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(FZE] BE  HOTE LR MR A IRAE (PNH) B35 5 LI TR . ik I
Pk 43 A 142 5] PNH B & /0 I IR %6 R, X3 3 4~ & %0 Ifi #2 A48 5% 5 A A 44 [PROC ¢.574_576del
(rs199469469) . PROC ¢.565C>T (rs146922325) #l THBD ¢.-151G>T (rs1698852) ] 5% F Sanger v iE 47
DNA FHIRMN , LLPESR A AHVCHC Y 100 44 (@S R IE R XTI, R 1428 F T, & IF e
H21011(14.8%) , Hodr 2 A kAR , 19 Bk bk , 1R 20 28 1Y R A AT 35(20~67) %, 51k
ML [40(7~79) % A 75 e T2 75 L (P=0.687) ; £ 3 1 55 22 Lo 5] . PNH IIfi PR 73-2¢ \HGB |
WBC .PLT .LDH 7K V- 2% R ¥ o4 124 75 L (P {H34>0.05) . 1440 RBC ki 4l CD59 . 21 4ii i CD59
g 7K SR AV R AR AR T A (Flear ) /4328 14 1 Tl i A% 28 (P {4331 24 0.015.0.005 . 0.004
F110.026) . PNH 540 5 1E % % R 4L PNH I 41 SR AR 41 2 8] 26 1 C &K 11 S BTk i i I 3% 4k
FEH CHDLMLAG IR DY W WG e N R 22 RIS L (P{EY>0.05) . PNH E#HH,
rs199469469 13/ 15 27 1 4 (0.704% ) .rs16984852 {7 s, 275 2 4] (1.408% ) , J— i & E: rs146922325 1/ 55,
GRAZ TR SR I TC MR TE WG 5 1E 5 X6 B2 3/ 3 5848 243 1| 2.424% .0.873%F110.974% ., PNH
AL I H G BE AL PNH IR 21 5 = il A% 41 22 1) 4547 A5 28 78 356 22 S ) T 4 12 o (P 34>
0.05), &5t RBCjPNH R/ NE PNH B KL AR k7 a2 . PNH B3 5 1% AL PHN
AIE MR BE S ARG I MR B E L, 5 WS AL TG RARAE Z i B L UL A ik A 31~ 5 Je%
B R RAR R R TGIT2E
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[Abstract] Objective To explore the high risk factors of thrombosis in paroxysmal nocturnal
hemoglobinuria (PNH). It has been reported that in Chinese patients with venous thrombosis, the mutation
frequency in PROC ¢.574_576 del (rs199469469), PROC ¢.565C>T (rs146922325) and THBD c.-151G>
T (rs1698852) was higher than that of normal controls, indicating its importance in thrombophilia
pathogenesis. Methods 142 patients with PNH diagnosed between 2009 and 2015 were enrolled in the
study. Clinical data were analyzed and thrombophilia risk factors, such as the level of protein C, protein S,
antithrombin 111, APC resistance, blood fat, phospholipid antibody, were evaluated. Samples from patients
and 100 normal controls were detected for the mutations of PROC ¢.574_576 del (rs199469469), PROC
€.565C>T (rs146922325) and THBD c¢.—151G>T (rs1698852) by Sanger sequence. Results  Of the 142
PNH patients, 21(14.8% ) patients had at least 1 episode of thrombotic event. Only 2 patients had arterial
thrombosis and 19 patients had venous thrombosis. The median age of patients with thrombosis was 35
years old, similar to those without episode (40 years old, P=0.687). The ratios of males and females were
1.33 in thrombosis group and 1.57 in non- thrombosis group (P=0.728), respectively. Patients with
thrombosis had the same disease pattern compared with those without episode. Although there was no
difference in the level of hemoglobin, WBC and PLT count, and LDH level between patients with
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thrombosis and those without episode, patients with thrombosis showed higher RBC, higher percentage of
CD59" granulocytes and RBC, and Flaer - granulocytes compared with those without episode. The routine
thrombophilia screening tests did not show any difference either between PNH patients and normal
controls, or between patients with or without thrombosis. There were two mutations in rs199469469 and
rs16984852 sites in patients with PNH, but the mutated patients did not have any thrombosis. Mutation
rs146922325 was found in PNH patients. The mutation rate was similar between PNH patients and normal
controls, thrombotic PNH and non- thrombotic PNH (P>0.05). Conclusions Compared with non-
thrombotic patients, PNH thrombotic patients have bigger PNH clone and higher RBC count. There are no
differences among the routine thrombophilia factors and the three known venous eligible genes either
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between PNH patients and normal controls or between thrombotic and non-thrombotic PNH patients.

[Key words] Hemoglobinuria, paroxysmal; Thrombosis;

philia

M J Pk R AR PE I 241 25 PR AE (paroxysmal
nocturnal hemoglobinuria, PNH) J& t1 3 1fit -+ 41 fits
PIG-AJEK 57E , (b SEmEREMEAILEE (GPI) 1% 8 11
HEGR R, T B0 MR MAC X o S0 T A D I e )
— IR — T A BR PNH B E B 1
JHA S 3, 1 610 5] PNH £ 35 rh il i & A= % 5
K 16% , 75 i T8 AHE S E TR PNH S8 5 5
T PR e A R BT G E A ik 40%~67% , 7
SEME T PNH SB35 (W A A2 I ) FAE 3% B it ', PNH
A LRI A, 5 PNH 5 % I AL AT i & B
o ERTINA, I 20 R TR A 3% AR R TRy
I 4L A (NO ) i FE T #E K i/ M S 1 Ak
ST EPNH B AR T B R A

PIAERESE o, v I & AR o Dk ol e £ v
PROC . THBD & A i) — L& 55 [PROC ¢.574_576del
(rs199469469) . PROC ¢.565 C>T (rs146922325) .
THBD ¢.-151G>T (rs1698852) ] 1) & 25 #il K 45 K &
A IR AR, LSRR ) & AR A A YOG
PROC ¢.574_576del 11 PROC ¢.565C>T %78 % k& /1
I PR AE X A8 B2 43 301l 2 2.71(95% CI 1.68~4.36)
1713 (95% CI 3.49~14.56) , THBD % [A 5 %
¢.—151G>T 278 # & A= I 11 FH X f& B B 4y 2.80
(95% Cl 1.88~4.29) '™, ARAF5E, AT TR B ifx
WA B PNH B SR T 40 0T, A L DL i) st A% I
FRAFVE Zy # R 2, I L 38 i A% A 56 366 R A7 4G
W, 57 PNH B E AT RER SR TR 2

w5 7%

1. 955 %Rk 4 [ 2009 4F 12 A 1 H % 2015
AE8 H 1 HERBERLIZ 1 142 5] PNH F8 2 IIf R 9%
KL, PNH 12 W7 2 B8 Sk [ 10 1BRUE , T B35 I PR 36
PRAFE PNH EL AN & I 40 W 7K A B0 T v 25 738
SEAR (Flaer) BRI 43 %=1.0%, M35 B

Clinical manifestations; Thrombo-

8 K (50 M8 5 A AR e 12 . DA A
B AF G FC 1) 100 44 il 5 7 BT TE 8 X IR, AR SR
FERey VIR = A N BU IS U (e At ]
¥, A B T E X B I 2 B s R 15 o

2. LG AU D- Rk EHC(k
CIRYI, IEH 2% 5 B 70%~140% ) & H S(#E
[ 28 2325, IE B 275 0 h 76%~135% ) L e i /i
Il Ck AP, I8 S5 5 H 2 83%~128%) i ft.
HH C(APC) k¥ (IEH 2% u {2 > 2.1) | i g
(K% B R 81 (1 IE % 98 B 43 51 o 0.93~1.81
mmol/L . <3.37 mmol/L) . Ji.OBE IR HUIRFIRIEPLEE
Y (LA-DRVVT %, IEH S % Eh<1.2) 5% W5
RPN E it

3. DNA W7 - 78 3 [ [ KA W AR Aw B
(NCBI) 114 5 R 45 4l 22 v A 1) PROC Al THBD 2 [A]
JEAN I B AR A S AR AR P 51, A
Jr 3k B3 R Bl A 25 1 i T4 44 Primer
30 THIWIFHN T, 43 Tt AN [F]7
SR B BB YR AN AN S )P 5 (K 1) .
PROC P> %E [H 2875 ¢.574_576del i1 ¢.565C>T 17 &
T A3 EEIE BT LA I A 57 o5 A 438 0l AR
[F] 51 7 (rs146922325) . 44 A 3 S IE # X BE 2 1)
A1 E LA AZ 40 B DNA, 5 DNA IR BE R4l fE | 25
PCR ¥ i I 2lifk. , ik 5 FH T Sanger 75 5 Il DNA
751,

4. BT VTR E 201548 A 1 H , Wz &I
1] 4 26 (0.5~71)/H o A & & 1~3 M 2B &2
MRS DI RE et R AR LAEE A S e
FEPR AT PNH FEpEF bR . To—BIlE K Vi .

5. 55312 b B . i 1 SPSS 20.0 #4347 55 11
B2t [ S W R EZWT SN 6 Y (9 A el o a TR p U B
745 g 2] ) A (o FHOBUN 4 ik 7 A AR ) A 56 R IE
AR BT TR 2 [R] b R AT W ST AR AR 1Y
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XU Wilcoxcon 5 FlAG: 56 ; — 432545 1 1] Pearson
K 77 5k Fisher A% o A 5, 2l 57 A5 B R K GE
Logistics [n] 9 #4773 M o UK 56 7K 7 2.=0.05, P<
0.05 W2 Geit Lo

# R

1. PNH 5 R IG RGOk} : 42 142 6] PNH (&
L B 1.54: 1, iR ALARE IR 39(7~79) % . Hirh
AR 2H B 211 (14.8%) , B2 1o 1.33: 1, i 4
14 35(20~67) % ; AF i f4H 121 141] (85.2% ) , 55 & 1
A 571, PAAERY 40(7~79) % Ik 4 SR i

2B IR IR TR A UL 3% 2, PP 01 AT R ) i 25
SRS o iR R T 2 460 Sl ik il Ag
COWUESE fitite: ZEA IEMaPESEAS 161 5 19 (1 R ik
M, G rP I s IOk AR 15 9] i ik 3 ot e 2 467
R R K AR 1491, 1451 £ TR s A A IR I
T FUR TR ik e . 24 451 if 4 20 H v 13 491
(61.9% ) 4F-#4<40 % , 16 i (76.2% ) A A= I i LA
PNH &5 W1 o 1 A4 9 v 452 15F 18] 25 PNH #6112 )5 7
(0.5~67)/> H , 14 151 (66.7% ) B & 1fiL ¥ i 1] 75 PNH
ZWIEI 12 H 2 W A 56 kA 230 e, {2
L[] —F ot B S A . MR IR R B , 1%

R1 PSR S

EIL/ 51951 (5—3") IR GREE (°C) =YK B (bp)
PCRT|#)
rs146922325 I35 141 : TACAATGAGCCTTCAAGAAG 56 499
Fii514) : GCCAGGATGGACTCAGTGAT 62
1516984852 3514 : AGGGCAGGGTTTACTCATCC 66 500
U514 : GACTGGCATTGAGGAAGGTC 66
DNA 514
15146922325 MF5 14 : CTAAGTATCATTGGTTCCTT 54
rs16984852 MF5 4 : CCAGGACCCCAAGCATGTTA 54
T2 1425 A MR R IR 1 2138 R AE (PNH) IR 2 RN iR 2R I PR Bt L 4
I PRAFAE I FE2H (21 491) i H (121 1)) PIH
PNH Il R 732 [11%% (%) ] 0.140
2 #i75 PNH 7(33.3) 50(41.3)
A A BETE R R 14(66.7) 62(51.2)
Il PR A PNH 0 9(7.5)
P 1% (%) ] 0.730
5 12(57.1) 74(61.2)
& 9(42.9) 47(38.8)
AR H1%0(%) ] 0.486
<40% 13(61.9) 64(52.9)
>40% 8(38.1) 57(47.1)
PR 2L LT 2 i LA (%) 4.26(0.87~10.74) 4.21(0.63~17.85) 0.690
RBC(x10%L) 3.03+0.77 2.52+0.88 0.015
WBC(x10°L) 3.79(1.65~9.53) 3.38(1.11~9.48) 0.320
HGB(g/L) 85(44~121) 78(28~247) 0.120
PLT(x10%L) 69(17~623) 110(5~1 026) 0.280
LDH(U/L) 1175(317~2 930) 1103(122~5 364) 0.260
KL CD59 43 % (%) 91(4~99) 78(0~99) 0.005
LT 41ffl CD55 7 43 4%(%) 63(0~96) 37(0~95) 0.004
Flaer i H 5% (%) 92(4~99) 83(1~99) 0.020
D-—F ik (mg/L) 9.57+14.00 0.56+0.41 0.030
HEHC(%) 101(73~115) 118(80~191) 0.200
EHS(%) 83.80+28.77 101.46+31.26 0.090
BRI (%) 117.40+16.82 135.25+18.74 0.060
W ALEE 1 CHEPT 2.9(2.5~3.1) 3.1(2.7~3.3) 0.090
IIEHEED) 1.08(0.94~1.70) 1.04(0.10~1.28) 0.480

U : Flaer : 7K SO B A 3R 28 S S AR LB 2504 Bl P v (8 G D 20, 1E 250041 Bl P B e 22 30
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ZH 22 MUY PNH A5 I At 1B s v 52 5 R M PR
I PNH f 4 i b 5 A il A 4 b s 22 5 i 12
=, M gH A RBC R4 fifs CD59" . Flaer &
ZI 21l CD59™ H 4338 24 i TR A 41 (P {H 43 51
0.015.0.005.0.004 F10.026) . Ifi #4240 HGB . WBC .
rh PR 4 24 %5 80 PLT SR i Fe 20 b 22 1
Togeits S A B E N C UM S Lkt i i
Il \APCHLHL MR ARIEHLEEY 5 W ke N 4s
FRIJFEIEF YO Z P9, 5 155 B e 25 S35 76
it op B X (PAE>0.05) ; I #e 40 5 F Mk 2 L
2R IR TG E R L (P {H34>0.05) . I FE4]
D- BRI i FAE M A2 41 [ (9.57+£14.00) mg/L X
(0.56+0.41)mg/L ,P=0.030].

B L 3 1] 142 5] 5B 5 b 2 BB T, 2400 i Ae 4H
B G 9.5%, (5T 1.41%,, H:
W L6 T R SRR YL, 1 9 BE T I Ak T A
oo A eI BET 434, 4 Logistics 215 4381 &
. RBC [ OR=1.030 (95%Cl 1.002~1.049) , P=0.037]
F1PNH 72 K /N OR=2.000(95%Cl 1.044~3.835) ,
P=0.033 ] A Ifiie: kA falk 2R o

2. DNA P25 5% - Kt 1 451] rs199469469 {37 1
AAG Bl Z4 A5 2878 (- 1A) , 2878 %4 0.704% 5 2 ]
FE 116984852 v i GT 28745 (K 1B) , 5848 %Ny
1.408% ; & & PR rs146922325 137 5 R4 , A7 1E R A Y
3R E R A AR AR AL, AR 4B E AR R B |3
AT ZRAS . IE R IR R 3N AT AR A

A GGATGG AGAAGAACCGCCGTC

_______

=

AGGCTGCCTCGCAGGGGCTG

AGGCTGCCTCGCAGGGGCTG

1 P4 1 B B P O 2T 2K 1 PR AE AR rs199469469 £ 1 (A) K
rs16984852 {7 s, (B ) il e 45 3 (55 3% iR A 28 A5 o7 o5, g 2R HE
FER AT 1)

2.424% .0.974% .0.873% . £ Fisher ¥ i 45 56 , PNH
S 5 IE H O IR 56 R AR R R Y TG
275 SC(P{H 43 1) 9 0.190.,0.620 F10.130) ; PNH Ifil
FegH 5 9E i f 20 45 A s R AR R R IR TS
i1 2% B X (rs199469469: 0 X} 4.762% , P=0.570;
rs16984852:0 X} 9.524% , P=0.420; rs146922325 : 0 %
0,P=1.000),

it #

PNH 2% WL 5 i iE 2 — fHPNH S E 4 5 &
Az A A D PR AT N B o 3R AT A A R
IE 5 DL A IR A PR 2R L 2R U AT B A I A
Gy IBRSE R I o A S5 7 T, 1E— 2 R 2 PNH I 7 fig

BATE /M T PNH B R 24 5 9E i ke 2
(GG PRARE 5 R SCTik[ 4, 11 J4RIE 4L, PNH & R 4E
B P X A, ot A 2 N A IR 2 A ) AR 2
SHG A L M4 53R fAs 2 AR HoRE 4 i
CD59" . Flaer M 21 4 fifs CD59 [ 432 44 I Wk 34 s , 4%
7N B R A PNH 78 [ &) & I #e: . Hoekstra 252 F 5%
7% PNH SEF /K S R34 157 10%, IfiAe 4 A A X HE
W& P18 1.64 135, HLPNH 52 F K /N2 PNH B35 &
A AR kST fE B P 2R . A HRGE B PNH 52 fE >
50% £ 7 2H A IR 2 A 205 T PNH 3 & < 50% 2
(P<0.01)™', EA# KM PNH el IR IMLAY FL
[ = R 11 O =0 | A W = R o = K L VA
PRSI BT IS PN R A0 B = AR AR VR, R BR
i S IVE ) P BT A 2 i R i 2 2L PR T (TR )
EPE LA T (VWR) T = A SRR o [RIE 3%
[N 27 N =0 [ A Y = Bt o = K S A VR OF A '
FEAR KA NO, NO A7 &F 78 - ¥ AL 00 1 ot /1A 2R
LEMTIRE , NO filt = Bif 2 14 g I 52 4 4 ) A 1
WA AT 5, 00T 5 & dfi e, TR, PNIH e
INIE AR TE B — AN fa B R > 5 Z A XTI
B, A SCHRHE PNH 52 F K /N5 LDH /K V-4 2 bk
KFR,LDH>1.5x1E % R (ULN) 35 % LDH<1.5x
ULN 23 A il e T o (B IRATTAY A
FEHER, M2 LDH ZKF- B TR M4, H 25 5
TGI8 L. TR S FRATAY BIECA PR sl 2 () 2=
SRKA X, R Mmed 53 nteamt, BAE
K PNH 5l , (H P 41 28 B 78 PNH A& - HoAth -85
TEVR PRI M IR RS PNH A FL R E W 25 5%
PR AT AT 665 PNH Il R 4328 6 R A, J
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fifi — BB AR AR ST M R BN A R T LA
MBS . D- R S i () SR, R
HAZ AR R A2 A BF 5045 A 0w i A4 41
D- BRI B & THEm AR 4, 5 Sk 15 ] 45
—3, I RBC & TR M4, B4 Logistics 7]
I3 1427~ RBC FIPNH 5 [ 25 A Il 48 & A= 1) 4 57
fab AR . BA RKEMERY], L4 E g 22
A EHE B bk A TR BB v 5 PR 2 ARt 9 45
R85 RBC Al fig 5 M A B BiAH G . i WBC ,PLT
Al AR MR TR TG WAH e . BT, BRETA
240, PNH (85 ) A il ) m] REML A n] RE &
/AR S8 T AL O, BAR PNH R 1) CD55
CD59 4 14 F 1 B /IR AT DA MA 28 B8 T ot i
{27 L (ENPS P N 15 R 2 R M ol [ A Y TR
PN T Y BB 3 51, JF H 855 JC CD55 ., CD59 filt
B it /N AL I REAR PR N, 15 F6 A il AR 3k
TR il 22 R 2, 1A A O 5 M A A R
FEPRIRNTE A X - 10 0 B 0t 2R 455, 28 7 A
P S Bl #8 & A  H A A 5T 2 A PNH
S8 PRUAMAS 2 48 (I e R T 25 R Bl /N 1
B R TG PRI, AT A EE s i As 4
FEE AR 419 PLT 22 57 Jo4e 1243 X (P=0.282) ,
I, R AT A IR R R S5 PLT BB A
P St S b 1 = B 11| A MY R A ) =N SRR i
A K

21 191 IfiL ¥ 24 5 5, 40 % R LR % 1 ik 13 44
(61.9%) , Ifij -3 A FHEFR DK A4 %) 155 &2 417k 70~80
A PR PNH fE kA I B AR 4 T BRAIK 1353
NBER A MFRAERS . PNH B3I Ok 2 M4,
FURTE B 1 28 38 v e IR 43 3 A IR R AN
AN T st R A I 7 BT 0 3R e 2 2O B I
% o PNH &5 B i k2 19 op A B[] S8 PNH #5125
1) 7(0.5~67) 1 H , H EZ AL TEPNH 2 W 5 19 12
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A Z PR M = A, % T DA s B EE AL
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ML AT T 45 SRR , PNH 5 B 1 K/
& PNH il # (%) 2l 57 5 [ Pl 2% [ OR=2.000 (95% Cl
1.044~3.835) ,P=0.033 |, H il # W1 Z) 44 1 e K K
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2 % Xk
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