 8 (29.6%) 7 (50.0%)
1.649 0.199
-1V 26 19 (70.4%) 7 (50.0%)

BE, BLAEEMTRITTURN, RRAESHREHBE LN AGEEHEZER(H
ArAEFERA4Y BN 10.5 AN A1 20.0 M A, P=0.014). 1 FEAEERN RN 48.4%F1 76.0% (& 1-
4),

10
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Percent survival

—— High miR-99a-5p
-+- Low miR-99a-5p

10 20 30
Month elapsed

B 1-4: miR-99a-5p R A B LI EFREFLAHANEEX R B L,

Figure 1-4: The relationship between the expression of miR-99a-5p and the survival time of

TH, BEZMNEZEEMTRN, WMEEEBF miR-99a-5p ik B4 NI BE W

JERIFRER (R 1-2).

GBC patients

%1-2 BERBARRE EAREHERERS BRI

Table 1-2 Univariate and multivariate analysis between clinicopathologic characteristics and prognosis in

GBC patients
I BEES T %El%ﬁﬂﬁ

HR (95%CI) P HR (95%CI) P
R (<60 vs5.>60) 0.680 (0.311-1.591) 0.365
5 (B wk) 0.383 (0.124-1.049) 0.069
BRI/ (cm) (23 vs.<3) 0.506 (0.164-1.522) 0.233 - -
SRRE (FEH vs. ) 2,314 (0.850-6.262) 0.085 - -
BRI E (AICC) (Tis-T2 vs. T3-T4) 0.698 (0.366-1.316) 0.506
HELEHB & vs.F) 3.278 (1.345-7.969) 0.006 1.310 (0.418-5.384)  0.022
TNM S+HA(AICC) (I-11 vs, 1II-TV) 0.421 (0.087-1.911) 0.245
FARFR (REME v EH) 1.663 (0.619-4.498) 0.357
miR-99a-5p BiEE (KBIE vs.HRL) 2.469 (1.027-6.167) 0.040 1.952 (0.165-5.103)  0.014

CL, EEXE;HR, ¥R

11
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4. ¥1ig

BEA R TR B LA BIRN, M8 T IESRAD RNA SUREET R T RHERA TR
—A R FERT BB TR, T4 RNA 3B R4 R B
BT EREEREAIC. miRNA XEETHERERBS, BiEFSIEERVRES
FhfiBe b AR RERIE, EXE B MR I Th he R H SN LA B Tt H W £ 202, AEgsy
W FLIE T i B miRNA 5 77 it (R B R 2 4 4 vh 2 R RIA If) miRNA 15 T W15,
BT 11 0 PIRRIAH miRNA Fl 2 298 1 HRIA K miRNA . $F3HX L miRNA, BATR
FRZHLLE AT MR S E AR B 40 Ha Th e 2 R HodEAT TR0, WIP A E miR-99a-5p 7EfH
T AAMERTIRE. S57E TCGA $dEFE LR 5B RIF AU FFE DA P R
B HIREE, K miR-99a-5p 7EHFAEAHE B8 AL b B BRI . A TEE T miR-99a-
5p TEABFA R R .

MiR-99 FE A FE BT Z M miRNA FKiEZ —, B3 miR-99a. miR-99b 1 miR-
1001241, MiR-99a fif F 21 S Jufatk q21 A E, SHIFHESFEHAHREZEME, H
e R IR B I AR S THBES2T), Lee ZE08I% 221 HIfARE B2 F miRNA 5EZREELHZ
6] (125 RHEAT 7 BB 0T, R IN miR-99a-5p 5 BHVIZIE M B WEMLRE .
RJE CA199 /KPEHYIM, BABRBREASPRAEHE K, LB0HEE TSR
F&. YuZPIRBLEIE/MERAES, miR-99a-5p SELMIARIMMEES EEMR, 12
ARG, BEERTIREERT R ILIERIE miR-99a-5p BeUE7E 1A &M 3 /1Nt fa FrbiaE 41
(3% | (R TIRE, T EAREIT AKT1 B S 2 B &I /EF « Feng %P% F Tagman
T4 RZEIRVE ST 5 2 & PCR AVERI T 100 X BBt 41 43R0 55 4L 41 (¥ miR-99a-5p
RIEKF, FEHES RN T MR SEE 5 EH AR MEF miR-99a-5p HIRIAKF, RH
T B S AL R MYE ' miR-99a-5p M AKKE, HIMEREEBEREMER, *
FoE P S 4 L AT S R0 A PR R A TR AR

FEARTSHRE, RATKT LT T 41 BIBERRE &2 EH R 5 X RHE S IEH HS) miR-
99a-5p HIRIX R, LRKI miR-99a-5p FEHEBHLAFHBKRIE, SHIRHEIHAER
FARF. EHHULFHEWT, miR-99a-5p 7ERH M+ Al B BIIRIEA , (ERE—SAIMEN ThRE A
RRIESE, fELEERL b, RAVEEMTT miR-99a-5p HIFRIAR5HZERE B Ik R TR
FIRFR. FRER miR-99a-5p FIRRAESHELEEBEEMR, XHIRE miR-99a-5p 7] fE
SHHERE N RREB IR, EBSCRBAITURI, FEMAIEE T miR-99a-5p B4

12
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S BB AR BB T RS, TS RF miR-99a-5p REMIHIBAL B KB R BAELH. T
PAF—2B AR 78 B AR AE miR-99a-5p A& 75 RE RS 0F H B (¥ 358 DA R R B ThRe .
S ER, SR EEMTRATT A, miR-99a-5p HRRIA SRR BEHEYIMR. 5
PA miR-99a-5p ST HZE5 5k Ui AT BB MG FE IS Wi AV TR0 e

5. ING

1. #ET miRNA & o4 & 2tk e 2 & PCR WiE, KB miR-99a-5p YEAHZEE B&EH
L EIRIRRIE, FHARESHEENIMEEERE X,

2. miR-99a-5p MMERZEESHEBRENAR TG ALE BEHRME.

13
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/.

F 4 : miR-99a-5p TEAB R AP RITIRERFZR

it

1. By

][

A FE R R B M AR AR R T A M o, R RE R B R B e, R
FEVEALE B T HEFESE ANOL, REM T AR, EHE, HERRRRFEN 3.9/10 HA
1, s BRI, IFIRIGH FART BUA B LB &I 5 AR (B EBERRBNGE,
HEMBZRRERER, —2RH, EEECERBERTEY, RETITREEFRH
M, BEMBATEFRARAEIHRNIBTRR, B4k 5 EEERMY 5%, Fik,
B RS IERE TS . BRI, IR T ST IR G 90% 4
BERERFTRC. Fik, XTIHEE R UKE R BREB YIS KT AE BT I HH
TP R bn S RN EE [ B IR T IR A W TR E R ST K U R B E TG R EE

HE( LB AIUESE, miRNA ZEBEME BT REREREHHRERRLR, H
miRNA 7] ASSWRAR R ME 5B, S 5N, RRER. W, ARHEy
SRR, WEMB AN RFIAN miRNA B¥ RIS RIS, B f T — 2
Yo 5k R SR SRR R 5 . 1R BHBETIEE, 40 miR-204. miR-140-5p B2, M7 —3K
miRNA 7] LRI R TI6E, EMRAR TS RX. Bl Liv FPHEH, miR-19b 7 E
TG HERE R PTPRG MITRERAES BB R ER R«

£ E—HaEhF, RIBEESHMHiEET miR-99a-5p H7EHFRHRHRKER
miRNA, FFiEiTH A R SER 2 &5 % PCR SLI/R 2] T IRAE, #1547 miR-99a-5p W] fE
FENEZENE T R IEERER . BT miR-99a-5p SHHTEE K% RIEARE MR, Aok
S RATKE ER A miR-99a-5p X HIIBAIIRERIFE M, H Hit—P A miR-99a-5p &5
FRAE B PR

14
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2. MRSFHE

2.1 LB

2.1.1 4ApE
JHZEE LM E GBC-SD. NOZ. EHGB-1 #l OCUG W3 &  ER 2 5% gk drkls
B TR R 40 YR L

2.1.2 749
RNRKIER 4-6 A& SPF ZARR I H thER 2R Lgshsci . RBEAHRRK
PR TR LI IB KR E B R B R E R R R 21 RTASRT SPF A

2.1.3 EESLIEFR AR
“MpEEE SR A AR
#R I
DMEM 7% Gibco A &]
William’s #5373 Gibco A ]
il Gibco A F]
JiEZE HE§-EDTA Gibeo A ]
TEA-HER Gibco A F]
{MpITE R R ST HH SR
#R I
CCKS8 &7 L EAEYRIHH R A A
Transwell /M= Corning 24 &]
FHFRNE Corning ‘A &]
4%Z FHEE EAERHAFFRAF
SRR EW HZRNF

15
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fapFES. SoRdERITHE POR SIS

2R &
Trizol A Invitrogen /]
PrimeScript® RT reagent Kit with gDNA Takara A 5]
Eraser i A A&
Mir-X" miRNA First-Strand Synthesis Kit Takara 2 7]
miRNA % FX A&
SYBR Premix Ex Tag (Tli RNaseH Plus) & & Takara A 7]
PCR A&
SYBR Premix Ex Taq II (Tli RNaseH Plus)E Takara /A ]
& PCR BH&
R E#EBFERAFRAH
i EiER RN ERA
Rfect /MR G 7 EMEREMRBAERAH
= e gl
2 K

SRR BERAH

RIPA R BRRAFE

Y- i BERRFE

U0 R B 7, — i BERAH

6x_EREGE IR BERRFE
=R X EYBEERAH
HER X EYBEERAH
T A EE IR A X EYBEERAH
Bt AR gk X EYBEERAH
20 X Z ZBER G HK B LR AR R A ]

16
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HiE-20 ALY AR AR
RIRAIEE faRAH
%A E-cadherin. N-cadherin. Vimentin CST A+
LKA
%P\ GAPDH $ifk EEmE AR E R A
%P\ MTOR Ptk CST Al
%P A\ SMARCAS Hifk FHEHAF]
B E A EEHRPYRER L 515/ R =31 BERRAT
¥ H Marker FRERCHRBILAH
22 RO R & RERCHRBEAH
HHEE BCA RF& BRRAFE
2.14 LES5EF
e TR
1300 B3 A2 M2 248 FRHRBEAH
501A BH BB EKBH b BT AR
LDZX-40 £ R B Bl B HUE J1 R KB B RRENZNBERAH
£ A EEIKIR L 5417R FARMAT
DMI3000B Z{3 B 3t B RRAHE
RFERRIR bR ERIE SR A
HREEE O HAHIZAH
DK-420BS H#E IR /K IR A RS R EHRAF
FA2004A BT 44T RF EHEREER A USERAE
90-1A Rk SJHHE 2R EiERASE TFREERAE
KRG R HEHEEA A
YX280A FRANEWAR N T M= BT RE R A H
-20°C/4°C SLRVKFE R AH

17
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YDS-10 IR R B E Y288 A EREBR R AH
D1008E % B LAl IR A F]
MDF-382E(CN)E F K E HA=##AH
2.5ul + 20ul. 200l + 1ml BEHES RARLENA T
AF100 fH¥KAL HRtR 2 A7
550 ZUEFARX KEHSRAH
MLERTFEAR LEL TR 5B
0.22pum LB UL FBES T
HERAcell 150i CO, 41t 5748 R RPN AF
96 24 6 FLANMIEEFRAR ToshT B AR IR A

Step One Plus 96 1. Real Time PCR 1X

Applied Biosystems /A &]

Faitfa R kA THERERENBERAH
SDS-PAGE 4% 5 HLiK1X EEMBSAFA
Mini Trans-Blot #E[l#§ ZEARAF
1B A EEARAT
H b2 R IGER AR BT A FEBEBAHBESRAHR
2.2 LA
2.2.1 {HRALESE

MNIEZ5= 40 itk NOZ 1 EHGB-1 9 B rf E A2kt _Eig A ar B 207T 78kt - NOZ 4R A
B 10%JA 4 11 7 (FBS) ) william’s 3% 5%, EHGB-1 40t % & 15%FBS i) DMEM 54553,
GBC-SD. OCUG 41K FI 4 10%FBS ff] DMEM #5255 5%, #H7rE 158 100UMml fE
BEAEBER . BHHOMET 100mm 3R M ARHHTHSE, HIRFEN 37°C K 5%CO,, 1
St A KA 8 A 2 EDTA HIBRES T 37°CYH4L 3min, A& MIEMEREE P I a4l

MaF 1. 5ml Eppendorf &+ . 4HME (2454~ 1500rpm. 3min.

18
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222 miR-99a-5p GRESHARFNERSHE

miR-99a-5p &P S| B M B ARG R A F & M. miR-99a-5p R
8% % PGMLV-CMV-MCS-EF1-ZsGreenl-T2A-Puro-miR99a H R PLER N ERARE R
ATFRBIIRYGE -

2.2.3 SKRIXEER PCR 75 ARMAMA miRNA Rk
YHRLE RNA $REUT IS, RETMRRRIKMNS NE—WH5 2.2.1. KAt EREFOL PCR
B RRRBIFMNS NE— 5 2.2.2. miR-99a-5p 3 MFFIS WM 222,

2.2.4 EEHE

BU B B E T LR BR P e, RAMBESNAMER)E, A 10pL BB 10uL
AR LRI, WA N — U SBIT N BV, (40 BT iR 3 5 MBRTHEUR
ZIEZERR, ERARESTAESM, ARSI AR . #E 1min, FHARTTETT
PR . ERME TS EAR, BN A RTTRNARK S M TELHE, RitA
AR AR LR AAAT, 4 A N e AN i B AT AR RS E R : 40
B FE=(4 N RT5 A& 4 HL S B0/4) X 104 >/ml,

2.2.5 Cell Counting Kit-8(CCKS)iX I& ¥R 4Rk M 7ERE 3
CCK8 MIEZERS KBTI ML (2-Q-F R 4T E)-3-(4-FRHRE)-5-(2,4-
#%)-2H-PU M L ghEhy, B —FRAIT MTT &Y, EHEFREEANEET, BN
ferp — R S EE R, AR R B AR R A KSR B AR g A R S AR
WIVEIE R J5 R R e A B R R SR B P IR B B RS, TR B W R IR .
XFTE—FfE, PSR BOLEAER S H BERMRR. AT MIT EMEER
FI DMSO %, REUEER, &MEEEER, BEXHEsEt), FRBVREME.
BARSRIT
1. RERERESURIE M T, SHARRE S MEFL. 7 96 ALK L
S HIARICEF dO~d5, FHLMMILEE 30 ML, R R S5 A8%RE 6h. 24h. 48h.

72h. 96h. 120h.

2. BabTRBAERRARETHEL, B, B RAREBETHE.

19
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3. BA 1000 MNHHMY/FLHIEE R, REFL 100pL AAVR 4SS T 96 FLIR T, I E#L4 L
100uL PBS, BT 5%CO, B3+ 37°C 5%,

4. FISEEIEFEMRPE CCK8 RA, HBIA 10: 1.

5. FEERI (] S B ARRT BRI 96 FLAR, LA 100uL AR K CCK8 5, 37°C
GREEEESR 1-4h.

6. FIESEHRAIIE KN 450nm &b OD 18, T E4NMIEK BN LRI L.

2.2.6 EEFRRE

T FEE T A TR S P R WU 2 B T BB S R I BE T SR A AR IR SRR A B 6
AU LA R 4H B A — A ik, A SRR BT 50 MM RR, FIMRITEREG S
IR BT WIR . B H 7 PR BT IR T R T RS S T A Se 6 v B i P FEL 388 40
B RNGEE AL AR, WOERATTRECTAR 7o R T R SRS 7V - TLRETY AR /0 2 IR R A M R B 4
KA DA R SRS F0 M B BT . RIS r R R £ 25 PR T4 P B 43 A
BEE. HFHBEEMEES R, WASKERBICE, &%/ N 228 8 14
M. KB —EF EEMERART, EPREHRRES, DENTR. 3
BN K EET 50 M bR, RAFARNECERE, HETHESA
A CR S

RSP BRIT
1. BURRNSEIRAE A 4RI LA PBS #E¥E—KJEH& EDTA HI/BRE§ 37°CH4L 3min, A&
FBS Hj3gsrEEH IS 1500rpm B0 3mine. REHATERFREERSMM, AHTHR
AT
2. FEANFURFIIAN 1.5ml/FLHAHN Fe 2377 2, IR4R 40 Ml THIES R P B 4 sk A,
LA 1000 MUY/ FLEH BB T AR T, SHAMRIRE 3 NE, ABREREBRKIT
HE, (EAMMTEINS . BATRET 5%CO, AR+, 37 CHERE.
3. EHIMBREMARARS, DENGMAERE. IxREMRRED N REGED
50 M, RERFLIEFRE, H PBS WHRMHBEEL—IR, 4%L RFBEEE 15min /5 0.1%
SRR 10 5%, WIRME KA RS, A6 BB R a7 4
L. T 50 MUK TS

20
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2.2.7 HRRRIRAERE

41 i X1 9R & A 525 (Wound healing assay) f 2 2 Ji 3 A 7E 5L 2K 096 ) 40 i P RIR DA
PRSI A A NS A X, AENELRA LR REEKERE, BRREE. HE
() A RIR AR/, 4H iR se i . RPN
1. BUM R SEEGE AT A AL T4, 2 mlEFrBlefLAR . FL3075 MM, (E4nfait
YR ST
2. SoFimarker BfEER MBI T, E6FURE FHIHRIER, BRlom—iE, MELI. &
HLEDRIBEML.
3. FRE 2000l WAtHE L REEE TH/E MEKAEM A K FERR, kR E SRR
RFEBH, FEEAURBR—FEL.
4. XI55/ FIPBSEB AR ALK, DARBRBIELIAL .
5. WAL Sml) B MIEDMEMEE 548 . TR E T5% CO2E 7R M, 37°CHEF*.
6. AT RIRE L0 24F148/NJ5, FEG TR, HR, JFNERREE.

2.2.8 Transwell /NEiT/BE AL

Transwell /NENTH—RELERNAER, SHAEERRALERRAFEHDAZ. £FE
A FBS BUEMEFHEAE, BHRATIIERFERREEIA LE, BEFR—ErHE
BB LBRFATE. Bl GERYE, AR TR LERNRE, Hik
4 B A T am i R R TR AR AT

BARSBIN T
1. SERIGHRE T EE R F Transwell )y %2 B F24FL AU SRR AL, BT =2 A0 S00uL T
EEFE, BET37°CRFMHRML2IT . HTHRER KRN AL PR,
2. BUHE R SCR0 4 Axd R 4 40 S Ak, PBSTEYE2IR, FAMISTRIM R G EER S
BEAT L
3. BRAANUMANN S M Transwell/N 2 ) 28, FITG M B3R 2 R 4 41 BB /A FR E2000L
TEFAN/NER T E WIAS00uL520% FBSHIAHN Rig &R, BT5%C02 BHREN,
37°CHEFR24/D0T
4. 240G H BT Transwell N2, WFe/NE B Hitk, FIPBSHER:—K, M TEMA
700uL 4%L B FEE, EE20min/5, FEA0.1%% HEB R E10min. RELERE, T

BAPBSHTRERBER =K, AMEREESL EERTBRAM. 40005 S5 FRENNERL
21
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AMENE, M. HRERERBRTHE, BHRA3%EREBG G, FHEhRX
W E B IELES70nmAL FODME, & B e KN4 s«

2.2.9 BB TRERE

T miR-99a-5p 7E 4 P % HE JR 5 40 U 38 5 AR /T BRI, KA B SRR LRI R4
NOZ #fi ZEM TRENANBE T, WEMBEEKEN, PN AREENBEEKEE
A

HAR PRI
1. BUE R SRIGH AR RRZE NOZ 4iffa R, FMGEENIL, BL. F PBS HRAMM K.
2. F PBS HIfE4HE B, BN 2%107 M4 AE/ml.
3. BX 4-6 JE#A ¥ BAL B/C #BHATIRIE. F 100uL 1%5% B LG Z 8N BRIEAR B, -
4. DA 6 54K | ml RS RS S I B R R, B AR A B A AR
4 0.2ml, HEFYMELIN 4x1054, BFEHA VRRAMMBE KT, HEMETH 75% R
R0, BN R AR RS BB A S LA Akt M ORaEAT R SR S IBE R D T AL R,
AR RENPZ . RRBEREHRR L SPF Z5IHFE.
5. B WMEEKBRIFERENKERL. WEARZERUTARTE, #HH
mm*)=(E KB x FHERZ 2.
6.4 /S AEFERRE, BUHMEIRE. M, BT 4% RFEY, RET4C, HTREES
B

2.2.10 HRERIEEHFEBIREET

97 R WmiR-99a-5p7E 44 iy 3o H BERE 4R ML k% 75 B8 1 (RIRE M, KA B SER4H AT HRZANOZ
MRS ARR BN, REVIREAE. 45K)E, CIEBRR, HBATIEAL, WM
FERETTUREN, PN HREE RN R AR

HAR PRI
1. BUE R SRIGE AR RRZE NOZ 4iffa R, FMGEENIL, BL. F PBS HaRMM K.
2. F PBS HIfE4HE B, BN 2%107 M AR /ml.
3. BX 4-6 JE#A "1 BAL B/C #BHATIRIE. F 100uL 1% E LG Z 8N RRIEAR B, -
4. REFH 75% TEREMEEREE, BURRZA DEAHTYIOS 1.5em, FELSEAME Fo/ T
BRRHAYE, D1 ml RS RS S A ST AR BT, ISR
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0.15ml, VESFZMELN 3x108 4, VEMWEL) 2 5080, W BARSIE MUK BILR,
EST R R AR RIASTIR 2-3 A4 ERT LA MANE T RIE R AR . RIS
PR M, MRS EEG 0. FARELETEHETFLEENL . REEEEHR
BA SPF ZHltAFE,

5.45 RIGAIERE, BEFBRASHE, BET 4%ZRFEH, RET4C, ATELER

W o

2.2.11 FEENEE(Western Blot)if I&

e N4 ML FAPB STk 5 R4 BIAR A T, R8R, FI&50 mM Tris-HCIFKIRIPA B VA E
&, K EEE20M4. 4°C 14000rpm B0 10min, WE LB, HABCAE A EERAAH
TEAKENE. EARHSE FREZMBIES, 100CRSHMEREZEM, 20CHREE
H.

SDS-PAGEZ H HLIk HIR:
1. HAH R O BIEC T B 2 B SRR, BRI R B AR AR 4 ) Bk
2. PAGOVIEFE MK AR, AR By 47 BIBIIAIRE IR 5 4 B A e, TS s K 9120V 4k
Serik. DIREYTERTT BB BRI O A YR, Z K.
3. HIKEHRGIHER, REIBEL MK . BEEER, WBHE AEKKEESE
45, 3ZUEHK. K. PVDFR. 3ZIBHK. WAERINTALE, BRI MRS IRA ™=
RN, REHBBURNE S, IR B, 320mAEREK2h, HIKEBEK
BT RR.
4. HIEGRE, fTIFHIER, ASTRERHE, BEATBSTZMRIERE LERIK, &
K5min. EHERG, BEE T 5%/ S P B+ =iRs H1h.
5. ARG, EEE FEEHTBSTEMREYE3 R, FikSmin. /51 100088 —
PERAEENEOR, SREELh.
6. — iR B BRI A TBSTE MR YE3 K, ®ikSmin. R/GMH1: 1000FBEH —HiEH
FRMEOE, EEME45Smin. 54K/ ATBSTEZ MRV R, FiR5min.
7. WRHBNE L ER B, ANEROBOERRE S, BATEM T
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2.2.12 %75

P T ERRRACTHIE = R R ARR . SLASPSS 21.0 HIAHHTHIRS
SMH7 o REERL AN R b3 R Student’s thASR, LLP<0.05 UCHEH & L. Fra st
ORI E SRCPAT R R IR RO TE.

3. SEIRHER

3.1 miR-99a-5p % AE JEH 40 B E A 1 AR

B4, RATEREH EBHOE PCR M7 ER I T VUM AHZRE 40 &+ miR-99a-5p HIZ%
RE, W miR-99a-5p fEMHEBAM AT HREKFE. ERER, miR-99a-5p £ NOZ.
EHGB-1 il & P RiEEMIK, 7£ GBC-SD 1 OCUG i RHREBBH. Eit, RA1%E
F NOZ 1 EHGB-1 40l R 171 Rk 402, TiH GBC-SD 4Hf Rt ATHIHIF A2 .

Relative miR-99a-5p Expression
(224cy
3

B 2-1: miR-99a-5p AW EEMER Tt REE,
Figure 2-1: Relative expression levels of miR-99a-5p in 4 GBC cell lines.
VANOZ #a /L % + miR-99a-5p 892 A& H 1.
297 BAE miR-99a-5p M RIAFMBIRIEIIBER, RAVEA T L0t 2 BRI PCR EN
& NOZ #1 EHGB-1 40f/& Y 7 miR-99a-5p I RIAH T2 J5 miR-99a-5p HIFREKF. &
i E 2-2 FTRAKBIZM R miR-99a-5p HIRKK-FAE T B& L. R, HZEERN
#17] miR-99a-5p inhibitor tH.FE . Z it GBC-SD 41l &+ miR-99a-5p HIRIX.

24



EWRSCERFEE LR

2500 -
2000 4
1500
1000
500
20T -
1.5
1.0
0.5
0.0-

1.5

1.0

(Z-AACt}

0.5

Relative miR-99a-5p Expression
(2:28¢Y
Relative miR-99a-5p Expression

0.0-

B 2-2: fegmmit A 24 E)E miR-99a-5p fyAast R E.
Figure 2-2: Relative expression levels of miR-99a-5p after treatment in GBC cell lines.
(A) NOZ vi% EHGB-1 &% miRNA it % %1 % #&4= (B) GBC-SD % # miRNA #
#1 %) & miR-99a-5p #ARst &k &,

B WA THAT miR-99a-5p FomH IR 4R M A S MY T RE /1 iRTe . @i CCK8 RIS, R
TIRBLESR PE/DMT 0.001, EMNGHBKELRE, TRKE miR-99a-5p Xf NOZ Al
EHGB-1 40/ #AVE R ISR, M%) miR-99a-5p FFiA xS 41 a1t 5 0 B
(A 2-3).

A B
NOZ EHGB-1
50} - LvNC 3"} - LvNC
@ 404 -= LvmiR-9%a-5p T @ = Ly miR-992-5p e
£ £ 204
£ 304 =
E E
5 20 £
= = 104
@ @
O 104 Q
o x v . v . ] - v - y v
0 1 2 3 4 5 0 1 2 3 4 5
Time(days) Time(days)

GBC-SD

407 - Inhibitor NC
-# Inhibitor miR-8%a-5p

Cell growth rate
8 8

=
=]
L

=

T T T T T 1
1 2 3 4 5 6
Time{days)

B 2-3: MiR-99a-5p 52 & Bl R 3855 4k /) b9 ok
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Figure 2-3: Effect of MiR-99a-5p on proliferation of GBC cell lines.
(AINOZ m/ % ; B:EHGB-1 m/ & ; C:GBC-SD Wi £ . BA4R 0 AR EHRSE
6ho BAALAT VARG 6h 89 OD4S0 1A% 1. **+*: P<0.001)
T BEE T AT BE A RN B A 4 L BT AR T Y B ), W 2 I I SRR 1R B A B Ak
I BB AT R TS FUF, FFL 1000/, At IR 240 i A e R AT R TS50
PHETERER A, ARUERRNESE, REETUEENTEAMRE. SRILE
2-4, WEREEMH]FRIE miR-99a-5p 1701 N4 R 1 T2 BT AL RE 77 -

B
NOZ EHGB-1 GBC-SD
400 250
200
200 = =
- T
150.
f= i
E 100
100 =
o.
& o & &
) & # &
& \g &

B 2-4: MiR-99a-5p 33 /2 &8 £ A ihst B fe /) M B
Figure 2-4: The effect of miR-99a-5p on the proliferation of GBC single cells in vitro.
AzF iz AR AERZENERARBAEN AR ; (B) BEkAmk A
AEHAEKE, SRALGTEER.

AT Eit— 4 B miR-99a-5p & X IHBERE 40 MM B8 /1 0, RATH NOZ 4 A
187 R GKILRIE miR-99a-5p, R EBIEH ERE T, WABBERLIE. W
E2-5f7R, ERIA miR-99a-5p JERRE B2 MK AITE N, EIERgH¥ER. Db
BEFLFIUIE T miR-99a-5p A~ Ak B 2 51 fIE J8 0 4 0 AT R SE AR 77
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& 2-5: MiR-99a-5p 3t NOZ %mf8 AR Py #7449 %5h
Figure 2-5: Effect of miR-99a-5p on the growth of NOZ cells in vivo.
(AYREAB RRE; BRHEGETHERA; OLTHEZHAE; DL THBLEKY
Ko ERAHLGHTER.

3.2 miR-99a-5p *EERBMAMaFEEREE DR

72 LA BRSO EAE 1, AT 4REEHT 5T miR-99a-5p X HH RN M R R RS 1R R,
BAVEAT T M Transwell /DRI MRIRE A LY. 8ITH 2B ToH R L)
Transwell /N, AT5BIREER M AN K AIMRRAERERE S . WE2-6/77R, Transwell 4
FRRBRERE miR-99a-5p e BEMGIEREMMR NOZ F1 EHGB-1 1R
71, TWi%id miR-99a-5p Inhibitor 405, #Fid/MNE GBC-SD A B L.
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C Migration
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B Inhibitor miR-99a-5p

Migration

Cell count
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B 2-6: M2 g BmE A Transwell AR EEE,
Figure 2-6: Tranwell chamber invasion/metastasis assay in GBC cell lines.
(A) NOZ. EHGB-1 £ #/2 £ mMe% T B; (B) GBC-SD I/ £ mMELTA;
(C) $mi IR ERmEK%ITE; (D) $MBEREERmBHE LGB, *: P<
0.01, ***:P<0.001.

FIE AT AR R A RIS T RS R . ZAMY, 218 miR-99a-5p A2
JE HI4H 48 JERIR 3 RET IRAgIR, RAEIREARERR, SREBEEIR
§5. fHRM, miR-99a-5p Inhibitor AbHEJE M40 RIR @A FE RN, RIYR 58 B2 B 2 o (El2-

7)o Bh R FE R T miR-99a-5p & B B HhH1I i E ZRm 40 AR A R BRI R RE ) 6
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A LvNC Lv miR-99a-5p

Oh
Inhibitor NC Inhibitor miR-99a-5p

NOZ
LvNC Lv miR-99a-5p
48h
Oh
EHGB-1 - GBC-SD
o --
B
450, W LVNC 100, I LyWC - inhibitor NC
§ 9 Lv miR-99a-5p — % | L: miR99a5p [—— i # Inhibitor miR-99a-5p
S 100 & 100 =
i i :
Nl Nl N
& & L &
NOZ EHGB-1

B 2-7: g RmBEERRERLSER.
Figure 2-7: wound healing assay in GBC cell lines.
AYETARIEEEMIER 48 PRZ ARRELLSHL; GNNASLEERTEES
#ro ¥ P<0.01; ***; P<0.001.

R BRI v S R A A2 — P B 5 S S R 4 RO TE 1k Y S RS BB T RIS EL, R T AL
EBAEE WA R . RATHEES T miR-99a-5p 1 RIA MR T NOZ 48 R it
FIEVE ST AR R 1 P SRVPAS miR-99a-5p 7EBNA P 3t IR B 4l sk A e 0 i e . RATTR I
Sk HE 2L 40 L7 (R8P (R ELZEAR B o E R I PR A R AE 3R (3/5 vs 1/5), ARG HE Hefail
R UESE TR 45 1T A E(I2-8). BA L4 REB Y miR-99a-5p BEMETENWidk Py 2 B3I fH
BB R IR
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B 2-8: MEMBIKAHBRA,
Figure 2-8: Splenic-liver metastasis model of nude mice.
(A)RAREABEAB KRB R, k@i, B)REMHSHMERYE; (C) E
AT Andt 481t HE &0 LA .

WHh, HTERSMET, BREBKAET EMT fEREEASE, FTUARITHAN T
miR-99a-5p 4b3E 5 EMT MR AMRIZK L. JEid Western Blot R4, AT LRI
miR-99a-5p A KA 5 E R4 HAESL K H E-cadherin FIRIZKFRBEF T, MAKRMN
JR 40 Bk P (R 4 N-cadherin F1 Vimentin fIRZE/AKFNIHHT P (B 2-9). %4 RYH
T miR-99a-5p BEHEHIH] EMT iR MR A, ATTIA 200555 HH 3o 40 iy (R 2R e e B8 /) 1
.

E-cadherin E-cadherin [ S | |
N-Cadherin N-Cadherin [ -]

Vimentin [ K | Vimentin [ |
GAPDH [ GAPDH
NOZ EHGB-1

B 2-9: NOZ #» EHGB-1 #aft. % ¥ i1 % 3% miR-99a-5p /& /1 WB #&t] EMT #a%& & 8%
Ko
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Figure 2-9: The expression of EMT-related proteins was detected by WB after overexpression

of miR-99a-5p in NOZ and EHGB-1 cell lines.

4. ¥1ig

AR, IBREESHRIRIT HERE T — ik, RN EERB A TN E
BRI0, AEARIG TR EA 5 RS R A B H R 58 2 SR IR 3R B & R K 0w
R ERIREY . BT DU FT a0 #0756 10 3888 ) (R R e B T B R 42 i HE B VR 7 ORISR
. {5 H AT R 1R 248 58 77 I S IR A LA R R A5k 1 B

miRNA 2 —BEEK/N TIEHAD RNA, FEREE EARXHRSE, @it 54 R R K
PUTR X EREHEEMFREAER mRNA BEMHFEEE R mRNA HE B Rk L 41
EFMARE. SHEBEREMANERAM, TLEER, miRNA 7EHER SR A5 7t
AFELH538,

FEATS R, RATEL LI R AT I RIX 5% RIX miR-99a-5p HIALH,
RIENHEDT CCK8. MR IMRIRA A Transwell /MR B KAk Bh PRI 5
VERF miR-99a-5p T HFEEHIE AR R INRERIRLI . HATRIL, miR-99a-5p FIEMIK
Ant IR BRI A M M T RE AR K. (B RASR B 5, IHRELM AR NOZ I
EHGB-1 #dHERKRMEE R Transwell /D= HIGUHI%E B BIR>, 40HRIRE &4 A
BHBEK. K2, F miR-99-5p MEIFILEHEEEARRZE, HEBEARNERER
RENAE TR, EANRBTHRAR TRLER. XR2UH T miR-99a-5p TLik7ERE
BRSNS S T BB R RER LR,

BB IR ITMLER, W RBIFEHNG T 5 5IBE RS TN
M. BAXTHEBENHAEMRS, EARLBMHIFREBMESEBE LR THERNE
FEBIE, HWREER. Bao PRI miR-101 7] UL FIIHI{EEER ZFX, LI
— A JTEZEE R BRI TIEEA T . 54h, miR-101 B A% Smad B =L M, #%] T TGF-
B /M2 EMT 52, Sl 7 xHHEE N RBHERSIIEENME. T —HHAKIA, miR-
29¢c-5p BT HLE CPEB4 K f ] 4 1 [HIE M B AR B Th B, R e B BRI ]
MAPK E¢, M3 miR-29c-5p KBRS, BATER Bk — 5 IR AR
miR-99a-5p & 75 JH 3R v R IR R R R TR IR
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NG

. miR-99a-5p FEB 7R/ P IR R Ak A wet IE 2898 41 i R B BE T BE S M 3 AN B 8
. miR-99a-5p W DA P 44 b1 il [H BRI LT B IR B 5
. miR-99a-5p §40 T BRI LH ML EMT 1278, M-S T 5 HBRER AL KH0H]
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FE=I: miR-99a-5p iHiTHE MTOR F1 SMARCAS &2

M@ BB FE 5 A Th e

It

1. BI
AT 2 T A B AR POV AL BB, R R R G R B TR B, R
TEWACE R R ESE AL, TR T AR e P E, I RIRN 3.9/10 TN
W, e BRI, AFARIE TR T DUA B LR B 5 RPN BN S E,
HESRSHRERER, —2R0, BEEEEEHRETHE, K& TARBERRN
Ve, B BT S TR AR RR, B 5 AT s%. FIL,
BN RS TR S 5. EFTTURIL, TBTER AT S BUNFE TR 90% A
B RBRITEC. Bk, XTI RN LT RBREBYLS T 504 B TS H5 i
SRR AR ORISR [ 25T O BT, W T B T A FUR B S S R EE

RERN, AKCBRUT LA miRNA ST, A0S T B AR SR T 2
HIFE IS . M0 SR A 30% 007 BB 7E— SRR LRI T miRNA i B B ) e
B0, SiEGEEEEME, miRNA AR R A 1T 4 B WA K . miRNA
SRR ELAMIEA B I S EE R G 3 UTR K745 4, EHEA mRNA AT MMERE W s
B EBIRLRR. —/ miRNA THSIA T MEREREER, T EE T2
£ miRNA BT, 3 T s BRI T 48 miRNA B m bl b i B T
AFER.

7 E—#4R, ROTEHT miR-99a-5p X MBI REBEE S OB, EENE
PR N T TRREHERIG], RATRECEE B %0 T Rk FRATIR TRk
B, IR S E R AR (R SRR T RIE . R, RATHREET
665 51 miR-99a-5p THEEIIBTESS SBEGHATHIA, MITE e Kk FALE,
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2. MRSFHE

2.1 sEEHH
2.1.1 EESCIRIK
2R &K
IR EERE RAAFE RETRERAT
FERNMEFERFETAER) JERRRAF
Viafect 3R] EZEBHEERATH
Lipofectamine2000 Invitrogen A &]
ToK B2 EAERAERFERAF
ZHx EAERAERFERAF
BEER EAERAERFERAF
HARFES WA E a2 M8 5 5.
2.1.2 EESIE{U ]
NE E K
2R IEAX EEMEEAH
22 EW¥HE

2.2.1 i@ EMERES ERM miR-99a-5p HEEER
X} T 'miR-99a-5p % K KA M5 B FH T 44, A4 L% K AmIRDB. TargetScan.,

picTarfimiRanda¥{ P T A 58 &Ko

2.2.2 WIS MR EERTR

PRATTR I RUR e 2 B 15 2 R SLIG BOIE (3% BE B (K] 5 miR-99a-Sp I EEAE AR R A&
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MTOR. SMARCAS 3 UTR [X 355 ) X5 )t 2 41 15 22 K] JORE S B A1k o G SRR A Jo AL ) 5
H R MR R A F B BFAERR R A miR-99a-5p&E AL, TR AT AL
#E miR-99a-5p &5 & A M HEITRENLF 55848 . PCRAZ 16 A pmirGLO# 44 . MTOR-3’UTR
pmirGLOF AL SMARCAS-3"UTR pmirGLOJF $L-5 48 B FrImiRN AR M sk 1 7E 293 T4H

H e G . 48 /N S A P U AR R o5 R TR S B0 R R AT K RSO R AN I R R

JREHEERAR N . AR R ROCERERE AT AN RO IE R L .

FeE Y AP R

1. BRYRT—R¥s 293T dHfsER) 24 LR, S48 10 A4, BT 5%CO2 HfiEME
137 CHEFR, M58 REFL R AR & AR 50%.

2. EILYHMEEGE 10ng FERLAT 1uL ) miRNA HIACIEINHI7), 4/ Lipofectamin2000 %%
AAF) 1uL.

3. E—A 1.5ml EP B0 50uL #J optiMEM, FNA 10ng HIARIFRRIAN 1uL RAHR
miRNA BEHWEIHIF, BFRES; F— 1.5ml EP EH A 50pL ¥ optiMEM, F
B Lipofectamin2000 %447 1uL, =R T#E Smin FXH EP B FRFITRES,
ZiE FHFARE 20min.

4. BEFNLEME, H PBS BHIAHR—RE, EENMEFRLTIMA 4000l & FBS
AEX A F K DMEM Hi5r#E

5. BEEHFNBEESWRMANBILY, BRRS, BARASEEEFETRER, 6hFE
BTSRRI . Bl 48h FHAT RO R S EH KR

223 BERTRERNAOEESES

SMARCAS5 CDS[X(Coding sequence) 2K B MG RERAEMBIHH RA 7 ApCMV
JRRLAFIMCSX. (B3-1), HE R NpCMVGFPPuro05(-)SMARCAS R K, - H %YL = 5 3w 40
MR, fHESERITIEH R ERIASMARCASHI TR, 4 Seht 5%t & EPCRAIZE ([ Elid
RELIESMARCASHIRIZKF . FEAME /T AXT A
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Xhol (4112)

B3-1: pCMVGFPPuro05(-)SMARCAS#) /i #: B it

Figure 3-1: Vector map of pCMVGFPPuro05(-)SMARCAS.
JRALE G AAR DR,
1. BYRT—REBAHEEANTT, BT 5%C02 s+ 370, HHE KRG
I 40 R A 2] 70%.
2. LGRS 2pg AL, A viafect F AT 6uL.
3. KRR IR BERLAT 6pL/FL A viafect IRFTIFE RN 300uL/FLH optiMEM #53REH, 2
FiRS, EREPIH-FEFEE 15Smin.
4. WRFRMHMEE, H PBS ERATAAR WG, EENEFRILTIMA 17000l & FBS
A& PR K0 ROE TR EE .
5. I E IFHE BRI optiMEM 2 300pL/AL RIS RFLH, BFIRS, K40 skl
ElBIREE R SR, 6h FEHNTE AR R,
6. ¥&%e 24h EHEE SRR .

2.2.4 MFiE RNA A RL

£t %SMARCASHI/NFIRRNA (siRNA) FIFH #E5t B siRNA H_EWEIRREME RAF &
AR FEFARFectf Yk Fs e 2 HFEMAIM P . 58 F S2hd 3% )6 & EPCRAIE A BN RIO BT
SMARCASHIFRIEKF . SMARCASHI/NFHERNAF 51 : 5'- GUCAGAGUGUUCCGCUUUA-

3%
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2.2.5 FESAERDE PCR 51$9%%

L FR 75
MTOR-F 5'- AGCCGAAGGAGATGCAGAAG -3'
MTOR-R 5'- TTCGGACCAGCTCGTTAAGG -3'
SMARCAS-F 5'- GCATGAGCTGTGGTCACTTC -3'
SMARCAS5-R 5'- GCCTTAATTCGACGAAGGAG -3'
GAPDH-F 5_AGAAGGCTGGGGCTCATTTG-3'
GAPDH-R 5-AGGGGCCATCCACAGTCTTC-3'

2.2.6 ZHEFESW

SKFH SPSS 21.0 BAEHATSE 224007, LRI HCEC SR ¢ IR, BRI R
B £ HHEE)RR. L P<0.05 ABEGITER N .. A LREIEA=REZTLREBHAF
¥IE.

}

3. SLWEER

3.1 miR-99a-5p RUHLE R T
B EAEYEBEBARNST, RATTATN S miRNAs BB K TFEER,
TG SE RN 5T e el B 9B A M AR ) 24T AL . ZEASHT ST, FRAT1EHE T miRDB.
TargetScan. picTar 1l miRanda FELREIEEEATMTE . MEWWLER, RITERETE
XN R B HEAL SERT 2 ] SMARCAS AT MTOR 1B A5G #EL5E R R X 22

& 3-1: £4F &F M miR-99a-5p 51& ¥ H SMARCAS #= MTOR #4545 &,

Table 3-1: Binding site of miR-99a-5p to candidate target genes SMARCAS5 and MTOR

predicted by Bioinformatics.
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Position 51-57 of SMARCAS5 3'UTR 5'..

Has-miR-99a-5p

SMARCAS5 3' UTR Mutant

Position 295-301 of MTOR 3' UTR

Has-miR-99a-5p

MTOR 3' UTR Mutant

.AGUAGUUCUUUAAUUUACGGGUC. ..

LEETTL
GUGUUCUAGCCUAGAUGCCCAA

. .AGUAGUUCUUUAAUUAUGAACAC. ..

. . . CCAUAACUUUAGAAAUACGGGUU. . .

LTt
GUGUUCUAGCCUAGAUGCCCAA

. . . CCAUAACUUUAGAAAUAGCCGUU. ..

3.2 FIEREGR & E E KB EIE miR-99a-5p HHEE

AT RAUE miR-99a-5p HIRIEHER R BEEWEHRER, RITHIMET #HH MTOR Al
SMARCAS #H 3'UTR XEFAERMRBRNGOERMEREELF BN, KENS miR-
99a-5p HEIUHI LA RIMBIFIILEE R JT, BITI R BIR 5 2 FHRT QR AR R4 A 5%
FRBERIE. WL R E 7R, MTOR #1 SMARCAS 4% 3°UTR Jf AL 5 miR-99a-5p i
YiFtEE e J5, SRR FRIGIAELL, 3588 B AR R O G R (B 32A). HAN,

BATEH miR-99a-5p HH A5 *T ARSI 2515 MTOR 1 SMARCAS 4E#] 3°UTR R
R g 25 5 K, miR-99a-5p HAY) 5 3F FRALM L ¥y R B B T AT G BRI A IR 1,

miR-99a-5p 4 SEIE R EF AR 3UTR FORLHE Y eip o b EME RS E(E 32

B,C).
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& 3-2: MiR-99a-5p #7%] MTOR #= SMARCAS 3’UTR R4&-& H &,
Figure 3-2: Relative activity of luciferase reporters of 3’°UTR plasmids of MTOR and
SMARCAS5 inhibited by miR-99a-5p.
(A) MTOR #» SMARCAS % £ % 3°UTR Fi %5 miR-99a-5p A& i £ 4% %; (B) miR-
99a-5p B k4 55 3t BBAL 44 5] 5 MTOR #= SMARCAS ¥+ 42 3’UTR Sk L3 %; (C)
miR-99a-5p ¥4l 53 Bandld 5 XA A F LA 3UTR R, *: P<0.05; **:

P<0.01; ***: p<0.001,

3.3 miR-99a-5p FHEIEXEEE MTOR 1 SMARCAS ik RAFNE

N T HAE miR-99a-5p X kL $EEK MTOR Fil SMARCAS 7 mRNA 7KFFIE HKFE
BRI, ROMEA T ERREE R PCR AIE S ENERK AN T # A miR-99a-5p
JE HE BB 40P MTOR F1 SMARCAS 7£ mRNA /K PRI /K FREENZA. W0 3-3 Ff
7%, 7£ NOZ I EHGB-1 itk L 3840, it 34 miR-99a-5p N Bt A1 ¥ HE 3 B 22 mRNA
KPP LEREENRE, HEEERENGEERNESREE.
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Il mimic NC
A mimic 99a B o H* C
c 15 > &~ W mimic NC
.‘E \.\\\6\ i‘\\i{\ _2 i mimic 99a
10 _ = 2
W BE NTOR
& H
E g
& QS":’
fﬂ*v O
D E _é\. 09‘ F
Wl mimic NC <3 N
s e :mnswa Q\\\{'\ \\.\\C‘Q
T
H
smarcas [ |
& ¥
& &
c ¥ EHGB-1

A 3-3: it&i% miR-99a-5p /& NOZ A= EHGB-1 48/ MTOR. SMARCAS # mRNA #=& &K
Figure 3-3: mRNA and protein levels of MTOR and SMARCAS in NOZ and EHGB-1 cell lines after
overexpressing miR-99a-5p.

(A)it & %k miR-99a-5p /& NOZ #aftt %  MTOR #= SMARCAS mRNA %A K-F%E4L; B)(C) T
%% miR-99a-5p /& NOZ &% ¥+ MTOR #» SMARCAS & @ & EAK-FEH; (D) &% miR-
99a-5p /& EHGB-1 £/t % F MTOR #» SMARCAS5 mRNA &% K-FFL; (B)(F) i %% miR-
99a-5p & EHGB-1 @i % ¥ MTOR #= SMARCAS & & k& K-FE4. *: P<0.05; **: P<0.01;

***: p<0.001,
gZa FRRBLER, BAITLISB LS MTOR il SMARCAS #2 miR-99a-5p HI B3

3.4 SMARCAS £ RB JE58 2B & (R AR 0 33k LUK 5 Il R i ) SR AN TS O X

RT T## SMARCAS 75 H B8 5 & K H R E B, RATFIAH qRT-PCR &l T 30 2
R ZEJ 4L 43 I FOX By SH 4 2 SMARCAS BIRIAE. 4 RIEH SMARCAS 78 H IR 41
I RIE R B S T H4(P<0.001).
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A 3-4: SMARCAS A2 /R R F R R K FRM
Figure 3-4: Expression of SMARCAS5 in GBC tissues.
(A) SMARCAS £ 30 sHie R a s it Ry a2 Pikii®; (B) SMARCAS Al Rus
bHiEFm g F ek AE b,

N T #—F 5 SMARCASTERHZEE T (R EIEH , AT LR 3% Bl SMARCASTEH
BEHL R PHREENT, FAGREHGRREE . BEEREERNHTER
SMARCASRIEESMHELERE (P=0.009) il TNM S FE VI (P=0.02) (F3-1). &%
SHTIESE, SMARCASHERIAEE TUEHEAR R(E3-5). HRBHAMERIAL DAL
S RIR6IN AN H, VEELFR S HIN45.0%H170.7%. 7 BB LA SMARCASH
REEEA UMEAIRER S TR MM AEFRE (K3-2).

% 3-1: SMARCAS 45t 2 2 5le R EH N A REHENX AR
Table 3-1: Association between SMARCAS expression and the
clinicopathological characteristics in GBC

I ; SMARCAS #iXk ;
WHRRERAE I s —  dsas) @ P

FEf ()
<60 9 4 (44.4%) 5 (55.6%)
, 3 0.563
>60 21 7 (33.3%) 14 (66.7%) 0333 6
{51
% 12 6(50.0%) 6 (50.0%)
, 1.5 216
Z© 18 5(27.8%) 13 (72.2%) 31021
HA L
m-H 23 8 (34.8%) 15 (65.2%)
0.151  0.698
e 7 3 (42.9%) 4 (57.1%)
T +#
Tis-Ta 9 4 (44.4%) 5 (55.6%) .
; 0335  0.563
Ts-Ts 21 7 (33.3%) 14 (66.7%) 33 6
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MELER
7 22 5(22.7%) 17(77.3%)
H 8 6 (75.0%) 2 (25.0%) 6903 0.009
TNM 4381
0-1 11 7 (63.6% 4 (36.4%)
(63.6%) 4B8A%) g0 002
-1V 19 4(21.1%) 15 (78.9%)
P=0.019
-+- High SMARCAS5
100- —— Low SMARCAS5

Percent survival

50 -

0 10 20 30

Month elapsed

A 3-5: SMARCAS #&ifnfefk R A EH 0 L5 8 Z9H.
Figure 3-5: Survival analysis of GBC patients correlated with SMARCAS expression.

232 egEEEGARAEZEEF SMARCAS A X 5HG £ AW LA £/ HE 54

Table 3-2 Univariate and multivariate analysis of the relationship between

, BREST ZERST

A HR (95% CI) P HR (95% CI) P
EE (<60/260) 0.411 (0.213-0.776)  0.226 - -
HH B/ & 0.522 (0.260-1.071)  0.082 -
AHME (B-Fak /1 Ko 1.262 (0.816-1.881)  0.321 -
T 4+ (T3-T4 / Tis-T2) 1.096 (0.595-2.127)  0.808 -
HELRB (F / B 6.252 (2.527-14.661)  <0.001 8.116 (2.564-23.609)  <0.001
TNM 23 (III-IV / 0-I1) 0.326 (0.161-0,639)  0.001 0.348 (0.134-0.841)  0.012
SMARCAS Rk E 6.248 (3.146-12.651)  <0.001 2.613 (1.150-6.346)  0.036

HR: MMRERE: Cl: EEXME.

3.5 miR-99a-5p i#id PI3K/AKT S RBMEABRREREES
AT E—BIRNTF miR-99a-5p & AN x [HERSE 41 (¥ (2 2 B RG24,

BATIET R A R (Western Blot ) KAl 5 MTOR 8% PIBK/AKT {5 5@+

FEE KA. W 3-6 Fr, 7 NOZ #1 EHGB-1 40/ % $id %1% miR-99a-5p Bef#
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AKT E A RBERIAKT TR, AT PI3K/AKT 15 < 8B4 B T RE.

A < & B & &

PISKP1100 [ — PI3KP1100 [
PI3KPS5: (MM  PISKPSSu [N
AKTPan [J . | AKTPan

p-AKT p-AKT [S— —
GAPDH [ s | GAPDH  [S -

NOZ EHGB-1

A 3-6: id4& % miR-99a-5p & NOZ 5 EHGB-1 4. % ¥ PIBK/AKT i#3%% AK-FE .
Figure 3-6: Expression levels of proteins involved in PI3K / AKT signaling pathway after overexpression

of miR-99a-5p in NOZ and EHGB-1 cell lines.

3.6 SMARCAS *f P8 R 4N R 7E & R R s B RE IR

SMARCAS ZER7EHZSE  11E AT B8 B BT TARERES . AT TH#E SMARCAS
X E By A o ) S S AN R R RE ST R B 2T AE M, RIS HIA siRNA Al RIAFORIx fHZE
FEAMLAT 7 R A KA (E 3-7). @i CCKS Wi, BAIRIE®RREN NOZ #
EHGB-1 Z REHTRIRE R T FE, HASMHREARIMEE/IEEEEH(E 3-
e
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Figure 3-7: Effects on proliferation of GBC cells after knockdown and overexpression of SMARCAS.
(A) (B)% %1l qRT-PCR #= WB A fnid & 5 SMARCAS #9%%: (C) (D)% Al CCKS KB &
NOZ #= EHGB-1 ¥ ##%] SMARCAS %354 2 & 49 %f..

TAREE R RMGER KK Transwell PERBLER, RIOBERI, BT
SMARCAS 2 J5, IHZEREYIHIMAIMR BRI EIPE T, TidRiE SMARCAS A
AR ERR(E 3-8). A RRIEE R 5 miR-99a-5p X IEBREH 40 Hu 58 Ko R R B RS 6 11 (I
AR . XA T SMARCAS & miR-99a-5p f—AN T W5 R (18

siNC si SMARCAS MOCK  SMARCAS

NOZ 1
5 Migration ‘ ﬁaf \@.-"v
EHGB-1 waz
NOZ
Invasion
EHGB-1
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A 3-8: #siAeil Rk SMARCAS BHRIIz EE MR RRIEBRY .
Figure 3-8: Evaluation of the invasion and metastasis ability of GBC cell lines after knockdown and
overexpression of SMARCAS.

* P<0,05, ** P<0.01, *¥*:P<0,001.

3.7 miR-99a-5p 3 EIEEIE SMARCAS R IHE B EEERBED

% [8E] SMARCAS I HFRIE/KTH BAH miR-99a-5p H#%, G4 EHER, RITAR
PRt BRI miR-99a-5p A7 BEME T 5 SMARCAS 8 B 15 A Sl sl A Ze 4a (3 22 A
HEREERE? TRERIBEEELRIE SMARCAS 147 Fi4 I IEZERE 41+ 2 B # 4e miR-
99a-5p HIBANY, SR IHE IR AR BRAEB NI TR, B 3-9 &R, 7 NOZ g A+,
5%k SMARCAS ] LM$ miR-99a-5p Firifif] BB 40 MR R AR B D RS 2K KL -
FRERICF W T miR-99a-5p REH T E SMARCAS SCELI | HE B8 4E f (R A
iuprifi

W mimic RC+MOCK
mimic $9a+MOCK
B mimic 99a+SMARCAS
600
Migration
T 400
g
: S
Invasion
o
Migration invasion
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h\y oy
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A 3-9: SMARCAS & £ miR-99a-5p i& i by WML iZ R S A56E /) T,
Figure 3-9: Overexpression of SMARCAS rescued the miR-99a-5p-induced inhibition of

migration and invasion ability.
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**: P<0.05.

4. g

ZEMELH AR, mRNA FAERFBESE —RIIERMERED. §5%, EHmR%
NS A RIESS pri-miRNA, 23— L5 ET /& miRNA (pre-miRNA). Pre-miRNA
fE Dicer E{EE VIR Al T M miRNA , ## e /S ARYEFE pre-miRNA HIALE 53 BIFERR Sp Al
3p Hfk. miRNA AT S 5H RNA U E A ¥(RNA-induced silencing complex,
RISC), i#id RISC %f Ff##LEE R (¥ mRNA 7= 4 PR B v B IR

A TSI K EWE BF T IEXT miR-99a-5p FEATEHR M . 44 VMR ER
ZRATUIKI, SMARCAS 2 ISR R HIPaHE 2 HBOART MIREHER. 55T,
MTOR & &N B8 B I5E I ER . 2 %E GiREEEEME+ MTOR 5 miR-
99a-5p Z [EIRIAHEL IR R 1B-44), SRR A— MRIEREER . BRI G2
PRI B (1 S EDZE iR, FRATTAT CABAA MTOR 7ERHZE5% 11 & miR-99a-5p ff)—MEE
&, {EMRYESEm 7t 2 B PCR RI 45 B, miR-99a-5p ASBE/# MTOR ] mRNA /K FFif.
%R Y miR-99a-5p X7 MTOR HIVEF A4t e iRdE, MitIEEREEER mRNA.
PI3K/AKT 5 SiBBRIE MM PRF A2, BN S, WE. BB, FAT. Al
BELHY . TZHSETIREARSE, BN T BTV MR A IGYT IR FLE0 US4, L7 fH 3R R )
WRMBZ, BR8N %8B AL B P (R RS . 4 A S 5 Th B
[48-50]

SMARCAS & SWI/SNF ZAFKKRK— R, EA—FREREER T, shwEd
FEREAEA X CBMARS EHMRESH S, DNA Sttt S8, HATx SMARCAS HHf
AXERPELERES. DNA FRGBERAREREF R, Jin FEHRET
SMARCAS 7EFL IS B b s i B S R Th Rk, (BAHSSHLR AR Rzt . AR Y
RIEEZE R Il SMARCAS RAREHRZBFHHEEIMITIE, SMARCAS HRLSIHER
BEMMEEEBAR, SRS BEEFN. Y SMARCAS B HEBNARNREEE LKA
I7 I —AN AT 4 TR . EEIRE AU A, ROTBEERB RN K L FRE
TEEA. HXRESBBEHHETHR.
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5. g

1. BT AYE BTN, BAIEEE T SMARCAS 5 MTOR 1£4 miR-99a-5p fIf& G4
B, [FR X B MR 2 R S EN R SEER 8 E T SMARCAS il MTOR #4SE2
miR-99a-5p [ E#EHER .

2. miR-99a-5p 7] DU B #e#H| PI3K/AKT & % K38 H A ThRE .

3. SMARCAS 5HZE BEMMELHBEIMER, HaREHSEERERENTRM
=

4. SMARCAS BB 3k PHZEIE 41 i 1R 54 #8 T BB, miR-99a-5p 7] A E#: 5 SMARCAS 1EH,
B E ORISR AL, W2 i R R R MTh e,
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EXNERRE

AHAELHEE miRNA & H K ZE 5 45 AR X MR B H R P ERRIEH
miRNAs, 456 TCGA HiEEMHT, MHFHEH TEEREHLA + B EKFE N miR-99a-5p
TERRAN R . HERINTEDT QRT-PCR WHERN T 41 HIHEREHLS DR FHHL
miR-99a-5p HIRIEE, H—FRIFT miR-99a-5p FEfEFEHA T BFHELRIE, FEHEDLH
PRIGERRL S HEF ST RKI miR-99a-5p FIERATRERBESENARTUS. MREH454
Rk N I T RE £ SLIRBEVE, miR-99a-5p Re#k IH S 40 M (R R LR 1R 77, HEFT RRiEE EMT
HENF. NTHRA miR-99a-5p TIREMFERHLA], RATAEMME B ZM LTI 5L ER
B S ZEE M TERILT SMARCAS 1 MTOR £ miR-99a-5p H) B #2¥E%: K . miR-99a-5p &
BiET 5 3UTR KE6E, MHlZEMEOMIFETE. miR-99a-5p &7 H##M PI3SK/AKT
B RIERH, FRHAEET NS4 SMARCAS RiHIIHZEE MR BB ThEE.

2% BFTIR, miR-99a-5p HyFRIE/KF BRI xS AHZRE BE M TS IR EEERN R L
miR-99a-5p 5 BRI 2 M 50T ER R T RetE . RAIFBE IR K AT
BRI, R B EAT AR D e B AL, TR SRR AU NG IR A, AR
TR LW 50T KPR TTER
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WEEFAERRERETENMRER
ORI SR XUBUR R
UHE] AR BRI FUR 20BN, SSNER, FARN

RAK. FHEEZR UAMRCIR I T NERLTT R R B B2 S 5 B TR A,
AR 2 S AR B T T R R v SR R R AT S M A ML IR
T RUCNTT BE . A SCRREHE B A B S 7E IH B U I B AT 5T . R ayT KRG 1
FARAF PN AT T 4558 - BB 774 sl B R DL A R B BOR 1 0L e HEh iH 38
BERHSITHIRE, EBERRUS.

(R@i] [HI; FHEEY; MEMLET; ERnT; REnER

JHFEJE (GBC) & — PR R B AR AR B ER SRR, HRREEN
WE RSN, SIEE RGN 230, e BRI, ITREHETF
ARATLUAZ| LB R 5 FAEFR . HERBEEREE. RHTEREER, —
RN, WL BECKHEREFTRI, W FRIGIT . BACTT 5 PUIA B B A 1)
BITRR

FEHEE Z:(precision medicine)it Ll & 3 [E 5 4 Barack Obama T 2015 £E4J7E
HEGEXFEURR N K. B LR RAN FrEA E, REMatiar
=, WIEREERZ RAYE R FE T AMAE K RRH R FETTR. B
EFEHES 2R EMAERERERRGE 7T ZRE, 2EMNEA R X ES
B, SRR S IH IR VR T ROUR , TR L IRAT TN G 1 (R 2 3 S 7E E B FE At 5K
FL IR YT A RARIE M P AR B N BEAT TR B4R 0R

1 FREFEESHE ST R ERITT 5
RHEEENAREETEOAY: . EERHLESARMER N FEEEAR,
St RREA AR 5 e R R R AR AR SR e M AR A
MITTHER IR ZIAFEIR B, ISR AR T R ALEE 5] H AR, S SLIUNT R B A
AT, FEE NSRRI A TR AW, VRS AEAE S R 1 SRR A
FEREIH CHOES, KRR LA 7T SRS LA A JI IR .
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1.1 ZFAZRETHS

HARZIHSEE, AR KRB HRE N MR RtE . RERRE
AARFERIREN, HRTF—I%E S B AN KRN FRARTEEEE
B X. Li FUNZH 87 R R EN R EAR, R LERRGH
BT R R R AR E L, R T MUE G E A pS3(TPS3). BRI
E[F(KRAS). erb-b2 ZAFEEFRIES 3(ERBB3) S KRR B & HAAEER
WRAR, FiAMEEIHE T IS H R R AR K R R R R DL K fE Sl EE, UESET
ERBB {5 Sl FMRABERBRE SE T RALE, SHBEEENARBGHE
1E &3 A5, . Deshpande 2515t 77 B HEE Wt B 8 I F RIR A AT T
FRER RIS E AT, KT BEAEBLULEE 3 WMER LTS o (PIK3CA)
IS R 5 RS B A RS B IAE2¢, PIBK/AKT @ B i 57 5 1A 7] LA
BERIEWHE E MR AR, BEIRELUIEE 3 BlEPIBK) MHIHI R E I ER
BRI G YT 2590, VT BEXT IE BRI I ML Y8 TT 7 AE — B M E . 4t 1975 Hedgehog
S BRI RE N AR IE. BT AR Hedgehog 15 5 1@ BR TG HE/EH
FoFMM R B, SR IR RRE, R — MERERITH
RSP

1.2 3E%%A% RNA

LSRR T ARSI B L BR (RN A)TE B A B FEAN MR AN, AL 3
TRAHZRIFHT 277 HE s R4 T S8 0 - JE4RAS RNA B — KA RADE H R M RNA,
35 /M%1= RNA (snoRNAs). f#/)» RNA (miRNAs). K4£JE447S RNA (IncRNAs)
%, Hd miRNA ZEMBH A CE N Z, EERETHRITREZAE
AW IHAER) miRNA. miR-27a. miR-570 PLK miR-181a 7ERHERSE IR ILRE
T RITT 2T 3, AT 48 R 3R BE T RA R BUS. B4 — S AR,
Y% miRNA R SRR FHREE SHEE BENHEFEVIMES, BEdgEe
MEMBEMEFINRAE, FTUERRYKIIGRAEBR, MTEHX LS
miRNA 5 RAMIE R . Chang ZEWHF 746 i, miR-20a FlELAKEF- B
1 (TGF-B1) Wizik BT B& N AEFRBK, SMEM:FRE miR-20a ZEASMA
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56y v e (R BEAE FE M 40 M i b B2 - 18] B e AL (EMT), T ZE44 A e A {12 13 FE 3y 4
MR . EF%ERE, miR-146b-5p EIHEEHLNEAH S BBMAML, &
JHEEAM R SGC996 Hid ik miR-146b-5p AEHS @I T-F1 G1 JiFH# K
s HFEA K, FN EHREIATYEREEEKEFZBEGFR)MREP.
TEVEWERME S, IncRNA BN MESH S, HRARAR. ZwmiEkEeg
BEF1. TIRAMAMTETHEREION, IncRNA 7EREZEE IR T8, EREE AL
SHHANRZBEIRAN, IncRNA BRHZ 2 s s A A R Wu SR
BB R T L(MALATD/E AR R IncRNA 72 H 3 835 g 4 43
Yl FRIE, LR GBC A TR R mU% MALAT] REf IR R T
ERK/MAPK {5 5@#, ZEMH GBC MMM EMEBRE . AFHARAY
BB 7 T 2 R FI VR A (o-Myc) I 5 ks R e U BB Jo A A5 6, B0E R Ui
i) IncRNA 27 FIYE S 3 R 3 )k L RNAHOTAIR), 4% 17 18 560 A 58 28 4 ffd /) %
HAREWL, [FA, miRNA-130a §EWIEL 57 M8 /E FIRE HOTAIR HITIRE.

1.3 BHHAY

FARAHEHEAR, BHEMREAAEMIRARNZERRIEDBLE BT
TR R AL B —Fh Ik 2 —04151, Sahasrabuddhe 25US1R| A R AL EARITAERT
xR (TRAQ) HARLERUEMTT 2575 NMEH, Rt T —RYIEMHE
FHLPRE LS FEMNEA, 455 & X F (prosaposin) Fl#: B &
F(transgelin)®%, & bR L KIGE M XHRIRRIEE Q420 R, NSRS
TRIH I 7 A4 T AR IR (L 7 32 8 ¥kl . Huang %0 T1R B XU HIBEIKS EELVK 45 6 R 1
F R R MRS . IR RO IR ST, JRA A RS T
BRE A A4ANXA4). RARTLE A 90 B (HSPOO BYF RSN HEA 1| EHE
1Dynclh)=FERRFAEE, TR HERIE B £ .

2 PR AR R B TR R

CARE Ak AL Wb B D N B AR B B RS (I A R IR R LR 2] 12 B, AR
T—RIT, I RERBG R AR A KA 73248 2 (HER2)RH M ALARE &
FHHNEIT BT RN T B B Raf #EE(BRAF)E: K RA I 14 B R &
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FHE, XRREHEE 2RI BT fsE. X T RIEEE, H kR L
—ERIGIT AR VARSI, AR AR IR, SR e gL,
T ERE RN S, RARGRKNEE. RFBEMEBEEET, LT ELRIK
J7 3 BBESE VG BOR T A R, TUEE AT I RE B KR HE YR T 30 137 B B .
AT 448 L SSHE [ 1) 77 AR AR SR 25 W #E RE J e 6T o OB U R

2.1 EGFR 5

JEH& & e — B A RIBER RN, BRI S EGFR H=RRIEE
(ATP)& EHATE G, AT TEEIE TS NEE . Shal, JEsEBHMN
H—ME— ST R B a7 IR, A2 ERT AR, SHEAYERN,
HERAEEAD, FEFERES, RE Lee ZRUWITHIKKIRIIRH, it
RS B A A S & B RS M E KB B G R A Rtk
Sb, Bt RIS BRI JEE B B AR K D B2 H BT A AR E IR E
A JIELTE SR PR R AR AR AR R ik, BV B R B A Rt DL K
RIFIIM 20, 88 BOVIE R MR T MIBEE M B Y. HRTE W2 EE#
ITRIRT R E R, BT AR EEUTAMEH, ARG EEARTE
FE 2R A B 251,

2.2 VEGF #1#i5

MARRFR—FNER BT, iS5 SN KA KEF(VEGE) fR
WeiE, SEELESHRGEE, FTHEKEARE. Riley FPHGERE
76 BT RERNBHERE RS S L, IRRT 5B RIBARE TR
1972 Zhu SF2) [T R RS R, & FEARRECE BRI A DR 468
fE—ERE LEK R BE AT, AL RAEG PP A
437109 6.1 AR 8.5 H. K¥Es BEGe RFHif 2 IR 841, BEE —HSE
& BB R IR . AR BIUESARES, BH LIRS
FLEAFIA B L RHRGERE . 40, T a3 P AR S B R X R,
S DL B TR B pT B IE e SR AR 28 - TRATT TR B B8 2 A ST SRR W AR S B IR A
BOR, AR FCEIE F IEAT .
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2.3 HER2 #141I7]

HER2 #1577 AE FLARE A B R8T LAHEE &R, BEHREE
R Fo AR AR . PLIBE B — PR SRR UM BRI 77, B B B ]
EGFR il HER2 i1 . BEARE IR PRETRI R BUHLIA 2 JE el 3 5 & vE AR BT
R, AEFFBA AR AR R IREP, Sorscher®! 8 1t i i — I FF i 7 K BE fis
BRI EE B, HiER 4R B8 HER2 JFEtE, [EX R TR A 2
BREHURNIAIT T R - SR X L BEEBGFEAFELDUR 19-9(CA19-9)/K P
TREGM. BEHZE IR ZIREHIETIHERE K [HRIRR R, HMEA
BRE M.

Besh, ERBE. B BT, HREREAY COH HEEM
R IAImAR R IEERTH . SEXEHRR TR, AYZEMAYRITHEL
[ 2N S IR B IR RIE T M E R Bk . BATBHEAERN, R ER, HE
YR R 241, BREI— P TORE RIS, XTI HGST
A IR NI B R R AR . Sk, —BRBITIE, WREFPMESE TR
1(PD-DHUAZ BRI BRI R IF@a,

3 MR AR HE T REGST

TEILBT BL, ARIE PRV R 2R R e — R (R By B RIS KA R
%, HERRESEREEZHEILTIRE RO VIR, HEEBT KUIKEESS
BRI K, REAREHFEMRER, FA RS BETREFRL. K, &
PERE AT B SR T HE 3 R HEAR 1E R+ D BB 1Y, BB REBEE R K
B RBERBRUIGRAMAT+ =18 90w BB RIE A BT & B ST HERIAR
BHFAMERICAEE.

3.1 RHEPAY

TERFAESN RIS, BERREHARNAWRRE, BT RIS SR
ERITATT 2 B2 . FEEF RIS TCAMRHE AR RORG 4 A, 1 BRI LUK
T FE 2 R0 B AR FDRAS AR REAT AR BT PRA R B AR B AR 3P0, Tixt F I 30 28
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&, BEETHM L B AR AN Hof I R Th R AT S BN ER GO
i, DVIPREFARGT R MEMREAFER T 5B FUIRERE, mRKEeEXR
WEFVIERE, RIS EMFTIRM & KRR, NfE 2 FTIRE. B
PR SR (ICG)HEM IR 2 2 B VPl A Dh Rt & BONERR M 777, R PIBRFAR
SA2ZMAB. FRZARKY R FERERBA P XEEFIRRTE
B, DAPRIEFR A2 T R ] DMRAE . T AR AR U B mT Dld@ i o i s AU AL 2
ARM(CT MR IR AR MR B7Z BT F TN ER = ERRIER
SEER B2,

3.2 R ERDBIVEG

TR EREREAR, MELEEAWE —BEURFEEESN. D2 1)
BRI REREARRAEENARR, B BHY RKEEERTEE AR 2R
EMELEERR, MEEFELHEP. BRBERKIMAIN, 13a HHRESEA
BN 58—l 5 58 iR 45N 4 5, B MR R A C e A8 i A
B4351, ARt BLH R 13a HM LT RBEIKGE T ik, & 45 RO RAT
Rk EGEIE A  ABUK R ) R B2 WA 2 52 R 3 s R R T 48 B 3R PR s i 8¢
K, FAE—@ B BE R AR B RT BE o QSR AR 1 RBAE 1ok B S5 5 B 15 kAT HE A
SENL, B ARE I RFARGER K FEF] . ICG ITLLIN R AT R s RH 2 1)
BRARLOARF IR MLE KB E R B+ EF], BAEERE. L. afEF
AR EHEXTHEKELS BB, ¥RE BN T EEERIEARES, 5344,
TEREHERRIG TR, S8 T RIE RO VIFR, STRHBEREARAS AT Z4EVIZ KRR B
BRETHVER, XEEPREEETE. REMLCBARBEEGEFRAMA, H
T s SE AR DT RR I B

4 RYE
EREEYESOAT 21 LAY E B FMAXEEZEATROEE, B
AT BB R RIS BERFLHEHARR, #IZHOEER, WESR
I PRI B BORE, FPSIARMEAARRY, ARYE B8 I I B A% AR S M A 6
77, S FERER RN E R EER L RIS EREREXEENERT,
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RIBEXEE

Introduction

Gallbladder cancer (GBC) is a digestive tumor with relatively low incidence and high malignancy,
which is the most common malignant tumor in biliary tract system, also with the sixth incidence in
the gastrointestinal tumors. GBC often occurs in the Far East and Chile. Its mortality rate ranks the
tenth in the malignant tumors worldwide, which has a serious impact on human health. In China,
the incidence of GBC is 3.9 cases per 100,000 people I, If with early detection, radical surgery
can achieve a satisfactory 5-year survival rate. But the GBC is more concealed, and due to the lack
of specific early symptoms, many patients have progressed to the advanced phase once diagnosed,
who lost the chance of radical resection. Moreover, the current radiotherapy, chemotherapy and
other methods cannot achieve satisfactory treatment effect, so the overall 5-year survival rate is
only less then 5% 21, Therefore, early diagnosis is the key to improving the prognosis of GBC.
There are several studies finding that more than 90% of deaths are caused by recurrence and
metastasis in GBC Bl. So the study on the pathogenesis of GBC and the mechanism of recurrence
can help to find new GBC tumor markers and targeted therapies, which is of great significance for
improving the diagnosis, the treatment effect and the prognosis of GBC patients.

With the rapid development of molecular biologic technology, the human genome project has
been completed. Scientists have found that the number of non-coding RNA is far more than that of
RNA encoding, of which microRNA is the most widely studied. MicroRNA (miRNAs) is a kind of
small molecular non-coding RNA with a length of about 18 to 25 bases. It can be combined with
the 3'UTR of the target genes to participate in the regulation of the target genes. By direct
degradation of the target gene mRNA or inhibition of the protein translation, the expression of the
target genes is regulated at the post-transcriptional level, which plays an important role in the
functions of proliferation, invasion, adhesion, metastasis and apoptosis by influencing downstream
molecules and signaling pathways [5]. Nowadays, more and more studies have pointed out that
the abnormality of miRNAs expression in tissues is closely related to the development of tumors.
For example, some researchers have found that miR-26a is highly expressed in lymph node
metastases of malignant tumors and activates the PI3K / AKT pathway by targeting PTEN [6],
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What’s more, MiR-199a-3p has been shown to regulate inflammation and ERK-MAPK pathway
by directing on multiple genes, such as MET, IKKp and ERK-2, which are closely associated with
ischemia-reperfusion injury [1,

In recent years, with the deep study of the tumor nature, the important role of miRNA in the
regulation of tumor development has been confirmed. Although various studies have shown that
many miRNAs are upregulated or downregulated in different tumors, the specific regulatory
mechanisms are not fully understood. Moreover, the etiology of GBC has not yet been cleared.
The prognosis of GBC patients has often associated with tumor site, preoperative jaundice, tumor
cell differentiation, lymph node metastasis, etc. (81, There are several studies based on microarrays
and bioinformatics that have found miRNAs are closely related to the development of GBC and
have initially elucidated a number of related mechanisms. For example, Chang et al 1 found
several valuable miRNAs by high-throughput miRNA screening, and their expression was closely
related to the staging and prognosis of GBC, in which miR-20a was highly expressed. What’s
more, the expression of Smad7 protein was significantly decreased in the GBC cell lines
transfected with miR-20a, and the proliferation and invasion of GBC cell lines were inhibited,
which was identified by Western blot. Therefore, miR-20a might be a new tumor marker and
therapeutic target of GBC. In addition, miR-20a was stimulated by TGF-p, which promoted
epithelial-mesenchymal transitions (EMT) and further affected the invasion and metastasis of
GBC.

miR-99a-5p is located at position 21 of chromosome q21. It has been proved that it is closely
related to the development of many tumors, such as hepatocellular carcinoma, prostate cancer,
head and neck squamous cell carcinoma, bladder cancer and ovarian cancer [1®-14l, And researchers
have confirmed that it is involved in the proliferation, invasion, metastasis, differentiation and
apoptosis of tumor cells. Its low expression in the tumors is considered to be poor prognostic
factor. However, there is no relevant research of miR-99a-5p in GBC. Therefore, the role of miR-

99a-5p in GBC and the exploration of related mechanisms are in urgent need.
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PART 1: Screening and validation of differential miRNAs in

gallbladder cancer tissue samples

1.Introduction

GBC, which is the most common malignant tumor in biliary tract, is a highly malignant digestive
tract tumor, of which the incidence rate is about 3.9 cases per 100,000 people. It ranks No. 6 in the
digestive tract tumors [!l. As the onset of GBC is hidden and due to the lack of specific early
symptoms, many patients have progress to the advanced phase and lost the chance of radical surgery
once diagnosed. The current radiotherapy, chemotherapy and other methods cannot achieve
satisfactory treatment effect, so the overall 5-year survival rate is only less than 5% 21, Therefore,
early diagnosis is the key to improve the prognosis of GBC. And the study finds that more than 90%
of GBC deaths are caused by tumor recurrence and metastasis Bl, Therefore, the study on the
pathogenesis of GBC and the mechanism of recurrent invasion and metastasis can help to find new
targets of GBC tumor markers and targeted therapy, which is of great significance for improving the
diagnosis, treatment effect and the prognosis of GBC patients.

MicroRNA (miRNAs) is a kind of small molecular non-coding RNA with a length of about 18
to 25 bases. It can be involved in the regulation of target gene expression by binding to the target
genes. By direct degradation of the mRNA or inhibition of the protein translation of target genes,
the expression of the target genes is regulated at the post-transcriptional level, which plays an
important role in the functions of proliferation, invasion, adhesion, metastasis and apoptosis by
influencing downstream molecules and signaling pathways [4°l. Nowadays, more and more studies
have pointed out that the abnormality of miRNAs expression in tissues is closely related to the
development of tumors. Therefore, the study of differential expression of miRNAs in malignancies,
which can reveal the occurrence and development of tumors and provide the better diagnosis and
treatment of malignant tumors, is of great significance.

In order to find and screen out important differentially expressed miRNAs in GBC patients,
our group has previously adopted a high-throughput miRNA microarray to investigate and detect

the expression of miRNAs in 4 cases of GBC tissues and their corresponding peritumoral tissues [13}
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In addition, we combined the analysis of the Cancer Genome Atlas (TCGA) database and the qRT-

PCR method for large-scale validation, and finally specifically targeted miR-99a-5p in GBC study.

At the same time, the relationship between the expression level of miR-99a-5p and the

clinicopathological characteristics and prognosis of GBC patients was analyzed.

2 Materials and Methods

2.1 Materials

2.1.1 Patients and specimens

All of the GBC specimens were collected from 41 cases who underwent radical surgery in

department of general surgery of Xinhua Hospital Affiliated to Shanghai Jiaotong University School

of Medicine from 2011 to 2014 treatment of due to GBC not receiving neoadjuvant therapy. All

specimens were diagnosed by histopathological examination. The corresponding peritumoral

normal tissues of these patients was collected at the same time. The specimens were frozen in liquid

nitrogen after immediate release for the extraction of total RNA. After that, qRT-PCR was performed

after reverse transcription. Peritumoral tissues referred to the normal gallbladder mucosa tissue at

least 2 cm from the edge of GBC tissues, in which tumor cells could not found microscopically.

Informed consent of all patients was obtained and the study was approved by the Ethics Committee

of Xinhua Hospital affiliated to Shanghai Jiaotong University School of Medicine.

2.1.2 qRT-PCR reagents

Product

Manufacturer

Trizol reagent

Invitrogen Corporation

PrimeScript® RT reagent Kit with gDNA Eraser Takara Company
Mir-X" miRNA First-Strand Synthesis Kit Takara Company
SYBR Premix Ex Taq (Tli RNaseH Plus) Takara Company
SYBR Premix Ex Taq II (Tli RNaseH Plus) Takara Company

isopropanol

Sinopharm Group Chemical Reagent Co., Ltd.

chloroform

Shanghai Runjie Chemical Reagent Co., Ltd.

2.1.3 Main instruments and reagents
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Product Manufacturer
PCR instrument LifePro Co., Ltd
Step One Plus Real Time PCR instrument Applied Biosystems company
MDF-382E(CN) ultra-low temperature refrigerator Sanyo company
High speed low temperature centrifuge 5424R Eppendorf company
Clean bench Shanghai Experimental Equipment Co., Ltd
NanoDrop2000 Ultra-micro spectrophotometer Thermo Fisher Scientific
200uL/1.5ml Eppendorf tubes Axygen brand product

2.2 Methods

2.2.1 Total RNA extraction from GBC tissues and their corresponding peritumoral
tissues

The frozen GBC tissues and their corresponding peritumoral tissues were cut into knobs and placed
into 1.5ml EP tubes. 1 mL of Trizol reagent was added, and then the steel beads were added,
homogenized at 4°C. The obtained mixture was centrifuged at 12000 rpm for 5 min at 4°C then

absorbing the supernatant for extraction of total RNA.

Protocol for total RNA extraction:

1. Add 200 pL of chloroform to the treated sample, vortex the EP tube for 15 s, and place the EP
tube on ice for 5 min.

2. Centrifuge at 12000 rpm for 15 min.

3. Absorb the appropriate amount of the supernatant into the new clean 1.5ml EP tube, add an equal
volume of isopropyl and mix, then put the tube at 4°C for 10min.

4. Centrifuge at 12000 rpm for 10 min.

5. Gently wash the white RNA pellet after discarding the supernatant, then add 1 mL of 75% ethanol.
6. Centrifuge at 7500 rpm for 5 min.

7. The supernatant was discarded and dried in air for 15 min. RNA was precipitated with 20 pL of
DEPC water.

8. A260 / A280 and RNA concentration were measured using NanoDrop2000 spectrophotometer.

A260 / A280 should be between 1.9 and 2.1.

70




EHRBREE 2R

9. Total RNA was reverse transcribed according to the instructions of the mRNA reverse
transcription kit. Reaction conditions:

Step 1: 42°C 3 min (erase gDNA)

Step 2: 37°C 15 min

85°C5s

10. MiRNA was reverse transcribed according to the instructions of the miRNA reverse transcription
kit. Reaction conditions:

Step 1: 37°C 60 min

Step 2: 85°C 5 min

11. The remaining RNA is frozen at -80 ° C standby.

2.2.2 Verifying the miRNA microarray result by gRT-PCR

Primer of miR-99a-5p:

Forward primer: 5°-AACCCGTAGATCCGATCTTGTG-3"

The primer was synthesized by Tiangen biotech (Beijing) Co., Ltd. The primers of U6 were provided
from Mir-X miRNA First-Strand Synthesis Kit.

Preparing the PCR reaction solution as follows:

Reagent Volume Final Concentration
SYBR Premix Ex Taq II(2 X) 10p1 1x
Forward Primer (10uM) 0.8ul 0.2uM
Uni-miR Reverse Primer (10uM) 0.8ul 0.2uM

ROX Reference Dye (50 X) 0.4ul 1x
Template (cDNA solution) 2ul *2

ddH,O 6ul

Total 20pd *4

Reaction conditions:
95°C 30s

95°C 5s
40 cycles

60°C 34s

The relative expression levels of miR-99a-5p in GBC tissues and their corresponding peritumoral
tissues were determined by 24 method. Ct value is the number of amplification cycles experienced

when the fluorescence signal intensity of the PCR amplification product reaches the threshold value.
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ACt = mean Ct of miR-99a-5p in the tissue - mean Ct of U6 in the tissue. The relative expression
levels of miR-99a-5p in tissues of GBC patients were determined by the 224t method. Formula:
AACt = ACt in GBC tissues — ACt in peritumoral tissues.

2.3 Statistical analysis

Data analysis was performed by SPSS 21.0 software. The comparison of expression levels of miR-
99a-5p in GBC and its corresponding peritumoral tissues was operated by paired student t test. And
the relationship between the miR-99a-5p expression and clinicopathological characteristics was
analyzed by Pearson y2 test. Survival analysis was performed using the Kaplan-Meier method, and
the survival curve was examined by Log-rank method. Univariate and multivariate analysis were
performed by Cox regression. The measurement datum are expressed in the form of (mean =+

standard deviation). P <0.05 was considered statistically significant.

3.Results

3.1 Screening of differentially miRNA in GBC tissues

In order to find and screen out the important differentially expressed miRNAs in GBC, our group
used Aglient human miRNA microarray (v19.0) to detect four cases of GBC patients, including
GBC tissues and their corresponding peritumoral tissues [!%], The microarray contained a total of
2588 homo sapiens mature miRNA probes which had been identified. U6 was used as internal
reference miRNA during detection. Results showed that there were 2 miRNAs that were
significantly overexpressed and 11 miRNAs with significant low expression in the GBC tissues

(fold change value> 2, P value<0.05) (Figure 1-1) .
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Figure 1-1: Heat map diagram of differentially expressed miRNAs in GBC tissues by clustering
analysis [13]. The right side of the map is the name of the selected miRNAs. The numbers of
GBC sample are listed on the top. The left four samples are for the GBC tissues, the right four
samples are for the normal peritumoral tissue. The red region represents a relatively high
expression, and the blue region represents a relatively low expression.

The results suggested that there were plenty of differentially expressed miRNAs valuable for
research in GBC, which may also prove that the abnormalities of miRNA expression were probably
important for the GBC development. According to the screening functional test we performed
previously, miR-99a-5p was initially targeted as the main research object among the 13 differentially
expressed miRNAs,

3.2 miR-99a-5p expression analysis in TCGA database

In order to further verify the rationality of screening results, we searched the TCGA database to
determine whether miR-99a-5p was valuable for research in GBC. As GBC-related case data were
not included in the TCGA database, we chose hepatocellular carcinoma and intrahepatic
cholangiocarcinoma as the analytical objects, the source of which were similar to GBC. Figure 1-2
showed that miR-99a-5p was significantly overexpressed in the peritumoral tissues of hepatocellular
carcinoma and intrahepatic cholangiocarcinoma, and generally low in the tumor tissues. The results
of TCGA database indirectly demonstrated that miR-99a-5p may have potential research value in

GBC.
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Figure 1-2: Comparison of miR-99a-5p relative expression in hepatocellular carcinoma (upper) and
intrahepatic cholangiocarcinoma (lower) tumor tissues and peritumoral tissues in TCGA database.
(Left column represents miR-99a-5p expression level. High expression marks as red and low
expression marks as blue. Right column represents sample type. Tumor tissues mark as blue and
peritumoral tissues mark as pink.)

3.3 miR-99a-5p expression in GBC tissues

To verify the results of the above data, we chose to detect the miR-99a-5p expression of 41 cases in
GBC tissues and their corresponding peritumoral tissues by qRT-PCR. Figure 1-3 showed that miR-
99a-5p expression in GBC tissues was significantly lower than that in peritumoral tissues, and the
difference was statistically significant. The average expression of miR-99a-5p in peritumoral tissues

was 2.79 times higher than that in tumor tissues
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Figure 1-3: Evaluatioin of miR-99a-5p relative expression levels. (A) miR-99a-5p in 41 cases of
GBC and their corresponding peritumoral tissues. The expression level of miR-99a-5p in
peritumoral tissues was 2.79 times higher than that in tumor tissues (P<0.0001). (B) The
Comparison of expression levels of miR-99a-5p in tumor tissues and peritumoral tissues.

3.4 Correlation analysis of miR-99a-5p expression with clinicopathological
characteristics and prognosis in patients with GBC

In order to study the potential relationship between the expression of miR-99a-5p and
clinicopathological characteristics, we divided 41 GBC cases into two groups by miR-99a-5p
expression in the tumor tissues of these patients. The results showed that the expression of miR-
99a-5p was only correlated with lymph node metastasis (P = 0.009), not with other characteristics

(Table 1-1).

Table 1-1: Association between miR-99a-5p expression and the clinicopathological

characteristics in GBC
Relative miR-99a-5p expression
Variable/Category n , , ¥2 P
Low (n=27) High (n=14)
Gender
Male 13 8 (29.6%) 5(35.7%)
0.158 0.691
Female 28 19 (70.4%) 9(64.3%)
Age(year)
<60 10 6 (22.2%) 4 (28.6%) ,
) ) ) 0.158 0.691
>60 31 21 (77.8%) 10(71.4%)
Tumeor size(cm)
<3 15 9(33.3%) 6 (42.9%)
0.360 0.548
>3 26 18(66.7%) 8 (57.1%)
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Histology differentiation

Well/moderate 32 21(77.8%) 11(78.6%)
, 0.003 0.954
poor 9 6 (22.2%) 3(21.4%)
Tumer invasion(AJCC)
Tis-Tz 16 9 (33.3%) 7 (50.0%)
; 1.076 0.300
Ts-Ta 25 18 (66.7%) 7(50.0%)
Lymph node metastasis
Yes 14 13 (48.1%) 1(7.1%)
6.894 0.009
No 27 14 (51.9%) 13 (92.9%)
TNM stage(AJCC)
I-II 15 8 (29.6%) 7 (50.0%)
; ; 1.649 0.199
ImI-1v 26 19 (70.4%) 7 (50.0%)

Then we found that there was a significant difference in the survival time between the low
expression group and the high expression group by survival analysis (median survival was 10.5
months and 20.0 months, P = 0.014, respectively). The 1-year survival rates were 48.4% and 76.0%,

respectively (Figure 1-4).

—— High miR-99a-5p
-+- Low miR-99a-5p

Percent survival

0 I L 1
0 10 20 30
Month elapsed

Figure 1-4: The relationship between the expression of miR-99a-5p and the survival time of
GBC patients
Furthermore, univariable and multivariable Cox regression analysis confirmed miR-99a-5p
expression, including lymph node metastasis, to be independent indicators of overall survival

(Table 1-2).

Table 1-2 Univariate and multivariate analysis between clinicopathologic characteristics and prognosis in
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GBC patients
Univariate analysis Multivariate analysis
Variable
HR (95%CTI) p HR (95%CTI) p
Age (<60 vs. =60) 0.680 (0.311-1.591) 0.365 - -
Sex (Male vs.Female) 0.383 (0.124-1.049) 0.069 - -
Tumor size (cm) ( =3 vs.<3) 0.506 (0.164-1.522) 0.233 - -
Histology differentiation (Well or moderate
2.314 (0.850-6.262) 0.085 - -
vs.Poor)
Tumor invasion(AJCC) (Tis-T2 vs.T3-T4) 0.698 (0.366-1.316) 0.506 - -
Lymph node metastasis (Yes vs.No) 3.278 (1.345-7.969) 0.006 1.310 (0.418-5.384)  0.022
TNM stage(AJCC) (I-1I vs.III-IV) 0.421 (0.087-1.911) 0.245 - -
Type of surge Curative  resection
» o gery 1.663 (0.619-4.498) 0.357 - -
vs.Palliative)
miR-99a-5p expression in tumor (Low vs.High) 2.469 (1.027-6.167) 0.040 1.952 (0.165-5.103)  0.014

CI, Confidence intercal; HR, Hazard ratio.

4. Discussion

With the deepening of research on malignant tumors, non-coding RNA in cancers has gradually
become a hot spot to study for researchers. Many studies have found that non-coding RNA plays a
crucial role in the development of malignant tumors [1¢-201, of which miRNA is an important part.
There are many evidence that abnormal expression of miRNAs is common in a large number of
tumors, and the number of research on its function and mechanism of regulating malignant tumor
is also increasing [21-%], In this part, we studied the miRNAs which were differentially expressed in
the tissues of GBC by high-throughput miRNA microarray. 11 low-expression miRNAs and 2 highly
expressed miRNAs in GBC tumor tissues were obtained. For these miRNAs, our group has
preliminarily screened according to the cellular functional test in GBC cell lines, and miR-99a-5p
was found to have anti-cancer function in GBC cell lines. Then, we found data of hepatocellular
carcinoma and intrahepatic cholangiocarcinoma which were histoembryologically similar to GBC
in TCGA database. It was found that miR-99a-5p was significantly lower in tumor tissues of
hepatobiliary tumors. Therefore, we selected miR-99a-5p as our research object.

The miR-99 family is one of the oldest miRNA families in the evolutionary process, including
miR-99a, miR-99b and miR-100 124, MiR-99a, located at chromosome 21, has been shown to be
inhibited in a variety of tumor tissues and can affect tumor-related functions °-?7], Lee et al. [?8]

retrospectively analyzed the relationship between miRNA and the survival of 221 cases of pancreatic
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cancer patients. They found that miR-99a-5p was closely related with tumor margin, tumor staging,
pathological differentiation, postoperative CA199 level. And its expression level was significantly
reduced in pancreatic cancer tissues, which was an independent factor affecting the prognosis of
patients. Yu et al. 2 found that miR-99a-5p was significantly associated with advanced stage and
tumor metastasis in non-small cell lung cancer, suggesting a poor prognosis, and subsequent
functional studies found that overexpression of miR-99a-5p was able to inhibit cell proliferation,
invasion and metastasis function in vitro in non-small cell lung cancer through AKT1. Feng et al.
3] detected the expression of miR-99a-5p in 100 cases of bladder cancer and peritumoral tissues by
stem-loop Tagman probe qRT-PCR. Moreover, they also detected the expression level of miR-99a-
5p in serum of bladder cancer patients and normal population, showed that miR-99a-5p was usually
low expression in tumor tissues and serum in bladder cancer patients, and its low expression was
related to invasive phenotype. What’s more, overexpression of miR-99a-5p in bladder cancer cells
could inhibit its proliferation.

In this part, we compared the expression of miR-99a-5p in 41 cases of GBC and the
corresponding peritumoral tissues. The results showed that miR-99a-5p was significantly lower in
GBC tissues, which was consistent with the relevant studies. It is concluded that miR-99a-5p may
play an anti-cancer effect in GBC, which needed further functional test in vitro to confirm. On the
basis of this, we analyzed the relationship between the expression of miR-99a-5p and the
clinicopathological data of GBC patients. The results showed that the low expression of miR-99a-
5p was significantly correlated with lymph node metastasis, which indicated that miR-99a-5p might
affect the invasion and metastasis of GBC. We found that many studies had confirmed miR-99a-5p
could inhibit the invasion and metastasis of tumors, and the a few studies also supported that miR-
99a-5p could inhibit the proliferation of malignant tumors. Therefore, we will focus on whether
miR-99a-5p can affect proliferation and invasion/metastasis in GBC in the next step of our study.
At the same time, we can see that the low expression of miR-99a-5p is closely related to the poor
prognosis through survival analysis. So miR-99a-5p may be a potential diagnostic and therapeutic

target in GBC.

5. Conclusions

1. miR-99a-5p was found to be low expressed in GBC tumor tissues and may be associated with

78



EHRBREE 2R

lymph node metastasis of GBC by miRNA microarray analysis combined with qRT-PCR.

2. The low expression of miR-99a-5p had a significant correlation with the poor prognosis of GBC.
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PART 2: Functional study of miR-99a-5p in GBC

1. Introduction

GBC, which is the most common malignant tumor in biliary tract, is a highly malignant digestive
tract tumor, of which the incidence rate is about 3.9 cases per 100,000 people. It ranks No. 6 in the
digestive tract tumors [!l. As the onset of GBC is hidden and due to the lack of specific early
symptoms, many patients have progress to the advanced phase and lost the chance of radical surgery
once diagnosed. The current radiotherapy, chemotherapy and other methods cannot achieve
satisfactory treatment effect, so the overall 5-year survival rate is only less than 5% 21, Therefore,
early diagnosis is the key to improve the prognosis of GBC. And the study finds that more than 90%
of GBC deaths are caused by tumor recurrence and metastasis Bl, Therefore, the study on the
pathogenesis of GBC and the mechanism of recurrent invasion and metastasis can help to find new
targets of GBC tumor markers and targeted therapy, which is of great significance for improving the
diagnosis, treatment effect and the prognosis of GBC patients.

At present, many studies have pointed out that tumorigenesis and tumor progression are
affected by abnormal expression of miRNAs in malignant tumors, and miRNAs can affect multiple
tumor pathways, which influences tumor progression, invasion and metastasis, apoptosis and cycle
arrest. In tumor tissues low expressed miRNAs is usually manifested as the anti-cancer function by
negatively regulating some targeted oncogenes to achieve inhibition of tumor proliferation, invasion
and metastasis and other functions, such as miR-204, miR-140-5p, etc. [*1-32], While the other
miRNAs can show cancer-promoting function which are overexpression in tumor tissues. For
example, Liu et al. *3 pointed out that miR-19b can promote the development of breast cancer by
inhibiting the tumor suppressor gene PTPRG.

In the last part of the study, miR-99a-5p was screened out as a low expressed miRNA in GBC tissues
and verified by gqRT-PCR. It was initially suggested that miR-99a-5p might be a suppressor gene in
GBC. Since the relationship between miR-99a-5p and GBC has not been reported, we will focus on
the effect of miR-99a-5p on GBC cellular function and further confirm whether miR-99a-5p plays

arole in suppression of GBC progression.

2. Materials and Methods

2.1 Materials
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2.1.1 Cell lines

GBC cell lines GBC-SD, NOZ, EHGB-1 and OCUG were purchased from Institute of Cell Sciences,

Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences.

2.2.2 Laboratory animals

4-6 weeks old SPF grade nude mice for in vivo assays were purchased from the Shanghai Animal

Experimental Center, Chinese Academy of Sciences. Nude mice were fed in the SPF environment

according to the guidance of the Ethics Committee of Xinhua Hospital Affiliated to Shanghai

Jiaotong University School of Medicine.
2.1.3 Main reagents

Reagents for cell culture

Product

Manufacturer

DMEM medium

Gibco company

William’s medium

Gibco company

FBS

Gibco company

Trypsin-EDTA

Gibco company

Penicillin-streptomycin

Gibco company

Reagents for cell proliferation and metastasis experiment

Product

Manufacturer

CCKS8 reagent

Shanghai Yeason Biological Technology Co., Ltd

Transwell chamber

Corning Corporation

Transwell chamber with matrigel

Corning Corporation

4% paraformaldehyde Sinopharm Group Chemical Reagent Co., Ltd.
Crystal violet staining solution Beyotime Biotechnology
Reagents for transfection and qRT-PCR
Product Manufacturer

Trizol reagent

Invitrogen Corporation

PrimeScript® RT reagent Kit with gDNA Eraser Takara Company
Mir-X miRNA First-Strand Synthesis Kit Takara Company
SYBR Premix Ex Taq (Tli RNaseH Plus) Takara Company
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SYBR Premix Ex Taq II (Tli RNaseH Plus)

Takara Company

isopropanol

Sinopharm Group Chemical Reagent Co., Ltd.

chloroform

Shanghai Runjie Chemical Reagent Co., Ltd.

RFect small RNA Transfection Reagent

Changzhou Biogen Biological Technology Co., Ltd

Reagents for western blot

Product Manusfacturer
Ammonium persulfate Beyotime Biotechnology
RIPA lysis buffer Beyotime Biotechnology
Acrylamide Beyotime Biotechnology
TEMED Beyotime Biotechnology
6xloading buffer Beyotime Biotechnology
Trisbase Shanghai Yeason Biological Technology Co., Ltd
Glycine Shanghai Yeason Biological Technology Co., Ltd
SDS Shanghai Yeason Biological Technology Co., Ltd

Skim milk powder

Shanghai Yeason Biological Technology Co., Ltd

Shanghai Yeason Biological Technology Co., Ltd

20 XTBS
Tween-20 Shanghai Yeason Biological Technology Co., Ltd
PVDF membrane Bio-rad company

E-cadherin, N-cadherin Vimentin monoclonal

antibody

CST company

Rabbit anti-human GAPDH antibody

Shanghai Abways Biological Technology Co., Ltd

Rabbit anti-human MTOR antibody

CST company

Rabbit anti-human SMARCAS antibody

Abcam company

Goat anti-rabbit/mouse HRP-secondary antibody

Beyotime Biotechnology

PageRuler Prestained Protein Ladder

Thermo Fisher Scientific

ECL kit

Thermo Fisher Scientific

BCA Protein Assay Kit

Beyotime Biotechnology
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2.1.4 Instruments and equipment

Product

Manusfacturer

1300-A2 Biological safety cabinets

Thermo Fisher Scientific

501A Digital constant temperature water bath

Shanghai Shen'an medical equipment factory

LDZX-40 Vertical automatic electric pressure steam

Shanghai Pudong Rongfeng Science Instrument Co.,

sterilization pot Ltd
High speed low temperature centrifuge 5417R Eppendorf company
DMI3000B Inverted fluorescence microscope Leica company

Temperature control shaker

Shanghai Precision & Scientific Instruments Co.,Ltd

High speed centrifuge

Hitachi company

DK-420BS Electric thermostat water bath

Shanghai Hede Experimental Equipment Co., Ltd

FA2004A Electronic analytical balance

Shanghai Precision & Scientific Instruments Co.,Ltd

90-1A Magnetic stirrer

Shanghai pigeon Electronic Technology Co., Ltd

SAGA-10T Ultra-pure water system

Merck Millipore company

YX280A Portable stainless steel steam sterilizer

Shanghai Sanshen Medical Devices Co., Ltd

-20°C/4°C refrigerator

Haier company

YDS-10 Storage liquid nitrogen biological containers

Chengdu Jinfeng Liquid Nitrogen Container Co., Ltd

D1008E Palm centrifuge

Scilogex company

MDF-382E(CN) ultra-low temperature refrigerator

Sanyo company

2.5pl, 20pl, 200p1, 1 ml Pipettes

Eppendorf company

AF100 Ice maker

Scotsman company

550 Microplate reader

Bio-Rad company

Blood cell count plate

Shanghai Pharmaceutical Industry Research Institute

0.22pum micro pores nylon filter

Shanghai Pharmaceutical Industry Research Institute

HERACcell 150i CO3 cell incubator

Thermo Fisher Scientific

96, 24, 6 wells cell culture plate

Nest company

Step One Plus Real Time PCR System

Applied Biosystems company
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Steady flow regulator electrophoresis

Shanghai Precision & Science Instrument Co., Ltd

SDS-PAGE Biological protein electrophoresis

Bio-rad company

Mini Trans-Blot Transfer slot Bio-rad company
Transfer machine Bio-rad company
Amersham Imager600 Bio--rad company

2.2 Methods

2.2.1 Cell culture

Human GBC cell lines NOZ and EHGB-1 were purchased from cell bank of type culture collection
of Chinese Academy of Sciences. NOZ cells were cultured in william’s medium containing 10%
fetal bovine serum (FBS). EHGB-1 cells were cultured in DMEM medium containing 15% FBS.
GBC-SD and OCUG cells were cultured in DMEM medium containing 10% FBS. All of the culture
medium contain 100U/ml of penicillin and streptomycin. Usually the cells were incubated in a 100
mm cell culture dish in 5% CO; at 37°Cand harvested with a solution of Trypsin-EDTA during the
logarithmic growth phase.

2.2.2 Overexpression and knockout reagents’ synthesis and construction

MiR-99a-5p mimics and inhibitors were synthesized by Guangzhou Ruibo Biotechnology Co., Ltd.
MiR-99a-5p overexpression lentivirus PGMLV-CMV-MCS-EF1-ZsGreenl-T2A-Puro-miR99a was
constructed and concentrated by Shanghai Genechem Co., Ltd.

2.2.3 Detection of intracellular miRNA expression by gqRT-PCR

The methods of total RNA Extraction, reverse transcription system and reaction conditions are
according to Section 2.2.1. Part 1. qRT-PCR system and reaction conditions are according to Section
2.2.2. Part 1. The primer sequence of MiR-99a-5p is shown in Section 2.2.2. Part 1.

2.2.4 Cell counting

After the clean coverslip was placed in the center of the blood cell count plate and the cell suspension
was thoroughly mixed, 10uL of the cell suspension was aspirated with a 10uL pipette, and the cell
suspension was slowly added along one side of the coverslip, covering the gap between the coverslip
and the blood cell count plate. No bubbles were generated and the cell suspension cannot overflow
from the coverslips. The count plate was stewed for 1 min until the cells settle on the counting plate.

Then we observed cells on the counting plate under a microscope and counted the total number of
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cells in the four corners. For the cells press on the lines, only the cells pressed on the left and upper
lines were counted, and the cell mass was counted as a single cell. The density of the cell suspension
was calculated according to the following formula: cell density = (the number of cells in 4 large
squares / 4) x 10* cells / ml.

2.2.5 Examination of cell proliferation in vitro by CCKS8 assay

The main component of CCK8 is a water-soluble tetrazolium salt (2- (2-methoxy-4-nitrophenyl) -
3- (4-nitrophenyl) -5- (2,4-disulfobenzene)-2H-tetrazole monosodium salt), which is a MTT-like
compound. In the presence of an electron-coupling reagent, it can be reduced by some of the
dehydrogenase in the mitochondria to produce orange-yellow water-soluble product formazan. The
reagent is reduced by the biodegradation of the dehydrogenase in the cell, and the formazan can be
directly dissolved in the medium. The more the number of living cells, the deeper the color of the
product. For the same cell, the absorbance of the product solution is linearly related to the total
number of cells. Compared with the MTT method, the CCK8 assay has the advantages of higher
sensitivity, wider linear range and less cytotoxicity.

Protocol:

1. Cells were grouped according to transfection or infection, and 5 sub wells were set for each group
of cells. The cells were labeled with dO ~ d5 on the 96-well cell culture plates. Every group of cells

were plated with 30 wells. The examining times were 6h, 24h, 48h, 72h, 96h and 120h, respectively.

2. The cells in the logarithmic growth phase were digested, centrifuged and resuspended to form a
cell suspension before counting.

3. Cells were seeded in 96-well plates at a density of 1000 cells/well and at a volume of 100puL per
well and 100puL of PBS was placed on each well surrounding and incubated in a 5% CO2 incubator
at37°C.

4, The CCKS8 reagent was diluted with complete medium at a ratio of 10: 1.

5. The corresponding 96-well plates were removed at each test point. Then 100uL of the diluted
CCKS8 reagent was added to each well and incubated at 37 ° C for 1-4 h.

6. The OD value at 450 nm was measured by a microplate reader, and the cell growth was calculated
and plotted.

2.2.6 Colony formation assay

Colony formation assay was commonly used to examine the ability of single cells to form colonies.
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Single cells in vitro growth in the environment for more than 6 generations of cells, composing a
group, called a colony. Each colony had more than 50 cells, which could be observed after staining.
There were plate and soft agar colony formation assays. As the GBC cells used in this experiment
were adherent growth cells, we took the plate assay for our experiment. Colony formation ability
was an important indicator of population dependency and proliferation of cells. The key points of
this assay were the density of cell suspension and the uniformity of cell clonal distribution. If the
cell inoculation density was too large, adjacent clones would be easy to confluence. Conversely, if
the density is too small, it was difficult to observe cell colonies. The process was to incubate cells
at a certain density in the culture plate, regular checking the cell status, and changing the medium if
necessary. When a single cell colony grew up to more than 50 cells, the culture should be terminated.
After staining, the number of clones could be visually observed and the growth of individual
colonies was observed under microscope.

Protocol:

1. The corresponding experimental and control cells are washed once with PBS and harvested with
trypsin-EDTA for 3 min. Then resuspend the cells with FBS-containing medium. Centrifugation is
performed at 1500 rpm for 3 min. The cells are then resuspended in complete medium and counted
with a cell count plate.

2. 1.5 ml/well of the corresponding complete medium is added to the six well plates and the cell
suspension volume is calculated according to the cell count results. And cells are seeded in a six
well plate at a density of 1000 cells/well. Resuspend the cells with the pipette gently, so that single
cells scatter evenly. The plates are placed in a 5% CO2 cell incubator and incubate at 37° C.

3. Regularly observe the status of inoculated cells, and change the medium if necessary. When the
number of cells in a single colony in the control group is more than 50, the medium should be
aspirated. Then the cells are washed with PBS solution for once. After that, the cells are fixed in 4%
paraformaldehyde for 15 min, and stained with 0.1% crystal violet solution for 10 minutes. The
number of colonies is counted and the cells in a single clone were observed with an inverted
microscope. Record the total number of colonies with more than 50 cells.

2.2.7 Wound healing assay

The basic principle of wound healing assay is to create scratches in monolayer cells to produce a

blank area for cell healing, and then observe the process of cells moving from the surrounding to
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the middle. The narrower scratches are formed in the same time, the higher migration ability the
cells possess.

Protocol:

1. The cells are harvested and counted, then inoculate into 6-well plates at a density of 300,000 cells
per well, incubating overnight.

2. Draw the horizontal lines behind the 6-well plate using a marker pen with the help of a ruler. Each
line is separated by 1cm across the well. Each well has at least three horizontal lines.

3. Scratch in the cell growth plane with sterilized 200uL pipette tip as far perpendicular to the
horizontal line as possible. The tip should be kept as far vertical as possible to the bottom of the
board, so that each scratch will be into a straight line.

4. After scratching, wash the cells 3 times with PBS to remove the exfoliated cells.

5. 1.5ml of serum-free DMEM medium is added to each well and the plate is placed in a 5% CO2
incubator at 37°C.

6. Observe, take pictures and measure the width of scratches under a microscopy after 0,24 and 48
hours of scratching, respectively.

2.2.8 Transwell cell migration/invasion assay

Transwell chamber is a container with a layer of semipermeable membrane. There are two kinds of
transwell chamber with or without Matrigel, respectively. The medium containing FBS or
chemokine is added in the lower chamber. After that, the cells are diluted with serum-free medium
and then added to the upper chamber. A fter incubation for a certain period of time, the cells penetrate
into the lower chamber through the semipermeable membrane. By staining with crystal violet, the
number of cells passing through the semipermeable membrane can be observed under the
microscope to determine the invasion or migration ability of the cells.

Protocol:

1. Before the experiment, the transwell chamber with Matrigel need to be placed in 24-well cell
culture plate with 500uL of serum-free medium in the upper and lower chambers, respectively. Then
incubate the plate in a 37°C incubator for 2 hours. This step is omitted when performing cell
migration assay.

2. The cells are harvested with trypsin, washed twice with PBS and resuspended in the

corresponding serum-free medium. Then count the cells.
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3. Put 20,000 cells into the upper chamber of each chamber and adjust the cell suspension volume
to 200uL with serum-free medium. 500ul of the corresponding complete medium containing 20%
FBS is added to the lower chamber of each chamber. Place the plate in 5% CO2 incubator and
incubate it at 37°C for 24 hours.

4. After 24 hours, discard the liquid in upper chamber and wash the membrane with PBS once. Add
700ul 4% paraformaldehyde in lower chamber and the cells are fixed for 20min. Then the lower
chamber is stained with 0.1% crystal violet solution for 10min. After staining, the lower chamber is
gently washed three times with PBS and gently wiped with a cotton swab. Five different fields were
randomly observed under a 400-fold microscope to count cells. After the end of the assay, the film
is gently removed and immersed in a 33% acetic acid solution. The OD value of the eluate at 570
nm is measured by a microplate reader. The number of reaction cells is quantitatively determined.
2.2.9 Subcutaneous xenograft model of nude mice

To explore the effects of miR-99a-5p on tumor growth in vivo, stable expression miR-99a-5p cells
were subcutaneously injected into the left axilla of the mice (five mice/group). Tumor growth was
monitored every week and measured in two dimensions. The tumor volume was calculated using
the following formula: tumor volume = (length x width?)/2, where the width and length were the
shortest and longest diameters, respectively. After 4 weeks, the mice were sacrificed and the tumors
were dissected out, weighed, and for IHC.

2.2.10 Splenic vein-liver metastasis tumor model of nude mice

BAL B/C nude mice were randomly divided into control group and miR-99a-5p mimic group. The
mice in the treated group received a splenic vein injection of pretreated NOZ cells, whereas the mice
in the control group received a splenic vein injection of NOZ cells without any treatments. On day
45, the mice were sacrificed and individual organs were removed, at which time metastatic tissue
was pictured.

2.2.11 Western blot assay

The corresponding cells were washed with PBS and scraped with a cell scraper, then collected and
resuspended with RIPA lysis buffer. After that, the lysate was put on ice for 20 minutes. The lysate
was centrifuged at 14000 rpm for 10 min at 4°C. The supernatant was aspirated and the protein
concentration was measured using the BCA Protein Quantification Kit. The protein suspension was

mixed with the loading buffer and heated at 100°C for 5 minutes to denature the protein and then
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stored at -20°C. For western blot analysis, bromophenol blue (0.01%) was added to the samples and
equal amounts of proteins were loaded in each lane for SDS-PAGE and blotting onto PVDF
membranes. The membrane was blocked in blocking buffer (5% non-fat dry milk) for 1 h at room
temperature, and then incubated with appropriate primary antibodies in blocking buffer overnight
at 4°C. The blot was then incubated with the appropriate secondary antibody and then detected in
ECL buffer at room temperature for several seconds. Photographs were taken, and the optical
densities of the bands were scanned and quantified with the Amersham Imager600. GAPDH was
used as a loading control.

2.2.12 Statistical analysis

Each experimental value was expressed as the mean + standard deviation (SD). All of the statistical
analyses were performed using SPSS21.0 software. The differences between groups were
considered significant when the p value was less than 0.05. All data points represented the mean of

triplicate data points.

3. Results

3.1 Effects of miR-99a-5p on proliferation of GBC Cell lines

First, we detected the expression level of miR-99a-5p in four GBC cell lines by qRT-PCR. The result
showed that the expression levels of miR-99a-5p in NOZ and EHGB-1 cell lines were relatively
low, and the expression levels of miR-99a-5p were higher in GBC-SD and OCUG cell lines.
Therefore, we used NOZ and EHGB-1 cell lines for overexpression treatment, and GBC-SD cell

line for inhibitor treatment;

Relative miR-99a-5p Expression
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Figure 2-1: Relative expression levels of miR-99a-5p in 4 GBC cell lines. The expression level

of miR-99a-5p in NOZ cell line was set as 1.
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In order to verify the overexpression and inhibition effect of miR-99a-5p expression, we used

gRT-PCR to determine the expression levels of miR-99a-5p after NOZ and EHGB-1 cells were

infected with miR-99a-5p overexpression lentivirus. The expression level of miR-99a-5p in the cell

line can be found to be significantly up-regulated in Fig 2-2. Similarly, miR-99a-5p Inhibitor, an

inhibitor of chemical synthesis, was able to significantly down-regulate the expression of miR-99a-

5p in GBC-SD cell line.
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Figure 2-2: Relative expression levels of miR-99a-5p after treatment in GBC cell lines.

miR-99a-5p relative expression levels after (A) NOZ and EHGB-1 infected by miRNA

overexpression lentivirus and (B) GBC-SD transfected by miRNA inhibitor.

Then we catried out the CCK8 assay to evaluate the effect of miR-99a-5p on proliferation in

GBC cell lines in vitro. We found that the overexpression of miR-99a-5p had a very weak inhibitory

effect on NOZ and EHGB-1 cell lines, although P value < 0.001, whereas inhibition of miR-99a-5p

expression had ne effect on GBC cell proliferation (Figure 2-3).
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Figure 2-3: Effect of MiR-99a-5p on proliferation of GBC cell lines.
(A:NOZ cell line; B:EHGB-1 cell line; C:GBC-SD cell line. 0 point of abscissa is on behalf of
6h.Set the 6h OD450 value as 1 for vertical axis. ***: P<0.001)

The colony formation assay was able to detect the ability of a single cell to form a colony,
and the GBC cells that had been treated with lentivirus and inhibitor were seeded in a six-well
plate with 1000 cells per well and the number of cells in the control group was greater than 50.
The number of ¢lones formed was observed by the naked eye, and then the number of cells in a
single clone was observed under the mieroscope. The results were shown in Figure 2-4,
overexpression and inhibition of expression levels of miR-99a-5p could not change the colony

formation ability of GBC cell lines,
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Figure 2-4: The effect of miR-99a-5p on the proliferation of GBC single cells in vitro.

(A) colonies of GBC cells treated with inhibitor and lentivirus; (B) GBC cell lines colonies bars.
No statistical significance exists.

In order to further clarify whether miR-99a-5p had an effect on the proliferation of GBC cells,
we infected NOZ cells with lentivirus to overexpress miR-99a-5p, and then injected the cell
suspension into the auxiliary of nude mice. Afier 4 weeks, the nude mice were sacrificed. As shown
in Figure 2-5, overexpression of miR-99a-5p only slightly inhibited subcutaneous tumor growth
capacity in vivo. The above experiments showed that miR-99a-5p could not significantly affect the

proliferation of GBC cells.
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Figure 2-5: Effect of miR-99a-5p on the growth of NOZ cells in vivo.

(A) The picture of xenograft nude mice; (B) The picture of the subcutaneous xenografts; (C) The
scatter plot of subcutaneous xenografts’ weight; (D) Subcutaneous xenografts growth curve. The
results were not statistically significant.

3.2 Effects of miR-99a-5p on the invasion and metastasis of GBC cells

On the basis of the research above, in order to continue to study the effect of miR-99a-5p on the
invasion and metastasis of GBC cells, we carried out Transwell invasion/migration assay and wound
healing assay in vitro. Using the Matrigel and the Matrigel-free Transwell chamber, we were able
to evaluate the invasion and metastasis ability of GBC cells in vitro. As shown in Figure 2-6, the
Transwell invasion/migration assay showed that overexpression of miR-99a-5p significantly
inhibited the invasion and metastasis of GBC cell lines. In the contrast, the number of cells passing

through the chamber was significantly increased after treating with miR-99a-5p inhibitor.
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Figure 2-6: Tranwell chamber invasion/metastasis assay in GBC cell lines.
(A) NOZ, EHGB-1 cell lines in migration/invasion assay; (B) GBC-SD cell line in
migration/invasion assay; (C) The number of cells transmembrane migration assay ; (D) The number
of cells transmembrane of invasion assay. **: P <0.01, ***: P <0.001.

‘Wound healing assay were also performed and achieved the same result. In the three cell lines,
the width of the cells treated with miR-99a-5p was significantly larger than that of the control group
after 48h, which indicated that the healing was the slowest and the cell migration ability was
weakened. On the contrary, miR-99a-5p inhibitor treatment made cells healing speed increased and
the width of wound was significantly reduced. The results above showed that miR-99a-5p could

significantly inhibit the invasion and metastasis ability of GBC cells in vitro.
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Figure 2-7: wound healing assay in GBC cell lines.
(A) Microscopic observation of wound healing of GBC cell lines within 48 hours; (B)
Quarititative analysis of the wound healing distance, **: P<0.01; ***; P<(.001,

Nude mice splenic vein-liver metastases was an animal model that could reflect the ability of
tumor cells to metastasize in vivo, commonly used in models of digestive tract malignancies. We
evaluated the effect of miR-99a-5p on the metastasis of GBC cells in vivo by injecting miR-99a-5p
lentivirus infected NOZ cell line into the spleen of nude mice. We found that the control group had
a higher incidence of liver metastases in the same time. Liver HE staining confirmed the presence
of metastatic nodules (Figure 2-8). The above results indicate that miR-99a-5p can inhibit the

metastasis of GBC cells in vivo.
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Figure 2-8: Splenic-liver metastasis model of nude mice,
(A) The general picture of typical liver metastases.The arrows pointed to the metastases;
(B)The number of metastatic nude mice; (C) HE staining of liver metastasis and normal liver

tissue.

In addition, the occurrence of invasion and metastasis was directly related to EMT in many
tumors. Therefore, the expression level of EMT-related proteins after miR-99a-5p treatment was
also evaluated by western blot assay. We could see that overexpression of miR-99a-5p
significantly increased the expression level of E-cadherin associated with epithelial cells, whereas
the expression levels of N-cadherin and Vimentin, which represented interstitial cell levels, were
down-regulated (Figure 2-9). The results showed that miR-99a-5p could inhibit the occurrence of

EMT process, so as to reduce the ability of invasion and metastasis of GBC.
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Figure 2-9: The expression of EMT-related proteins was detected by WB after overexpression
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of miR-99a-5p in NOZ and EHGB-1 cell lines.

4. Discussion

In recent years, GBC has got a lot of progression in the diagnosis and treatment. However, the early
lymph node metastasis, direct invasion to the liver, and radical surgery after local recurrence and
lymph node metastasis are still limitations for GBC patients to obtain long-term disease-free
survival 1341, Therefore, how to inhibit the invasion and metastasis function of GBC is the key to
improve the therapeutic effect of GBC. But currently, the causes and mechanism of GBC invasion
and metastasis have not yet been elucidated.

MiRNAs are a kind of single-stranded small molecular non-coding RNA that is evolutionarily
relatively conserved and degrade the target genes mRNA or inhibit the translation by binding to the
3'UTR of the specific target genes, which can achieve the gene regulating function. Being similar
to other malignancy studies, miRNAs have been studied a lot in the field of GBC in recent years B3>
38],

In this part, we investigated the effect of miR-99a-5p on proliferation, invasion and metastasis
of GBC by CCKS8 assay, colony formation, wound healing assay, Transwell assay and in vivo animal
assays by overexpression and knockdown the expression of miR-99a-5p in GBC cell lines. We found
that changes in miR-99a-5p expression had little effect on the proliferation of GBC cell lines.
However, after treated with lentivirus, the numbers of NOZ and EHGB-1 cells passing through
Transwell chamber were significantly reduced, and the time of wound healing was also prolonged.
In contrast, with treatment of miR-99a-5p inhibitor in GBC cell lines, GBC cells invasion and
metastasis ability had been enhanced. Similar conclusions had been drawn in vivo assays. These
results fully demonstrated that miR-99a-5p was involved in the invasion and metastasis of GBC
both in vitro and in vitro.

The process of tumor invasion and metastasis is quite complex, involving many aspects of the
impact on effect molecules, signaling pathways and tumor microenvironment. Although there are
many studies on GBC, which kind of molecules or signaling pathways dominate the process of
invasion and metastasis in GBC still has no conclusion. Bao et al [* found that miR-101 can targeted

inhibit the oncogene ZFX to achieve part of the development in GBC functional regulation. In
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addition, miR-101 can affect the Smad pathway, inhibiting the TGF-B-mediated EMT process to
achieve the inhibition of invasion, metastasis and other functions in GBC. And another study found
that miR-29¢-5p could negatively regulate the proliferation and metastasis function in GBC by
targeting CPEB4. In another way, it could directly inhibit the MAPK pathway, thereby enhancing
the tumor suppressor effect of miR-29¢-5p [°1. We need further profound study in determining how

miR-99a-5p regulates the invasion and metastasis function in GBC.

5. Conclusion

1. MiR-99a-5p had no significant effect on the proliferation of GBC cell lines both in vivo and in
vitro;

2. MiR-99a-5p could inhibit the invasion and metastasis of GBC cell lines both in vitro and in vivo;
3. MiR-99a-5p affected the EMT process of GBC cell lines, leading to inhibition of invasion and

metastasis in GBC.
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PART 3: MiR-99a-5p affects the functions of GBC by
targeting MTOR and SMARCAS

1. Introduction

GBC, which is the most common malignant tumor in biliary tract, is a highly malignant digestive
tract tumor, of which the incidence rate is about 3.9 cases per 100,000 people. It ranks No. 6 in the
digestive tract tumors [!l. As the onset of GBC is hidden and due to the lack of specific early
symptoms, many patients have progress to the advanced phase and lost the chance of radical surgery
once diagnosed. The current radiotherapy, chemotherapy and other methods cannot achieve
satisfactory treatment effect, so the overall 5-year survival rate is only less than 5% 21, Therefore,
early diagnosis is the key to improve the prognosis of GBC. And the study finds that more than 90%
of GBC deaths are caused by tumor recurrence and metastasis Bl, Therefore, the study on the
pathogenesis of GBC and the mechanism of recurrent invasion and metastasis can help to find new
targets of GBC tumor markers and targeted therapy, which is of great significance for improving the
diagnosis, treatment effect and the prognosis of GBC patients.

Up to now, we have discovered tens of thousands of miRNA molecules, which constitute a
complex network with the downstream target proteins. The data have shown that more than 30% of
the proteins are regulated directly or indirectly by miRNAs in a certain extent [“°1. Compared with
the traditional genome, miRNA-related regulation network of tumor biological behavior is even
larger. The miRNA is bound to the 3'UTR of the target genes according to the principle of
complementary base pairing, which can directly degrade the mRNA or affect the subsequent protein
translation process. In this regard, a miRNA molecule may have a role in multiple downstream target
genes, and one protein may also be regulated by multiple miRNAs [“!l, Predicting and researching
the downstream target genes are important methods of understanding how miRNAs affect tumor
mechanisms.

In the previous part, we identified the effect of miR-99a-5p on the invasion and metastasis of
GBC cells, which played a role in tumor suppressing. In order to understand its regulatory
mechanism, we used bioinformatics tools to find and predict downstream target genes and validate
them with dual luciferase reporter assay and western blot assay. Moreover, we would also study in

the potential signaling pathway regulating miR-99a-5p functions, so as to improve its mechanism
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of action.

2. Materials and Methods

2.1 Materials
2.1.1 Main reagents
Product Manusfacturer
Dual luciferase reporter assay kit Promega company
EndoFree Mini Plasmid Kit II Tiangen biotech (Beijing) Co., Ltd.
Viafect reagent Promega company
Lipofectamine2000 Invitrogen Corporation
Absolute ethanol Sinopharm Group Chemical Reagent Co., Ltd.
Dimethylbenzene Sinopharm Group Chemical Reagent Co., Ltd.
Acetic acid Sinopharm Group Chemical Reagent Co., Ltd.

For the remaining reagents, see Part 2, "Materials and Methods".

2.1.2 Main instrument

Product Manusfacturer

Chemiluminescence analyzer Bio-rad company

2.2 Methods

2.2.1 Prediction of the target genes of miR-99a-5p by bioinformatics

For the bioinformatics prediction of the miR-99a-5p target genes, it was performed using miRDB,
TargetScan, picTar and miRanda prediction tools.

2.2.2 Dual luciferase reporter assay

We used dual luciferase reporter assay to verify the direct effect of miR-99a-5p on candidate target
genes. The synthesis of dual luciferase reporter plasmids and negative control mutant plasmids
containing the 3'UTR of MTOR, SMARCAS5 was performed by Shanghai Longqian Biotechnology
Co., Ltd. The wild-type plasmid contained the binding site of miR-99a-5p, and the mutant plasmid
was randomized at the miR-99a-5p binding site. The PCR product was inserted into the pmirGLO
vector containing rennet fluorescence. The MTOR-3'UTR pmirGLO plasmid or the SMARCAS-

3'UTR pmirGLO plasmid is co-transfected with the corresponding miRNA mimic or inhibitor in
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293T cells. 48 hours later, we used dual luciferase reporter assay kit for firefly luciferase and rennet
luciferase activity detection. Standardization of relative fluorescence activity was performed using
rennet-luciferase activity.

Protocol of co-transfection:

1. 293T cells are plated into 24-well plates the day before transfection, and 100,000 cells are made
in each cell. The cells are incubated at 37 C in 5% CO2 cell incubator, which can make the cell
fusion rate 50% at the second day.

2. Each well of cells is transfected with 10 ng of plasmid and 1uL of miRNA mimic or inhibitor,
using 1uL Lipofectamin 2000 transfection reagent.

3. Add 50p1 of optiMEM in a 1.5ml EP tube. Then add 10ng of the corresponding plasmid and 1pL
of the corresponding miRNA mimic or inhibitor before gently mixing them. Another 1.5ml of EP
tube is filled with 50ul of optiMEM, then adding 1pL Lipofectamin 2000 transfection reagents.
After standby for 5min at room temperature, mix two reagents in one EP tube. The co-incubation
time is 20min at room temperature.

4. Take out the cultured cells and all the cells are washed once with PBS. 400pL. of DMEM
containing FBS and without antibiotics is added to each well.

5. The incubated mixture is added to the corresponding wells and gently mixed, and the cells are
kept in incubator. After 6 hours, replace the medium with complete medium. After transfection for
48h, the dual luciferase reporter activity is tested.

2.2.3 Construction and transfection of target genes overexpression plasmid

The full length of the SMARCAS Coding sequence was inserted into the MCS region of the pPCMV
plasmid by Shanghai Longgian Biotechnology Co., Ltd. (Figure 3-1) to form plasmid
pCMVGFPPuro05(-)SMARCAS and transfected into the GBC cell lines. Colonies with stable
expression of SMARCAS were screened out using puromycin. The expression level of SMARCAS

was verified by qRT-PCR and Western blot. Empty vector served as blank control group.
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Figure 3-1: Vector map of pPCMVGFPPuro05(-)SMARCAS.
Protocol of plasmid transfection:
1. One day before transfection, the cells were plated into a six-well plate and placed in a 5% CO2
cell incubator at 37 © C to allow the cell fusion to reach 70% at the second day.
2. Each well was transfected with 2pg plasmid, using 6pg of viafect transfection reagent.
3. The corresponding volumes of plasmid and 6ul/well of viafect reagent were co-added to
300uL/well of optiMEM medium, gently mixed and incubated at room temperature for 15 min,
4. The cultured cells were taken out and all the cells were washed once with PBS. Then 1700uL of
the corresponding medium containing FBS without antibiotics was added to each well.
5. The incubated plasmid containing optiMEM was added to the corresponding wells at 300uL/ well
and gently mixed, The cells were kept in medium and cultured for 6 hours, Then the medium was
replaced with complete medium,
6. After 24h of the transfection, we could continue with subsequent experiments.
2.2.4 Small interfering RNA synthesis
Small interfering RNA (siRNA) against SMARCAS and negative control siRNA were synthesized
by Shanghai Tuolan Biology Co., Ltd. and transfected into GBC cells by RFect transfection reagent.
The expression level of SMARCAS was verified by qRT-PCR and Western blot. The sequence of

siSMARCAS:5'- GUCAGAGUGUUCCGCUUUA-3".

2.2.5 Sequences of major qRT-PCR primers
K ezl
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MTOR-F 5'- AGCCGAAGGAGATGCAGAAG -3'
MTOR-R 5'- TTCGGACCAGCTCGTTAAGG -3'
SMARCAS-F 5'- GCATGAGCTGTGGTCACTTC -3'
SMARCA5-R 5'- GCCTTAATTCGACGAAGGAG -3'
GAPFDH-F 5 AGAAGGCTGGGGCTCATTTG-3'
GAPDH-R §-AGGGGCCATCCACAGTCTTC-3'

2.2.6 Statistical analysis

SPSS 21.0 software was used for statistical analysis. The t-test was used to compare the
measurement data between groups, and the data was expressed by (mean + standard deviation). P
<0.05 was considered statistically significant. All experimental data represent the average of

triplicate data.

3.Results

3.1 Prediction of target genes of miR-99a-5p
Through the use of bioinformatics analysis, we can predict the downstream target genes
directly interacting with miRNAs, so as to further study their mechanisms of biological behavior
in malignant tumors. In this study, we selected online databases such as miRDB, TargetScan,
picTar and miRanda as the forecasting tools. Based on the predicted results, we selected
SMARCAS and MTOR, which were both the top-ranked genes in these four databases, as targets

for the candidate genes.

Table 3-1: Binding site of miR-99a-5p to candidate target genes SMARCAS5 and MTOR

predicted by Bioinformatics.
Position 51-57 of SMARCA5 3' UTR 5'...AGUAGUUCUUUAAUUUACGGGUC. ..
FEEETE

Has-miR-99a-5p 3 GUGUUCUAGCCUAGAUGCCCAA

SMARCAS 3' UTR Mutant 5'...AGUAGUUCUUUAAUUAUGAACAC. ..
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Position 295-301 of MTOR3'UTR 5' ...CCAUAACUUUAGAAAUACGGGUU...

N ERRREN
Has-miR-99a-5p 3' GUGUUCUAGCCUAGAUGCCCAA

N I
MTOR 3' UTR Mutant 5' ...CCAUAACUUUAGAAAUAGCCGUU. ..

3.2 Validation of target genes of miR-99a-5p by dual luciferase reporter assay

In order to verify whether miR-99a-5p and the target genes could bind directly, we constructed
plasmids of the wild-type and mutant dual luciferase reporter genes with the 3'UTR of the MTOR
and SMARCAS5, then co-transfected with miR-99a-5p mimic or inhibitor. The activity of luciferase
was detected by the dual luciferase reporter kit. The results showed when MTOR and SMARCAS5
wild-type 3'UTR plasmids were co-transfected with miR-99a-5p mimics, the corresponding
luciferase activity was significantly reduced comparing with mutant plasmid groups (Figure 3-2 A).
In addition, we also co-transfected the miR-99a-5p mimic and the control mimic with the MTOR
and SMARCAS5 wild-type 3'UTR plasmids, respectively. The results showed that miR-99a-5p
mimic could significantly down-regulate the activity of luciferase comparing with the control group.
Conversely, co-transfection of the miR-99a-5p inhibitor with the wild-type 3'UTR plasmid of the

target genes enhances the activity of luciferase (Figure 3-2 B, C).
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Figure 3-2: Relative activity of luciferase reporters of 3*UTR plasmids of MTOR and
SMARCAS inhibited by miR-99a-5p.

(A) MTOR and SMARCAS wild-type 3'UTR plasmids were co-transfected with miR-99a-5p
mimics; (B) MiR-99a-5p mimic and control mimic were co-transfected with MTOR and
SMARCAS wild-type 3'UTR plasmids, respectively; (C) The miR-99a-5p inhibitor and the control
inhibitor were co-transfected with and the wild type 3"UTR plasmid of the target genes,

respectively. *: P<0.05; **: P<0.01; ***; p<0.001,

3.3 Effects of miR-99a-5p on the expression of candidate target genes MTOR and
SMARCAS

In order to verify the effect of miR-99a-5p on mRNA and protein expression levels of candidate
target genes MTOR and SMARCAS, we used qRT-PCR and Western blott to detect the expression
of MTOR and SMARCAS treated by miR-99a-5p at mRNA and protein levels, respectively. As
shown in Figure 3-3, overexpression of miR-99a-5p in NOZ and EHGB-1 GBC cells did not result
ina change in the expression level of the candidate target genes at the mRNA level, but significantly

inhibited the target genes’ protein expression levels.
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Figure 3-3: mRNA and protein levels of MTOR and SMARCAS in NOZ and EHGB-1 cell lines after
overexpressing miR-99a-5p.

(A) mRNA expression change after overexpression of miR-99a-5p in NOZ cell line; (B) (C)
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Protein expression change after overexpression of miR-99a-5p in NOZ cell line; D) mRNA
expression change after overexpression of miR-99a-5p in EHGB-1 cell line; (E) (F) Protein
expression change after overexpression of miR-99a-5p in EHGB-1 cell line; *: P<0.05; **:
P<0.,01; #*#*; p<0.001,
Based on the results above, we could conclude that MTOR. and SMARCAS5 were the direct
target genes of miR-99a-5p.
3.4 Expression of SMARCAS in gallbladder carcinoma and its correlation with
clinical data and prognosis
In order to understand the expression of SMARCAS in GBC tissues, we used gqRT-PCR to detect
the expression of SMARCAS in 30 pairs of GBC tissues and their peritumoral tissues. The results

showed that the expression of SMARCAS in GBC was significantly higher than that in peritumoral

tissues (P <0.001).
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Figure 3-4: Expression of SMARCAS in GBC tissues.
(A) The expression of SMARCAS in 30 pairs of GBC tissues and their peritumoral tissues; (B)
Comparison of the expression of SMARCAS5 in GBC tissues and peritumoral tissues.
In order to further clarify the role of SMARCAS in GBC, we analyzed the expression of SMARCA?S
in close relationship with lymph node metastasis (P = 0.009) and TNM staging (P = 0.02) by
clinicopathological characteristics analysis (Table 3-1). Survival analysis confirmed that patients
with SMARCAS5 overexpression had a poor prognosis (Figure 3-5). The median survival time was
6.9 months and 18 months in the high expression group and low expression group, respectively. The
1 year survival rate was 45.0% and 70.7%, respectively. And lymph node metastasis and SMARCAS

expression could serve as independent prognostic markers for the OS time of GBC patients (Table
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3-2).

Table 3-1: Association between SMARCAS expression and the
clinicopathological characteristics in GBC

.. . Relative SMARCAS
Clinicopathological .
. Cases expression x2 p
characteristics — —
High(n=11) Low(n=19)
Age(Year)
< 4 (44.4% 5.6Y
60 ¢ 4 (44 4%) > (55 6%) 0.335 0.563
=60 21 7 (33.3%) 14 (66.7%)
Gender
‘ , no ; o
Male 12 6600%)  6(30.0%) o 5
Female 18 5 (27.8%) 13 (72.2%)
Differentiation
degree
; ’ 0, 0,
Well/moderate 23 8 (34.8%) 15 (65.2A:) 0151 0698
pour 7 3 (42.9%) 4 (57.1%)
Tumor invasion
is- ! 4 (44.4% 5(55.6%
Tis'To ¢ (44.4%) 36%) 335 0563
T3-Ta 21 7 (33.3%) 14 (66.7%)
Lymph node
metastasis
iy 70 17 20
No 22 5 (22.7%) 17 (77.3%) 6903  0.009
Yes 8 6 (75.0%) 2 (25.0%)
TNM stage
-1 11 7 (63.6% 4 (36.4%
0 , (63.6%) GO4%) 50 002
[I-1v 19 4 (21.1%) 15 (78.9%)
P=0.019
-+- High SMARCA5
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= |
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Figure 3-5: Survival analysis of GBC patients correlated with SMARCAS expression.

Table 3-2 Univariate and multivariate analysis of the relationship between
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Univariable analysis Multivariable analysis
Variable
HR (95% CI) r HR (95% CI) P
Age (<60 vs. =60) 0.411 (0.213-0.776)  0.226 - -
Sex (Mile vs. Female) 0.522 (0.260-1.071)  0.082 - -
Histology differentiation  (Well
1.262 (0.816-1.881)  0.321 - -
moderate vs.Poor)
Tumor invasion(AJCC) (Tis-T1 vs.T2-T4)  1.096 (0.595-2.127) 0.808 - -

Lymph node metastasis (Present vs.

6.252 (2.527-14.661)  <0.001 8.116 2.564-23.609)  <0.001

Absent)
TNM stage(AJCC) (0-1 vs. II-IV) 0.326 (0.161-0.639)  0.001 0,348 (0.134-0.841) 0.012
SMARCAS expression 6.248 (3.146-12.651)  <0.001 2.613 (1.150-6.346) 0.036

CI, confidence interval; HR, hazard ratio.

3.5 MiR-99a-5p affected the invasion and metastasis of GBC cells by PI3K / AKT
pathway

In order to further study how miR-99a-5p regulates the invasion and metastasis of GBC cells, we
examined the expression of related proteins in PI3K / AKT signaling pathway associated with
MTOR by Western blot. As shewn in Figure 3-6, overexpression of miR-99a-5p in NOZ and EHGB-
1 cell lines reduced the phosphorylation level of AKT, thereby inhibiting the carcinogenic function

of PI3K / AKT signaling pathway.
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Figure 3-6: Expression levels of proteins involved in PI3K / AKT signaling pathway after overexpression
of miR-99a-5p in NOZ and EHGB-1 cell lines.

3.6 Effects of SMARCAS on proliferation, invasion and metastasis of GBC Cells

The role and function of SMARCAS5 in GBC is stjll unknown. In order to understand whether
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SMARCAS had an effect on the proliferation and metastasis of GBC cells, we used siRNA and
overexpression plasmids to knock down and overexpressing GBC cells, respectively (Figure 3-7).
Using CCK8 assay, we found whether SMARCAS were knocked down or overexpressed, it did not

significantly affect the proliferation of neither NOZ nor EHGB-1 cell lines (Figure 3-7).
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Figure 3-7: Effects on proliferation of GBC cells after knockdown and overexpression of SMARCAS.
(A) (B) The effect of knockdown and overexpression of SMARCAS5 was detected by gRT-PCR and
WB, respectively; (C) (D) CCKS8 assay was used to detect the effect of SMARCAS on proliferation in

NOZ and EHGB-1 cells.

According to the results of migration and invasion assay, we could find that the effect of
SMARCAS5 on the invasion and metastasis of GBC cells was significantly decreased after
SMARCAS was knocked down, while the overexpression of SMARCAS had the oppesite effect
(Figure. 3-8). The results above were opposite with and the impact of miR-99a-5p on GBC. cell
invasion and metastasis, This coincided with the assumption that SMARCAS was a downstream

target gene of miR-99a-5p.
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Figure 3-8: Evaluation of the invasion and metastasis ability of GBC cell lines after knockdown and
overexpression of SMARCAS.
*: P<0.05, **: P<0.01, ***:P<0.001.

3.7 MiR-99a-5p affected the invasion and metastasis of GBC cells by direct
regulating SMARCAS
Considering that the protein level of SMARCAS could be regulated by miR-99a-5p, we were
doubt whether miR-99a-5p could inhibit the invasion and metastasis of GBC cells by interacting
with SMARCAS. Thus, miR-99a-5p mimic was transfected in GBC cells with co-transfection of
overexpressing plasmid pCMV-SMARCAS and empty plasmid, and then evaluated the function of
invasion and metastasis of GBC. Figure 3-8 showed that overexpression of SMARCAS5 allowed
partial recovery of miR-99a-5p-inhibited GBC cell invasion and metastasis, These results
suggested that miR-99a-5p could inhibit the invasion and metastasis of GBC cells by targeting

SMARCAS.
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Figure 3-9: Overexpression of SMARCAS rescued the miR-99a-5p-induced inhibition of
miigration and invasion ability.

**: P<0.05.

4. Discussion

Scholars have found that the generation of miRNAs requires a series of complex processes [42],
First, the original pri-miRNA is transcribed in the nucleus, and the precursor miRNA (pre-
miRNA) is formed after one processing. Pre-miRNAs form double-stranded miRNAs under the
digestion of Dicer enzymes, and 5p and 3p monomers are formed according to the position of the
pre-miRNAs after the solution. MiRNAs can participate in the formation of RNA-induced
sileneing complex (RISC), which can affect the downstream target gene by mRNA degradation or
inhibiting translation.

In this part, we studied the target gene prediction of miR-99a-5p by bioinformatics.
Combined with the results of the four databases, it could be found that SMARCAS is the
candidate gene with the highest frequency and the highest ranking. In addition, MTOR was also

appeared in all of the databases. Many scholars had reported the relationship between MTOR and
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miR-99a-5p in malignant tumors [*3-%1, so we also defined it as a candidate target gene. We
showed that MTOR was also a target gene for miR-99a-5p in GBC by dual luciferase reporter
assay and western blo assay. However, according to the results of qRT-PCR, miR-99a-5p cannot
downregulate MTOR mRNA level. The results suggested that miR-99a-5p acted on MTOR to
inhibit its translation process, rather than directly degrading its mRNA. PI3K / AKT signaling
pathway is widely studied in malignant tumors and is thought to be related to cell transformation,
proliferation, metastasis, apoptosis, cycle arrest and drug resistance. It has also become a research
target for many tumor comprehensive treatments 43471, Its research in GBC is also plenty. It is
generally believed that this pathway in GBC plays an important role in promoting proliferation
and metastasis, cell cycle arrest and other functions 48591,

SMARCAS is a member of the SWI/ SNF protein family as a chromatin remodeling factor
that participates in cell signaling, DNA damage repair, and other functions by controlling histone
deacetylation. SMARCAS research is currently focused on chromatin remodeling, DNA damage
repair and cell self-renewal *1-%4, Jin et al. [**! reported that SMARCAS can promote tumor
proliferation and metastasis in breast cancer, but the mechanism remains to be excavated. This
study is the first time found that SMARCAS5 has the ability to promote invasion and metastasis in
GBC. SMARCAS overexpressed in GBC patients and related to lymph node metastasis, which
could reduce the survival of patients. These results indicate that SMARCAS is expected to be a
new molecular target in the future diagnosis and treatment of GBC. But its detailed mechanism of
action is still not clear. We need a deeper level of research on aspects of its upstream and

downstream interaction proteins and the relevant signal pathway.

5.Conclusion

1. SMARCAS and MTOR were selected as candidate target genes for miR-99a-5p by
bioinformatics prediction. It was confirmed by dual luciferase reporter assay and western blot.
2. miR-99a-5p could directly inhibit the PI3K / AKT pathway to play its anti-cancer function.
3. SMARCAS was closely related to lymph node metastasis in patients with GBC, and its high
expression indicated a poor prognosis in GBC patients.

4. SMARCAS could promote the invasion and metastasis of GBC cells. MiR-99a-5p could

directly interact with SMARCAS and inhibit the invasion and metastasis of GBC cells by
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inhibiting the SMARCAS protein translation process.
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Summary and prospect for this paper

In this study, differentially expressed miRNAs were detected by high-throughput miRNA
microarray in GBC tissues and their corresponding peritumoral tissues. The expression of miR-
99a-5p, which was significantly lower in GBC tissues, was screened by TCGA database. Then we
examined the expression of miR-99a-5p in 41 cases of GBC and its corresponding peritumoal
tissues by qRT-PCR, further confirmed that miR-99a-5p was significantly lower in GBC tissues.
Pathological data and survival analysis found that low expression of miR-99a-5p indicated a poor
prognosis in GBC patients. MiR-99a-5p was able to inhibit the invasion and metastasis of GBC
cells and could be mediated by EMT process, according to the functional experiments in vitro and
in vivo. In order to explore the mechanism of miR-99a-5p function, we found that SMARCAS and
MTOR were the direct target genes of miR-99a-5p by bioinformatics prediction and it was
confirmed by dual luciferase reporter assay. MiR-99a-5p could inhibit the protein translation
process by binding to the 3'UTR of MTOR and SMARCAS5. What’s more, miR-99a-5p counld
also directly affect the PI3K / AKT pathway, but also through the combination with SMARCAS to
inhibit the invasion and metastasis of GBC function.

In summary, the detection of miR-99a-5p expression has important implications for the
prognosis of patients with GBC. And miR-99a-5p has the potential to be a target for the diagnosis
and treatment of GBC. We need to study it more deeply, and elucidate the mechanism of its anti-
cancer function, which can transform the theoretical research into clinical application and make

contributions to improve the diagnosis and treatment of GBC.
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