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[(WZE] H® HilsEAE S EBV BHPEE M AL A AE (HLH) BJLTE 95 m) & 5 40 H 1
KR, Fik HEHCSL H] EBV P B C SEATAHSCHE NP 1) HLH L, ARHEAT JCIER A8 00 A TC AR (n=35)
FRAEH (n=46) , FRIEILF AT MR 4 (SHM) WAL, WA %74 (DHM) WAHMLiAE &
ZREAE (H-CHM ) WA, E & 4UE LA K, oS oLa REEZNER, E8R  UNCI3D
B g IR i v (13/46, 28% ) o STXBP2 ¢.575G>A(p.R192H) F1 UNC13D ¢.604C>A(p.L202M) %k [H 58 25
HRBERIE, YIRE N CTTREEURY” o AR TNF-o KFm TIRRAEH , IFN-y KR T IE3RAE4 (P<0.05) o
DHM W41 1L-4 /K FIo %8248 41, H-CHM W41 [L-4 /K A% F DHM 41 ( P<0.0083) . H-CHM W.41HY 1 4 &
H A5 (39% + 15% ) iR T JCZ 78 26 . SHM F £ 1 DHM W40 ( 43 51N 85% + 6% . 86% + 7% 1 91% + 9%,
P=0.001) . & HAREFEZAER HLH £ L IFN-y K 2% A%; H-CHM BJLTEE2E, A 2 A8 % I
UGS, X AT REA B TR A A TIm RO [ FESHRILRIZZER, 2020, 22 (6) : 620-625]
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A genetic analysis of children with Epstein-Barr virus-positive hemophagocytic
lymphohistiocytosis and its association with T-helper type 1/T-helper type 2 cytokines

ZHANG Yao, TANG Yong-Min. Pediatric Hematology and Oncology Center, Children's Hospital, Zhejiang University
School of Medicine, National Clinical Research Center for Child Health, Hangzhou 310003, China (Tang Y-M, Email:
y_m_tang@zju.edu.cn)

Abstract: Objective To study the effect of genetic variation on the prognosis of children with Epstein-Barr virus
(EBV)-positive hemophagocytic lymphohistiocytosis (HLH) and its association with cytokines. Methods A total of 81
EBV-positive HLH children who received the sequencing of related genes were enrolled. According to the results of gene
detection, they were divided into a non-mutation group and a mutation group. According to the pattern of gene mutation,
the mutation group was further divided into three subgroups: single heterozygous mutation (SHM), double heterozygous
mutation (DHM), and homozygous or compound heterozygous mutation (H-CHM). The serum levels of cytokines were
measured and their association with HLH gene mutations was analyzed. Results UNCI13D gene mutation had the
highest frequency (13/46, 28%). The STXBP2 ¢.575G>A(p.R192H) and UNC13D ¢.604C>A(p.L202M) mutations (likely
pathogenic) were reported for the first time. The mutation group had a significantly higher level of tumor necrosis factor
alpha (TNF-a) than the non-mutation group, while it had a significantly lower level of interferon gamma (IFN-y) than the
non-mutation group (P<0.05). The IL-4 level of the DHM subgroup was higher than that of the non-mutation group, while
the IL-4 level of the H-CHM subgroup was lower than that of the DHM group (P<0.0083). The H-CHM subgroup had a
significantly lower 1-year overall survival rate than the non-mutation group, the SHM subgroup, and the DHM subgroup
(39%+15% vs 85%+6%/86%+7%/91%+9%, P=0.001). Conclusions  There is a significant reduction in IFN-y level in
the mutation group. Children with homozygous or compound heterozygous mutation tend to have poorer prognosis, while
other mutations do not have a significant impact on prognosis. [Chin J Contemp Pediatr, 2020, 22(6): 620-625]
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Wk I 28 Af 255 i, SOPR I i 248 e 9 £ 20 21
4f e 3% Z AE ( hemophagocytic lymphohistiocytosis,
HLH) , J&—Fi s B A i s S SOM 5 A AE
Epstein-Barr 9 75 ( Epstein-Barr virus, EBV ) gl
9 HLH 2P [ A 5l S5 0 Y B o e i LY
4k K Pk HLH, B0 SR F SE 3 i W FEE I
EBV & UL e HLH i) EZ A, 24 5¢ HLH
R L N R, G 7449, HAR L
409", B LAY EBV AN T BOAL AR I AE ML 5 R
B EBV-DNA 5 DU (A X RE ARG HL AR
Gr R (immune globulin, Ig ) G Hl IeM il o
SRy, 3T AR BOR R 2 (O BIF ST A, Ak A
HLH (40 EBV B HLH ) Hfefe 28, i
X HLH ¢ 3812 W7 o i 1 3 J2 2% % 7 HLH
R R

EBV [[1{ HLH &)L+ 2 £ 27 £ 5 HLH
OGN R A, HRZETTAARE, wifpies
5 A% ( single heterozygous mutation, SHM ) X 4%

AN
=

s

%& 7% ( double heterozygous mutation, DHM ) |
afi ol & A 4% A 2R 2 (homozygous or compound
heterozygous mutation, H-CHM ) . #Rify, FEHRAL
7735 EBV FHME HLH OGRS 2 . BLsh,
L EBV FHYE HLH i, WRRhaA4s 0y X EAA G R =
SUHANTERE . AT B TR 8% 72 5555 EBV FH
PE HLH LTS sz KL 5 4R 7 e & .
1 #ERERE
1.1 MRMEs554A
2010 4F 9 H % 2018 4 5 H Wi K2F# BBl
J& Lz BB IEA12 157 i HLH 8L, Frf LY
¥4 HLH-2004 i2Wrbrifi ', Hoh 149 Bl ) LAF7E
EBV JE&ZL (94.99% ) , AT HLH FH G K
My 81 4] EBV PHE HLH UL ABFFE A4, ARG
HICH P ARG MR AR TC AT . S8 A AR
PEFER 22T AR, 4020 SHM 4l . DHM 41
1 H-CHM WF4H

ARG O ARAR WL R B2 2 Be B L2 = B
EREZE B 23yt (2016-IRB-006) , Jf3R1GE# L
ACBE AR N G )
1.2 IERERE
W4 EBV PHE HLH 2 JLAH C 011G IR %68k,

G (1) —BEBORE: PER | AFRRAE . (2) IR B
KAk (IR >38.5°C, 522 >7d) . IR/ O R
>3cm) | PP RGUAER (RZ0K. PPICIRINE ) | 9
R (TS, B, o, iKek) | iz
Rguipk (Hihfg ) | AR TS wmE. (3) 52
Bt MM, F4EEAE (Fib) | =BtH
i (TG) | MEREE (SF) | B85 R A 2
AR (BEMmRG ) %,
1.3 EE

TR IL KA EESA FK I 2 mL, EDTA 41
BE, ZAEHE I AT (HEEHBRAF], EEB)
PEAT Sanger M7 (2015 4E 2 Hi#i2 8L ) 1A
I ¥ ( next generation sequencing, NGS) (2015 4f
ZEMiZHEIL) o NGS FHM:H LR A Sanger Il 7
BE, AFFEH, HX) 15 5 HLH FHSC Y SE A i
FTIY, {045 AP3BL, BRIP1, CD247, ILI7RA,
IL-17F, ITK. LYST. PLA2G7. PRF1. RAB27A,
SH2D1A, STX11, STXBP2, UNC13D, XIAP, X
THRIE AL, W] ESP £ % (hiip:/
evs.gs.washington.edu/EVS ) . ExAC F iR # ( http://
exac.broadinstitute.org ) AT A EEE ( http://www.
internationalgenome.org/ ) HE47 1E X B AHEAS 5 11
%, Wi SIFTC http://sift.jevi.org ) . PolyPhen-2( http://
genetics.bwh.harvard.edu/pph2 ) . PROVEAN ( http://
provean.jcvi.org/index.php ) Fl MutationAssessor ( http:
//mutationassessor.org ) # 4%} AL S AT AW ME B
TR A3 Ar, NN S R 2 gt A 2 FIRE PR 2 2 2
( American College of Medical Genetics and Genomics,
ACMG ) $&7 ™ X8 S TIPR
1.4 ZAREEFHei

K JH FACSCalibur 3 204 BEAX, TN Thl /
Th2 41 s [l F155] & I ( BD Biosciences, San Jose,
California ) Y& (L35 Th1 / Th2 40 P51, 40 fE y-
TR (IFN-y) . FSE (IL) -2, 114, IL-6,
IL-10 FMREIRSER F o (TNF-0) , HAGIUTERFN
1~5 000 pe/mL. 4 i A 5~ B8 S 7 58 L0 e ik
Rl 00 7 2R A
1.5 HITESR

FII ] SPSS 21.0 1 Graphpad Prism 7 %4 % %%
PEHEAT G M AR I o THECORE DL BCRT
3R (%) Fon, W BRI R TR K. 1T
BORRR A (Ui AENEE ) (M ( Py, Prs) ]
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RN, PR iR A Mann-Whitney UKL, %
2H 8] b3 % ) Kruskal-Wallis H B FIAG L, 20 18]
W H B R Nemenyi W, *H Kaplan-Meier B

26% ) o JG 2 A% 4H. SHM ¥ 4H. DHM W 4H Fi
H-CHM W41 LAY TER] . 2w . IR B
LI AT SE R LS R E S TG TR X

PEAL B LAY B A A (overall survival, OS) R If-2
HilAEAE M Ze, ZH1E] OS R IECR M log-rank K34
Nemenyi £ 36 7K i 47 0.0083, 4% P<0.05 N2 RH
gt E .
2 H£HR
21 —RIFERMEFERLNLER
81 7 EBV FHYE HLH H LA, 55 39 441] (48% ) ,
17 4251 52% ). 2R LB R AR Ry 2.3 2 (3
Fl: 3d &2 153% ) . &ZH 461 (57%) , &
SRAS 3561 (43% ), PELLE LR | 2 WAl |
I RFEIN . SC 00 = A B i 2 I 45 2R 22 S 39 T
it E X (P>0.05) , W1,

46 ) 22 A8 41 H L H, UNCI3D 3 [ %8 745 13
B (28% ) , STXBP2 % [A %€ 4% 12 f4i] (26% ) ,
LYST K278 9 4] (20% ) , SH2DI1A FERRAS 5
Bl (11% ) , HABEEF 248 H IR 1~3 IR
SHM . 4H 23 ] (23/46, 50% ) , DHM V. 4 11
i (11/46, 24% ) , H-CHM V. 2H 12 4] ( 12/46,

*2 ZXREA, SHMITZH, DHM TEHF0 H-CHM T H B ILIGRF LR

(P>0.05) , W#2,

F1 ERTHAMRTAHBILIGEREMLE

i %(Z;}g)éﬂ ’gig ZIlY 8 P{E
LWHERS [M(P,s, Py, A 1 24(17, 33) 32(13, 65) -0.577 0.564
B[ 1] (%)) 14(40)  25(54) 1.639 0.200
KB (%)) 35(100)  46(100) - -
MK [ ] (%)] 18(51)  28(61) 0.722 0.395
W R GEREAR [ 1] (%)) 1543)  23(50) 0.407 0.523
THALRGEIR [ 1] (%)] 4(11) 8(17)  0.560 0.454
RFMELEI R [ 0] (%)]  1029)  1533)  0.152 0.697
ARG [ 6] (%)) 13) 511)  0.876 0.349
HOE [ 1] (%)) 4(11) 6(13)  0.000 1.000
WIS [ 6] (%)] 32091)  41(89) 0.000 1.000
AT <90 o/L[ ] (%)]  21(60)  32(70)  1.087 0.297
N<1.0 x 10°/L [ 14| (%)) 29(83)  40(87) 0.265 0.607
PLT<100 x 10°/L[ i (%)] ~ 32(91)  37(80) 1.904 0.168
TG = 3.0 mmol/L [ il (%)]  20(57)  21(46) 1.050 0.306
Fib < 1.5 o/L [ 4] (%)) 31(89)  35(76)  2.053 0.152
SF = 500 ug/L [ il (%)] 35(100)  46(100) - =

e [N] R MERIIAE; [PLT] /MR [TG] =B Hl; [Fib] £F

AEE A (SR -

WiH %(;j:i')gﬂ Slgrllvi Zﬂz)zﬂ Df(lnl\i lﬂzl)zﬁ Hc(ivi zﬂ)zéﬁ HiI7 {8 Pl
LR [M(P,s, Pss), ] 24(17, 33) 35(15, 68) 41(20, 71) 14(11, 44) 4.619 0.202
B [ 61 (%)) 14(40) 12(52) 5(45) 8(67) 2.760 0.430
R ] (%)) 35(100) 23(100) 11(100) 12(100) - -
B [ ] (%)] 18(51) 16(70) 4(36) 8(67) 4.182 0.250
e whE NIRIRCA)| 15(43) 11(48) 6(55) 6(50) 0.542 0.910
HALRGUEIR [ ] (%)) 4(11) 3(13) 0(0) 5(42) 5.252 0.056
TRFMRLLE I [ 1] (%)) 10(29) 8(35) 2(18) 5(42) 1.738 0.615
ML RGIER [ 6] (%)] 1(3) 1(4) 2(18) 2(17) 4.766 0.113
HIE [ 1] (%)) 4(11) 3(13) 1(9) 2(17) 0.635 0.960
WEIMINGE [ B (%)] 32(91) 21(91) 10091) 10(83) 1.138 0.898
METHE 1 <90 g/L [ 1] (%)) 21(60) 14(61) 8(73) 10(83) 2512 0.479
N<1.0 x 10°/L [ f5i] (%)] 29(83) 18(78) 10(91) 12(100) 3.053 0.376
PLT<100 x 10°/L [ %] (%)] 32(91) 20(87) 1091) 7(58) 6.620 0.060
TG = 3.0 mmol/L [ 1] (%)] 20(57) 9(39) 6(55) 6(50) 1.880 0.598
Fib < 1.5 o/L [ ] (%)) 31(89) 18(78) 10(91) 7(58) 5.529 0.112
SF = 500 pg/L [ 1] (%)] 35(100) 23(100) 11(100) 12(100) = =

e [NPHPPERAIAE; [PLT]I/ MR [TG] =Bt Hth; [Fib] £F4E 8 H

AFHEGRGRAL .
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B2 ACMG 5 7 % 40 %6 Hh B HL 38 SC I & 1Y)

BE PR 98 A8 1Y B 1 E AT IE 9L, STXBP2 Ak [ 77
7E ¢.575G>A(p.R192H) 42 & R A2, N KEZE R,
TR ER, FF5 PS2; %7 5 16 ESP £ 4 JE |

ExAC B8 P . T NECHE e v g 8 46 o7 i DA A 3
( minor allele frequency, MAF ) <0.01, e PM2;

22 SIFT. PolyPhen-2, PROVEAN, MutationAssessor

BAOFB, B E, A5G PP3; i, %k

c.604C>A(p.L202M) 7% 5 K A2, N kAR, &

FWGEL, 55 PS2; %L 51 ESP ¥dlE 4 . ExAC
Bys e T NEUIE % B MAF<0.01, 454 PM2;
25 SIFT ., MutationAssessor X 4 71 Il $2 7/~ B M,
PROVEAN Ul “BUREH 25", PolyPhen-2 i
Wy “nIREAFR” 5 Bk, ZERgHE N 0l
REEURM” o W 3,

*3 TRH ACMG BiRIEN %

SR ) Mutation- ACMG B9 b e
AR SIFT PolyPhen2  PROVEAN ' " = s e Hop e
STXBP2 0.03 0.990 -3.81 0.681 PSs2 PM2 PP3 Al BEEC I
UNCI3D 0.15 0.917 -1.38 0.426 PS2 PM2 - BRI
bE SRR N V% & 11 L8
2.3 EFERTS5METFHIXBEESHT H-CHM W44 TL-4 7K-F-fiK T DHM 4H ( P<0.0083 ) .

G TNF-a 7K iR TR AR ( P<0.05)
RAF TFN-y KR TF IR AL (P<0.05) , Pidl
8] IL-2, IL-4. 1L-6. IL-10 /K 3 F1 IL-10/IFN-y |t
HZER LG FEX (P>0.05) , WLk 4,

DHM F4H 11-4 7K T o 582241 ( P<0.0083 ),

4 8] IFN-y /K2R A G2 L (P<0.05)
R[] P 5 e 2 S 38 e e i 275 L (P>0.0083 )
4 44 8] 1L-2., IL-6., IL-10, TNF-a 7K ~F Fi IL-10/
IFN-y WHZE R Gt L (P>0.05) . W3R 5,

T4 RTHEAMITRTHMAEEFKFLLE [M (Py, Pys) |
" IL-2 IL-4 IL-6 IL-10 TNF-a IFN-y
400 B IL-10/IFN-
(pg/ml)  (pg/ml) (pg/mL) (pg/mL) (pg/ml) (pg/mL) !
o8] 35 23(1.5,3.3) 24(1.7,32) 29.4(14.2,683) 619.2(223,1212.9) 2.7(2.0,3.1) 1142.2(324.9,3146.5) 0.6(0.4, 1.4)
AL 46 29(2.2,43) 3.12.0,3.6) 39.2(20.4,78.5) 331.2(96.3,889.2) 3.2(2.3,4.2) 253.846.3,1733.3) 1.0(0.4,3.2)
VA -1.774 -1.655 -1.230 -1.802 -2.300 -2.536 -1.554
P{E 0.076 0.098 0.219 0.072 0.021 0.011 0.120
e [IL] I E; [INF-of MESRAE T a; [IFN-y]y- THEE,
#x5 FIITAH, SHM LA, DHM TEEFN H-CHM TLEMBEE FKFELLE (M (P, Pys) |
. IL-2 1L-4 IL-6 IL-10 TNF-a IFN-y
20531 ik IL-10/IFN-
(pg/mL) (pg/mL) (pg/mL) (pg/mL) (pg/mL) (pg/mL) !
TCRAEH 35 2.3(15,3.3) 24(1.7.3.2) 29.4(14.2,683) 619.2(223,1212.9) 2.7(2.0,3.1) 1142.2(324.9, 3 146.5) 0.6(0.4, 1.4)
SHM i 2f 23 2.6(1.9,33) 2.9(2.0,3.5) 33.3(17.8,68.0) 329.0(89.9,583.7)  3.22.3,3.7) 335.5(51.7,1245.7) 0.6(0.3,1.7)
DHM 741 11 4002.3,52) 3.6(3.3,4.4) 41.0(33.3,94.0) 193.7(105.5,2249.3) 3.1(2.3,5.2) 501.7(63.4,3215.7) 0.7(0.6, 1.7)
H-CHM FZH 12 3.6(2.2,42) 2.1(1.4,3.3)" 49.0(19.7, 109.9) 437.8(72.2,918.5)  3.3(2.1,4.2) 147.9(12.6,1606.5) 3.2(0.6,4.5)
H{E 5.197 10.861 3.171 3.852 5.771 7.900 6.247
P1H 0.158 0.013 0.366 0.278 0.123 0.048 0.100
T [IL] A3 [TNF-of MRIRSEI F o [IFN-y]y- THER; [SHM] 578, [DHM] W G587 [H-CHM] 4G G G572,

a /N GIRABHMI, P<0.0083; b5 DHM W2HAHLL, P<0.0083,
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24 HE7FEHW
TR HMEAN A0S R 27 TEIT

22, =

B X (85%+ 6% vs 4% + 1%, 1'=1.092,
P=0.296) , U K1, J& % A 4. SHM . 4 .

DHM W 41 il H-CHM W41 1 4F 0S % 2 34 4i it
#oE U (85%+6% vs 86% + 7% vs 9% + 9% vs
39% + 15%, )(2:16.040, P=0.001) , H-CHM . 24
LAF OS T HABL, WK 2.

1001

by, — Rgenal
801 e T T L ., G
IS
~ 60+
L g0
)
R 901

0 T T 1
0 4 8 12
AArtTE ()
B1 REAMERLTHDEFHLELER
1001

(i . | R TR TR 1

L R T R ]
~ 801 L., —— SHM W41
x " - ..v. DHM W41
= 1 e : - - H-CHM 4
L 40 F
ﬁ
;ﬂg 204

0 T 1
0 4 8 12

AfEsE (1)

B2 FXIRZTH, SHMIFZH, DHM T ZEF0 H-CHM i
HBAETHEIEE  [SHM] G 5E; [DHM] WA 578 ;
[H-CHM] 455 A 24 B R7E

AAFFEXT 81 41 EBV FHYE HLH LT 45
BRI, g5 EoR, 35 Bl LR E R, 46
BIFFAE SR 2878, A4 23 9] SHM, 11 1] DHM,
12 ] H-CHM (4 il 2l 5 5848 ) o & i WY 5 748
JEP 2 UNCI3D, SREAEIRGE 8 ™Y, 4%
SR E A Y, N ACMG 5 R X %
HLE S 35 W8 S AT 23 B B, STXBP2 Sk [A]
¢.575G>A(p.R192H) Fl UNCI3D % [H c.604C>A(p.
L202M) AT RE AT B e, FRIR WHGE, # it
FTUIREA MR oT TR A T i L L TE I PR S

HLH () % 4 & B 2 5 NK/T 404 510 57 4L
FAH 1) 4t M BE A Bl A G, S50 bk T2 41 A A
0 I 200 L 1% S5 % 3 A DT S 350 R RE S 2 2R 1, 5
A 4 M Y IURE (AR R4 A R KU ) YL AR
F 5 A A 2 117 OB 52 B2 E S 40 778 HLH 192
Wrid fE v B B L ARG PR, T L AR
55 40 R oK DGR M, R LR AR 4 TNF-a
KR F IR, £ TNF-o 0] BB 7E & A S
ZRAF) HLH BILR &t B & #EH, 48 S
AR . AR IFN-y KF & KT
ToRARH, —FATREA RS, HAA RN
L, JoHIRREE NK/T 40 i) RE BRI B o = E
BIL, P RGIEIRI R Y REZ B AR,
FEIFN-y BOENE . HObHE, HAG R RAR
HLH LY IFN-y KRR AT T 5 Jo kR 548
HLH Z A% 52, DHM W4 1L-4 KV T8
RAS N H-CHM W20 1L-4 /KA T DHM W40,
X 1L-4 725 A A 2848 77200 HLH ] fg
—EMEX, HIt, FFEH—D IRk X
— 4. 4 DA IEN-y ZKF 25 A gt 2E s X,
1 2EL (B W P L3 25 S JE e F 2R 3 3L, X R AT
Wt — 2 R ASY, B8] IFN-y 7ER[RI 2848 5 3K
() HLH g LH I R S .

AWFFEIEAL T 154442 5 % EBV BHYE: HLH &
JLTG 52 m, & B H-CHM W40 LY 14 0S
R EALT AL, FBIL— B LA R
WEGRAERDY, HIRIRE R ELEKR, X5
A X TG AR T N R R, B AT AT AR 2
HLH % /E Ry iR &, EBV &Y Rk H &,
It BT T ik B AR (1 8L T e A Rk PR stk
Bps, P R Rz i AR, AT
Fr gL oS M,

RIFGFRAIAFAE— LRI . e, EPR4I240
M2 ©HEFE HLH A OC & [ A CD107a 2 815 &
PEHLH", SR, AT A B 5T,
Y I A5 A B, X S 2 T LR B A B Ao
W, WORTCERAS NK 40 A s, FALE.
CD107a FHABINGER I A E . 48 NGS Al LAJH]
B A 2 2 A HE D, (BAERRER HLH A FUR SR Y
WETENLT T A A AE SR BR 1 . REFEMFIE R, &
A1 2GRS AT A B T HLH S50 9 53
FHLHIEZE "2, A FRATT 1 A e A 5T 1
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BEAE,  H A i DO I — 2 1 SR L v R AT 2 I
Kill, Z5ABTEREIBCA R, AT RE S EAs
FEAEffar. Ik, 74 )5 B AR, Al LA
WIBOF 45 & DIRE SR A AT N PRI IS

BZ, AR, YD A I A B
T HLH R0 (IR A MR s dr k), IF K&
AR BT XG5 TRl 2 PR 57K A s
X HLH 2 P 522 8 LEAT — & i i RS o ik —
A BIRIEST, AL e o Ly RE AN 1 2 1T Y 5 AT AG:
W, e HE A I R BGE b, OB R
ITRESE ARG HLH B A28, Stk — 20 i ]
AL BRI ) T B 58 il

S ARMBZBRARMAFEAE (HF
81770202 ) B it B A RAF A A EERE (%45
LZ12H08001 ) F8h, Rt kAL KT R AN IR
Bl E B AR EP AT A EIETHAAR

[&

Z £ X W]
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