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Abstract: Objective To explore the interaction between the polymorphism of human platelet
antigens (HPA) and neonatal thrombocytopenia (NT) , and to provide experimental basis for the study of
the pathogenesis of NT. Methods A total of 105 patients with NT who were hospitalized in the
Department of Neonatology (from January 2022 to October 2023) were included in the NT group, and
124 children with undiagnosed NT were included in the control group. Peripheral blood was collected and
genotyping of HPA was performed via amplification refractory mutation system PCR (ARMS-PCR) and
the specificity of the amplified products was analyzed by melting curve detection analysis with real time
quantitative PCR. Generalized Multifactor Dimensionality Reduction (GMDR) software GMDR 0.7 was

used to assess the risk of gene-gene interactions in NT for HPA systems. Results There were significant
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differences in pregnancy complication incidence, neonatal asphyxia incidence and anti-platelet antibody
positive rate between NT group and control group (P<0.05). There was no statistically significant difference
in gender, birth weight, gestational age, adverse pregnancy history, pulmonary infection, neonatal
septicemia , hemorrhage , coagulation abnormality and neonatal jaundice between the two groups (P>0.05).
There was no significant difference in the frequency distribution of HPA1-6, 15 pairs of alleles between
NT group and control group (all P>0.05). Among the HPA polymorphism 1-7 interaction models, the
second-order (HPA-3,15) model had the highest testing balance accuracy (0.7821) and the best CV
consistency (10/10) , which was statistically significant (P=0.001). The third and fourth order models
were second only to the second-order (HPA-3,15) , with a balanced test accuracy of 0.7695 and a cross
validation consistency of 9/10, which was statistically significant (P<0.05). Conclusion The second, third

and fourth order models were related to the occurrence of NT, and the second order model was the best

<107 -

model, suggesting a potential interaction between HPA-3 and HPA-15 in the occurrence of NT.
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3R HPA JE IR RY 9 fif 1 23 20 B 7 38 77 W oy
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MP=2ab(1-ab) (a.b 3545 a Fl b PR ) . HZ
K F % 4 73 BT (generalized multifactor dimensionality
reduction, GMDR) {4 GMDR 0.7 ¥F-fli HPA £ 4t %
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HPA WS TG
a ACTTACAGGCCCTGCCTCT

HPA-1 GTGCAATCCTCTGGGGACT
b ACTTACAGGCCCTGCCTCC
a CCCCCAGGGCTCCTGAC

HPA-2 CCAGCGACGAAAATAGAGG
b CCCCCAGGGCTCCTGAT

a GGGGGAGGGGCTGGGGA
HPA-3 GAAAGACCTGGGAAGGCGG
b GGGGGAGGGGCTGGGGC

a GCTGGCCACCCAGATGCG

HPA-4 GCTGTCCTGGCGTCTGGAG
b GCTGGCCACCCAGATGCA
a GTCTACCTGTTTACTATCAAAG

HPA-5 TCTCATGGAAAATGGCAGTA
b GTCTACCTGTTTACTATCAAAA
a GACGAGTGCAGCCCCCG

HPA-6 GCGGACACAGGAGAAGTC
b GACGAGTGCAGCCCCCA
a CAAATTCTTGGTAAATCCTGG

HPA-15 GACCTTATGATGACCTATTC

=

CAAATTCTTGGTAAATCCTGT
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R2 NTAHMFBA—RIGERER (2(%)]

WiH NT 4 (n=105) YR (n=124) V/t{E P
51 3 54(51.40) 57(45.90)

% 51(48.50) 67(63.80) 0.68 0245
BRVAELEND NS <1500 g 10(9.50) 15(14.30)

1500~2 500 g 48(45.70) 45(42.90)

2500~4 000 g 40(38.00) 50(47.60) 29 0394

>4000 g 7(6.60) 14(13.30)
i H= )L 38(36.20) 31(25.80) 3.38 0.066

=L 4(3.80) 1(0.80) 3.49 0.062
N 25(23.80) 35(33.30) 0.57 0.449
UL URA HE 26(24.80) 6(4.80) 18.77 <0.001
HHEILER 28(26.70) 11(8.90) 12.74 <0.001
it S S 11(10.50) 5(4.00) 3.63 0.057
Bz J L g 5(4.80) 1(0.80) 3.49 0.062
WP ZR AT 32(30.50) 21(16.90) 5.86 0.015
H ML 5(4.70) 1(0.80) 3.49 0.062
eI S 4(3.80) 2(1.60) 1.08 0.300
CRP(mg/L,x+s) 3.28+2.80 2.68+1.57 0.98 0.331
PLT(x10°/L,%+s) 52+16 164+52 9.98 <0.001
I/ N AL A PR 29(27.60) 11(8.90) 13.86 <0.001
B LB 14(13.30) 11(10.40) 1.16 0.281

#*3 HPAEREZEMAENTAMTEBASRHS
SN IER B (%) ] H-W - fiif

N MP
HPA S A Ve P OR 95%CI P
NT 4 SRz NT 41/ B2 NT 2H /% B 2H

a 208(99.05)  245(98.8)

HPA-1 0.79 127 0.21~7.69 0.953/0.961 0.01/0.01
b 2(0.95) 3(1.20)
a 200(95.20)  234(94.40)

HPA-2 0.18 068 120 0.52~2.75 0.862/0.884 0.02/0.02
b 10(4.80) 14(5.60)
a 148(70.50)  173(69.80)

HPA-3 0.03 087 1.04 0.69~1.55 0.284/0.293 0.36/0.34
b 62(29.50) 75(30.20)
a 209(99.50)  246(99.20)

HPA-4 0.19 066 1.70 0.15~18.87  0.964/0.972 0.01/0.01
b 1(0.50) 2(0.80)
a 204(97.10)  239(96.40)

HPA-5 0.06 081 1.14 0.39~3.33 0.941/0.956 0.03/0.02
b 6(2.90) 9(3.60)
a 209(99.50)  246(99.20)

HPA-6 0.19 066 1.70 0.15~18.87  0.962/0.972 0.01/0.01
b 1(0.50) 2(0.80)
a 150(71.40) 174(70.20)

HPA-15 0.09 077 1.06 0.71~1.59  0.273/0.284 0.37/0.36
b 60(28.60) 74(29.80)

B EE—F M (1010) &4f, HAGIt#a X (P= HZERAZRITFENL. k4,

0.001) . 3.4 By BRI Z , B M 4G 0 HE 0 B2 2.4 HPA RGEEED LR 52 A HIRE AL A

0.7695 , 28 LY E—EPE R 9110, i G it2# 2 L (P< 2y [HPA-3 HPA-15] — A+ 32 H.AE #5714
0.05) , FRIHIX =4~ 52 B AR B AIAE NT 2 Fowt i 20 w1, [HPA-3aaHPA-15aa ] Fl1[ HPA-3abHPA-15ab ] 4
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F4 HPAZBMENT FHRZE(ERAEE

A8 H AR A YIGRPafem i ERRERE  ASRRP 28 URIE—8E
1 B HPA-15 0.5230 0.3569 0(P=1.000) 7/10

2 By HPA-3 HPA-15 0.7861 0.7821 10(P=0.001) 10/10

3 By HPA-2HPA-3HPA-15 0.7844 0.7695 10(P=0.001) 9/10

4y HPA-1HPA-2HPA-3HPA-15 0.7844 0.7695 10(P=0.001) 9/10

5B HPA-1HPA-2HPA-3HPA-4HPA-15 0.7415 0.5954 8(P=0.068) 10/10

6 B HPA-1HPA-2HPA-3HPA-4HPA-5HPA-15 0.6877 0.4877 8(P=0.079) 9/10

7 B HPA-1HPA-2HPA-3HPA-4HPA-5HPA-6HPA-15 0.6872 0.4485 8(P=0.089) 10/10
HWIE 34 8 260 F 114, WK 1, 3By 3 idig

[HPA-2 HPA-3 HPA-15] = 738 HAE I3 & v
[HPA - 2aaHPA - 3aaHPA - 15aa ] Fil [HPA - 2aaHPA -
3abHPA-15ab |2 & 19 1E [ 45 434331 >4 20.6 F110.8,
UL 2. 4% [HPA-1 HPA-2 HPA-3 HPA-15] P4 A 7
L HAEFAIE o, [ HPA-1aaHPA-2aaHPA-3aaHPA
-15aa ] f1[ HPA-1aaHPA-2abHPA-3aaHPA-15aa |2H&
B IE 45530 20.6 F15.4, WLIK 3.,

HPA-3
aa ab bb

E1 HPA-3HPA-15_EAFXZEEAERE

NT J&: 5 22 PR R S 10 52 22560 , oy 6 14 3 1A -
LR R [R) S R R 48 A o AH N 99 8] 9 AH B AE
FHUO ARHF ST NT 265 %5 B8 4 HPA 3 R A R 34 45
A H-W FAi , NT 20 2K UL B~ HPA i PR3 53 A S
W, R WL R AENT H 520 55 . HPA PR BT 7R
{18 XL /DN SRS 2 1 It /B 5 e R G R AR B R
R N N 1 R RN £ | AN T N R R
B TR (¥ =13.86, P<0.05) , % W] HPA &

HPA-15=aa
aa
HPA-1

aa

HPA-2

3 HPA-1HPA-2 HPA-3 HPA-15 & F3 B {E AR E

HPA-15
aa ab bb
HPA-2 HPA-2 HPA-2

2 HPA-2 HPA-3 HPA-15 =EAF X HEEAEEIE
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455 NT % YA G, I HPA 58 HLAE A5 NT G HK
BT o AN ) e 1E) i HPA R BT A5 | 4 4 28
P I /N A U8 08 K i R RR T A R 2R A AR ROR
]2 PR O R 56 VE HPA 22 85 PEAE NT HR g VE .
FE] P AIMIE 9 4 o A 7 40 AT A L HPA R S Bt
i A LAY 25 O ) Ml X Ao DAY B A A
I i NT & AR B FALHIF T /b . AT 45
TTHPA LR Z 855 NT KL R, FHZ N T %45
B (GMDR) F 4 PFAd HPA 5& A 1] 52 5 AE 5 3 A=
JUIL/ N A S R OB o AR SR 7 - -E o HPA JE A
AEHARE AL 2B 3B 4 B AFTERC AR S
NT ) % Az B UIAR G, e e 2 [ A 50 f18 25 6 46 56 v Aff
FE(0.7821) F i , 38 LB IE— Ebk (10/10) Fe ok, 3%
B HPA-3 1 HPA-15 78 NT i & A R AFAE S HARH

AR LA I /N ) R R AN B LR AR A
e 122, WFoR MR =)L ARIR T L 2 5% & A4 1
IR DB ASHIFE A NT 2 A% B 2H 8 = L RTIG
(R JLIT &7 el e Ge 242 5, Ud B L = FIG A4
FEA IR A ST S [ R 2K 1 HPA 25K 22 AR
SR & B HPA-3 Bl HPA-15 76 NT (9 & A= th#E7E
L HAEH, WA 3R 2 aa Fll ab BU 1E 47 [0 4535043
Wh 26.0/-9.6 F111.4/-2.3, NTHE K& 2%, 7 FAHLHI
9% 45 2 B4 S TR o 6 38 T 85040 /NS sk 20, B )L/
A LRV RR S Ze PR i /MR I8 AE (fetal/neonatal allo-
immunue thrombocytopenia, FNAIT) , FNAIT 2 fii JL
afEr A LT 5B SE R A28 A HPA 3N 268 (1 41l
I 28505 (HLA- T ), BEAAR ™A i it /M oAk E A G
LB A= LA P 5 S B4 i /DB G2 P A R i AR
i PR DN TG SR I /N D 2 2 A R B S of P
s L ™ EE A R M L, S O T B A 2 ) g
B Aig s IR A RE R 80% Y FNAIT Hi 3t -HPA-
labidRSI# , H A IHT HPA-5b 22 W) 1] FNAIT 76
3 ] 1 R 2 A UL B0 B AR (9 AT 2 BT Rk I
= o ABEFE R NT 4T R4 5 HPA J&[H £ 25k 4%
5 R X U 5 TC 22 5+, il HPA-3 F1 HPA--
15 [ R 446 B0 (32 HAR L IE S 4553 43 000 1 1.4 -
2.3) B9 B K S5 0 B0 A HL 22 A Ge iR L (P<
0.05) , 5 BIF 5 2 BH i /)N Al 158 2 TR 2 1 450 5 NT
FIFNAIT 19 % A2 B /N /D R B AR 562 2R 5
BIARTREAT KTt — W58 . HPA LIBEEE (A A TE
SAFAE T Il /IR 35 T ELAE I/ 3 T A | 2

R HPA-1 I 7ER) GPILa(CD61) FiA B e K, HPA
SHTTERGP 1 a/ll a & ik 2. B HPA-1a il
HPA-5b &b, A AH I 1Y B S BT AR , BOME AT I
U SE  HPA Jp B R BR 4y 4y B2 M F HPA
ZAVERFIE 22 5, 45 L X N AT AR . A HPA 2751
OB NT (AT 22 TR SCZE A I PR GE R}, 2
A BILE AR R HPA 43 T L

AHE G Jy BR A% AR D98 7 1] 2 26— NT g
[RIAZ 2%, 9 AL AT A ot /DN Al e SR 38 A4 i sk 2>
s P AP AL 2 [ AAAE , A ML 5 7 B B0 KRR AR
TR AR . AR5 NT 4Rt B4,
A WEGT AT AR NT 21 i /M8 o 4 T NT
A HPA JER 2 0 B 5 i/ MRBCE G R . 5
TLRWESE NT ARG B AAS T HPA 43 T 70 AT
AACHLA 438 . EORAE A i/ MR A BB R &R S
HPA J& NT I FNAIT B 5% 59 5 5, {5 & o A BE 200
HLATENT HVEH . 58 = ARBFSEREA RN, B 15
TR A TS IE

ZEIE AT A 0 FH 3 R - 35 R A8 A RS AR %)
NT %9 19 53 FHLEI G 00 5 0 . 2 BT R4
SAATIR-E B HPA & R 22 BAE RS AL 2 By (3 B L4
WSS BAE T LS NT 9 R A 3 WA o6, o 2 By
TR (%) 24y A7 ARG 56 VR A (0.7821) Fe 5, 28 LI IE—
P (10/10) Fe Kk, W HPA-3 FIHPA-157E NT i %
HEHEE L BAE, it — 2 5% HPA Z2 81 7E
NT 2 Hh A PR AL T Sk 4

EETBAER SIS R BT Bl gty
HrAE SCEES 5 A3t 7 5 i PR WS B 20 #5220
T EH SR BERL | 57 3G E 0 DT AR SR AR LR AT ARG U
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