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Abstract

Revised : 10 Jun 2014

Background: Brucellosis is the major bacterial zoonoses of global importance
caused by Brucella spps. FCγRIIA receptor plays a central role in phagocytosis of
IgG2-opsonized bacteria. FCγRIIA exhibits allelic polymorphisms with different
capacities for binding IgG2 and phagocytosis. Cells expressing FcγRIIa-H131,
bind more efficiently to complexes of IgG2 than those expressing the FcγRIIAR131 variant. The purpose of this study was to evaluate the association of
FCγRIIA polymorphisms with susceptibility to or severity of brucellosis.
Materials and Methods: In this study we evaluated FCγRIIA polymorphisms
(R/R131, R/H131, H/H131) in 67 patients with brucellosis and 67 age, sex and
geographical matched healthy volunteers. FCγRIIA genotyping was performed by
using a sequence-specific primer polymerase chain reaction (SSP-PCR).
Results: Comparison of the FCγRIIA genotypes distribution in patients with
brucellosis and controls showed a higher frequency in FCγRIIA-R/R131
homozygosity in patients than controls (47.8% vs. 28.4%). Logistic regression
analysis showed that there is a significant correlation between R/R131 genotype
and brucellosis (OR=2.3, 95%CI=1.3-4.2, P=0.04). Although the frequency of the
FCγRIIA-R/R131 was higher in patients with chronic brucellosis compared with
acute brucellosis, we did not find any statistically significant differences (53.8%
vs. 46.3%, P=0.65).
Conclusion: The result of this study showed that the homozygous genotype of
FCγRIIA-R/R131 in patient with brucellosis may be associated with susceptibility
to brucellosis as a genetic risk factor.
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Introduction
Brucellosis is a major source of bacterial zoonoses of
global importance caused by organisms belonging to
the genus Brucella, gram negative, intracellular
bacteria (1). Phagocytosis is the main host defense
against Brucella Spp. via Immunoglobulin G (IgG)
receptors. IG2 is the subclass of antibodies produced
by the immune system in response to bacterial
polysaccharide antigens (2-3).
Human FCγRs are glycoproteins bind the Fc region
of IgG and mediate a variety of immune functions
like antigen presentation, phagocytosis, ADCC, and
cytokine production (4-5). FCγRs have important
rmm.mazums.ac.ir

function in the pathogenesis of inflammatory diseases
in human and functional polymorphisms of FCγR
have strong effects on susceptibility and severity of
the diseases (6). There are 3 leukocyte receptors for
human immunoglobulin G: FCγRI (CD64), FCγRII
(CD32), and FCγRIII (CD16). Among these
receptors, five classical low affinity FCγ receptors
such as FCγRIIA, FCγRIIB, FCγRIIC, FCγRIIIA,
and FCγRIIIB code by five genes (FCGR2A,
FCGR2B, FCGR2C, FCGR3A, and FCGR3B) in the
1q23 chromosome (7-9). Each FCR has a variety of
isoforms with differing IgG afﬁnities, tissue
distribution, and expression levels (9). Balancing
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between the activating FCγRs (FCγRIIA, FCγRIIC,
FCγRIIIA, and FCγRIIIB) and the inhibitory
FCγRIIB is crucial in immune responses and
outcomes of local and systemic inflammations.
FCγRIIA (CD32) is an important member of the FC
receptor family that plays a central role in the
regulation immunity and autoimmunity (10-11). In
addition, it is the only FCγR binds with human IgG2
efficiently (12). A single nucleotide polymorphism
(SNP) at position 494 (A to G) is present in exon 4
human FCγRIIA gene resulting in an amino acid
substitution from histidine (H) to arginine (R) at
position 131 in the second extracellular Ig-like
domain of this receptor (13-15). This polymorphism
is known to affect receptor affinity and specificity
and also essential for the binding of human IgG2 (1618). Polymorphisms of FCγRIIA critically affect
interaction with antibodies that human IgG2 binds
effectively to FCγIIA-H/H131, but not to FCγRIIAR/R131 (19-20). IgG2-opsonized bacteria are
efficiently internalized by phagocytes of FCγRIIAH/H131 homozygous individuals, in contrast to those
from FCγRIIA-R/R131 homozygous individuals (8,
18). Whereas the 131-R variant has weaker binding
affinity of IgG, less-effective phagocytosis, and a
lower capacity for immune activation, the His131
allotype has more-effective phagocytosis and is
thought to be associated with hyperactivation of
immune cells (17). The clinical importance of
FCγRIIA polymorphism has been evaluated for
encapsulated bacterial infections, in which IgG2 plays
a critical role in host defense. Several recent casecontrol studies have shown an association between
FCγRIIA-H/H131 and protection from encapsulated
bacterial infections, whereas the poorly IgG2-binding
allotype FCγRIIA-R/R131 is associated with increased
susceptibility to these pathogens (12). The FCgRIIAH/R 131 SNP has been reported to be associated with
ulcerative colitis, Kawasaki diseases , systemic lupus
erythematosus, and chronic inflammatory disorders
such as periodontitis and Guillain-Barre´ syndrome,
infections including recurrentbacterial respiratory tract
infections, pneumococcal pneumonia, severe acute
respiratory syndrome, severe sepsis, HIV, and
Epstein Barr virus and Dengue virus (9) infection
(8,19). In this study, we determined the distribution
of genetic variants of FCγRIIA in brucellosis patients
compared with controls.
Materials and Methods
Subjects
The study population contained of 67 (43 male and
24 female) brucellosis patients with a mean age of
43.31±17.84 years, from the university hospitals of
Mazandaran, north of Iran. The patients were
diagnosed as brucellosis with serological tests and
rmm.mazums.ac.ir

clinical symptoms. From 67 patients, 54 with acute
brucellosis were defined as the presence of the
disease course (less than one year), clinical symptoms
and serological tests (Wright ≥1/160) and 13 patients
with chronic brucellosis were diagnosed with low
fever, exhausting and local symptoms like arthritis,
spondylitis, serological tests (Coombs-Wright) and
the course of the disease (more than one year). 67
age, sex, and geographical matched healthy
volunteers with mean age; 37.57±17.84 years who
negative in standard tube agglutination and Creactive protein tests, were used as controls. The
protocol of study was approved by Ethic Committee
of Mazandaran University of Medical Sciences and
all subjects gave informed consent to participate to
study.
DNA Extraction and FCγRIIA Genotyping
Genomic DNA was extracted from 5-10 milliliter
whole blood-treated with 50 mM EDTA by the
standard salting out method (21). FCγRIIA R/H 131
genotyping was performed by sequence-specific
polymerase chain reaction (SSP-PCR). The primers
employed to amplify Arg or His allele of FCγRIIA
gene is in table 1.
Table 1. Primer sequences for FCγRIIA R/H 131 genotyping
Primers name
Primer sequences (5-3)
Forward (131H)

GGAGAAGGTGGGATCCAAAT

Forward (131R)

GGAGAAGGTGGGATCCAAAC

Reverse (S131)
Common primer

CAAGTTCTGTGAGTAACGTAC

Internal control
HGH-Forward

CAGTGCTTCCCAACCATTCCCTTA

HGH-Reverse

ATCCACTCACGGATTTCTGTTGTGTTT

The PCR was performed by adding 0.2 ng DNA in to
25 µL solution containing PCR buffer (10mM TrisHCl PH=8.3, 50mM KCl, 1.5 mM MgCl 2 ), 200µM
of each oligonucleotide, 10 pM specific primers, 5
pM internal primers and 0.5 U DNA Taq polymerase.
The PCR conditions were; initial denaturation at 94
˚C for 2 min; followed by 10 cycles of 94 ˚C for 10
sec, 65 ˚C for 1 min; 20 cycles of 94 ˚C for 10 sec,
60.5 ˚C for 50 sec, 72 ˚C for 30 sec; then a final
extension was down at 72 ˚C for 4 min. The final
amplified products were analyzed on a 1% agarose
gel stained by ethidium bromide, and viewed under
ultraviolet light.
Statistical analysis
Genotype and allele frequencies of the FCRIIA-131
H/R polymorphisms were determined by direct
counting. Comparison of genotype and allele
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frequencies between brucellosis and controls were
performed using Chi-square (χ2).
Chi-square goodness of fit analysis was used to test
for deviation of genotype frequencies from Hardy–
Weinberg equilibrium. Analysis of continuous
variables was performed with student’s t test. A
forward stepwise conditional logistic regression
model was applied by adjusting for age and sex to
analyze the impact of associated SNP on the
development of brucellosis and the results were
expressed as odds ratio (OR) and 95% CI. All P
values were evaluated in a two-sided model, and P
0.05 was considered statistically significant.

Results
FCγRIIA genotypes of 67 patients with brucellosis
(64.2% males and 35.8% females) and 67 age, sex
and geographical matched controls (50.7% males and
49.3% females) were determined. 35 (81.4%) out of
43 males were defined as acute brucellosis and 8
(18.6%) with chronic brucellosis. From 24 women,
19 (79.2%) were diagnosed as acute brucellosis and 5
(20.8%) with chronic brucellosis. The mean age of
patients and controls was 43.31±17.84 and
37.57±15.66 years, respectively.
Figure 1 shows electrophoretic pattern of 253 bp
fragment of target gene which containing the
polymorphic site and a 428 bp control gene.

significance (P=0.2(. The frequency of the R/R131
genotype was significantly higher in patients than
control group (47.8% vs. 28.4%, P= 0.04). However,
131R allele frequency was not significantly differed
between two study groups.
To examine whether FCγRIIA genotypes are
associate with clinical characteristics of brucellosis
by fixing covariates sex and age using a logistic
regression analysis, we found that the FCγRIIAR/R131 genotype was significantly associated with
susceptibility to brucellosis (P=0.04).
Table 2. Genotypes and alleles frequencies of FCγRIIA-H/R131
polymorphism in brucellosis patients and controls.
FCγRIIA-131 H/R

Brucellosis

Controls

H131

38 (28.36)

56 (41.79)

R131

96 (71.64)

78 (58.21)

H/H

3 (4.4)

8 (11.9)

H/R

32 (47.8)

40 (59.7)

R/R

32 (47.8)

19 (28.4)

P-value

Allele frequency- n (%)

0.2

Genotype frequency- n (%)

0.04

As the Table 3 shows a significant differences in the
sex distribution of FCγRIIA genotypes in brucellosis
patients (P=0.044). On the other hand, frequency of
FCγRIIA-H/H131, FCγRIIA-H/R131, and FCγRIIAR/R131 genotypes were 0%, 35.5%, and 46.5% in
male patients compared with 12.5%, 37.5%, and 50%
among female patients.
Table 3. Distribution of FCγRIIA genotypes among patients with
brucellosis and controls based on gender.
Figure 1. The result of FCγRIIA genotyping by SSCP-PCR. The
HGH PCR product (428bp) is present in all reactions. Lane 1
represents the DNA ladder; Lanes 2 and 3 represent an FCγRIIAH/H131-homozygous person; Lane 4 and 5 shows an FCγRIIAH/R131–heterozygous subject; Lane 6 and 7 exemplify an
FCγRIIA-R/R131-homozygous person.

FCγRIIA-131 H/R

Distribution of FCγRIIA allele and genotype in
patients and controls
Table 2 summarizes the frequencies of FCγRIIA
genotypes and alleles in the brucellosis patients and
healthy individuals. Genotype frequencies did not
deviate from expectations of the Hardy-Weinberg
equilibrium in each group (P=0.15 in patients and
p=0.06 in controls). As it was showed in Table 2,
Allele distribution of FCγRIIA-R131 among patients
was at a higher frequency (71.64%) than controls
(58.21%). But this difference did not meet statistical
rmm.mazums.ac.ir

Brucellosis

Controls

Males

Females

Males

Females

H/H

0

3 (12.5)*

5 (14.7)

3 (9.1)

H/R

23 (35.5)

9 (37.5)

20 (58.8)

20 (60.6)

R/R

20 (46.5)

12 (50)

9 (26.5)

10 (30.3)

* Statistical analysis revealed a significant difference at p=0.044

Effect of FCγRIIA polymorphism on disease
development
Table 4 displays the distribution of genotype and
allele frequencies among acute and chronic
brucellosis. Distribution of FCγRIIA-R/R131
genotype (53.8% vs. 46.3%) and 131R (76.9% vs.
Res Mol Med, 2014; 2 (3): 19
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70.4%) allele in chronic brucellosis were higher than
acute brucellosis. Meanwhile, statistical analysis in
fixed model was not shown significant difference
(p=0.65).
Discussion
Study of the role of SNPs in host genes potentially
involved in immune responses, help us to discover
the pathophysiology of infectious diseases, especially

how these polymorphisms influence both the
susceptibility to disease and the course of disease
development (22). Unlike many other genes where
genetic variants have no clear functional contribution
to a population disease profile, the FCγRIIA exhibits
a clear functional difference between R131 and H131
allotypes and has relevance for some infectious and
autoimmune diseases (23).

Table 4. Genotypes and alleles frequencies of FCγRIIA-H/R131 polymorphism in patients with acute and chronic brucellosis.
FCγRIIA
Acute brucellosis
Chronic brucellosis
P-value
Allele frequency- n (%)
H131

32 (29.6)

6 (23.1)

R131

76 (70.4)

20 (76.9)

H/H

3 (5.6)

0

H/R

26 (48.1)

6 (46.2)

R/R

25 (46.3)

7 (53.8)

0.76

Genotype frequency –n (%)

In this study, we have aimed to analyze the frequency
of immunogenetic marker, FCγRIIA-H/R 131, a lowaffinity FC receptor, and an important protein in the
host defense against infection. The results of our
study demonstrated that FCγRIIA-R/R131 genotype
was in higher frequency in patients with brucellosis
compared with controls. Bredus et al showed that the
R/R131 genotype was more frequent among patients
with meningococcal disease than in controls (24).
Also Platonov et al found that in children older than 5
years of age, the R131 variant was associated with a
greater risk of severe meningococcal disease (17).
FCγRIIA has been studied directly in relation to
malaria susceptibility showing an association
between FCγRIIA H/R131 polymorphism and
malaria (12). As this receptor is responsive to
different IgG subtypes, part of the heterogeneity may
be down to which antibody is being produced by
individuals and it may also be under control of
genetic factors (17). FCγR-IIA has functional effect
and has been associated with autoimmune diseases
and susceptibility to bacterial infections (25, 17). H/R
131 is located in the IgG-binding site of FCγRIIA
and the amino acid substitutions within the
extracellular domain of
FCγRs
that lead to
polymorphism in the FCγRIIA-131 H/R, change the
ligand–binding capacities for IgG binding and
phagocytosis of polymorphonuclear leukocytes. The
R131 variant has weaker binding affinity of IgG,
less-effective phagocytosis, and a lower capacity for
immune activation, while the H-131 variant has
more-effective phagocytosis and immune cells
rmm.mazums.ac.ir

0.65

hyperactivation (17). Whereas immunoglobulin G2 is
the main immunoglobulin isotype induced in
response to many bacterial polysaccharide antigens in
humans (16, 26), therefore the affinity of FCγRIIAH131 for IgG2 is higher than the FCγRIIA-R131 and
the H/R131 polymorphism may have functional
consequences for IgG2- mediated phagocytosis of
bacteria (17, 27). Therefore predominance of
FCγRIIA-R/R131 genotype in patients with
brucellosis in this study, imply the importance of this
genotype as a risk factor for susceptibility to
brucellosis. In this study, the frequency of the
FCγRIIA-H/H131 genotype was higher in controls
than patients with brucellosis. There is experimental
evidence suggesting that homozygous H/H131 of
genotype FCγRIIA may be advantageous for
handling IgG2-opsonized bacteria (24). Rodriguez´s
group showed that FCγRIIA-H/H131 homozygous
polymorphonuclear cells and cells transfected with
FCγRIIA-H/H131 gene were better able to
phagocytosis the opsonized S. pneumonia in vitro
than FCγRIIA-R/R131 cells (16).
In vitro, FCγRIIA polymorphism has been shown to
be important in defense against other encapsulated
bacteria such as group B type III streptococci, and
also it has been shown the H/H131 genotype may be
protective in infection with severe meningococcal
-131 H/H genotype and
the H allele have been shown to be associated with
higher IgG1, IgG2, and IgG3 antibodies (12, 17).
In the presence of the H/H131 genotype, IgG1, IgG2,
and IgG3 immunoglobulin subtypes are able to
Res Mol Med, 2014; 2 (3): 20
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activate the immune system using the FCγRIIA
molecule, and the presence of the H131 allele is
essential for effective IgG2-mediated cellular
activation through this mechanism (29, 25). There is
accumulating evidence show that some IgG2 antigenspecific responses correlate with disease protection
(29). IgG2, which requires the presence of the H131
allele for efficient activity, is known to be important
in infection protection against capsulated bacteria
including Nisseria meningitides, Streptococcus
pneumonia and Haemophilus influenza and the high
affinity of IgG2 to FCγRIIA-H/H131 cells indicate
the protective role of this allele (16). In this study,
however, the frequency of the FCγRIIA-R131 allele
and genotype were higher in chronic brucellosis
compared with acute brucellosis, but this difference
did not reach statistical significance. In addition of
FCγRIIA polymorphism that influence on susceptibility
of brucellosis, other factors such as cytokines may
contribute to severity of brucellosis. One study
demonstrated the role of L-selectin in development of
brucellosis. In their study the hypothesis was the
abnormal binding function of the L-selectin 206Leu
variant on lymphocytes which lead to impaired
migration to sites of brucella colonization (30). In
addition, host intrinsic factors, such as genetic factors,
influence on cytokine production, may contribute to
severity of brucellosis. Death from meningococcal
disease has been associated with a tumor necrosis
factor-α (TNF- α) gene promoter polymorphism, low
level of tumor necrosis factor production and a high
level of interleukin-10 production in patients with
severe meningococcal disease (27). However,
previously published data from south of Iran has
shown no significant association between FCγRIIA
polymorphism and brucellosis showed no difference
(31). Also estimation of the association between
FCγR polymorphisms and systemiclupus erythematosis
(SLE) and renal involvement in Egyptian patients
demonstrated lack of association of FCγRIIA
polymorphism with SLE in the Egyptian patients
(32). As the FCγRIIA, FCγRIIIA and FCγRIIIB genes
are most likely derived from a common gene and are
clustered in very close proximity on chromosome
1q22, FCγR genotype combinations may represent
more relevant risk markers than single FCγR
genotypes. Furthermore, genetic linkage may not be
confined to the FCγR locus but comprise other genes
on chromosome 1. Many potential immunological
relevant genes have been mapped near the FCγR
locus, including a family of FCR homologs, CRP and
SAP (11, 33). Thus this linkage disequilibrium may
exist between other adjacent genes and FCγR
genotypes, therefore this may complicate the
association between FCγR polymorphism and disease
and other host genetic factors that may influence the
rmm.mazums.ac.ir

susceptibility and severity of disease should be
evaluated in future studies (33).
Taken to gather, our data suggest that the frequency
of FCRIIA-R/R131 genotype was higher in patients
with brucellosis compared with controls and
FCRIIA H/R131 polymorphism has significant
association with brucellosis. Whereas the R131
variant has weaker binding affinity of IgG, lesseffective phagocytosis, and lower capacity for
immune activation, the R131 allele of FCRIIA might
have evolved to play as a risk factor for susceptibility
of infectious disease such as brucellosis.

References
1. Pappas G1, Akritidis N, Bosilkovski M, Tsianos E. Brucellosis.
N Engl J Med. 2005; 352(22):2325-36. PMID: 15930423
2. Warmerdam PA, van de Winkel JG, Vlug A, Westerdaal NA,
Capel PJ. A single amino acid in the second Ig-like domain of the
human FCgamma receptor II is critical for human IgG2 binding. J
Immunal. 1991; 147(4):1338-43. PMID:1831223
3. Platonov AE, Shipulin GA, Vershinina IV, Dankert J, van de
Winkel JG, Kuijper EJ. Association of human FC gamma RIIa
(CD32) polymorphism with susceptibility to and severity of
meningococcal disease. Clin Infect Dis. 1998; 27(4): 746-50.
PMID: 9798027
4. Stemerding AM, Köhl J, Pandey MK, Kuipers A, et al.
Staphylococcus aureus formyl peptide receptor-like 1 inhibitor
(FLIPr) and its homologue FLIPr-like are potent FcγR antagonists
that inhibit IgG-mediated effector functions. A J Immunol. 2013;
191(1):353-62. PMID: 23740955
5. Murinello S, Mullins RF, Lotery AJ, Perry VH, Teeling JL. Fcγ
receptor upregulation is associated with immune complex
inflammation in the mouse retina and early age-related macular
degeneration. Invest Ophthalmol Vis Sci. 2014; 55 (1):247-58.
PMID: 24334446
6. Wu J, Lin R, Huang J, Guan W, Oetting WS, Sriramarao P,
Blumenthal MN. Functional Fcgamma receptor polymorphisms are
associated with human allergy. PLoS One. 2014; 9(2):e89196.
PMID:24586589
7. van der Pol W, van de Winkel JG. IgG receptor polymorphisms:
risk factors for disease. Immunogenetics. 1998; 48(3):222-32.
PMID: 9683667
8. Van de Winkel JG, Capel PJ. Human IgG FC receptor
heterogeneity: molecular aspects and clinical implications.
Immunol Today. 1993; 14(5):215-21. PMID: 8517920
9. Boonnak K1, Slike BM, Donofrio GC, Marovich MA. Human
FcγRII cytoplasmic domains differentially influence antibodymediated dengue virus infection. J Immunol. 2013; 190(11):565965. PMID:23616574
10. van Sorge NM, van der Pol WL, van de Winkel JG.
FcgammaR polymorphisms: Implications for function, disease
susceptibility and immunotherapy. Tissue Antigens. 2003;
61(3):189-202. PMID: 12694568.
11. Boonnak K, Slike BM, Donofrio GC, Marovich MA. Human
FcγRII cytoplasmic domains differentially influence antibodymediated dengue virus infection. J Immunol. 2013; 190(11):5659-

Res Mol Med, 2014; 2 (3): 21

Hosseini khah et al.

65. PMID: 23616574
12. Maiga B, Dolo A, Touré O, Dara V, Tapily A, Campino S, et
al. Fc gamma receptor IIa-H131R polymorphism and malaria
susceptibility in sympatric ethnic groups, Fulani and Dogon of
Mali. Scand J Immunol. 2014; 79(1):43-50. PMID: 24117665.
13. Warmerdam PA, Parren PW, Vlug A, Aarden LA, van de
Winkel JG, et al. Polymorphism of the human Fc gamma receptor
II (CD32): molecular basis and functional aspects.
Immunobiology. 1992; 185(2-4):175-82. PMID: 1452199.
14. Warmerdam PAM, van de Winkel JGJ, Vlug A, Westerdaal
NAC, Capel PJA. A single amino acid in the second Ig-like
domain of the human FCg receptor II is critical for human IgG2
binding. J Immunol. 147(4):1338-43. PMID: 1831223
15. Parren PWHI, Warmerdam PAM, Boeiji LCM et al. On the
interaction of IgG subclasses with the low affinity FCgRIIa
(CD32) on human monocytes, neutrophils and platelets. J Clin
Invest. 1992; 90(4): 1537-41. PMID: 1401085
16. Omi K, Ohashi J, Patarapotikul J, Hananantachai H, Naka I,
Looareesuwan S, et al. Absence of association between the Fc
gamma receptor IIIA-176F/V polymorphism and the severity of
malaria in Thai. Jpn J Infect Dis. 2002; 55(5):167-9. PMID:
12501257.
17. Spector SA, Qin M, Lujan-Zilbermann J, Singh KK, Warshaw
MG, Williams PL, et al. Genetic variants in toll-like receptor 2
(TLR2), TLR4, TLR9, and FCγ receptor II are associated with
antibody response to quadrivalent meningococcal conjugate
vaccine in HIV-infected youth. Clin Vaccine Immunol. 2013;
20(6):900-6. PMID: 23595505
18. Valenzuela NM, Mulder A, Reed EF. HLA class I antibodies
trigger increased adherence of monocytes to endothelial cells by
eliciting an increase in endothelial P-selectin and, depending on
subclass, by engaging FcγRs. J Immunol. 2013; 190(12):6635-50.
PMID: 23690477.
19. Yee AM, Phan HM, Zuniga R, Salmon JE, Musher DM.
Association between FCgammaRIIa-R131 allotype and bacteremic
pneumococcal pneumonia. Clin Infect Dis. 2000; 30:25-28. PMID:
10619728
20. Manger K, Repp R, Jansen M, et al. FCgamma receptor IIa,
IIIa, and IIIb polymorphisms in German patients with systemic
lupus erythematosus: association with clinical symptoms. Ann
Rheum Dis. 2002; 61:786-792. PMID: 12176802
21 Miller SA1, Dykes DD, Polesky HF. A simple salting out
procedure for extracting DNA from human nucleated cells. Nucleic
Acids Res. 1988; 16(3):1215. PMID: 3344216
22. Dettogni RS1, Sá RT, Tovar TT, Louro ID. Polymorphic
genetic variation in immune system genes: a study of two

rmm.mazums.ac.ir

populations of Espirito Santo. Brazil Mol Biol Rep. 2013;
40(8):4843-9. PMID: 23666056
23. Yuan FF, Tanner J, Chan PK, Biffin S, Dyer WB, Geczy AF, et
al. Influence of FcgammaRIIA and MBL polymorphisms on severe
acute respiratory syndrome. Tissue Antigens. 2005; 66(4):291-6.
PMID: 16185324.
24. Bredius RG, de Vries CE, Troelstra A, van Alphen L, Weening
RS, van de Winkel JG, Out TA. Phagocytosis of Staphylococcus
aureus and Haemophilus influenzae type B opsonized with
polyclonal human IgG1 and IgG2 antibodies. Functional hFc
gamma RIIa polymorphism to IgG2. J Immunol. 1993;
151(3):1463-72. PMID: 8335940
25. Cox D, Greenberg S. Phagocytic signaling strategies: Fc
(gamma) receptor-mediated phagocytosis as a model system.
Semin Immunol. 2001; 13(6):339-45. PMID: 11708889.
26. Kuwano ST, Bordin JO, Chiba AK, Mello AB, Figueiredo MS,
Vieira-Filho JP, et al. Allelic polymorphisms of human fcgamma
receptor IIa and Fcgamma receptor IIIb among distinct groups in
Brazil. Transfusion. 2000; 40(11):1388-92. PMID: 11099670
27. Domingo P, Muñiz-Diaz E, Baraldès MA, Arilla M, Barquet N,
Pericas R, et al. Associations between Fc gamma receptor IIA
polymorphisms and the risk and prognosis of meningococcal
disease. Am J Med. 2002; 112(1):19-25. PMID: 11812402.
28. Yuan FF, Wong M, Pererva N, Keating J, Davis AR, Bryant
JA, et al. FcgammaRIIA polymorphisms in Streptococcus
pneumoniae infection. Immunol Cell Biol. 2003; 81(3):192-5.
PMID: 12752683.
29. Cooke GS, Aucan C, Walley AJ, Segal S, Greenwood BM,
Kwiatkowski DP, et al. Association of Fcgamma receptor IIa
(CD32) polymorphism with severe malaria in West Africa. Am J
Trop Med Hyg. 2003; 69(6):565-8. PMID: 14740869.
30. Alireza Rafiei, Mehrdad Hajilooi, Reza J Shakib, Safar Shams
and Nasrin Sheikh. Association between the Phe206Leu
polymorphism of L-selectin and brucellosis, J Med Microbiol,
2006; 55:511-516. PMID: 16585636
31. Hashemi SH1, Hajilooi M, Mamani M, Jamal-Omidi S. Fc
gamma receptor IIa polymorphism in patients with brucellosis. Jpn
J Infect Dis. 2007; 60(4):96-7. PMID: 17642530
32. Zidan HE1, Sabbah NA, Hagrass HA, Tantawy EA, ElShahawy EE, Nageeb GS, et al. Association of FcγRIIB and
FcγRIIA R131H gene polymorphisms with renal involvement in
Egyptian systemic lupus erythematosus patients. Mol Biol Rep.
2014; 41(2):733-9. PMID: 24366619
33. Harbo H.F, Mellgern S.I, Torkildsen O, Utsi E, Vedeler A.
Ethnic variation of FCγ receptor poly morphism in sami and
Norwegian populations. Immunology, 2005; 115: 416- 421. PMID:
15946259

Res Mol Med, 2014; 2 (3): 22

