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[Abstract] Hemophilia, which includes different types such as hemophilia A and hemophilia B, is a hemorrhagic disorder with
inherited blood clotting abnormalities. The main clinical manifestations are spontaneous bleeding of joints, muscles and deep tissues
or repeated bleeding after trauma. It often starts at an early age and affects the whole life. The treatment of hemopbhilia patients is still
dominated by alternative therapy, supplementing the corresponding clotting factors. In addition, non-factor drug therapy is adopted
such as bispecific monoclonal antibodies and gene therapy. In recent years, the research on the pathogenesis of hemophilia A has made
great progress, which is no longer limited to the mutation of the coding sequence of coagulation factor gene as the only cause of
hemophilia. Many studies have found that abnormal expression of non-coding RNA (ncRNA) is involved in the regulation of
coagulation factor VIl (F Jl[) mRNA and protein, which not only explains why patients with normal F Il genotypes still present with
hemophilia A, but also provides new directions for understanding the pathogenesis of other types of hemophilia. This paper reviews
the research progress on the regulatory mechanism of ncRNA in hemophilia A.
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M2l A e A JE — B B iy BE i 7
(coagulation factor VI, FVII) D RE G [ 51 AL (9358 4% 14
MRS, KEILORAZ 6, REERNITR £
AP BT AIE A2 T, (H B ncRNATEXG
KA MG b B A B R s, HAE LA A T
FEPRYEEME A 30 2 . A0 ncRNA 1E Il A0 A
TR PR AL HE T 400k, DI AR R A B 4
PRFIIRYT MG HE HERT 10 R

1 HE

11 AR5 IACH 253 R A A R A
5 B, AT e T EVIE B i Y 7 IX (FIX) & &
V8D B P BT 5 | A A ast A P LR I PR o BRaX
PR WA ZE RSN, I AR i A4 1L A C Al H:
128 I PR R = A S A o

1.2 IRARERI A0k EZIRREI T . LA
PRI B R A5 s i, 5 SRR |
RS g AR R S A R IR
B 0 i 2 2 A AEAR DGR o il R R % € i D]
TGl 64~197 U/dl, B, PR BRI A
9o REUE ABE Il AT M Rl o <1 U/dL. 1~5 U/dL
S~40 U/, FE B I ACHS FRAE F 4T H &k L,
BORAET O  HBE Il AR 3 M B/
ARIAT5 & i, H/RE AR R AR
BFHE A RERIL, W s H kA e A G
SRFARSG . MA B HE LA B A SR
S Ry P R G . TSR SR RER, F
& Mg M 55 G . CIETIE . LA S5
AT REURE HE G2 R, ARG B RS,

1.3 WATRSE FTA LB E Y, MR A L
809%~85%, LA B 15 15%~20%. 75 B P A B,
L7205 A B K99 2249 0 1/5000, 1L A2 B Y 4 9 %
25 1/25 0005 . Lok i A R AL WL . PERA T
tE AT R, FRIE I AN 1) RS R h 2.73/10 T3,

2 MARAWRTT i

H R AC0% AR B BAR IR %S, LUEH
XF BV 1k = s o R 2k g i 2 ARy o 3, RIkb
FURE I P I DR S EL R I RTHE DL SR BT
SATSR RV 2 0 TG 1 ) A, 0L S PR B S P e
& Emicizamab GX FHHTIATT [ A 454 FIXa MIEX , #E
PR R AAEHD G, A IIACE A R YT K
TOEar RS, HIHOREEIER EL, BT
P8R e 22 PV AR EE LG Y7, 1) Emicizumab 5 FVI
S LA EE MBI ICA A RIS, AT RE 23 i i A% T8 Bl
B RUET, E RR YT R H FTME— AT REAR YA I A9 1Y
TRYT B, LI Lk 1E R P8 DA SR R s T SR
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HYFEDA A U B I PR R ek . B LAY I
A R R Yk S 8 iR A G 95 B (adeno-associated
virus, AAV)ZEARALRE FVIIAY LR, 3 i 2% A % )
I8 HCE AN Y AR RS, SCI FVIAE A
AN E RS S-SV | /1Y (W R LE SE R P = Brist luk 12
B, HAF TR 7250 WMk s it S .
H I A A IEFESEAT Z 303 PRI il ge, (HACHA
1) 22 A R R EATT A TR IR

3 ncRNA I A% A BIFE XL H

3.1 miRNA
3.1.1 miRNAZEATIEE )L T4FR, ncRNA KA
A R B RNAFE SR, B8l I &
KA G EE AR A, R, /MY ncRNA 411 miRNA
S5 T2 5 NBEmA LT, miRNA & /)
RIPYEME H5E ncRNA, 18k 18~25bp. 7EAALN ,
miRNA 75 JGif & RNA R 5 11 5 DNA 45526 1 pri-
miRNA, T 5412 2 408 5 9 A= il 7 L8 25 2R
ZERAY) pre-miRNA,  7EZH A5 Hh BRI T RCM i
miRNA. miRNA i i 5 mRNA A9 3 JE#H15 X (UTR)
iaNnT, NS 5EEEED AT ZEE
UESE T miRNA TE A 92 ) B 2 DL S miRNA 4%
SR 5 OB Z ] 5 BRI, miRNA Gl
mRNA R A0 ] B 16 5 S 5 1 ) B R S
e S SR R R A R R A SR R R )
3.1.2 miRNA S5l AW CHR AR R A3,
HB43 I A2 A R B B VI R 2 b Iy 30 95 AT AT 2%
AR, 219 1Y TR LA A R RN 3% 1R Bl
JE A A B, ARSI FITZEARDT, Beah,
LA A BB B 28 A8 2 R0 5 1 /2 G A 7™ F A 5 22 [
TCH RS, ROMAERS W e . ol i A&
I A KB ] WL ER E A (] 9 28 AR 2 U0 o e IE 4R
TR, MAIR I R ARR T FVIIZE A8 S A7 A At
B TR o FERLE A ARG, FIUIBER & IE
HH, 8 IR0 P T IEHE KE, (HSEkR L VI
B IRAE FAKPRE,, XAEH T, FIUImRNA
3'UTR U 7] 1) miRNA 7] B /2% 5 20 A A BB I IR
T A BV = ARG R R 0

NZEFE A P EVHTVRTE B E B9 miRNA K £ 25211
i A 31X 4 miRNA 19 L R (1) 3k K7 Rezaei %12
16 FVIFE H & BT P miRNA g 26 X 4, 5641
TP X I AE A 2614 1] BEJE T miRNA AR & 2
iR, Xk e S5 K ] BB Ze 4T Dicer B BY VI I E
R miRNA, AT 2 X F VIS PR 42 (4

Jankowska 2RIt 2 TG F VIR 58 2% p 2 3 fineh
B LA A BB Y miRNA PEF 705 001 T S2 56 50 0E
B T I ACHE A BB Th BCOE H 6 IR AL ey — 2]
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miRNA, i —PF R, EiX 2L miRNA 7, miR-
374b-5p I miR-30c-Sp 7 g i 2235 FVILAY A ATk
FeikP2P, Jankowska G HE— 5 UFE 5L T i # 3K miR-
374b-Sp B miR-30c-5p IR FVIIAYFRiL, H miR-30c-Sp
PR TR PR ik, DAL A9 &% B miRNA
X FVIBEE R ) 22k K- BRI AE A, miR-374b-5p Al
miR-30c-Sp A [ 145 F T mRNA F) 215 FIHHE
Sarachana ZEPHIN A T 677 BlIf A 955 A FB 2, KT
KA 23 IR K AR, S BIUAFAE R 578,
R I 49 55 10 BVILER (A Y — 45 40 = L 1R 7 51 5
BARME, (BARFRIN AR, 7N A5 A B35+
AT BEA G 5L N 7 9 A B AR LUA I HL IR AE o 1%
gk KB, FVIl 3'UTR B 931~937 {v s K% TR P51 5
AR miR-1246 7571 (1) 2~8 37 45 1) 2 ) E 4D P 51 5 4
VEFe, ] FII mRNA & miR-1246 FUIRES S . 5
fEEREHEARA L, 1A A SR NI AEAS T miR-1246
A, AR A A R, miR-1246
(2R AT B M P B = 10 f5 AP

AW LM, PR miRNA & —41 555
P RNA, AR PV L, S35 PVIEE Y
B B MARBUN ML AR A, I3 FIUIT5E A8 i
ABE B EFEE . Jankowska ZE2 & B, miR-19b-3p
Fl miR-186-5p 7% FVI A7 51 e A= 578 ) o B 1l A A
H#FE v FiH, Sarachana ZEP4%T o i1l &2 9 A BB # VEAT
TR HE, DABAIE miRNA F 8 8% 35 1l A0 A
s BEAH O A 15, miR-4521, miR-1246 Fll miR-181d
FEIMLAC S A B TP FIA O W T . Willeit 5502
58 miRNA 7 1Ml &2 96 A J8 3 ok BVITAY 45 46
I AR A B miR-128-3p . let-7i-5p /K P T [,
miR144-5p . miR-374b-5p, miR-30c-5p. miR-6803-3p.
miR-15b-3p. miR-483-3p /K F-FH . LI EBFGE 45 Rk
52T miRNA FEJAE FVIIR Ay A EZEAEH . eAh,
R B 22 (1) 4 2 ] miRNA 845 54 5 BVILERFE AH
K, XA miRNA TE LA AT H A AL T —Fd
AJRER, 1 RGE TR O A SCRERRE Y I A A R
HhEA 2 51 miRNA,

R A AR BA B 255 1) miRNA
Tab.1 miRNA with significant differences in hemophilia A patients

EiH

i

miR-19a-3p, miR-30b-Sp, miR-19b-3p, miR-30c-5p, miR-93-3p, miR-29¢-3p, miR-5701,
miR-424-Sp, miR-151a-Sp, miR-361-5p, miR-425-Sp, miR-16-Sp, miR-324-5p, miR-12S5a-5p,
miR-191-Sp, miR-664b-3p, miR-378a-5p, miR-454-3p, miR-29a-3p, miR-421, miR-18a-Sp,
miR-3607-3p, miR-128-3p, miR-374b-Sp, miR-186-5p, miR-144-5, miR-374b-3p, miR-4521,

let-7f-5p, miR-221-3p, miR-320a,
miR-106b-3p, miR-93-5p, miR-196b-Sp,
let-7g-5p, miR-378a-3p, miR-149-5p,
miR-128-3p, let-7i-Sp

miR-1246, miR-181d, miR-6803-3p, miR-15b-3p, miR-483-3p, miR-15b-3p, miR-5581-3p,
miR-542-3p, miR-1297, miR-30e-3p, miR-34-Sp, miR-532-5p, miR-7-5p, miR-874-3p

Jankowska LEDTE T . miR-208a, miR-351 Fl miR-

125a P40 6] /NEL F VT mRNA [ 3'UTR,  Jf3iE 5253 4
miRNA 7] FEAK /N L F 1T mRNA (1) 2635 K . 78 N YA
Pk FUIBE R 372 A4 FVIER 1 i/ B e b, X s
miRNA 1) 547 35 R T F VI mRNA F7E (193K,
FIAAE/NR P, miRNA WA FJEEVI, 5 AZKI10m K
95 A BB LS B 25 SR — 3,
3.2 KHEIEHHY RNA (long non-coding RNA, IncRNA)
3.2.1 IncRNAMIZERINEE  IncRNA B —JHfAK
JE it 200 > A% H R 19 neRNA, 5 A8 5L A 4
ncRNA 1 70% DL P, 48 ER 73 IncRNA H 2441 i
FEyEam A, H AN 2 Rk . IncRNA % 5%
HH A AR 25 = BE O Sft 2 R 1Y — Ak (H3K4me3)
Jadh, HRNARGH T, HA A2l
T mRNA, {HABHREEE A R,

IncRNA 5 miRNA 4 H.AE FH JZ: IncRNA/miRNA/
mRNA X 2 % 5 /E A9 SE Al o IncRNA RT3l 0 LR
37y A miRNA: (1) H T 4548 /& 22 i AR U
IncRNA 7E L P4 85 U 1 3 A s B BHE D miRNA (9 FiF

R, 2 5% % miRNA (90 T sk, i H 36k 1
S3[EU (2)IncRNA 153 7 miRNA ¥ 45 (miRNA—sponges)
WM, Eid A5 3'UTR 5% miRNA
SEPR AN EY AR 58 4 H A DL FfF— 2645 5 1 miRNA,
AT BE BT miRNA X R i3 PR g 4, i S5 0 4R o
IR e s, B A 5 55 4R 9 TR RNA
(ceRNA)MIVEF, #7H miRNA [ ik, F—ERE
AL A DI fe KK o (3)IncRNA 5 miRNA
5 ek 45 A B JE ) mRNA 9 3'UTR, (8] 42 37
miRNA X3 PR %) 67 g g, i HoRsuE MY

3.2.2 IncRNASIMAIRAYFER  Liu 200 17 61 BV
N 22 (818 M FESEA T RNA T, R BLILAT 3444
mRNA F 5EAS 1 20 IncRNA #5 S AR 22 e K3k, Hoip
200 1~ mRNA Fll 121> IncRNA [, 144-]> mRNA F18
N IncRNA T ; 2557 %35 mRNA FFEH AR (GO) )
Rem A R oR, 5RO DG BE R, R
FE5 T MG AL AR OC A IR R Feak LR, 5 feE
B R AR A SE R R38N R R e A i
7N, IncRNA 22 5 3¢ 1 iy 0 ) I 56 R 5 A e i
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Naderi 25335 5Z, FVIIFRAEAE ) IncRNA 371
(NONHSAT139215 Fl NONHSAT139219), X #i > ¥
HITE T I ACS A R A FRB B IE 0 IRZH T
HLIf A9 A R 3 IncRNA Y5 238 AT BE -5 1 A2 9 7™
FEREMC, MR REN, T FIIZE R H
A~ IncRNA 781 ZR35 8 I fe 76 58 4 1 A9 A 1 &
R EEE, XX IncRNA #HAT#E— A 0F 58 AT
I A5 26 2R AR A F 1 D i
3.3 /M RNA (small interfering RNA,, siRNA)
3.3.1 siRNABYZ5HIIIRE  siRNA BJK 4 21~23 nt
) WL RNA J¥ 41, P Dicer B U] #I K B4 RNA
(double strands RNA, dsRNA)JEAY, Hiliid RNA T4
(RNA) AW L A 5 S5 T ER . siRNA 5 A %]
RNA % SR E SR (RISC)H, RISC H A% 2H 43
23 FIF siRNA 1) — A EEVE RS, TG EAMY
mRNA, #5584 5 4MY HFR mRNA J5, RISC4£:
) #)7% mRNA, M3 B R ff . siRNA 45 &
mRNA X (AT fa] X 35 L 75 22 56 4 B AMAC X, 456
SRR, AT A 10 mRNA B FIREE, T
46 B85 i KL PR 1 ek, R T BRI AR (1Y Rk
IRAFB
3.3.2 SiRNA 5[l AR FR  Fitasiran J&=—FIETE
THFFEIOTT K R 4525 19 siRNAVRIT R, FIFH R 9K 20 it
RNAi ML e I BRI A BT e LG (AT) mRNA FEFEAIG
AT KBS Z25%) B rkb T MG R i B, 25
RN, HoA T RERInGE M =4, Mg 1k
IR A 0 T, (R R  RARRT H e,
SV AT AN S . PR 300 ) B AAR ) A s A R B
2R I I RS0 4 15 UE 52 Fitusiran 7€ 155 Hi 1l
HHIEARL, XM R AR R R T —
Tl A8 T BJ 1 9 e 1 71

4 REERE

VAR, I8 B o U T g S kR . i A
s FF B TOUS A i AN A T TR A T A e A
e, HARWG R R R o R A Y A
BUHIAS AU R R B il P2 R A, IR AF 7RI £
ncRNA 25 B Il 7 5 5 75 S I AL . miRNA
W35 HFR mRNA B 3'UTR S 4, REGS LR S 1G |
e SR AR I DA B S A A S5 AN ] B B 1T mRNA AT
EFRIB B, AHC miRNA 5% £k n] R
FII mRNA F1ZE 1A 8, IncRNA A RE 38 o 9/ 45
miRNA {2 15 1) BERS 2% F VT mRNA (R 7EH
FEALFE 3 F T AFE b miRNA B HTR, 1R
miRNA ) 7 47, 5% 5 miRNA 35 4 Pk 45 4 80 56 [
mRNA. siRNA 5 A %] RISC H 311 1 Hi 45 S 55 48 2
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FF10 %) H % mRNA & RNAi 3 FE AU A% 03843, siRNA
1R97 77 Fitusiran i 35 RNAi HL U] E) FIFEf# AT mRNA
FEFEAR AT K, DAL 2 a8 B 1 D BE A FH

ARSI 2 B 5%, BRI T 3840 M A s i
FHHNAIT o TEAERVEE, 2 70% A I/ 9% £ TG
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Al SANE H i T SO A 6 B B N B . ncRNA B 5%
P E—RIE R . KRG A R AR, AR
I A5 ST A SRR AR AR AL T 88 2 1 n] e .
B X3 2 ncRNA [ 7 76 PR 2 LI 9 PR AT 55 1T RE >
W, TS AT AR PR SRS . teAh,
TR T f# ncRNA 5 FUDEP (9 EAEHT, A]fE>
W R ARG Y sR T R RS %
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