- 16 - R P RR 3 2020 4F 1 A% 37 555 13 ] Clin Intern Med, January 2020, Vol. 37, No. 1

1L A5 & PR32 W 1) BAR SR

[RiA] SEHEBWG; AR A;  ILUAOR B

LA J5 25 UL 38 A5 1 I P50 , 7 A(HA)
F1B(HB) P 7% 35 it PR 458 1t DX VI R VD) 35 P
(F8) B IX (FIX) HE A (F9) ik i 3 BUE 1Y & Bk B
BT SR, SO A, AR A B A e Bk R
(WFH) 94511, B HA & 4= K 1/5 000, HB 25K
HA (79 175, BP0 (0 % A 5 el R e, 3k E
NEARZ | A0 B a3 \NBE %2, 3 b i A%
PMEA G, AT TF R I A0 35 15 B TAEL
o, HATILE 0 R HA B3 B1%Ch 23 000 i, HB &%
3600 B LR, B S B O A R I vk
(AN WTECEE | %o B A0 I A BB IS W R it ey | R %
A BTt

— & fwE) & L

F8 JLIH T Xq28 , 421K 186 kb, 1 26 >FM g 1-F
25 NNE T, FVT mRNA 2K 254 9 kb, 44
2351 MR FL A N 2 IEE, b dE 1 4
19 A FERR 20 B IAF 5 IK, BB R EE B 2 332 2
FFR LA A1-A2-B-A3-C1-C2 977 XHES , FVILEE 14 43 0k
AL, 76 103 55 A8 P i A9 R F (VW) 254,
PL VI vWE 59X A TE, 5 & T kasE FVIL, By Ik
Hood R, F8 JERIZS A E R, H B HA IR 5
AR B L Hr I K P 22 BI04 A FVIT
FEABZ (FEE HA 2 F K HLH 8 42% 2 5 m &
F UL R EAIHARI2% ~5% ", Higy

W 36.55% M & F2208 ((34161)

Bl 2.57% A & T 18 1(2410)

38.05% s FEAR(3554)

E= 17.04% /I F BUk SR/ N (15961)

[ 5.79% X F7 B8k Skl A (544)
A

B 1

DOI;10. 3969/j. issn. 1001-9057. 2020. 01. 005
YR AT 1200025 1155838 A B 2 e B i i 4 s Bt Ao 3o Rt
THIRMES . £ 2% E-mail :13641653074@ 139. com

- ZRIR S YR -

LT RERZAARRI R, BT, F8 B KA EL
P ERGE T 2 015 RN A2 A5 2848 FE A
B R A TG RS B 5 AR A NI F8
LA S B i B0 e B 5 b RURN AR R oM AR
86% ML L FAE . EG 4 IR BE sy BN 933 1l Kk
S HA B K 393 BIHUE HA B 1 5 R 98 A0 15 iiF
TTHETRATHT (B 1), 25 58748 JE T 55 98 AR B 128 11 41 i
ERAEMR

FO JER F B /N M T F8 S5 R Jy fif o, K &4
34 kb, % 8 MAME F, FIX mRNA K29 2.8 kb, 4t i
461 A LR A Y 22 IR A&, 2845 5 IR il A0 26 14
FEVISRAE 5 IRREIK , O 20 B3 Ab | —mid e al L &
B 12 D IERRRILA TS 1 R R AR T X
64 (i KA AR B RASE — R 2B 1 5P &
415 DMEIERR PRI FIX . FIX R 2 A8 4% 2k 4
AFIRAE BT FO 58 A48 B4l 4 SR 0 28 A8 v a5 AT
1 0947k, Hirf1 24 80% g MRt 5 A8 77 |

— IR mEEEL

52 D12 W T LA SEORE b I A S SR
JEIT LA E R & THOR X KA A T B
A BB L PR T 2 A DG WA AR I A
MR LTI, 1A s B 3 HE AT WA 1 2 112
AT BB 1R 7 1 2 T A R OB 1)

36.64% A & F2208 (r(144%1))

3.05% M & F1EBIAL(126)

33.84% A FEAE(13361)

17.56% /s Jr Bk SR/48 N\ (69))

8.91% K Btk /4l A (3547)
B

OENEN

LR S AR BT A5 R (A 1933 (9 SR M S0 1) HA FB % L [N 548415 B 393 (i BUR HA BAE HEIA 5875 1)



R P RR 5 2020 4F 1 A% 37 555 13 ] Clin Intern Med, January 2020, Vol. 37, No. 1 - 17 -

FEIZEARY | ORI 2 A9 H s B AR IR 1) 2 R 8 AR
I SN K A RO X R [ S AR AV g R
WORTRATY 7 R it e B AR R b, A7 S R
SEPT I A £ AR IR YT BRATENT H R
W 4 35 PR32 W S g B i DR W A7 A 1) i) R — i
TR,

1. HA LRI LR

(1) W& F B R . N &+ 22 B2 20%
HA HBEB0R 2848 | & 459% &/ HA H 3% 10 B0 %8
AR NE T 22 B2 F8 R 22 NS FHH
Int22h 551 5 3L B A0 0 WA 5 2 5 B R 19 77 51
(Int22h-2 , Int2h-3) Z — & A= e o 44 9 19 ) 5 2 4
(El2A) , 53 F8 BEHTESNE 71 ~22 523 ~26 [H] %
AW R EE A BIE B B EEIN - FVIL, T2 A HA
P& 1 B R4k N & 22 BI6 S BRI 5 — S
HOHA WEZRHILEH, ZRNEF 1 NH Inth-1 53
PRI A1 i B [T R 4 471 Inth-2 22 A= Y €6 4 P 1) ] R
41(F 2B) , T2 FVIIE AAREIE# A AL, B, 1k
T2kt HA BB F8 LN &+ 22 I AN & F 1
BN TARIN T A PN 5 22 B iy 2 8y ik
J& Southern Blot 3%, {H1Z )71k 2 sk 3% | HL75 B Adi F 2%
Sehricd, AR T E RN K4 PCR(LD-PCR)
J7iE &M Steve Sommer ¥ 3 i — Fb ] 8 14 N 75 F 22
TR ol e O (EN S el R S D = N 1
11 kb1 12 kb, P IZ ARG 7 i xR Bk s
Rossetti 258 Jf] 2 5 (% PCR(IS-PCR) (475 1 #E4T
22 I BRI, B AR TR Y R A B N (H T
HEORKEA DNA (1 ~2 wg) KIRZ LB, H
AR, R ABAS RAR 8 AT A S, T —
44 LD-PCR F1 AccuCopy $ AR XE 2 1 J7 %X N &
T 22 FIEFEAT R I A v b X 3 45 il AN i) 2
AR (7 44, A5 PR 2 22 B85 6 0 48 R 44 N o
PERBEI TARKIETE, M & T 22 BN &7 1 1
AN 285 5 R MBS, FRATT 75 255 18 LK 1 4w ith )3 51)
EF TR

(2)F8 HEKH 26 A~ 5+ S HLAM B 1y 51) fh) 5 DR AS:
I 43 04 % B8 HE N AY3E 26 ANAME T K 5 A 3 S
gt X BTt 5 19, i2 ] PCR W5 08 ik H
B9 R Beit AT 48 | B 5 R Sanger TR R 5 /Y
il A 2073 AT ARSI H 4 R 4 1Y B8 SR R
AR, A FE /N B O A A L 2R (TE LR
S LA ) BYYI pi 28 A A5 F8 JEH SR 14 5-4h
BRI F R B, iZANE T S FVILER 1Y
B X, 2 i MRS X Y 43% A WF5E 0 R, 21%
SARA] K A AR ZA BT X B B 2 i/ B Bk

J Qe fh A EH

Qe fh A EH

2 NET 22 IR 1 EIAUR B (A NE T 22 I
B: AT 1 )

RAFEAN (L5 47% ) , AR B IXTE FVIEE (A At 72
W B U, {0 & A 7RI X B (1R 3 R Bl A8 ) ] B
FVITER (A o3 oR 12

(3) AL L W 6 T HA & T F8 LR
P K BLE5M 5 2%, B A 1R AR SR 3% ) BOmT LUK
s AL B T I 2 W T T HA B4
HEIHNS T, KA R 2 A AL AU i s
1 TR A3 HT 8 T 1 T LA o7 5005 56 PRI A 118 G £ AR
RIS Z PR S E B SA ABE TP A7 22 5
P, ANAERRSE b XA = 12 WA 8 A 19 A6 55 (STR
CA12 CA22 Bell) 76T B ABE B (5 B 21U R 27% >,
ARG IR T 5 A b BN AR = A& 8 #r
PSS AEN &, FIH 2 8 PCR — kY34, RiTiR
BIRETTIEH] 99% DL P AR I Hu Wk kh T H B2 Wi
AR AH R TR R A 5 et | i A B AT P B A of
S RE 5E 4k G0 i R 5 4 B & A 6 A R A T
A,

2. HB J:H 2 Wi 2

H T F9 /N, IR FH B A IR I 3y ik ik
FTHEP 2 ARG 5 KO FEPIANE) 6 A LA s it £
i PCR ¥ 0] HI T HB At (53 500 , (H At Te vk HE
B3 IR E 4 A & A o L SR A T3

3. REBR I A RE A 1) S5 R ASI 7

(1) ¥ DUECK I < 32 b 3 35 DR 2 I O ek 6 A i
XF90% LA 1) HA f8#5 4 3 B A 1 B K2 8 (BT A
10% Ze47 B 3 o e £k 2 BH A Y 28 A8 07 5, 7 B2
M ARIETT IS W, FER P DRt S EEA S



- 18 - IR PR 2020 4F 1 H%537 555 13 ] Clin Intern Med, January 2020, Vol. 37, No. 1

IR I — L R AR (R R DU R R
REA | 22 5 34 AR SRR B S R (MLPA) 7] ]
TR R 4 DURCR AR Ak, oS HE DL | = 4 DL 4
#12% AccuCopy Je—FhE Z H 7 4+ PCR 9734 Y
FER 1 IEF 75 DUBUAE SRS B AR 7 R R AR
AT H B9 A B i 48 DUEICE LA ke, R4
X 10 B 8 7 1 R 4R 380 R S 67 s i HA B
FHIHAITT AccuCopy #4 Il BRI S X B A T H D%
SEH AL, O HA JERHS WAL T 0] 58 19 ¢ se R U
FB,

(2) NGS ( Next-Generation Sequencing ) i Il : NGS
MBR AR HAHNT T Sanger — A0 111 5, 2
M TUAT: e JR JE SR 18— T vy 2050 238 190 366 DR 1 g 3, HL A
DR EE RN BE v S A AR I R AR 3] 1T
N QbR O A A . Sanger I T S e 1A
H AR P51, {5 NGS I JE 2R, T NGS J7
AT LR U Z AR o B B il ande LR}, Z2Fhe
RAEPNG Z HITCTE R BOR BB A BEE NGS i
ia ORI 22 1 Je R 15 21 T BB I L 2
BT NGS Jy iR i B 15 B AR K, W fa] it 1)
FE R EAT BRI U S R R AR
B ARMIE A B AT . Jose S50V HEST T — Bl AL X
F8 F9 1 vWF 3 [K i) NGS ¥l 41 &, %} 102 344
(97 19l HA/HB BE 1 5 0] 2 P4 & ) #4717 R,
HAZWi R A5 5] 99% ; i ] NGS Jrikxt 18 SEH kAT
I3 AT A BN 25 - TR BB i o 5748 S, IX AP 2R AL (Y
AR AT A W] S R R i rh R i A Y R AR X R
frr i A B Y I A FH R RIS PR R T kR e R B 2
PR S8 DR A

(2) etk HA YRR Wr . ok HA +r 80, |
e BV ORI A M I A e A 2R AN b AT R0 5 AR R
F8 JEPFEA AN i , #5 6 & B3 DR i g, D)X Ay 7. 2
PRI AR A2 W A BEEME, LI5S B2
3 ilZetE HA B iy 2 53 il 8 & 22 I F N
T BN BN ER HA, H ) — 4 X e {kIERE
PG 5 3 1 20V R3S A AR AU 58748 S B AL I
R A W EARY

(4) R e  MLAIE SCHRARGE , K2y 173 1Y HA K
RALFKBERWEERR N TR KR, B E2H
i HES W R B2 WSS & R, (HE R R R
(A2 W e 275 TR A B R 5 IR (W AE A, AR DR 2 X6
2005 ~2016 FHRBEFLIZ Y 393 A HA KR IMFHEH
RAZIAT AT R I, RER I HUE HA & BB 4
W, B B R AR R U5 PGB B B R B AR A (60% )
BCRESE (12% ) ,28% WIHIR (38 A R 53748 (R4 g

IR RAEHUR R F PR Ll
= I B E 12 W FE B (6]

T I I W T LA B W e I R 4
FRRBE AR X950 5 56 PR 22 8] 114 56 2 A Bl 4 i ok
258 A (0 JR 1T 22 7 48 JF T # A i T 20, FRAT
JIT TR I 19 T A, A 355 B AL

(1) FARIAE . LA F8 HEPRI P 7 22 BRI A 451,
IR 2 BH 12 AR IS, ARG 7 A LISk | K610 7k AR e
B 48, M Southen Blot ,LD-PCR ,IS-PCR %] AQ-PLP
SRR (AR N B 22 (B AR RS I ik R AR A
B P IR By ol | 25 Fh AR 2R L Y 35 22 B 2
YA W 4 B, 240 L 4 5 s AR 1) s AR RS 0 238 T 3k 3
2% RS T HUR R R IEH RARR R, RATF]
JH AQ-PLP £ AN 1 BITCS M 2 1 HA KR AT N
F 22 BRI R AU F8 A —
R 22 IR (Ini22h-2  Int22h-3 | Int22h-2/-1) , f:
3 3 0 L RE S 1 25 R 4 R e G SR A I 5 5 3 A, A
NHAEE i A A, DR R ARG & H R,

F8 A1 FO 5k Al 45 F4) 57 i thn 2 532 i 35 PR ARG U 114 — A
WENE W AR SRR 28 ek, P68
T, AEFE R HA R HB B8 TP A 7R 2540 58 (AR
BH 6% 1 10% 7 Gk 55 G T 5 A8 A7 A5 R B A7
TER R B A RIE | e — R B T I A0 2 2
SOp=RS i

(2) B FEX H 2 W AR . 2012 4F 38 E —
TSt 1L A 3 PR ARG 8 3 A 9 A 2 R s 0 AR
A 20% (I AR A HEAT T SRR, 43 A L A
— BB A3 TR I B T Y, JC i AR S A O —A
2R R LR S = AT SR AR TS R B, BRTRTA 1Y
RN AR ply 5 ol i A1 R o % ik PR 58 A8 52 % 1 | 5 ol
PESERE S AR, 35 T 1k 18 B 100% 114 46 00 o 0 %
INEE KT 10 4 8] 4 [ 1l A o 3k PR AGE I F) AF 5
Bl HA I HB 19 3% PG AT 32 1R 430 91%
949 >0 Bt A6 I 47 AR (0 R B & e, B8 2 f
B NGS H AT 1 A2 55 14 35 PRGN , 47545 SR 38 e 1A%
) WA ) 6 R SRR OB B NGS AR 25 A
MIP 43T K 55w  HA F1 HB (A2 W 43 ik 3] T
98. 1% f199. 3% ) {HASSRA Il A B35 16 T A REAl
P R DR I 735 i 30 2 Tk WA 5 PR S 6 a5

ZE LTI M A2 95 e DR ARG 00 JIT 1 6 A ) R 0k
I R T I A S U, Al 55 22 TE A AR I A
TSR IR YT AR AE LT Al 4 = A i 4
SRR, A FERIZ B B0IR ; 22 45 BHTF TAE S T AN
A b A A PR ARG I AR B 43 B RS e 5 2R 5 i 3 i



R PR 2020 4F 1 A% 37 555 13 ] Clin Intern Med, January 2020, Vol. 37, No. 1

.19 -

PRAGBLBIAR S, i R D] 5 i (9 50 2R S 44 A 1
ORI FE IR MR r R IR R

s % X Wt

[1] Keeney S, Mitchell M, Goodeve A, et al. The molecular analysis of
haemophilia A :a guideline from the UK haemophilia centre doctors’
organization haemophilia genetics laboratory network[ J]. Haemophilia,
2005,11(4) :387-397.

(2] PRS2 My 2 A 5 ki gl b AR MR 1A
SRIZW SR T E T AL (2017 AR M) [J]. AR A 4R,
2017,38(5) :264-370.

[3] Lakich D,Kazazian HH Jr, Antonarakis SE, et al. Inversions disrupting
the factor VIl gene are a common cause of severe haemophilia A[J]. Nat
Genet,1993,5(3) :236-241.

[4] Bagnall RD,Waseem N,Green PM,et al. Recurrent inversion breaking
intron 1 of the factor VIl gene is a frequent cause of severe hemophilia A
[J]. Blood,2002,99(1) :168-174.

[5] Factor VIl Gene( F8) Variant Database[ EB/OL]. http://www. factor-
viii-db. org/.

[6] Lu Y,Xin Y,Dai J,et al. Spectrum and origin of mutations in sporadic
cases of haemophilia A in China[ J]. Haemophilia,2018,24(2) :291-
298.

[7] Lu Y,Wu X,Dai J,et al. The characteristics and spectrum of F9 mutations
in Chinese sporadic haemophilia B pedigrees [ J ]. Haemophilia, 2019,
25(2):316-323.

[8] Chalmers E,Williams M, Brennand J et al. Paediatric Working Party of
United Kingdom Haemophilia Doctors’ Organization. Guideline on the
management of haemophilia in the fetus and neonate[ J]. Br J Haematol
2011,154(2) :208-215.

[9] Gouw SC,van den Berg HM,Oldenburg J, et al. F8 gene mutation type
and inhibitor development in patients with severe hemophilia A
systematic review and meta-analysis[ J]. Blood,2012,119 (12) :2922-
2934.

[10]Carcao MD, van den Berg HM, Ljung R, et al. Correlation between
phenotype and genotype in a large unselected cohort of children with
severe hemophilia A[ J]. Blood,2013,121(19) ;3946-3952.

[11]Swystun LL, James P. Using genetic diagnostics in hemophilia and von
Willebrand disease [ J]. Hematology Am Soc Hematol Educ Program,
2015,2015:152-159.

[12]Oldenburg J,Pavlova A. Genetic risk factors for inhibitors to factors VII
and IX[ J]. Haemophilia,2006,12 (suppl 6) :15-22.

[13]DiMichele D. Inhibitor development in haemophilia B: an orphan
disease in need of attention[ J]. Br J Haematol,2007,138 (3) :305-
315.

[14]Eckhardt CL, van Velzen AS, Peters M, et al. Factor VIl gene ( F8)
mutation and risk of inhibitor development in nonsevere hemophilia A
[J]. Blood,2013,122(11) :1954-1962.

[15] James PD, Raut S, Rivard GE, et al. Aminoglycoside suppression of
nonsense mutations in severe hemophilia[ J ]. Blood,2005,106 (9) :
3043-3048.

[16 ] Naylor JA,Buck D,Green P. et al. Investigation of the factor VIl intron
22 repeated region (int22h) and the associated inversion junctions
[J]. Hum Mol Genet,1995,4(7) :1217-1224.

[17]Liu Q, Thorland EC, Heit JA, et al. Overlapping PCR for bidirectional
PCR amplification of specific alleles:a rapid one-tube method for simul-
taneously differentiating homozygotes and heterozygotes [ J ]. Genome
Res,1997,7(4) :389-398.

[ 18] Rossetti LC, Radic CP, Larripa IB, et al. Genotyping the hemophilia
inversion hotspot by use of inverse PCR[ J]. Clin Chem,2005,51(7) :
1154-1158.

[19]Ding Q, Wu X, Lu Y, et al. AccuCopy quantification combined with
pre-amplification of long-distance PCR for fast analysis of intron 22

inversion in haemophilia A[ J]. Clin Chim Acta,2016,458.78-83.

[20]Rydz N, Leggo J, Tinlin S, et al. The Canadian “National Program for
hemophilia mutation testing” database; A ten-year review [ J]. Am J
Hematol ,2013,88 (12) ;1030-1034.

[21]Pittman DD, Alderman EM, Tomkinson KN, et al. Biochemical , immu-
nological , and in vivo functional characterization of B-domaindeleted
factor VI[[ J]. Blood,1993,81(11) :2925-2935.

[22 ]Miao HZ,Sirachainan N, Palmer L, et al. Bioengineering of coagulation
factor VIl for improved secretion[ J ]. Blood,2004,103(9) :3412-3419.

(23] 24, Xooly, 2 &, 45, AR A #5302 K 5 7= 50 12 W
[1]. sPAE IR 24,2001 ,22(3) 1 117-120.

[24 1Ding QL,Lu YL,Dai J,et al. Characterisation and validation of a novel
panel of the six short tandem repeats for genetic counselling in Chinese
haemophilia A pedigrees[ J]. Haemophilia,2012,18(4) :621-625.

[25]Rost S, Loffler S, Pavlova A, et al. Detection of large duplications within
the factor VIl gene by MLPA[ J] J Thromb Haemost,2008,6 (11)
1996-1999.

[26 ] Acquila M, Pasino M, Di Duca M, et al. MLPA assay in F8 gene muta-
tion Screening[ J]. Haemophilia,2008,14(3) :625-627.

[27]1Du R,Lu C,Jiang Z et al. Efficient typing of copy number variations in
a segmental duplication-mediated rearrangement hotspot using multiplex
competitive amplification[ J]. ] Hum Genet,2012,57(8) :545-551.

[28]You GL,Ding QL,Lu YL, et al. Characterization of large deletions in
the F8 gene using multiple competitive amplification and the genome
walking technique[ J].J Thromb Haemost,2013,11(6) ;:1103-1110.

[29 ] Hardwick SA, Deveson IW, Mercer TR. Reference standards for next-
generation sequencing[ J]. Nat Rev Genet,2017,18(8) :473-484.

[30]Jose MB,Jose RG, Cristina J, et al. Application of molecular diagnostic
algorithm for haemophilia A and B using next-generation sequencing of
entire 8 ,F9 and VWF genes[ J]. Thromb Haemost,2017,117(1) .
66-74.

[31]Wang X,Lu Y, Ding Q,et al. Haemophilia A in two unrelated females
due to F8 gene inversions combined with skewe32inactivation of X
chromosome/[ J]. Thromb Haemost,2009,101(4) :775-778.

[32]Chen C,Xie X, Wu X, et al. Complex recombination with deletion in the
F8 and duplication in the TMLHE mediated by int22h copies during
early embryogenesis[ J]. Thromb Haemost,2017 ,117(8) ;1478-1485.

[33 ]Miller CH, Benson J, Ellingsen D, et al. Hemophilia Inhibitor Research
Study Investigators. F8 and F9 mutations in US haemophilia patients:
correlation with history of inhibitor and race/ethnicity[ J ]. Haemophilia,
2012,18(3) :375-382.

[34]Shetty S, Bhave M, Ghosh K. Challenges of multiple mutations in
individual patients with haemophilia [ J]. Eur J Haematol, 2011, 86
(3) :185-190.

[35] Centers for Disease Control and Prevention (CDC). CDC Hemophilia A
Mutation Project ( CHAMP) [ EB/OL]. http://www. cdc. gov/nchddd/
hemophilia/champs. html.

[36 ] Centers for Disease Control and Prevention (CDC). CDC Hemophilia B
Mutation Project (CHBMP) [ EB/OL]. http://www. cde. gov/nchddd/
hemophilia/champs. html.

[37 ]Simeoni I, Stephens JC,Hu F,et al. A high-throughput sequencing test
for diagnosing inherited bleeding, thrombotic, and platelet disorders
[J].Blood,2016,127(23) :2791-2803.

[38 1 Bastida JM, Del Rey M, Lozano ML, et al. Design and application of a
23-gene panel by next-generation sequencing for inherited coagulation
bleeding Disorders[ J]. Haemophilia,2016,22(4) :590-597.

[39 ]Johnsen JM, Fletcher SN, Huston H, et al. Novel approach to genetic
analysis and results in 3000 hemophilia patients enrolled in the My
Life, Our Future initiative[ J]. Blood Adv,2017,13(1) :824-834.

(Wicke H #1.2019-12-23)
(AU %R Tk —K)



