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[(WZE] BH THELRIEN (PRF1) 225076 Wi 40 25 & 4F (HLH) L i 43 A 15 0
FRIT PRF1 L 281 5 HLH & & A7 78 &y B . 73k 4E 2009 48 1 A 2 2013 4F 12 A #1128 HLH
{9 48 BB L (HLH 241 ) J2 100 4% @ HE ARG L (R4 ) MR PRYORE, R B AMEER Y (PCR) 456 H
B 7 2 % P4 AR LAY PRET JE P 2R X (A045 3 MM R TR 2 NN 1) 04T 5L DX 22 25 o7 5 0 i
58 48 HLH L, 46 PRF1 L 4t 7 51 e % 303 4~ SNP A5, A ARGt 7 41 ot % 30 7 4~ SNP AV 5
PRF1 B A F A7 2 4> SNP 7 5 1s10999426 Fl 1510999427 43 BIANAE 5 4%t IR L #E &M (5% ) 5
P b 12 /4> SNP {37 s 75 HLH 25 FIXoS BR 2 r it 56 PRI 180 K S50 B R 3 A1 22 S 2 JE e T4 L (P>0.05) o 49
A543 W R 1510999426 1 rs10999427 8 4 (D=1, P=1) , {H 3k 2 NS HER A-T PAfRRIAE HLH
RN AL A R AR 2 R G4 X (P>0.05) o 5i€ PRFIL R ZEM S HLH KIRA7F4E 2 B etk
HITTBEPEA K 1810999426 Fll 1510999427 FEAEGIN TR, JAGHEY A-T SRR B (X IRgL b & B, (H
RARME, ATREARZEENE HLH R R, [ PESRILRIZRE, 2015, 17 (7) : 677-682]
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Association between gene polymorphisms of Perforin 1 and hemophagocytic
lymphohistiocytosis

HUANG Xiao-Hua, LUO Jian-Ming, BIN Qiong, TANG Li-Juan, YUAN Yuan, JIANG Yu-Feng. Department of Pediatrics,
First Affiliated Hospital of Guangxi Medical University, Nanning 530021, China (Luo J-M, Email: jmluo@aliyun.com)

Abstract: Objective  To investigate frequency distribution of gene polymorphisms of PRF1 gene in children
with hemophagocytic lymphohistiocytosis (HLH), and to explore whether the possible gene polymorphisms of PRF1
gene confer an increased risk of susceptibility to HLH. Methods Forty-eight children who were diagnosed with HLH
between January 2009 and December 2013 (HLH group) and 100 healthy children (control group) were enrolled in
this study. The gene polymorphisms in the coding region of PRF1 gene, which consists of three exons and two introns,
were genotyped by PCR, followed by direct sequencing. Results Three single nucleotide polymorphisms (SNPs) were
revealed in the coding sequence of PRF1 in the 48 children with HLH. Seven SNPs were detected in the noncoding
sequence. Other two SNPs in the noncoding sequence including rs10999426 and rs10999427 were detected only in
5 healthy children (5%). There was no significant difference in allelic frequencies of all the SNPs above between the
HLH and control groups (P>0.05). Haplotype analysis showed there was a pair-wise linkage disequilibrium between
1$10999426 and rs10999427 (D=1, ’=1), but there was no significant difference in the distribution of A-T haplotype
between the HLH and control groups (£>0.05). Conclusions  There is no association between gene polymorphisms
of PRF1 gene and the susceptibility to HLH. There is a pair-wise linkage disequilibrium between rs10999426 and
rs10999427, but a low detection rate of A-T haplotype in healthy children indicates that it might not play a protective
role in the development of HLH. [Chin J Contemp Pediatr, 2015, 17(7): 677-682]
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W I 200 i 2555 AF (HPS ) SR I il 200 o 7k £
HAYNMRE A RE (HLH) |, 2 —Fh il Z R0 80k
EES QN DR ) O N e IR Y A =
200 DR LE PO ML B AT S i ki U IR
FRAEFE ISt & G 1 ) A TR AR B I 44
Hdi /b EREURTIM A o I D BEREAS . NK
g DR (A= = 1 R (| R T AV R s e =
MAE . B8E IS . P g Rz BAF
ZERRAR S P HLH 43 4 JRU& P HLH AR S
HLH, HAJs% M HLH A48 K g M HLH (FHL)
F e BE LR A ARG HLH, Horp FHL £2 &
AETEAERY/NTF 2 2 LI Y, RN,
FER P,

7E H i K B AT HLH 43 st AL = i
5, FHL B IE S5 — S8 3L R A) B F 4t )7 1)
BRI 52 S B T AR B RR SR A A G AR TR
W SERURTE], FHL #5400 5 AR FHLL (7 F
9q21.3-22 MY ARMIER ) . FHL2 (PRF1) . FHL3
(UNCI3D ) . FHI4 (STX11) /& FHLS (STXBP2) ,
Ifif PRF1 E K %75 (5 FHL 1) 20%~50%"", HEIE
KB 70 ZFh PRF1 i e 51 3 F %48 5 FHL &R
A, HREI PRI 3 A5 3 22 45 v 78 4 i 2R
P55 L 28748 5 FLH &6 6 &, L T2E1L
2 LA PR S FHL %0905 19 5 J8elk A DG
B EAMEAEA CEHGE PREL HEP 2 8P
MLA9LC AT RERE M SR LR AR IER TS, MM EL
FALE LIS, $R PRF1 SLP 2 R 07 5 7] RETE 2
{0 SRS T O A R Vi 2 o v E (SR}
M ZEFLR IEH Rk Y Bk, AREFTENT 48
HLH 8L PRF1 3 PH 4 % DX B 3 77 51 145 3 4~4h
BFM2 NG TFIHITRR Z ST, BES
INFLEFE N Z BN 5 7E HUH SBLH & AR T B,
IR PRF1 ZE R Z A M6 5 L#E HLH & %17
TE 5 AR
1 #EMERE
1.1 HRIIH
VEH 2009 4E 1 H % 2013 4F 12 A7) P ER}
K — B EEBERi2 A HLH UL 48 F 5t
%, Hd B 26 B, L 22 l; KRR 6 NHE
14 %, AR 3 % 2 Wibs AR [ PR 2
AP 2EITHY ( HLH-2004 2 Wi ANA T 48R ) ¥,

I HLH Z s o 5 i O 3R B A 7 fa R A 1Y
JLEE 100 BI/E X R, s 56 4], 2t 44 fi;
SERAEIE 3 % 9N H o PRALRIAFRE . PR e s
ST R (P>0.05) , BAT M, AH8F
5% CARTS AT AL G I N AT TR &
1.2 FEKFSNE

M 3L 2 DNA $2BGRG & . 2 x Master Mix
111000 bp DNA Ladder ( tatHEA 22 EYRHEAT
FRAHE, E) ; 516k ( RigETAY TR
FEARMSHRAF, HE) ; ZiEiE PCR ¥ 1Y
(PTC-220, 3£ ) ; fHIE/KBHE (DK-420, FH ) ;
FLUKAL (DYY-86 B, Hi[E ) 5 Gel Doc EQ HEK K,
% 2% (Bio-RAD, M) .
1.3 DNA 2B

A3 BIR A HLH 21 8L Bkt B 21 L 38 40 JH]
kil 2 mL B T EDTA HUses s Ly i 32 P 40
DNA $2EHGAF & P M8 i AR A P42 DNA
1.4 5|¥igit

W H Primer Premier 5.0 &2 NCBI primer designing
tool X A PRF1 KIS 1N & 741 ( GenBank
JP315: NG_009615) HEA751495iT, HAKS |97
IR 1,
1.5 PCR X PCR F=#ill ¢

PCR & W & Z & 50puL: 2 x Master Mix
25 puL, 10 pmol/L I~ F ¥ 51 ¥ 45 2 pl.. DNA
Mg 2 uL, ddH,0 19 pL., PCR JZ I 4 4: 94 °C i
APE 4 ming 94°CAETE45s, BA (RERFE 1)
45s, 72°CHEMH 1 min, 3L 35 PPEER; 72°CH-LE{d
7 min, ¥ 5 puL PCR P*ITE 2% SaWEEENE th kAT
HL Pk (150 V, 25 min) , LA 1000 bp DNA Ladder
KA iR . HEERCE T Gel UG R GEiE
11 A8 T 53 M. PCR 72400 7 Ko ¥ 4 LE Xt PCR
FEMAE o TR T TR R IR 45 A RN
AT, 25 58 R 26 1 B R AE R R (5 B
> (NCBI) Genebank BLAST #4347 7E LR HE AT
1.6 HITESR

K HI SPSS 16.0 Gt Bt A4 t22 0
Br, HHEGERER T E 7% (%) FoR, PR IR L
K S, 51 <P (T) <5 i, R
SR IE ) K s, # T<1 B, SR A Fisher 1 YA
ik, P<0.05 h A G L. 1] SHESsis
AR AT 38 DA 0BT (frequency<0.01 I 2
) o
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)75 GLY s519FH (5'—3") I EE (bp) 1R KR
sense AGCAGCTCTACTCGGCAGAT

Exonl 542 65°C
anti-sense AGGGAGCCTCTTTCCAGCTT
sense GATATCTCAGCCCCTCCCCTT

Exon2 808 65°C
anti-sense AGTCTGAGAGCCAGGATTGC
sense CTGCCCACTTACATGTGACCT

Exon3-1 752 65°C
anti-sense CACACACACTGGCATGGGTC
sense TGGTGGACTACACCCTGGAA

Exon3-2 713 65°C
anti-sense CCCACTGTGAGAACCCCTTC
sense GATCAGGCTCCCAAGTCTGG

Exon3-3 973 65°C
anti-sense GCCTGTTTTCACTGGGTTGC
sense AGAGCACAAAGGACCTGTGAC

Intronl-1 790 65°C
anti-sense TAAGGTGTTTCTGGGGCCTTG
sense CCACCCTTCAAGTCACACCTT

Intron1-2 993 63°C
anti-sense GGGACAGAGTAGCTGTAGCA
sense GAGCCCCAAAGGGAAAATGAGA

Intronl-3 710 65°C
anti-sense CATGCACCAGGCACGAACT
sense GGCTGGACGTGACTCCTAAG

Intron2-1 841 63°C
anti-sense ATGTGGCCTTCATCCATCCG
sense GCCCCTGGGAGTAGGAAGTA

Intron2-2 821 63°C
anti-sense GATGAAGTGGGTGCCGTAGT

o 4R RAC (1s12161733) 2 i (4% ) ; 4 & 13 L1

2.1 HLH 2 JLIGREHE S 17

48 7l HLH £JLrh, Frge kg 1 4 48 )
(100% ) ; HFMK 48 4] (100% ) ; JEHRK 45 )
(94% ) ; M4 =FWA 15 6] (31%) , PR
D164 (33% ); SFYEiE A < 1.5 o/L 27 il 56% );
H il =1 = 3.0 mmol/L 36 ] (75% ) ; NK ZHj
{EAK T 6% 41 ] (85% ) ; #kEE 4 = 500 ng/L 45
B (94% ) 5 B 6 B0 i I 4 36 B (71%) .
2.2 PRF1 EESTUMRRELER

48 i) HLH & L, 7£ PRF1 3 K 25 1% 7 51
W R B 3 A4S SNP i Hop iy FANE 7 2 B

2.8877C>T (rs885821) 14 i (29% ) , g.8955C>T
(rs885822) 44 5] (92% ) . ifi #£ E 4% 75 5 %1
A R B 7 AN SNP s b i TN 1 1
) .5179delG (1rs55974750) 25 f] (52% ) ,
2.5452C>T (13758562 ) 46 4] (96% ) , 2.5936T>C
(16480460 )47 ] (98% ); N F 2 L1 g.7745T>C
(rs80019657 ) 10 7] (21% ) ; 3' AF B X - Y
2.9819G>A (rs1889490 ) 41 4] (85% ) , g.9812C>T
(16480459 )2 4] (4% ) , 2.10164G>A ( rs375066000 )
2 (4% ) . LA 10 4~ SNP 47 5 7E HLH 26 Fi Xt
HR 2 i) 5 PR AR N 46 7 B DR 48 03 A1 22 S 4 B 5t
HEEE S (P>0.05) , W2,

%*2 PRA ZEEZSTMRMANERBEMECERMEZERMATHIIBIEE (6] (%) ]

rs12161733

rs885821

rs885822

A5 ik FE A7 S HE]

FEN T

SENLIEA SR Y SENLIEA

CC CT TT (0 T CcC CT

TT (© T

CC CT TT (© T

XHFAZL 100 99(99) 1(1) 0(0) 199(99.5) 1(0.5) 82(82) 15(15) 3(3) 179(89.5) 21(10.5) 5(5) 38(38) 57(57) 48(24.0) 152(76.0)

SI4H 48 46(96) 2(4) 0(0)

94(97.9) 2(2.1) 34(71) 14(29) 0(0)

82(85.4) 14(14.6) 4(8) 9(19) 35(73) 17(17.7) 79(82.3)

A _ — 4674
Py 0.246 0.247 0.083

1.037 5.699 1.498
0.308 0.058 0.221
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gk2
55974750 rs3758562 rs6480460
4 ik FEP Y SV B A HEP Y SELHEA] HEH Y SELHER]
-— -G GG - G cle; @ TT C T Clc CT TT © T

XHIBZL 100 4(4) 32(32) 64(64) 40(20.0) 160(80.0) 6(6) 29(29) 65(65) 41(20.5) 159(79.5) 78(78) 20(20) 2(2) 176(88.0) 24(12.0)
JRBIZL 48 1(2) 24(50) 23(48) 26(27.8) 70(72.9) 2(4) 11(23) 35(73) 15(15.6) 81(84.4) 42(88) 5(10) 1(2) 89(92.7) 7(7.3)

1 AE 4378 1.878 0.947 1.005 2.241 1.534
P{E 0.110 0.171 0.623 0.316 0.284 0.216
gik2
rs80019657 rs1889490 rs6480459
Ao %k FLR Y S REA LR A S LA FL[R Y S LA
CC CT TT C T GG GA AA G A CC CT TT C T

XTHAZL 100 0(0) 23(23) 77(77) 23(11.5) 177(88.5) 16(16) 50(50) 34(34) 82(41.0) 118(59.0) 94(94) 6(6) 0(0) 194(97.0) 6(3.0)
FEGI4L 48 0(0) 1021) 38(79) 10(10.4) 86(89.6) 7(14) 21(44) 20(42) 35(36.5) 61(30.5) 46(96) 2(4) 0(0) 94(97.9) 2(2.1)

;(2 B 0.088 0.077 0.828 0.560 —* —*
P{E 0.767 0.782 0.661 0.454 1.000 1.000
gik2
rs375066000 1510999426 rs10999427
Ao %k FER Y S REIA FLR Y S REN FER Y S FE A
(CE GA AA G A CC CT TT C T GG GA AA (& A

XHEZH 100 100(100) 0(0) 0(0)  200(100) 0(0) 95(95) 5(5) 0(0) 195(97.5) 5(2.5) 95(95) 5(5) 0(0) 195(97.5) 5(2.5)
SR 48 46(96)  2(4) 0(0)  94(97.9) 2(2.1) 48(100) 0(0) 00) 96(100) 0(0) 48(100) 0(0) 0)  96(100) 0(0)
X2 {4 % % % % % %
P1{E 0.104 0.104 0.175 0.178 0.175 0.178

=% FRIRE Fisher HUIMERPEITSE, LRI, - ik —1N4503EH G,

FEPRFIEH L 2N E T+ EEHB 424 3 iFig
SNP i f5.: 2.7494C>T (1s10999426 ) Fil ¢.7473G>A

(110999427 ), 43 HIALAE 5 % FRZH Lz h & 8E, NEGFAEIEPF (PRF1) ENMT 10q21-22,
PI_I SNP {3 5 7E PR 2 v i 6 PR AN R S JE RR. R 3 AR B FRI2 NS F, WMIBEART
ARG ITFE L (P>0.05) , W2, 1668 NI FEAA T4 T 2 Foh 1 3, g

BN S 7 A M 4R 7R 1s10999426 FlI 555 PR 1M AL R IL N gD AL R E AR
rs10999427 H# M (D=1, r=1) , {HABATAE &, 45 21 DMEIERA NG Sk, HEiGEE4

() SR HY AR HLH 2R BB 2 Hp 10 o0 A DR 22 5 & 1 ZFFLELEMIL ( membrane-attack complex, MAC/

gtz L (P>0.05) , WLEE 3. Perforin domain ) . A K HFHEL5#1, ( EGF-

LIKE domain ) FIZE [T C fReFIX 2" 2545

#3 TLH SNP A SBEENE [0 (%) ] FEAGAATE MM T R4 (CTL) F1 NK 21

o5 % C-G AT M, J& 2S5 40 M RE M A0 R A0 0 A0 i 1Y

XF AL 100 95(95) 55) —ANEBEST, ERZENN, fEEEhREEH

HLH 41 48 48(100) 0(0) TR, HIBESH I SR8y, EHNINR

s = BTG iR S LR NS 52
i 0173 FIBATG, 04 | UG . 2 PERE(L . B

e —* FIRE Fisher MYIMERIITE, ToRAES
-680 -
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IR AN bk s | IRV . HLH 2426

1999 4F- Stepp % " T UKIIESE T PRF1 5 FHL2
X, EWNINKEIFEERM, FHL BHEZ15ES
AR T A I R R A SRR, 5 g
L/ PURIEE - 0EAET &R AR” A, PRF1 A
RASTA] SR ZEFLETE CTL. NK 4 2% 1 2 38 92>
FLEORFEE, AT AS BE Ak S 20 it )i 2 4 it o 7
BU, S BT G 1 00 A 200 375 S 0 40 i 7
T, T 5000 Pk O 200 it R 2 2 40 B A R R AL,
WK T, SHFHL2 &% ", RNEEZR
PRF1 3 K A8 4 i AN [A], 4 50del T (L17£X22)
555 WA K, FEHZR, 1090-91delCT( L364£sX )
S ECH WL AR A A, 207delC WU R 55— I
LR 2 e R L, SRR LAY R AR
752 1122 G>A (W374X) P E A4 5T
T S168N. T450M 4 2 i U, 1s885821, rs885822
M ECH WL SNP A g 720 {HOGTF PRFT 2B A7AE
BN Z 250 K 5 HLH 7778 5 I8 &M 4 JeAH G4
i

ARWFFTAE PRFT 3 K 4 15 37 op 36 % BE 3 A4
SNP, Hiff R4C (1512161733 ) {VTE 2 il )L (4% )
MBIERILE (1%) P, kAR, HE
3 191 £EL 11X HE £ e PR] A6 R 258 457 5k PR B R 24 57 TG
Gt X, PR ZEAETT IR 5 38 AR
B BeIE A A (E S ARG /s, 5 FHL &
I o A S E AN K, T ¢.8877C>T (rs885821)
3.8955C>T (15885822 ) MR FH AR A Z, A~
LR R A, HAE 4] Kt Bl rh 3y
JTZAFAE, AH LB E R 2 PEN S, O FHL
KRTE X o

TEAE GRS T 5 rh 3R 2 B 9 A SNP fii i, Hirp
rs55974750., 153758562, rs6480460, rs80019657
151889490 7E HLH #1 11y 43 41 451 % 73 5l Ry 52% .
96% . 98% . 21% . 85%, fiFE Xt BELL vt ()43 A5 4t
TN 36% . 94% . 98% . 23%. 84%, FiLEf
F R B e HLH 4 A B8 41 1) /9 22 S+ ¥ T 40 it
2 X 1s6480459 AU FE 2 1] HLH £ L (4% ) F1
6 B IE# JLE (6% ) T A, i 1s375066000 1%
FE2 B HLH &L (4% ) hERBL, YIhREGT, &
AR, IR AR RN AR R PR AE HLH 41 vt
MRAL P 22 IR TE G 22 B Lo RIFREER L
7 A~ SNP {7 S 7E EFL R B H ok . B H A 2

681

2 H5REEERTREMEA K, XF FHL &5k JCHA
8 5 Ik

AL, 3% B P 1553 1 42 78 1510999426 F
1s10999427 ‘B % E B, B A Y AT FRAE
RUYE HLH 41 R0 BEZH v (8 20 A7 458 4331 R 0% il
5%, B A-T PR RIYE 20 [a] () 40 A 22 57 040 124
=, i, A-T RARLY) FHL JCB & 5 A O
P o ZHRAL AT B R B, (H R A RAIL,
AIREIFEANIE FHL MR PER &

FHL &R E, KM, SIERR e, ffE2,
WalE 2 I . N AMIFIE B 4 Kk BT S A &
R REETGIEZHER Y, Hh gl RILH
WREENHEREZ — AP RRFILRIER
Z 505 HLH Z) B PEnT gerE Ak, (AEAULER
J&, ARBFSEH 48 ) HLH HLZE AL R D 4 i 241
KEBILH AR | gl LA | BRSOk
FILRILF I T BN & F IR T 5 N 2 A
Gy, HH AR HAL FHL A1 565 K U UNCI3D,
STX11, STXBP2 &84T 3L 43 Hr. 12 fL K LA
B9 5 B DB AR A X 8 37 B A AR DG
B R B AFAERd AR S A SE R s R,
B — 2 R, DI A B RE W48 s X L3
HLH G . I R2 6 R BUG A B Ay

PR

(& % X #]
[1]  Risma K, Jordan MB. Hemophagocytic lymphohistiocytosis:
updates and evolving concepts[J]. Curr Opin Pediatr, 2012,
24(1): 9-15.
Janka GE. Familial and acquired hemophagocytic
lymphobhistiocytosis[J]. Annu Rev Med, 2012, 63: 233-246.
Gholam C, Grigoriadou S, Gilmour KC, et al. Familial

(2]

(3]
haemophagocytic lymphohistiocytosis: advances in the genetic
basis, diagnosis and management[J]. Clin Exp Immunol, 2011,
163(3): 271-283.

[4] Tang YM, Xu XJ. Advances in hemophagocytic

lymphobhistiocytosis: pathogenesis, early diagnosis/differential

diagnosis, and treatment[J]. Scientific World Journal, 2011,

11(1): 697-708.

Voskoboinik I, Thia MC, Trapani JA. A functional analysis of

the putative polymorphisms A91V and N252S and 22 missense

[3]

perforin mutations associated with familial hemophagocytic
lymphohistiocytosis[J]. Blood, 2005, 105(12): 4700-4706.

Sanchez IP, Leal-Esteban LC, Alvarez-Alvarez JA, et al.
Analyses of the PRF1 gene in individuals with hemophagocytic

(6]

lymphohystiocytosis reveal the common haplotype R54C/A91V

in Colombian unrelated families associated with late onset



FITEETH
20154F 7 H

b E %A ILA R E

Chin J Contemp Pediatr

Vol.17 No.7
Jul. 2015

[10]

[11]

[12]

[13]

[14]

[15]

[16]

disease[J]. J Clin Immunol, 2012, 32(4): 670-680.
Martinez-Pomar N, Lanio N, Romo N, et al. Functional impact
of A91V mutation of the PRF1 perforin gene[J]. Hum Immunol,
2013, 74(1): 14-17.

Trambas C, Gallo F, Pende D, et al. A single amino acid
change, A91V, leads to conformational changes that can impair
processing to the active form of perforin[J]. Blood, 2005,
106(3): 932-937.

Henter JI, Horne A, Arico M, et al. HLH-2004:
diagnostic and therapeutic guidelines for hemophagocytic
lymphohistiocytosis[J]. Pediatr Blood Cancer, 2007, 48(2): 124-
131.

Zur Stadt U, Beutel K, Kolberg S, et al. Mutation spectrum in
children with primary hemophagocytic lymphohistiocytosis:
molecular and functional analyses of PRF1, UNC13D, STXI1,
and RAB27A[J]. Hum Mutat, 2006, 27(1): 62-68.

Lichtenheld MG, Olsen KJ, Lu P, et al. Structure and function of
human perforin[J]. Nature, 1988, 335(6189): 448-451.

An O, Gursoy A, Gurgey A, et al. Structural and functional
analysis of perforin mutations in association with clinical data
of familial hemophagocytic lymphohistiocytosis type 2 (FHL2)
patients[J]. Protein Sci, 2013, 22(6): 823-839.

Kégi D, Odermatt B, Seiler P, et al. Reduced incidence and
delayed onset of diabetes in perforin-deficient nonobese diabetic
mice[J]. J Exp Med, 1997, 186(7): 989-997.

Cappellano G, Orilieri E, Comi C, et al. Variations of the
perforin gene in patients with multiple sclerosis[J]. Genes
Immun, 2008, 9(5): 438-444.

Manso R, Rodriguez-Pinilla SM, Lombardia L, et al. An A91V
SNP in the perforin gene is frequently found in NK/T-Cell
lymphomas[J]. PLoS One, 2014, 9(3): €91521.

Yang L, Liu H, Zhao J, et al. Mutations of perforin gene in
Chinese patients with acute lymphoblastic leukemia[J]. Leuk
Res, 2011, 35(2): 196-199.

Trapani JA, Thia KYT, Andrews M, et al. Human perforin

1682

[18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

mutations and susceptibility to multiple primary cancers[J].
Oncoimmunology, 2013, 2(4): e24185.

Stepp SE, Dufourcq-Lagelouse R, Le Deist F, et al. Perforin
gene defects in familial hemophagocytic lymphohistiocytosis[J].
Science, 1999, 286(2): 1957-1959.

Arico M, Nespoli L, Maccario R, et al. Natural cytotoxicity
impairment in familial haemophagocytic lymphohistiocytosis[J].
Arch Dis Child, 1988, 63(3): 292-296.

Lee SM, Villanueva J, Sumegi J, et al. Characterisation of
diverse PRF1 mutations leading to decreased natural killer cell
activity in North American families with haemophagocytic
lymphohistiocytosis[J]. J Med Genet, 2004, 41(2): 137-144.
Ishii E, Ohga S, Imashuku S, et al. Review of hemophagocytic
lymphohistiocytosis (HLH) in children with focus on Japanese
experiences[J]. Crit Rev Oncol Hematol, 2005, 53(3): 209-223.
Nagai K, Yamamoto K, Fujiwara H, et al. Subtypes of familial
hemophagocytic lymphohistiocytosis in Japan based on genetic
and functional analyses of cytotoxic T lymphocytes[J]. PLoS
One, 2010, 5(11): e14173.

Okur H, Balta G, Akarsu N, et al. Clinical and molecular
aspects of Turkish familial hemophagocytic lymphohistiocytosis
patients with perforin mutations[J]. Leuk Res, 2008, 32(6): 972-
975.

Lu G, Xie Z, Shen K, et al. Mutations in the perforin gene in
children with hemophagocytic lymphohistiocytosis[J]. Chin
Med J (Engl), 2009, 31(23): 2851.

BB, e, /NS L R AN EE AR L P gL R
[RIZ&AE FIRIFFE [1]. TP R 2Y , 2013, 48(9): 810-811.

XVELR | TEARAY , O, A5 . SRR W i 200 M Ptk T2 2 22 40
a8 22 5E — 15195 DR AN A% 2 (D). AR N RR 2R L 2011,
50(2): 132-135.

Rl SCa , ] )L I 200 A 1 7R O 2 2R 2 e A A )
JE R [J]. R ESRUBAE | 2012, 14(8): 593-597.

(ASCHl . I )





