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Background: Epidemiological studies have evaluated the associations of CD16 158F>V and CD32 131H>R gene polymor-
phisms with the risk of idiopathic thrombocytopenic purpura (ITP).

Material/Methods: Published studies on CD16 158F>V and CD32 131H>R polymorphisms with susceptibility to ITP were systemat-
ically reviewed until April 1, 2014. The Cochrane Library Database, Medline, CINAHL, EMBASE, Web of Science,
and Chinese Biomedical Database (CBM) were used to search for relevant studies and then a meta-analysis
was conducted by using Stata 12.0 software in order to produce consistent statistical results.

Results: In total, 10 clinical case-control studies with 741 ITP patients and 1092 healthy controls were enrolled for quan-
titative data analysis. Results of this meta-analysis suggest that CD16 158F>V polymorphism had strong corre-
lations with the susceptibility to ITP under 5 genetic models (all P<0.05). However, no similar associations were
found between CD32 131H>R polymorphism and the susceptibility to ITP (all P>0.05). Subgroup analysis by
ethnicity revealed that CD16 158F>V polymorphism was associated with the increased risk of ITP among both
Caucasian and non-Caucasian populations. Nevertheless, no statistically significant correlations between CD32
131H>R polymorphism and the risk of ITP were observed among Caucasians and non-Caucasians (all P>0.05).

Conclusions: Our findings indicate that CD16 158F>V polymorphism may contribute to the increased risk of ITP, whereas
CD32 131H>R polymorphism may not be an important risk factor for ITP.
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Background

Idiopathic thrombocytopenic purpura (ITP) is the most com-
mon type of thrombocytopenic purpura and is often diagnosed
as a type of autoimmune disorder [1]. Due to the destruction
of immune-mediated platelets, ITP is also regarded as a type
of hemorrhagic disease, resulting in low platelet count in the
peripheral blood [2]. ITP is often expressed as extensive hem-
orrhage of skin, mucous membranes, and internal organs, per-
sistent low platelet count, short platelet survival time, and
presence of anti-platelet auto-antibodies [3]. The overall adult
ITP incidence is approximately 4.4 female cases per 100 000
population per year and 3.4 male cases per 100 000 popula-
tion per year in the UK, having especially prominent differenc-
es by sex in persons under 65 years old [4]. ITP is also con-
sidered to be a multifactorial disease caused by interactions
between genetic and non-genetic factors [5,6]. A wide range
of environmental risk factors for ITP have been identified, in-
cluding viral infections, autoimmune diseases (particularly an-
tiphospholipid syndromes), and drug inductions [7-9]. Apart
from environmental risk factors, genetic factors also have been
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revealed to play pivotal roles in the susceptibility to ITP by nu-
merous genes that might be associated with the development
and progression of ITP [10].

Human Fcy receptors (FcyRs) are glycoproteins that bind the
Fc portion of immunoglobulin G (IgG) and are involved in pre-
serving antibodies [11]. Human FcyRs are expressed on effector
cells that have functions of autoantibody-sensitized platelets
and phagocytes, as well as antibody-dependent cell-mediated
cytotoxicity [12]. FcyRs play pivotal roles in the pathogenesis
of autoimmune disease and they act as essential substances
between the humoral and cell-mediated immune responses in
order to generate inflammation [13]. Importantly, FcyRs mod-
ulated antibody production using B cells and participated in
phagocytosis, antibody-dependent cellular cytotoxicity, and
mediator release and are considered to be correlated with the
increased risk of systemic lupus erythematosus, lupus nephri-
tis, and ITP [14,15]. Therefore, the blocking of the FcyRs might
cause reduced platelet destruction due to autoimmune diseas-
es, including ITP. Based on structural homology, there are 3
major classes of receptors in the human FcyRs family: Fcy RI,

Table 1. Baseline characteristics and methodological quality of all included studies.

Number
First author

Year Ethnicity Disease

Case Control Case Control Case

Gender (M/F)

Age (years)

Papagianni A

[30] 2013 Caucasians Children 53 45  26/27
Nourse )P 5417 Caucasians Total 100 100 -

[29]

Eyada TK 2012 Africans Children 92 90 44/48
200
Amorim DM 2012 Caucasians Children 39 78 18/21

[10]

Genotype
Control  Method
5.9+3.9 = PCR-RFLP CD16 158 F>V 6
51 39

(18~85)  (21~66) AS-PCR  CD16 158 F>V 6
40/50 8.3+4.5 6.2#3.5 PCR-RFLP (D16 131 H>R 8

AS-PCR  CD16 158 F>V
7.3#3.2 5.444.0 PCR-RFLP (D16 158 F>V 7

131 H>R

Breunis WB  4¥V© Labtdoldils  AGURL % AUV el = - T WRRPRAdeedy REI< LS TR b
[21] Children 72 100 35/37 - - MLPAassay (D32 131H>R 6
WangJH [31] 2007 Asians  Total 74 111 22/52 45/66 34.5+13.3 39.0+16.3 AS-PCR (D16 158F>V 7
Carcao MD 2003 Caucasians Children 98 130  46/52 054169 -  PCR-RFLP (D32 158FV 8
[26] 131 H>R
Fujimoto 7T 2001  Asians  Total 104 59 28/76 30/29 ~ 26 542  PCRRFLP (D32 158BV 8
[27] 131 H>R
Foster B 2001 Caucasiansfrr:l:i;ei: 36 218 - - - PCRRFLP (D32 158FV 6
[22] e
131 H>R
Williams Y .
2] 1998 Caucasians Total 29 61 30/60 10/19 7~75  20~55 AS-PCR (D32 131H>R 6

M — male; F — female; SNP — single nucleotide polymorphism; NOS — Newcastle-Ottawa Scale; PCR-RFLP — polymerase chain reaction-
restriction fragment length polymorphism; AS-PCR - allele-specific PCR, MLPA multiplex ligation-dependent probe amplification.
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A B
(D16 158F>V polymorphism (D16 158F>V polymorphism

Included studies (M allele versus W allele) OR (95% Cl) Weight (%)  Included studies (WM-+MM versus WW) OR (95% (1) Weight (%)
Papagianni A (2013) ) 72 (1.46,5.06)  5.57 Papagianni A (2013) [ m——079 (3.48,27.52) 4.72
Nourse JP (2012) —_—— 2.07(1.37,3.12)  11.09 Nourse JP (2012) —0— 2.50(1.38,4.50) 11.21
Eyada TK-b (2012) == 1.99(1.28,3.10)  9.89 Eyada TK-b (2012) —‘— 3.17(1.70,5.92) 10.39
Amorim DM-b (2012) s 3.7 (1.74,5.96)  5.66 Amorim DM-b (2012) = 3.15(1.31,7.61)  6.16
Breunis WB-d (2008) —— 1.93(1.30,2.87) 11.64 Breunis WB-d (2008) —‘— 2.22(1.27,3.88) 12.09
Breunis WB-e (2008) = —‘— 1.40(0.83,237) 739 Breunis WB-e (2008) = -0— 1.26(0.62,2.58) 8.57
Breunis WB-f (2008) == 2.33(1.50,3.64) 9.76 Breunis WB-f (2008) -—0— 3.36(1.70,6.64) 9.1
Wang JH (2007) 9= 1.59(1.04,2.41) 10.76 Wang JH (2007) e gl 2.53(1.19,539) 7.84
Carcao MD-b (2003) == 1.63(1.10,2.40) 12.07 Carcao MD-b (2003) —0-— 2.07(1.19,3.59) 12.24
Fujimoto TT-b (2001) R 1.51(0.94,2.43) 881 Fujimoto TT-b (2001) —‘— 2.00(1.02,3.92) 932
Foster (B-b (2001) — 1.11(0.66,1.89) 7.37 Foster (B-b (2001) e 1.72(0.82,3.57) 8.25
Heterogeneity test (°=18.8%, P=0.0265) $ 1.84(1.57,2.15) 100.00 Heterogeneity test (=27.3%, P=0.184) Lo 2.46(1.93,3.13) 100.00
Ltest (7=7.66 P<0.00]) = r Ltest (7=7.2 P<0.00.1) : r

0.168 1 5.96 0.0363 1 275
C ) D )

(D32 131H>R polymorphism (D32 131H>R polymorphism

Included studies (M allele versus W allele) OR (95% Cl) Weight (%) Included studies (WM+MM versus WW) OR (95% (1) Weight (%)
Eyada TK-a (2012) e — 1.33(0.81,2.19) 10.78 Eyada TK-a (2012) e — 1.66(0.84,3.29) 12.40
Amorim DM-a (2012) _.;. 0.89(0.50,1.61)  8.76 Amorim DM-a (2012) —— 0.87(0.35,2.14)  7.67
Breunis WB-a (2008) = 1.02(0.70,1.49) 14.05 Breunis WB-a (2008) e — 0.90(0.50,1.62) 15.78
Breunis WB-b (2008) —q.— 1.07(0.65,1.77)  10.59 Breunis WB-b (2008) ——e— 1.32(0.58,3.03)  8.92
Breunis WB-¢ (2008) —— 0.99(0.65,1.53) 12.51 Breunis WB-c (2008) —— 0.73(0.38,1.40) 13.41
Carcao MD-a (2003) [— 1.52(1.04,2.21) 14M Carcao MD-a (2003) ——— 1.36(0.71,2.60) 13.42
Fujimoto TT-a (2001) e 0.87(0.54,1.40) 1139 Fujimoto TT-a (2001) —_— 0.95(0.49,1.84) 13.19
Foster (B-a (2001) —.—- 0.68 (0.40,1.13) 1034 Foster (B-a (2001) et 0.55(0.27,1.14) 1145
Williams Y (1999) D —— .53 (1.31,4.90) 747 Williams Y (1999) e — .83 (0.75,10.68)  3.75
Heterogeneity test (I;?g)is%, P=0.064) Q > 1.11(0.89, 1.38) 100.00 Heterogeneity test (P=45.8%, P=0.064) < > 1.02(0.79, 1.33) 100.00
Wz = T = T Wz — T

0.204 1 49 0.0936 1 10.7

Figure 1. Forest plots for the correlation between CD16 158F>V and CD32 131H>R polymorphisms and the risk of idiopathic
thrombocytopenic purpura under allele and dominant models.

Fcy Rlla (CD32); Fcy Rilb, Fcy Rilla (CD16); and Fcy RllIb, which
differ in their antibody affinities due to their different molecu-
lar structures. Low-affinity activating receptors, such as FcyRII
and Fcy RIll, only bind immune-complexed 1gG [16,17]. Several
studies have revealed that gene polymorphisms of FcyRs (CD32
and CD16) and amino acid differences may alter the receptor
affinity to bind immunoglobulins [18,19]. Therefore, it was hy-
pothesized that CD32 and CD16 might also be associated with
the increased risk of ITP [20]. However, other studies showed
contradictory results concerning the potential association be-
tween CD32 or CD16 and the susceptibility to ITP [21,22]. For
the sake of obtaining consistent results, we performed the pres-
ent meta-analysis of all available studies to determine the as-
sociation between gene polymorphisms in the CD32 and CD16
genes and the susceptibility to ITP.

Material and Methods

Search strategy

Studies concerning the association between CD32 and CD16
gene polymorphisms and the susceptibility to ITP were re-
trieved from: Cochrane Library Database, Medline, EMBASE,

CINAHL, Web of Science, PubMed, and Chinese Biomedical
Database (CBM). A diverse combination of MeSH terms and
keywords was used for selecting relevant studies: (“genetic
polymorphism” or “SNP” or “variation” or “single nucleotide
polymorphism” or “polymorphism” or “mutation” or “vari-
ant”) and (“Fc gamma receptor IIA” or “FCGR3A protein, hu-
man” or “FCGR2B protein, human” or “Fc gamma receptor
[IA” or “FcgammaRIIA” or “FcgammaRIIIA” or “FcgammaRIIB”
or “FCGR3A” or “FCGR2B” or “FcgammaRIIB protein”) and
(“Purpura, Thrombocytopenic, Idiopathic” or “immune thrombo-
cytopenic purpura” or “Werlhof’s Disease” or “Werlhofs Disease”
or “Autoimmune Thrombocytopenic Purpura” or “Idiopathic
Thrombocytopenic Purpura” or “Immune Thrombocytopenic
Purpura” or “Autoimmune Thrombocytopenia”). In addition
to electronic searching, other relevant studies were manually
identified using references in enrolled papers obtained from
the electronic search and abstracts presented at meetings of
relevant scientific societies.

Inclusion criteria
To determine the trial eligibility for the meta-analysis, 4 crite-

ria were considered: (1) Trials should be either clinically pub-
lished or nested case-control studies focusing on the association
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A (D16 158F>V polymorphism B (D16 158F>V polymorphism
Included studies (Ethnicity: M allele versus W allele) OR (95% CI) Weight (%)  Included studies (Ethnicity: WM-+MM versus WW) OR (95% Cl) Weight (%)
Caucasians Caucasians
Papagianni A (2013) b .72 (1.46,5.06)  5.57 Papagianni A (2013) | —— .79 (3.48, 27.52)  4.72
Nourse JP (2012) —_— 2.07(1.37,3.12) 11.09 Nourse JP (2012) —— 2.50(138,4.50) 11.21
Amorim DM-b (2012) s 322 (1.74,5.96)  5.66 Amorim DM-b (2012) - — 315(131,761) 616
Breunis WB-d (2008) e 1.93(1.30,2.87) 11.64 Breunis WB-d (2008) —— 2.22(1.27,3.88) 12.09
Breunis WB-e (2008) i - 1.40(0.83,2.37) 7.39 Breunis WB-e (2008) PR 1.26(0.62,2.58) 857
Breunis WB-f (2008) s 233(150,3.64) 976 Breunis WB-f (2008) —_—— 336(1.70,6.64) 921
Carcao MD-b (2003) el 1.63(1.10,2.40) 12.07 Carcao MD-b (2003) i 2.07(1.19,3.59) 12.24
Foster (B-b (2001) e s 1.11(0.66,1.89) 737 Foster (B-b 2001) e 172(082,357) 8.5
Heterogeneity test (P=35.9%, P=0.142) <> 1.91(1.55,2.36) 70.55 Heterogeneity test (F=44.9%, P=0.80) S 246(177,342) 72.44
7 test (7=6.01, P<0.001) Y 7 test (Z=5.38, P<0.001) ¥
Non-Caucasians . Non-Caucasians
EyadaTK-b (2012) [ 1.99(1.28,3.10)  9.89 EyadaTK-b (2012) i 3.17(170,5.92) 10.39
Wang JH (2007) i 1.59(1.04,2.41) 1076 Wang JH (2007) —— 253(1.19,5.39)  7.84
Fujimoto TT-b (2001) e 1.51(0.94,243) 881 Fujimoto TT-b (2001) i 200(1.02,3.92) 932
Heterogeneity test (P=0.00%, P=0.0660) <> 1.69(131,2.18) 29.45 Heterogeneity test (1*=0.00%, P=0.614) <> 2.55(1.72,3.78) 27.56
7 test (7=4.02, P<0.001) : Ltest (7=4.69, P<0.001) !
Heterogeneity test (#=18.8%, P=0.265) P 1.84 (1,57, 2.15) 100.00 Heterogeneity test (’=27.3%, P=0.184) o 2.46/(1.93,3.13) 100.00
T test (7=7.66, P<0.001) : Ltest (=7.29,P<0.001) :

0.168 1 5.96 0.0363 1 275
C (D16 158F>V polymorphism D (D16 158F>V polymorphism
Included studies (Onset age: M allele versus W allele) ~ OR (95% Cl) Weight (%)  Included studies (Onset age: WM-+MM versus WW) OR (95% Cl) Weight (%)
Children P Children i
Papagianni A (2013) s 172 (1.46,5.06)  5.57 Papagianni A (2013) ¢ e 9.79 (3.48,27.52)  4.72
Eyada TK-b (2012) —_—— 1.99(1.28,3.10)  9.89 Eyada TK-b (2012) e 3.17(1.70,5.92) 1039
Amorim DM-b (2012) s 3.2 (1.74,5.96)  5.66 Amorim DM-b (2012) L — 3.15(131,7.61)  6.16
Breunis WB-f (2008) —— 233(1.50,3.64) 9.76 Breunis WB-f (2008) === 336(1.70,6.64) 921
Carcao MD-b (2003) S 1.63(1.10,2.40) 12.07 Carcao MD-b (2003) == 2.07(1.19,3.59) 12.24
Foster CB-b (2001) i 1.11(0.66,1.89)  7.37 Foster (B-b (2001) e 1.72(0.82,3.57) 8.5
Heterogeneity test (P=47.1%, P=0.093) <> 1.99(1.51,2.62) 5032 Heterogeneity test (=44.5%, P=0.108) <> 2.97(2.00,441) 50.97
Ztest (7=4.87,P<0.001) : Ttest (7=5.38,P<0.001) :
Adult : Adult H
Nourse JP (2012) o 2,07 (1.37,3.12) 11.09 Nourse JP (2012) —— 2.50(1.38,450) 11.21
Breunis WB-e (2008) = 1.40(0.83,237) 739 Breunis WB-e (2008) ——— 1.26(0.62,2.58) 8.57
Wang JH (2007) e 1.59(1.04,2.41) 10.76 Wang JH (2007) e o 253(1.19,539)  7.84
Fujimoto TT-b (2001) o 151(0.94,2.43) 881 Fujimoto TT-b (2001) - 200(1.02,392) 932
Heterogeneity test (”=0.00%, P=0.0637) o 1.66 (1.33,2.08) 38.04 Heterogeneity test (#=0.00%, P=0.478) <> 2.03(1.45,2.85) 36.94
7 test (7=4.42, P<0.001) : Ttest (7=4.12,P<0.001) :
Total : Total :
Breunis WB-d (2008) - 1.93(1.30,2.87) 11.64 Breunis WB-d (2008) —— 2.22(1.27,3.88) 12.09
7 test (7=3.24,P=0.001) = 1.93(1.30,2.87) 11.64 Ztest (Z=2.81,P=0.005) = 222(127,3.88) 12.09
Heterogeneity test (#=18.8%, P=0.265) < Heterogeneity test (°=27.3%, P=0.184) S
Ztest (Z=7.66, P<0.001) . 1.84(1.57,2.15) 100.00 Ttest (7=7.29,P<0.001) : 2.46(1.93,3.13) 100.00

L] L] L} Ll

0.168 1 5.96 0.363 1 275
E (D16 158F>V polymorphism F (D16 158F>V polymorphism
Included studies (Method: M allele versus W allele) OR (95% CI) Weight (%)  Included studies (Method: WM+MM versus WW) OR (95% Cl) Weight (%)
PCR-RFLP : PCR-RFLP :
Papagianni A (2013) e 1.72(1.46,5.06)  5.57 Papagianni A (2013) gy 9,79 (3.48,27.52) 472
Amorim DM-b (2012) iy 3.22 (1.74,5.96)  5.66 Amorim DM-b (2012) ——— 3.15(131,761)  6.16
Carcao MD-b (2003) — 1.63(1.10,2.40) 12.07 Carcao MD-b (2003) —— 2.07(1.19,3.59) 12.24
Fujimoto TT-b (2001) | A 1.51(0.94,243) 8.81 Fujimoto TT-b (2001) L 200(1.02,392) 9.32
Foster CB-b (2001) e Gt 1.11(0.66,1.89)  7.37 Foster (B-b (2001) Ty 1.72(0.82,3.57) 8.5
Heterogeneity test (P=55.7%, P=0.060) = 1.82(1.29,2.57) 39.48 Heterogeneity test (*=54.8%, P=0.065) <> 2.65(1.61,4.36) 40.70
7 test (7=3.40, P=0.001) : Ttest (7=3.84,P<0.001) .
AS-PCR : AS-PCR :
Nourse JP (2012) P 2.07(1.37,3.12) 11.09 Nourse JP (2012) e 2.50(1.38,4.50) 11.21
Eyada TK-b (2012) s 1.99(1.28,3.10 9.89 EyadaTK-b (2012) e 3.17(1.70,5.92) 1039
Wang JH (2007) s 1.59(1.04,2.41) 10.75 Wang JH (2007) . — 253(1.19,539)  7.84
Heterogeneity test (°=0.00%, P=0.0636) <> 1.87(1.45,239) 31.73 Heterogeneity test (”=0.00%, P=0.840) < 2.73(1.88,3.96) 29.44
T test (7=6.02, P<0.001) : Ttest (7=5.27,P<0.001) i
MLP assay : MLP assay :
Breunis WB-d (2008) - 1.93(1.30,2.87) 11.64 Breunis WB-d (2008) e 2.22(1.27,3.88) 12.09
Breunis WB-e (2008) e 1.40(0.83,237) 739 Breunis WB-e (2008) Bt 2 1.26(0.62,2.58)  8.57
Breunis WB-f (2008) e 2.33(1.50,3.64) 9.76 Breunis WB-f (2008) P 336(1.70,6.64) 9.1
Heterogeneity test (=5.45%, P=0.348) <> 1.90(1.46,2.48) 28.79 Heterogeneity test (*=47.4%, P=0.149) <> 2.14(1.28,3.58) 29.86
T test (=473, P<0.001) R Ttest (7=2.90, P<0.004) .
Heterogeneity test (=18.8%, P=0.265) < 1.84(1.57,2.15) 100.00 Heterogeneity test (°=27.3%, P=0.184) o4 2.46 (1.93,3.13) 100.00
Ztest (Z=7.66, P<0.001) : Ttest (7=7.29,P<0.001) :

0.168 1 5.96 0.363 1 275

Figure 2. Subgroup analysis by ethnicity, onset age, and genotype methods of the correlation between CD16 158F>V polymorphism
and the risk of idiopathic thrombocytopenic purpura under allele and dominant models.
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A (D32 131H>R polymorphism B (D16 158F>V polymorphism
Included studies (Ethnicity: M allele versus W allele) OR (95% Cl) Weight (%)  Included studies (Ethnicity: WM-+MM versus WW) OR (95% CI) Weight (%)
Non-Caucasians : Non-Caucasians
Eyada TK-b (2012) e — 1330.81,2.19 10.78 Eyada TK-b (2012) e —— 1.66(0.84,3.29) 12.40
Fujimoto TT-a (2001) —eii— 0.870.54,1.40 1139 Fujimoto TT-a (2001) —— 0.95(0.49,1.84) 13.19
Heterogeneity test (P=32.9%, P=0.222) - > 1.070.71,1.62 22.17 Heterogeneity test (P=24.4%, P=0.250) 1.25(0.72,2.15)  25.60
7 test (7=0.32, P=0.749) H 7 test (7=0.79, P=0.428)
Caucasians : Caucasians
Amorim DM-a (2012) . H 0.890.50,1.61 8.76 Amorim DM-a (2012) 0.87(0.35,2.14)  7.67
Breunis WB-a (2008) _ 1.020.70,1.49 14.05 Breunis WB-a (2008) 0.90(0.50,1.62) 15.78
Breunis WB-b (2008) - 1.070.65,1.77 10.59 Breunis WB-b (2008) 1.32(0.58,3.03) 892
Breunis WB-c (2008) N 0.990.65,1.53 12.51  Breunis WB-c (2008) e 0.73(038,1.40) 1341
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Figure 3. Subgroup analysis by ethnicity, onset age, and genotype methods of the correlation between CD32 131H>R polymorphism
and the risk of idiopathic thrombocytopenic purpura under allele and dominant models.
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META-ANALYSIS

Table 2. Meta-analysis of the relationships of CD16 158F>V and CD32 131H>R polymorphisms with the immune thrombocytopenic

purpura.

M allele vs. W

WM + MM vs. WW
(dominant model)

MM vs. WW + WM

MM vs. WW MM vs. WM

95%ClI P OR OR 95%CI 4

OR 95%Cl
ISPV 184 157-215 <0001 246 193313 <0001 212
Ethnicity
Caucasians  1.91 1.55-2.36 <0.001 2.46 1.77-3.42 <0.001 2.36

1.56-2.88 <0.001 3.31 2.38-4.59 <0.001 1.53 1.12-2.09 0.008

<0.001 3.44 2.23-5.30

PCR-RFLP 1.04 0.76-1.42 0.804 1.03 0.71-1.50 0.880

MLPA assay 1.02 0.80-1.31 0.849 091 0.62-1.34 0.632

AS-PCR 2.53 1.31-490 0.006 2.83 0.75-10.68 0.126 4.24

1.60-11.28 0.004 6.36 1.46-27.67 0.014 3.71 1.33-10.36 0.012

W — wild allele; M — mutant allele; WW — wild homozygote; WM — heterozygote; MM — mutant homozygote; OR — odds ratio;
95%Cl — 95% confidence interval; AS-PCR — allele-specific PCR; PCR-RFLP — polymerase chain reaction-restriction fragment length
polymorphism; MLPA — multiplex ligation-dependent probe amplification.

between CD32 and CD16 SNPs and the risk of ITP; (2) All in-
cluded subjects must be diagnosed with ITP regarded as the
case group, and other comparable healthy people at the same
period were chosen as the control group; and (3) Sufficient in-
formation on CD32 and CD16 polymorphisms should be sup-
plied by eligible studies.

Data extraction and quality score assessment

Information was systematically pooled from selected publications
by 2 investigators based on the inclusion criteria described above.
The following data were collected for all studies: first author, coun-
tries, ethnicity, geographical locations, languages, study design,
case numbers, age, sample size, sources of the subjects, genotype
detection methods, and genotype polymorphism distributions.

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

The qualities of selected trials were assessed by 2 independent
investigators using the Newcastle-Ottawa Scale (NOS) crite-
ria [23]. The NOS criteria use a star rating system for quality
assessments: (1) subject selections: 0~4; (2) subject compa-
rability: 0~2; and (3) clinical outcomes: 0~3. NOS scores range
from 0 to 9; studies with scores of more than 7 were consid-
ered as high-quality studies.

Statistical analysis

Version 12.0 of the STATA software (Stata Corporation, College
Station, TX, USA) was used to process data to achieve integ-
rity and rigorousness of statistical analysis. Associations be-
tween gene polymorphisms and the risk of ITP were assessed
by odds ratios (OR) and 95% confidence interval (95%Cl).
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Table 3. Univariate and multivariate meta-regression analyses of potential source of heterogeneity.

158 F>V
Heterogeneity
factors

131 H>R

method
Univariate 0.180 0.142 1.27 0.206 -0.099
Multivariate -0.172 0.310 -0.56 0.578 -0.780

SE — standard error; 95%Cl — 95% confidence interval; UL — upper limit; LL — lower limit.

The Z test was used to evaluate the statistical significance of
pooled ORs. Heterogeneity across studies was assessed us-
ing Cochran’s Q-statistic and /? tests [24]. A P-value <0.05 or
I >50% indicates heterogeneity across all studies and either
a random-effects model or a fixed-effects model was applied
to the studies. Subgroup analysis was performed by ethnici-
ty and disease base. Apart from that, sensitivity analysis was
used to further investigate heterogeneity, and potential publi-
cation bias was assessed with the use of funnel plots togeth-
er with Egger’s test [25].

Results

Characteristics of included studies

Fifty-six articles were initially selected based on the search
strategy described above, and 24 articles were excluded after
reviewing their titles and abstracts. After that, another 20 ar-
ticles were excluded based on systematic reviews of their con-
tents, and another 2 articles were also excluded due to incom-
plete data. As a result of this, a total of 10 clinical case-control
studies with 741 ITP patients and 1092 healthy controls were
selected for quantitative data analysis [10,20-22,26-31]. All
eligible studies were published during the period from 1998 to
2013. Seven of them were carried out among Caucasians, 2 of
them were carried out among Asians, and only 1 of them was

carried out among Africans. The classical polymerase chain re-
action-restriction fragment length polymorphism (PCR-RFLP),
Envision, Allele-specific PCR (AS-PCR), direct sequencing, and
multiplex ligation-dependent probe amplification (MLPA) assay
methods were utilized in our meta-analysis. No studies devi-
ated from Hardy-Weinberg equilibrium (HWE) (all P>0.05). The
scores of all selected trials were more than 5 using NOS. The
baseline characteristics and quality are displayed in Table 1.

Quantitative data synthesis

The results of this meta-analysis of relationships of CD32
131H>R and CD16 158F>V genetic polymorphisms with sus-
ceptibility to ITP are shown in Table 2. The results showed that
CD16 158F>V polymorphism was significantly associated with
the increased risk of ITP (P < 0.05) (Figure 1), whereas CD32
131H>R polymorphism was not significantly associated with
the susceptibility to ITP (all P>0.05) (Figure 1). Furthermore,
subgroup analysis was performed to investigate the indepen-
dent effects of ethnicity, onset age, and genotype methods on
the risk of ITP. Ethnicity-stratified analysis revealed positive
correlations between 158F>V SNP and the increased risk of ITP
among both Caucasian and non-Caucasian groups (P<0.05),
whereas no such associations were found between 131H>R
polymorphism and the risk of ITP (all P>0.05) (Figure 2). With
regard to onset age, CD16 158F>V polymorphism was correlat-
ed with increased risk of ITP in most of the pediatric and adult
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Figure 4. Sensitivity analysis of the correlation between CD16 158F>V and CD32 131H>R polymorphisms and the risk of idiopathic
thrombocytopenic purpura under allele and dominant models.

groups (P<0.05), whereas CD32 131H>R polymorphism was not
associated with the risk of ITP in pediatric and adult groups (all
P>0.05) (Figure 3). Stratified analysis by genotype methods re-
vealed that CD16 158F>V polymorphism was associated with
the increased risk of ITP in the PCR-RFLP, AS-PCR, and MLPA
assay groups under 4 genetic models (all P<0.05) (Figure 2).
However, we found no significant associations between CD32
polymorphisms in the PCR-RFLP and AS-PCR groups (all P>0.05),
except for the MLPA assay group under 4 genetic models (Allele
model: OR=2.53, 95%Cl=1.31~4.90, P=0.006; Recessive mod-
el: OR=4.24, 95%Cl=1.60~11.28, P=0.004; Homozygous model:
OR=6.36, 95%Cl=1.46~27.67, P=0.014; and Heterozygous mod-
el: OR=3.71, 95%C(l=1.33~10.36, P=0.012; respectively) (Table 2).

Sensitivity analysis and publication bias evaluation
Table 3 of the meta-regression analysis illustrates that publica-

tion year, ethnicity, onset age, and genotype method were not
potential sources of heterogeneity for determining associations

between gene polymorphisms and the risk of ITP. Figure 4 re-
veals the results from sensitivity analysis, which suggested
that the overall ORs were not substantially influenced by any
individual study. Finally, Figure 5 shows that there was no sig-
nificant evidence of asymmetry patterns in the funnel plots,
and Egger’s test also showed no publication bias (all P>0.05).

Discussion

Our meta-analysis explored potential associations between
CD32 131H>R and CD16 158F>V SNPs and the susceptibility
to ITP. Our results suggest that CD16 158F>V polymorphism is
closely associated with the increased risk of ITP, whereas CD32
131H>R polymorphism is not associated with the susceptibility
to ITP, suggesting that the 158F>V polymorphism can be con-
sidered as a potential predictor of ITP development. A large
body of evidence suggests that ITP development might be at-
tributable to a key gene change that leads to the dysfunction
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Figure 5. Funnel plots for publication biases against the correlation of CD16 158F>V and CD32 131H>R polymorphisms with the risk of
idiopathic thrombocytopenic purpura under allele and dominant models.

of the immunologic system and even to thrombocytopenia [32].
There is a wide range of well-known pathologies that could ex-
plain thrombocytopenia, such as B and T cell responses, cyto-
kine equilibrium alterations, anti-platelet antibody productions,
phagocytic cell activations, surface molecule transformations,
and cell immunity dysfunctions with variation of the Th1/Th2
ratio [33,34]. The underlying mechanism of thrombocytope-
nia remains unclear, although platelet destruction caused by
phagocytic cells is one of the key mechanisms. It is well estab-
lished that low-affinity receptors of CD32 and CD16 interact
with multimeric or complexed IgG, such as IgG1 and IgG3, be-
cause CD32 is the only Fcy able to bind IgG2 [27]. Variant Fcy
alleles are also risk factors for systemic autoimmune diseases,
and the increased activation of CD32 and CD16 can trigger the
processes of phagocytosis and of antibody-dependent cellular
cytotoxicity and the release of inflammatory mediators [35].
In general, SNPs of Fcy receptors accompanied with the loss
of inhibitory Fcy expression and altered functions may result
in an unbalanced immunity and subsequently cause auto-in-
flammation, which might be associated with the susceptibility

to ITP [21]. Specifically for CD16, the presence of valine (V) in-
stead of phenylalanine (F) in codon 158 may alter the affinity
of IgG1 and IgG3 receptors [10]. Consistent with our findings,
Eyada et al. also concluded that CD16 gene polymorphisms
may contribute to susceptibility to ITP, which is consistent with
results obtained from the present meta-analysis, and this fur-
ther suggests the crucial role of CD16 158F>V polymorphisms
in ITP development [20]. On the other hand, CD32 gene poly-
morphisms caused by the substitution of a single nucleotide
(A-G), which codes for the amino acids histidine (H) instead
of arginine (R) at position 131 (131H>R), may alter the abili-
ty of its receptor to bind to 1gG2 [30]. However, our study re-
sults do not suggest any associations between CD32 131H>R
polymorphisms and the risk of ITP. Subgroup analysis by eth-
nicity suggests that CD16 158F>V polymorphisms may drive
the susceptibility to ITP among both Caucasians and non-Cau-
casians. Nevertheless, it is essential to discuss some statis-
tical limitations of our meta-analysis in order to improve the
power of our study. Firstly, the possible confounding effects
of sex, disease, and ethnicity was not controlled in selected
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trials, which might cause confounding effects or affect med-
ications, and these restrict the power of our meta-analysis.
Secondly, the power of our meta-analysis is limited due to the
small number of studies and their small sample sizes, which
in turn could affect our conclusion regarding the association
between gene polymorphism (CD16 and CD 32) and the risk
of ITP. Thirdly, it was not possible to determine the effects of
genetic interactions and interactions between genes and the
environment on the association due to the limitations of the
original data; for example, our study only includes articles in
English or Chinese, which might have caused selection biases.
However, this is the first meta-analysis concerning the asso-
ciation between CD32 and CD16 SNPs with ITP. More impor-
tantly, with the use of a statistical approach to combine the
results from various studies, and then quantifying and analyz-
ing those inconsistent results in our meta-analysis, it is possi-
ble to achieve more reliable results.
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Conclusions

Our results suggest that CD16 158F>V may contribute to
the increased risk of ITP. However, this conclusion should be
drawn with caution due to the small sample size. In addition,
our study does not suggest any associations between CD32
131H>R polymorphisms and the risk of ITP. As a result of this,
it is critical to implement well-designed case-control studies
that include subjects with the same ethnic background and
tissue-specific biochemical and biological characterization to
verify the results obtained from the present meta-analysis.
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