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T i B AT A M AR A R R 2 — o ARk KR A WS UE AR R RNA fE B KA 1
B EER S Y A S AL, Hoh/N RNA (miRNA) | FRIR RNA (circRNA ) FHK Al 40
s RNA (IncRNA) AU AE ST RNA 845 9 26 6 K 22 Rl e DR P ok B2 . 0 i ot 5 98 132 W7 2 ARl
TR A, B2 0 RS A T B, B IR B R T Or s B A R TR RNA A B
o B IS WA YT B T — SR A B . miRNA L@ 5 mRNA 454 530 mRNA 19 FA#, 55
JE 7K BT IE R 9 23K . IneRNA | cireRNA W54 5 miRNA 56 D45 HE miRNA 9/EH, A
V) 22 s S DR 0 1 o R A 7 £ AT LA O S P 20 PR A B S5 B A AR L PR 1R R B B9 R R Ak
FREREE K 25w L RAE R 25 3 . A G i RNAE%‘E%H@W&E T RR G IIM G A,
BRI RNA B 0] 25 40 M [ w4 b B, 15 ol g %) 1 200 M AR e BT 245 1 o e e T P 5 A 4 e e
FLMAS . RIS A0ME . il . (550 7. AIANER ANy, —Jrim, dE4% RNA i 25 B
YRS AR B VA R, AN SR B A R A . el s —Jr T, AE4RES RNA AT LSk
WA TE S 5 Rk B A I fE T, S R AN B A . R | T 2 A AR R . SRR A
FXASTEEA A RA EEE X, WA RS (HP) BAESHE RN EEIORNRZ—, R
s RNA 5 HP WBUBRHEAR DG, AL RCIRES . EB MR B  nl 5 3 B R 2L, AESA% RNA R
Z: 5 B . ARSAS RNA TE 15 i v 0% 35 (o7 HC T il IR (4 1 R 2 8 0 T AR i W s0R T L A
H Bl SCHR 22 408 1902 DA miRNA % 5% 5 W4 B2 AR R0, cireRNA | IncRNA S Bl #5719
B ERR . IncRNA | cireRNA B A58 FPEZE S miRNA, IR A PE IR X RIIAR I . circRNA
T i 9gE v 0 1 R AR SR A B A AR, AR B R T i B 4 AL A R e — 2B 5T . 7R AR
R A RNA V8 00 2645 B 1 Iioxs e 2 A= AL A B, vl B (9 I PR I2 97 S A 1y JELB AN O vk
e RNA FEA R AT — 28 F T 4 AL XA 5] B R R AR A 43R, RS R — A i g 0 B (i
XREWEETT . ML BT ) & Rt B R
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Roles of noncoding RNAs in gastric cancer: recent advances

ZHENG Jin, SU Tingting, LI Yongsheng, WANG Shouhua, SHI Weibin

(Department of General Surgery, Xinhua Hospital Affiliated to Shanghai Jiaotong University School of Medicine, Shanghai 200092, China)

Abstract

Gastric cancer is one of the most malignant tumors in the world. In recent years, a number of studies have proved that

noncoding RNAs play an important part in many biological processes in gastric cancer such as initiation, proliferation
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and metastasis. The regulatory network of nocoding RNAs consisting of the micro-RNAs (miRNAs), circular
RNAs (circRNAs) and long noncoding RNAs (IncRNAs) are involved in the processes of regulating a variety
of gene expressions. At present, the diagnosis of gastric cancer mainly depends on endoscopy, the simple and
effective screening measures are still lacking, and the treatment modalities for advanced gastric cancer are also
limited. Fortunately, the appearance of noncoding RNAs offers a new perspective for diagnosis and treatment
of gastric cancer. The miRNAs can bind to the mRNAs to induce their degradation, and thereby regulate the
expressions their target mRNAs at post-transcriptional level. The IncRNAs and circRNAs are able to antagonize
the functions of miRNAs by competitively harboring miRNAs, and thereby indirectly regulate the gene
expressions. Tumorigenesis can be regarded as the joint outcome of the abnormal features of tumor cells, the
formation of tumor microenvironment and the influences of external environmental factors. The noncoding RNAs
are closely related to the proliferation, apoptosis, invasion and metastasis of gastric cancer cells. Furthermore, the
noncoding RNAs are associated with the autophagy and have great influence on stemness and drug resistance
of gastric cancer cells. Tumor microenvironment is generally consisted of the components such as the tumor
peripheral vasculature, mesenchymal cells, immune cells, signaling molecules and extracellular matrix. On the
one hand, the noncoding RNAs are involved in the process of the formation of tumor microenvironment such
as angiogenesis and immunosuppression induced by gastric cancer cells. On the other hand, the noncoding
RNAs can function as exosomes to participate the action of microenvironment on gastric cancer cells, so as to
affect the biological processes that include the proliferation, metastasis, drug resistance of gastric cancer cells.
External environmental factors have great significance for inducing tumorigenesis of gastric cancer. Helicobacter
pylori (HP) infection is one of the important causes for the occurrence of gastric cancer, and the noncoding
RNAs considerably contribute to the oncogenic properties of the HP. In addition, oxidative stress and EB virus
infection can also lead to tumorigenesis of gastric cancer, which are as well associated with the noncoding RNAs.
The noncoding RNAs have potential to serve as diagnostic biomarker or therapeutic targets for gastric cancer
owing to their essential roles in gastric cancer. The pattern of gene expression modulation shown by majority of
current reports is post-transcriptional gene regulation by miRNAs serving as the central event with the IncRNAs
or circRNAs as upstream regulators. Both IncRNAs and circRNAs competitively combine with the mRNAs but
their reciprocal relationship is still unidentified. The actions of circRNAs in tumor are roughly recognized in
recent years and their specific roles in gastric cancer remain to be further explored. Full understanding of the roles
of noncoding RNAs in gastric cancer will not only help gain insights into the mechanism of tumorigenesis but
may provide novel avenues for diagnosis and treatment gastric cancer. In the future, the noncoding RNAs may
probably be used for description of different characteristics of gastric cancer after specification and subdivision,
and become the “tumor identity cards” just as genes, which also has great significance for the development of
precision medicine or personalized medicine.

Stomach Neoplasms; RNA, Untranslated; MicroRNAs; RNA, Circular; RNA, Long Noncoding; Review
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B 9 H AT A R R e Y e —
MR Al 4 BRI B0 W, 201 84F A #1007 1 B
Wiz oh B, 78 BIsE T E . g R
JECR A PR, Bt 60% B B E IS I R E R
ETFARVE®, mFrmEl RN, i
AF Ok Ok B 22 9 BF I W] AR S S RN ATE B i 19 &
AL WA . FR SR AR e A R AT R Y
M7, HE9E/PDRNA (microRNA, miRNA) | ¥
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JRRNA (circular RNA, cireRNA) . K&IE 9469
RNA (long noncoding RNA, IncRNA ) ¥ £
LR PR AP FR AR A 2P miR-135b Y
KB ERRABEAFBARENDIE, 58
1o 93 43 30 % DD AR G, AT R Sy I B R AR A A
WIWETER o> FhR e . — G R OF 53 B, i i
AN IncRNA GC1/K -7 15 58 £ 35 1 fdt e xof it
HPAAWERZES, HlAMX 2R HEESW

http://www.zpwz.net



4 1

AT, & 4R RNA 7 B & PR E L& 2 8t & 473

R EEESEEE R, HEAERBRNARN
T B AT R BAh, XA IE FE Ll
BB ALY JE 1) B B E IncRNA GC1KF TR,
Shy R T B Ak 9 AR e S I B A T — R Y
fidrke S —Jrim, His MAMRNA T RN
MR G H PR RNAR IR 25484 7 AT gg, 48 it
i AH G A5 538 % v iy OGS g A RN A AT Bk 1%
FE IR YT T R A & A AT DA A o 2 i 3 4
JfLAS By S 00 AR BRI L PR AN AR GO 458 B LA
KA B 58 TR 2R 5 ) 3 W) A 25 R . AR ORI
3 JLAN 5 1 S B A miRNA . circRNA | IncRNA
HEMIERERNAEE NS AT E P NAG, A
B F B R gi i RN A 7E 8 9 1 AE F AL A B
fit, NS BT SR T

1 JE%%S RNA &£ B E 8 & EREL

1.1 miRNA BIE B = 1§

miRNAJE— 2K JEAE 19~254 4% 12 10 3F 2 5
RNA, fEfgiiid 5mRNA 37 Uik BF X 4as 4,
TERNABE SV E 5 (RNA induced silencing
complex, RISC) A3 F FEmRNAM M,
FE G S5 K R RS A R A iR R
Jif N 4 L AR B4 ( N6-methyladenosine, m®A )
BB S miRNAXTmRNAB D&, 75 F 40§
E2F3 mRNA 3" 4% 5% X 38 b m A A 564 1 R T 41
“RRACU” WIFFAEX T miR-660J#E2F3 mRNA
K ZELEE . miRNA K H XT3 H 363k /Y B 350
T A L A oA 3 R 3k 8 45 90 4% o A T B — 3R
Wk R UERE, © & BH TR O b i S R
Ik B AT EEE L
1.2 IncRNA B E EFAZEHLH

Inc RNAJZ— K B K T 200 8% H 12 1 3F S
RNA, B2 — PN N & A BA S PR 1) fg i 5
HFEBMEI =Y, HRE KBMIncRNAS 5 ZFli 5
oyt B, B 0 7308 51 58 i ) 4 1
Y. EE R O Tlne RNAR L C A K&
il . IncRNA OLC8BEMS R ETL-112 11, bkttt
B, AT AR DETL- 1100 26 25 LSS °F ik 0 i)
IncRNA THOREEM 5SOX9 mRNA (3" i B 125 [X.
WA REmRNAMREM, S5 REE BN T
ML HEEPE, IncRNA UCALRERS S5 ZMimbl & &
Y (polycomb repressive complex 2, PRC2) FJ
WIEZH245 4, EUEPRC2XT 4R (13 25 2713 #i
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2R (lysine residue 27 of histone 3, H3K27 ) H
B4k B AL TE M, T HBK 27 HY F 3k Ak K - RE % 5
i) 9098 36 R p2 1 9 351" IncRNA FEZF1-AS1#E
WIS E AT HEEF1A (lysine-specifc histone
demethylase 1A, LSDI1) Ul E H3 EE A
=2 R (lysine residue 4 of histone 3, H3K4)
(1 6 Ak K OSF B2 mi R I S R g ekt 4,
IncRNABEMS 5 miRNA ML IE I mRNA S8 4 P 45 &
miRNA, U8 /D miRNA X §E 3 F 55 5% J5 7K - il
AT ] 22 ] 2 FE R g e ik o Bl W ine RNA SNHG1
fEHmiR-140%5 4, WA miR-140%F H 5L K
ADAM 1O/ TTERAE FH LS ) 5 g 40 M iy 14 4 . (=258
P IneRNA ZFASTREE 2 miR-200b4 5/ F 17
Wntf5 5 B, K P A 0 PR R 1 A 2
PEHIM, miRNAR AT 7654 5% 5 K P M il lne RN A Y
Fik, SWISIEEmiR- 1400 5% F2 3508 I & 5
IncRNA SNHG 135, RNAZES & A% IiiE %L
K428 miR-140 2 lncRNA SNHG 1HE B i & 4 75 [
—FhRISCH, WL AT HEM miRNA X Ine RN A B9 8 45
PR,
1.3 circRNA BE R A= H

circRNARE —EHAAIEHIBRNA, A
2 m RN AR AR 2828 3k J8 A 422 0 T8 B i 2R 4R
RNA", cireRNA B H 25 Rz v . 76 B o 3
TR S B G4 R N — BIF SR IS, 2 T 5 4 R
HAEMER G 278, WS AR bR
X5 hsa_circ_0000467#% & 7§ g 2 41rh K ik
U, o RaA 0 B R A B B 2 IR IR
FiE". cire RNART LSE G PEZE A miRNARY 7 XS
5 2RI FPEE SRR, SlncRNAXmiRNA [ 78 %
KWL, cire-ERBB2EEZE P4 5 miR-503 . miR-
63757 WAL HE FUF I CACULL . MMP-191) 3%
KM cire-DCAF6REM FffmiR-1231, miR-1256JF
NS, M4 gE A", cireRNAKR &
S ORI . mRNARTR ST UIE i L. B
Oy F XA RNAMIN T g A2, 8 5 2L
ML AE 8 b 0 ek B, A R —
HAIE

2 EHE RNANEBEAMEESEYN
£ BHL &

2.1 3E4wF5 RNA SpfyEdpmigE. AT
i Y22 41 i TG BIR 18 5 4R M A5 25 T 40 i R B R 4

http://www.zpwz.net



474 o E LA

U

930 4%

S A MR T AR o A R R TE R R AR g D
RNAZ 5 8w 40 Mg 5 A #2, #liimiR-196a
RERS MR HOXASHE K R 15, HOXAST RIET i
00 T W B D L 2R IR N 5 10 40 A g AR O
U miR-383fE ELIEH 7] 45 A AW 85 F1E2 mRNA
4] P 3 40 A 43 24 TR NG 0 1 S I AR R, miR-
454-3p ] FEFL SRR KA HISTATIH R3E, Ja#
ALPTE R W AR R R I A D 1 G B, T
IncRNA HOTAIRAE L miR-454-3pfy ik, A
B2 520 40 512, IneRNA UCA1LL 732 28
()% X JE = H3K 27 1 F 3L A6 K 7 L il & 3 28
PR P B F0 414 ( cyelin-dependent-kinase
inhibitor, CKI) p21f3&ik"", circ_001569 7] i
1 W B miR-1454 X NRAA2FE N 8 4%, Hog %
TRTT S DS L NG I Y A

3F J A RN At n] o8 2 b g 4 g 8 1= . MCL-1
J& TP T Bel- 258 KR, 7 BIEAMM T IncRNA
MYOSLID o] i@ it W FffmiR-29¢-3p /- FAEFEMCL-1
193235, IncRNA CCAT27] FiHBel-21 %k,
R e A< RK R - 8 i 2 Ik LAY S S e A i Y U
T, miR-196an] §E [ P45 55 Sk FHOXAS, #1
HIHOXASTE T 1 B 8 40 08 T i 78
2.2 E4mAS RNA SHEMmEE. BB

LR M Fi 4k (epithelial mesenchymal
transition, EMT ) & 48 ¥ M\ F Rz 48 it & B0 5% /)
8 ) S5 240 L 2 B Y oo B, R ORI AR RS | (2B I
() B AL o PR 20 B AT B M IR /0 40 M O 4
HEIPA MR, RIRIEE . R B NRE
EMT /) AZ 0 AL 78 F 45 36 8 11 R B b, Ik
. NS B Rk g . #F g PAIE B
ZEB1., ZEB2, Snail. Twist%5 28 E45 55 5 M
B SR, A SEMTEER . 76 8 4l
o, JEGISRNAT IZ W REMTI M #E 2 . miR-
574-3p. miR-4950] 3§ M ZEB1 . Twist1 LD
HIEMTHERE 2 cire-RBMS3 ] #l il miR-153 %]
BN T Snail 2 —SNATIF kB F W4 L
FBFEMT?, IncRNA PCATILAWE i miRNA (1 1E
i idmiR-128/ZEB 1 EMAE HEEMTY, miR-
1275 A1 0 ] JAZF 155 DR A0 o) 5 98 4 M %) 4= 2% e
B, FEHEWTSEIEEANG T4 6 UM%
KIFEFEMT®, # AL AERKFF B (transforming
growth factorp , TGF-f ) E5 0 KR EMT ) 5 2
B F 2, miR-106an] #m I 6 Smad7 (0] 6 4
TGF- B {5 53 B G PB4 1 ) DRI EMTHERRC,

© WA )T i [ & F I F 2P H

IncRNA HOTATR nJ 1)1 il Z, 1t 5% % iy CB P 1 A i
SEIH3K2T H ALK, T ARG i S 2 AR
MR 80 TR EMT

BREMTAHLA Sh, HEPiEmE A (matrix
metalloproteinase, MMP ) ZZJ% & [ /2 4 of i
R AU S R SN ] 5 1 O N 9 i
RFFHER, G5 Rifcirc-ERBB2 ., IncRNA
ZEB2-AS1A] 53 5| W4 MMP-19 . MMP-9fy £ ik,
AR H 1 (extracellular matrix protein,
ECM1) W5 Mg o0, 16 B i gih =ikl
WEE, HRIRACAT LLFEFEMT, i H Al n
AR BT R AR R R RE T, T
miR-92a 7] ¥ [i] ECM 14551 H AR HIP,
2.3 FE4RE8 RNA 5@t 2514

A7 I B 9 A AN AT i B B IR T 5 s, (H
AT o A B T 2 1 Y 7 A S S Rk
RN, T2 PELE S 2 25 257 (multidrug
resistance, MDR) . DNABEIHEE . HT-iESH
BESIME, ERMSRNATTNEZ A TS5 E
9 BT 245 AL o 7 T B 2R R A A T e e A
JLrb, miR- 102 3k AT ) W] T 24 A GRS 45 S
H A Sorein, AR S0 245 B A0 M4 T, JFAE iF
4 HEH B P-gp IMRP- 1 5538 (R 8 (A ik, &
2 B FIMDRPY . ATPZE 4 & ( ATP-binding
cassette, ABC) FizfkHEHEEZAWMDREH,
RE R AN EZY), &M . miR-320a,
miR-4496 0] 73 5l 16 5% 5 K ¥ J e 5t Jm K P b Ak
PEABCG2Re B A iRk Il EE 5
(‘excision repair cross-complementing, ERCC)
EHARGREYVIRIERE (nuclear excision repair,
NER ) {5538 i 9 O 5 DA -, o2 Ji 9 X 40 245 49)
Mit 25 1 4 s K . ERCC1A] L5 ERCCATE i 57 &
PRUTER G DNARYS " Sy, 100 184 55 i 968 X6J 5B ) i
ZiME, miR-138-5pM Al SEMXFERCC1 . ERCC4[H
A LA A 5 5 98 20 e 0 A A AR B YL I A
LRV o RN A w3 Gl S R R DA A S B P
FH1 (dynamin-related protein 1, DRP1) (2%
R Ak, DLBUE DRP AR i 4ok 7K 23 244 5 9 240 i 4
To. AWBEESE S H1 (A-kinase anchoring protein
1, AKAPL) "I DRP 1A @R 1L ARG, i
miR-148a-3p A T J& AKAP 17K - LA 55 05 401 %
955 A0 A FE DL cire- AKT3 AT Bt miR- 1982 il
PI3KiH T WIHPIK3R 15k, 4kifi #1§ PI3K/AKT
RSl s, 5#H T LEDNABE 5 FBRCATIE
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IKUABG SR DNAS 0 52, I 40 i 40 375 5 08 T2 A
1117 5 5 A A0 e UG £ i 24
2.4 E4TE RNA 5450 Bk

2 B I R R T 24 7 AR 0 AL 2
— o AU WA N A TR . A IR AR
W R, fFERBEENEST, Woami. 2
E ORI S DTN PN N RS G Y )
/N AL TR B H WM, 5 RS S A
Wik v A, e S B 1 I A A DY K R I A R
T 2 B ) AU SR AR R JRURE 4 R 1 Y 4
BLH 2 2%, HBEAHSCHEE I &% (autophagy-
related genes, ATGs) HESH AW d
AADRE R 5y, EHMEEMTOR ( mammalian
target of rapamycin ) L J& A ¥ F WM B2 H £
mTOR 7] 38 i B /2 1k 0% [ W 9K o) & 22 8 (P
ULK 14k 1 9 i [ wg b A2, A0 5% P 52 T 3 o 3%
i AMPK/mTOR{5 53 # & PI3K/Akt/mTOR{E 5
T U A A0 M AR 1 AR O R Y 0
Beclinl, LC3U/ITHI& FiH, P62 NiH, Xk
RO L OE i RN R T TRt/ B IR o5 Sy N 14
EARHR T A0M A S S50 MR e . M.
EMT . Tif 2555, &G fe 9 som e i Ve 1

e A RN AL 2 5 B 9 b 4 3 w0 98 45
TEM 25 B, miR-495-3p. miR-148a-3p
A3 B GRP78 . RABI12FE LU mTORD
AN AR W, U B g A Y TR 2 PO, Fox M
FIET B IEIMIC3IT, beclinl BY/KF, 25 H
Rt A WER/ER . MilneRNA HULCH 38 &
i A FoxM 1 (I BHLAT Hyz K ALREm, LIRS AE
T 245 1) 5 9 A0 B b Y ik, B A5 A R A
KB TR 2 v e A Ine RNA MALAT 1R 43 514
#lmiR-30b, miR-23b-3pXfATGS ., ATGI2H F
PEVER . ki S 280 AR S 25 miR-
12650 W] 38 &~ 8 B R 0 AL R 1 B ( AMP-
activated protein kinase, AMPK ) {45 AHK
E H CAB39 K i AMPK/mTORGHE B30 [ W, A H]
T i A4 K™, miR-133a-3p 0] MM ATG13
K GABARAPL1 ( \[#Z2ULKI . Beclinl % A W/
PR A% A ) B B 8 40 M rh iy A vk B2, HLUL
HREREE T A B R 4 P miR-133a-3p AY 7K F AR,
G AR B R BRI IR BR A W AT A S
Jie oy A, AR W) — Jr T REAE ZENADPHIY
FEAE D TG A ROSIIE L, o5 — vl E A =&
TGS A ATP Ry 4 BB (L RE &, b s 184 558 o 98 40
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it XoF 0 45 AR 5 1 3 N R B UYL MR R M, 4 A
A 375 S R A0 O T 2 B IR A R PE . miR-
183 1] 3 a1 1F 20 i 1 Wi S Am I R T L Ak 4 i
W5, al o R SCHE B T SIR T Kk
1M J& & v BE G PISK/AKT/mTORAE 53 1 5 A
WEAM g . (HAS—FEAY 2, IneRNA MALAT 1t 0] ]
S9miR-183%F A Mg 2 HEAE T, 5 H AR 245 B 98 4
Jit rp e 1 9 A R R

2.5 3E4RAS RNA 5BhE T 40 i

I T e 96 < 3 4 DA A R — T A M e, D
i 9e v A AE — 2H B AT 2S00 T 20 AR A A At T A
W R IR T4 ( cancer stem cells, CSCs)
BA AREH 2o b iEae, AR AR IR 2 AR
TERBE ST, I AT B0 g X AR 24 4 A T 2 1k
IncRNA MALATI1 . IncRNA THORZ® % Al 454 Jf
WARSOX2 ., SOX9 mRNA f4 £ i 1t T 412 #F 5 9 41
04 40 R PE YT miR-19b/20a/92a Al {2 9 B 9
CSCsiy H I G FEGE /1, JFRiE 5 9 CSCsI
DA IR BT I 0 Ler5 AN IAR B CSCsHY
Iy FRRICH) . LerSBHME B CSCsmiR-13245 Lars
BFPE 988 CS Cs B o3 4b 5 A 4t i 35 5k B b 388
A AR ) R AR 2 O BEEESIRT1AY K3k . SIRTI
Al R O AR KGR Sk FCREB, & Al
ABCG2 A sh T 4555 T Ler SPHYE B i CSCs Ay Tiif
5P E B CSCs T miR-25 1] &% 5% 5 0 & 1
WEEGsk3 B AU, gk /D B i 3 & (A 7 4 i
BN S, B M A0S IF 5 T R IR
WG SR A WARIEZ R CSCs A TARic I incD44
EpCAM Kk,

2.6 E4T RNA 55E2E%

AT TR, o A P B £ B M T B
WA B TR &R L kB, [RAT SO 4R )
(0, A 2 A RN At FT 38 Ao 97 4 0 35 PR 1) 2k DA il A
LRSSl BT, Wwnt/ B -catenin!® 7172
PI3K-AKT/mTOR™ ™ JAK/STAT™' | NF-xB"”%,
Notch™ " Hippo””'. FGF'*"' Hedgehog'""%: {5
T B, R PR R A 3 A 0 AR Sl
YERTS

3 FE4%F RNA NS BEMIIERRBE
RAHLH

n 5K b osd 4 B AR SRR, IR I R A
3% (tumor microenvironment, TME ) i 2 s &
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2 19 I o U L8 R @2 A i T = SN T
ANME . SREANRL . AR T4 T AN AR R B AR 4 A
oy, H 25 38 2 09 UE 98 1E W R O 55 A T8 BT
MR AR, R2E. BB EXLEL,
3.1 FE4AY RNA 5By i M & 3 &

i 5 PA S ) I BT A e R O 5 ) R
LRRZ —, K C ks i 8 I8 s 2 9 )
)& A4 i R B AE ] . miR-6327E 1 8 A 1L
W EE AR B, ] i e 4 =
TIRF R Z —TFF 5L R 3R 3K T A 47 55 9 B 40 i
T A 9 58 F11°% 0 miR-130a ] LA AN AR T =X
BEE AN o, AT N B ML N - MY BA SR
Wy, el fest Ay g ss . 128 . Bk
A i WA K F (vascular endothelial
growth factor, VEGF ) 22 o 83 587 A 145 1Y &
ZHT, miR-377T0[ 6 RIGMH VECF A RIE,
miR-574-5p ) ] i G 40 ) S5 g R R AL
PTPN3 LUfE #8110 MA PK 4 B R LK, i
ZOBTE MAPKAE B8 S VEGFA I K351, cire-
RanGAP1 A3l i #l HlmiR-877-3p A=, 4k
M AR 3 I BRI VEGF A Y 35170
3.2 3EZmAS RNA ShhyE+E X 4pa

oA CE MEAI AL (tumor-associated
macrophages, TAMs) . [B]Fi T 408 ( mesenchymal
stem cells, MSCs) . HHEMAEE T 410 (bone
marrow-derived mesenchymal stem cells, BM-
MSCs ) . MBAHCHAT4ENIE (cancer-
associated fibroblasts, CAFs ) 254 jy J2 i Jeg
Tl BF 35 A0 B 2H R ER X RT DA [R) O D )
MR, RBEER, EHRMBRNAELAS T
X A0 X i g ) A 2EAE D . T A M s 78 R b
FoH Al ik 50% , o2 s G030 B v 3 B A A g A
MR, TAMs 5 M28 B W40 -+ 20 AL, AT AE
Th2., IL-4. IL-10%5 401N 589/ T ek,
A b R A 200 5 R TR A RS2 Y i K T
JE"T. TAMs AT 43 #WmiR-213F A B 98 41 3T PTEN/
PI3K/AKTAS ‘T i, ¢ 4 o 15 98 40 i i) Bt 04 =
Al A7 A 25 1. miR-30c AT i B J iR 4 41
TAMsNREDD-1 ( DNA damage responses 1 ) I+
5, MREDD-1—7J7 [ A 40 375 5 i M 1R gk 24
JE 53 A AR DG M PR B 03, DT S M2 Y I
ML AN TAMS B LB, 55— 07 [ A K mTORTE 5
i . mTORAE S 1 B = B TG B9 T A Ms ] i 4o 1
TIOR8 AR 4 A1) S5 el 20 X it A P B AR B 1
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W, MSCsth MR M A b —HEEMO, A
7T FRMS Cs ] 43 i ik Ak A= K I FTGF- B 11E
THEAMN, FEITRIEIncRNA MACCI-ASITH
Fik, IncRNA MACC1-AS1A] 3 3o % ffmiR-145-
Sp A E i 1D R S A AR I AR, AT i — 2D g
I A0 L 1 T 0 M R 1 R AR T T 2 M . R R TR
FHIBM-MSCsTl £ sh i A Mg 41280, FF ok
i 98 K € B0 TR) R A0 B I C A Fs, B iR A9 B B
() — 43 o — TR 58 Bk /0 B A6 20 M B 55 5L AT A
2 1 /N BB M -MS Cs 3K 75 Jif 98 [11] J5T 48 Bf A % 78 ) A
F, 80 G s o g A $F A= K P F1L-6 . CXCL1S
VEGFRY LR 35, MimiR-155-5pnf i 3 #14l
NF- k BAF 5 38 % 1 ¥ 53 Hil 55 [ 988 4 Jfd 5 52 % BM -
MSCs I HIMEAE T, CAFsIE IR 41 23 rp i 2 5 1
B T 40 A, miR-214 0] 30 2o 300 1) i 2F 4 40 il AR 4
TFGFORYZih, W55 CAFsXT B 95 40 i (7 28 K 5% 7
PE 2 SR Y,
3.3 E4T RNA S54pi ik

A1 A AR 2 8 R A 4 W EARAE40-100 nm
() 40 L A0 /NS, 20 6T s o D A I A A1 2 AT
[E) 3 P, 8% M Jo) PR A B 058 o 30 AR R R B AIE G S
RN A W] LA Wb A 19 T8 =X 4 i 983 4 B 53 s 4 T
[i) 3T 240 B B AR B, DA S e b e GRBR BE BT B,
I SC 4 2 1Y e 40 RT 22 W miR-130a 52 Wi Il
N B . miR-423-5pa] LSRN WK IE R A 42
HE B g A0 A K R IS P R A0 B 39 i R4 8 kT
miR-155-5p Al 8% 7 WA 175 5 15 9 40 i 1 EM T i 72 F
il L ARAT X A2 BE T 257 cire-NRIP 1L A B
SRR T E A M, G T B miR-149-5p i
FEHMBAKTIA R, 400 S mTORMS 5 18 %
5 W g A0 R AR I AR B A B ORLJZE  45 A8 T L
PRI IL N S ARG R, S SRR R i i RN A K
SRy VA AT SE Y R LT 12 WA T AR e B I A
3.4 JE4EE RNA 5 ZE I §IHEAE

A G 15 RN A I AT A1 5 Jof 96 B 92 4100 1) 0 B0 355 1Y
. B nT @ T AmiR-200b, miR-152
KA #E 5 H B S B7-H1 M %35, B7-H1 & —Fh
PSR, TR BCAAR S T 3R A PD- 1
( programmed death 1) ARG A, NIiESTH
I 4 O T 00 T 400 R 3 B, A B T R A s ik
T A AT O B e 2 2 P I Vi ) A B 4
AL R R BT b ) LR ME AR, FLR mT ek
B PETAIMTH-1 . 20 6057 1 0k 00 200 P b 3], v ok 2
1A sk 2D A mi R - 347K S R 4 i LR i U A UK
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FHEELRAHER, kM e OB R TE B
3.5 3E4RAL RNA SHL SR

G R R T R B — T B ARAE, T iR
S A S HF1 (hypoxia-inducible factor-1,
HIF-1) B/ 4, HIF-1 o 1764 [5 40 iy 3
K5 AT AN [R] 5 T R ) b R AR AR T, An e 4
M HIF-1 o B RILA] FHmiR-574-5p i F )™
HEVEGFA"™, FiHmiR-338-3pi ik SOX5/Wnt/
B —cateninfE 5%, EWAMIMAHIF-1 o BFI57]
T miR-30c /K- LI HNT A M s 75 Jift J8 13 2R 855 b (1)
BT S AR g 9 A A A TR EOIR S Bl SRR
T A g A0 AT PR AR HIF-1 o A2 miR-301a-3p
IR, Jo & ANHBEMHIHIF-1 o AR, 10 AE
Rt B E K . BB REMTHRE, B —
1E B A5 4 B 52 ) iR 0F A, 8 mT DL R JE X
G WA 55 A TR AR B A A T Y B R AE N HIF-1
AR,

4 JE%ED RNA EMNBRERENSEE
& EHREERE

-~

4.1 JE4D RNA 5@ 124+ H

W TR TEFFE (helicobacter pylori, HP)
R R B EOR I £ 2 — . B ETHP A i 5
B g AR AL R BT T, R R A 2 g 2
EHRMIGRNAS 5iX —id # . 76 HPER YL 9 15 96 40 i
R MmiR-1915% 8 M . miR-222-3p LM,
Y BRI RAGE . HIPK2 5 PR 2 %5 fith 8 #4410 741
s SRS N EE R M OCIEIMA (eytotoxin-
associated gene A, CagA ) JEHPFEM T A
T, CagAHPEHPEG ) Hom B H A E 20
I R BJG o CagA [l i P miR-155/KLF43
e i B L R A0 B ) v R R HP i e B A
FH A FEmiR-150-5p, miR-3163M KK, HIH
Al A PO LD 338 i 40 At PN 5 R A R R e
JE AR DNASE BB H FHIMSH2 . MSH3,
M [F] 52 B D N A K2 4 1% 00 FR R B B T A
AfaE M (microsatellite instability, MSI) B
., AR TMEN LA RS, Hpiik £ b
(lipopolysaccharide, LPS) L0355 B N K 41 il
B4 . LPST] 5 20 M 3R I TLR4Z AR 245 5 15
FmiRNAH AR RE A A0 G Dicer iy = A, 4k sl 2>
miR-375. miR-1063% kK P #iGJAK/STAT3
S ™ i AbmiR-37514 A] 3 1F SP1/MDM2/P63/
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Dicerif B§TE Wi — IE S H #5245 . HPIA /] 15 B B i
A e g ki, M EImiR-152. miR-200bL) |
JAB7-H1M k",
4.2 JE4F3 RNA 5EMIMNBIRERZE

1 B4 G2 Ak B R S L T A S R Y P A
HAREFHmiRNA hsa-let-7gn] & 5% —HLH, &
FEHL,0 A3 R i B d i rh R N, AR
H,0,4b T B 968 40 M i 98 T, IF [l 42 98 > DN A 35
Gits 2 R G S FE 1 Rk BbAh, EBK &
( Epstein-Barr virus, EBV ) Jji /84t vl 520 B
kA . EBVIREEA] A MG miRNA, FE 5N
miR-BHRFsfImiR-BARTs W25, ¥al &5 H &40
Jio P9 R A 3, Bl UmiR-BART20-5p A 7% ¢ )5
s S 08 T 3L B A DAY 2 3k LU JF B 5 4N Y
U T AE Y,

5 IN 2

e ASRNAANALY I 8 i i 3G 58 . PR T
B RS R, AT S5 R R BT
oL UL B AR 58 IR R A 5 B R AEPL, =
1 Z P A5 5 B P AR O OGR4 F, th ok el
WHAE B E AL, n] RO A R R 2
Wi b 35 W TR T . H AT SOk 2 A 1Y g2 D
miRNA %% 5 5 W AE A % 0, cireRNA
IncRNAJy H b JiF 8 45 40 A9 i B 4 82 X
IncRNA | cireRNA AT SE G PELE G miRNA, B4
P R TIR A . cire RNATE M H 1
VB &3 ARk A w0 A6 DGR RY, 76 8 e i Bk
AR HPLHI A FR i — 29 . 7840 IR aE S 5
RN A 2 0 455 A B Jin 8 % i g & 2B HIL il i) 2
fif, R Ry IR B4 I PR A2 9T R BT Y L B R T 1k
3E 4 % R N A 76 A ofe g8 ] i — 25 FF 4 Ak 4 AS ]
SRR BRI, T [R5 P — R R B Y B 0y
WE” X HEEYY . MRRE YT R R B
R,
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