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Abstract

Objective: Cytokine storms are central to the development of Epstein-Barr virus-associated hemophagocytic lymphohistiocytosis
(EBV-HLH). Previous studies showed that single nucleotide polymorphisms (SNPs) of cytokine genes may be associated with
the development of EBV-HLH in children. We investigated the associations between SNPs and haplotypes of interleukin-2
receptor subunit alpha (IL2RA), interleukin-10 (IL-10), interferon gamma (IFN-v), IFN regulatory factor 5 (IRF5), and C-
C chemokine receptor 2 (CCR2) and susceptibility to EBV-HLH in children. Methods: 66 children with EBV-HLH and 58
healthy EBV-seropositive controls were enrolled in the study. SNPs of IL2RA rs2104286, rs12722489, and rs11594656, 11.-10
rs1800896, rs1800871, and rs1800872, IFN-y rs2430561, IRF5 rs2004640, and CCR2 rs1799864 were assayed and genotyped
using the SNaPshot technique. Results: The frequencies of the AA genotype and A allele of IL2RA rs2104286 and IL-10
rs1800896, and the CC genotype and C allele of IL-10 rs1800872 were significantly higher in the EBV-HLH group compared
with those in the control group, respectively. The frequencies of genotypes and alleles of IL2RA rs2104286, I1L-10 rs1800871,
IFN-y rs2430561, IRF5 rs2004640, and CCR2 rs1799864 were similar in both groups. In addition, the IL2RA AGT (rs2104286-
rs12722489-rs11594656) and IL-10 ACC (rs1800896-rs1800871-rs1800872) haplotypes were also significantly more frequent in
the EBV-HLH group. Conclusions: The SNPs of IL2RA rs2104286, IL-10 rs1800896 and rs1800872 and the haplotypes of
IL2RA AGT and IL-10 ACC are highly associated with susceptibility to EBV-HLH in children.

Materials and methods
Clinical data

Sixty-six children with EBV-HLH diagnosed and treated at the Seventh Affiliated Hospital of Sun Yat-Sen
University, Sun Yat-Sen Memorial Hospital of Sun Yat-Sen University, and Huizhou First Hospital from 2008
to 2019 were included in the study (EBV-HLH group; 28 males and 38 females, age 1.5-17 years, median age
5 years). Fifty-eight healthy children diagnosed as EBV-seropositive during the same period were included
as the control group (32 males and 26 females, age 1-16.7 years, median age 4.3 years).

The inclusion criteria for EBV-HLH subjects were: (i) a diagnosis of HLH and exclusion of congenital
HLHI!, and (ii) diagnosis of EBV infection (positive for EBV antibodies or significantly increased EBV-
DNA in tissues or peripheral blood).

Selection of SNPs



SNPs retrieved from the HapMap database (http://www.hapmap.org/) were imported into Haploview 4.2
software (Broad Institute, Cambridge, MA, USA) and SNPs with a minor allele frequency (MAF) [?]0.01
were selected. IL2RA rs2104286, rs12722489, and rs11594656,/L-10 rs1800896, rs1800871, and rs1800872,
IPN-yrs2430561, IRF5 152004640, and CCR2 rs1799864 were finally identified for further study.

Genotyping

DNA was extracted from 1-2 ml peripheral whole blood using a blood DNA extraction kit (Tiangen, China)
according to the manufacturer’s directions. Gene polymorphism typing was performed using a SNaPshot
Multiplex Kit (Thermo Fisher Scientific, Applied Biosystems, Foster City, CA ) according to the manufac-
turer’s directions.

All the primers were designed using Primer Premier 6.0 (PREMIER Biosoft, San Francisco, CA, USA) and
synthesized by BGI Tech Solutions (Beijing Liuhe, China). Primer sequences are listed in Table 1.

Table 1. Primers used for polymerase chain reaction amplification
SNP

152104286

1512722489
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rs2430561

rs1799864

rs2004640

PCR: polymerase chain reaction; SNP: single nucleotide polymorphism; F: forward primer; R: reverse primer.
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Linkage disequilibrium analysis and haplotype construction

The degree of linkage disequilibrium between the SNPs was analyzed using SHEsis softwarel”l and expressed
as D’ and 12, with larger values of D’ and r?indicating a higher degree of linkage disequilibrium between
the two associated SNPs. Values of D’ > 0.9 and r? > 0.33 are generally considered to indicate highly
interlocked genes. If D’ [?] 0.8, the SNPs were considered to be sites for the construction of haplotypes;
haplotype frequencies < 0.03 were not included in the statistical analysis.

Statistical analysis

Statistical analysis was performed using SPSS 26.0 (International Business Machine Corp, Armonk, NY,
USA). The frequencies of genotypes, alleles, and haplotypes between the two groups were analyzed by 2 or
Fisher’s exact methods. Odds ratios (ORs) with 95% confidence intervals (CIs) were used to calculate the
risk of susceptibility. The Hardy—Weinberg equilibrium was determined to assess the representativeness of
the sample. P < 0.05 was considered statistically significant.

Results



Genotype and allele frequencies

Genotype distributions were in Hardy—Weinberg equilibrium, indicating that the subjects were representative
of the general population. The frequencies of the genotypes and alleles of IL2RA , IL-10 ,I®N-y, IPD5 |
and CCR2 between EBV-HLH and control groups are shown in Table 2.

The IL2RA rs2104286 AA genotype and A allele were significantly more frequent in the EBV-HLH group
than in the control group, suggesting that they might be associated with a significantly increased risk of
EBV-HLH (OR = 2.894, 95% CI = 1.374-6.094 and OR = 2.077, 95% CI = 1.232-3.502, respectively).
However, the frequencies of the/L2RA rs12722489 and rs11594656 genotypes and alleles were similar in the
EBV-HLH and control groups (P > 0.05).

The IL-10 rs1800896 AA genotype and A allele were more frequent in the EBV-HLH group, suggesting that
they might be associated with a significantly increased risk of EBV-HLH (OR = 3.792, 95% CI = 1.779-
8.080 and OR = 2.194, 95% CI = 1.279-3.763, respectively). The frequencies of IL-10 rs1800872 AC and CC
genotypes and C allele were significantly higher in the EBV-HLH group, and the CC genotype and C allele
were also associated with a significantly increased risk of EBV-HLH (OR = 6.222, 95% CI = 1.330-29.109
and OR = 2.176, 95% CI = 1.257-3.767,respectively). Meanwhile, the distribution of IL-10rs1800871 was
similar in both groups (P > 0.05).

In addition, there were no significant differences in the frequencies of I®N-y 152430561 and IRF5 rs2004640
genotypes and alleles between the two groups (P > 0.05) (Table 2).

Table 2. Genotype and allele frequencies in children with Epstein-Barr virus-associated hemophagocytic lyi

Gene
IL2RA

IL-10



I®N-y

IRF5

CCR2

SNP: single nucleotide polymorphism values calculated from two-sided y2 tests.

Linkage disequilibrium analysis of identified SNPs

The levels of linkage disequilibrium for IL2RA rs2104286, rs12722489, and rs11594656 and IL-10 rs1800896,
rs1800871, and rs1800872 were analyzed using SHEsis software. There was a strong interlocking disequi-
librium between IL2RA rs2104286 and 1512722489 (D’ = 1, r? = 0.311), and betweenlL-10 rs1800871 and
11800872 (D’ = 1, > = 0.651) (Fig. 1).
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Differences in the distributions of SNP haplotypes

Haplotypes were constructed using SHEsis software in the order/IL2RA rs2104286-rs12722489-rs11594656 and
IL 10rs1800896-rs1800871-rs1800872, respectively, and the distributions of the IL2RA and IL-10 haplotypes
were compared between the EBV-HLH and control groups. As shown in Table 3, there were no significant
differences in IL2ZRA AGA, GAA, GAT, and GGA between the two groups (P > 0.05); however, the fre-
quencies of AGT and GGT were significantly higher (P = 0.006) and lower (P = 0.001), respectively, in the
EBV-HLH group. This suggested that IL2RA AGT was associated with an increased risk of EBV-HLH (OR
= 2.102, 95% CI = 1.229-3.593), while GGT significantly reduced the susceptibility to EBV-HLH (OR =
0.364, 95% CI = 0.192-0.689). There was no significant difference in the distribution of IL-10 ATA, GCA, or
GCC haplotypes between the two groups (P > 0.05). However, the frequency of IL-10 ACC was significantly
higher in the EBV-HLH group (P = 0.003, OR = 2.962, 95% CI = 1.429-6.141), suggesting that this hap-
lotype may be associated with an increased risk of HLH in children with EBV, while the significantly lower
frequencies of ACA and GTA (P = 0.020, OR = 0.253, 95% CI = 0.073-0.876; P < 0.05, OR = 0.218, 95%
CI = 0.093-0.513, respectively) indicated thatIL-10 ACA and GTA haplotypes may be protective factors
for EBV-HLH.

Table 3. Haplotype frequencies in patients with Epstein-Barr virus-associated hemophagocytic lymphohisti
Haplotype

IL2RA rs2104286-rs12722489-rs11594656

AGA



AGT

GAA

GAT

GGA

GGT

IL-10 rs1800896-rs1800871-rs1800872
ACA

ACC

ATA

GCA

GCC

GTA

OR: odds ratio; CI: confidence interval; NA: not applicable. *P j 0.05.

Discussion

EBV-HLH is a typical cytokine storm syndrome, and cytokines play a crucial role in the pathogenesis of EBV-
HLH. Wada et al 8. observed that EBV-infected patients had different serum cytokine levels and different
severities of clinical manifestations. The synthesis, secretion, and biological effects of cytokines are regulated
by their genes, and many studies have demonstrated important roles of cytokine gene polymorphisms in
regulating cytokine levels and influencing the development of diseases!®'!. SNPs are the most common
form of gene polymorphisms, and we therefore hypothesized that cytokine SNPs might play an important
role in the pathogenesis of and susceptibility to EBV-HLH.

Soluble IL-2 receptor (sIL-2R, also known as sCD25) is a marker of T-lymphocyte activation and is elevated
in conditions such as infection, trauma, malignant hematological disorders, and autoimmune diseases. sIL-
2R is currently used as an indicator of the severity of several diseases, and its level was shown to be
directly proportional to the degree of inflammation!'?l. Excessive activation of CD8+ T cells and significantly
increased serum levels of sIL-2R have made sIL-2R an important diagnostic and disease marker for HLH in
patients with EBV. The HLH-2004 diagnostic guidelines even added serum sIL-2R level [?]2400 U/ml as a
new diagnostic criterion for HLH3!. Furthermore, SNPs of the IL2RAgene encoding sIL-2R are associated

with the development of autoimmune diseases, such as diabetes, multiple sclerosis, and baldness[*4-16].

In the current study, we investigated the three most common IL2RAloci, rs2104286, rs12722489, and
rs11594656, and found that the rs2104286 AA genotype and A allele frequencies were significantly higher in
children with EBV-HLH than in controls, suggesting that these might be risk factors for the development
of EBV-HLH in children. rs2104286 is located in the first intron of the IL2RA gene, which is not a coding
or regulatory region; however, this SNP has been associated with several autoimmune diseases, including
multiple sclerosis and rheumatoid arthritis!!”). Carriers of the rs2104286 A allele have elevated sIL-2R lev-
els, diminished IL-2R signaling, increased granulocyte-macrophage colony-stimulating factor production by
memory CD4+ T cells, increased frequency of CD25+ naive T cells, and decreased CD25 expression on
the surface of memory CD127+CD25+ and Treg cells!'> 18], Moreover, the rs2104286 polymorphism can
affect the activity of enhancer elements in the first intron of the IL2ZRA gene and the binding affinity of the
transcription factor TRAF4, as well as mRNA processing and half-life, to influence IL2RA expression!!7].
Dendrouet al. ' found that the rs2104286 AA genotype upregulated CD25 (IL-2Ra) expression levels on
CD4+ naive T cells and CD144+CD16+ monocytes, thereby enhancing T-cell activation, and this genoty-
pic effect persisted after T cell activation, leading to a high proportion of CD69+CD4+ naive T cells that
upregulated CD25 in donors carrying the susceptible rs2104286 allele. We thus deduced that the rs2104286
polymorphism might affect the pathogenesis of EBV-HLH by upregulating CD25 expression on CD4+ naive
T cells, thus increasing sIL-2R levels.

IL-10 is produced by Th2 cells and is an important anti-inflammatory factor. Cellular secretion of IL-10 is
significantly increased during microbial infections and autoimmune diseases. It is involved in the development



of HLH by modulating immunity and suppressing the inflammatory response. Significantly elevated serum
IL-10 levels are a characteristic cytokine pattern of HLH[Y. Sinchez et al. 2! reported that certain SNPs
in the promoter region of the IL-10 gene might influence IL-10 production and response intensity, and were
associated with disease development. IL-10 SNPs were shown to be associated with various diseases, such as
sepsis, asthma, multiple sclerosis, ankylosing spondylitis, gastric cancer, and coronary heart diseasel* 21> 22,
In the current study, we selected rs1800896, rs1800871, and rs1800872 for testing and showed that the
frequencies of the AA genotype and A allele of rs1800896 and the CC genotype and C allele of rs1800872 were
significant higher in children with EBV-HLH than in controls, suggesting that these might be predisposing
risk factors for the development of EBV-HLH in children. Wang et al .[%! studied the relationship between
the rs1800872 and children with EBV-HLH, and similarly showed that the rs1800872 CC genotype and C
allele frequencies were higher in children with EBV-HLH than in patients with infectious mononucleosis
(IM) and in healthy controls. rs1800896 is located at a putative ETS-like transcription factor-binding site
and rs1800872 at a putative signal transducer and activator of transcription 3-binding site and regions
of negative regulatory function®> 24, Polymorphisms at these sites may thus influence transcription factor
binding and consequent IL-10 transcription and IL-10 serum levels, thus affecting disease susceptibility!2> 261,
IL-10 levels are significantly elevated in children with EBV-HLH. Numerous studies have shown that the
C allele of rs1800872 is associated with high levels of [27- 28 while the relationships between the G and A
alleles of rs1800896 and IL-10 levels remain controversial. Rees et al. 2% 29showed that the rs1800896 A
allele enhanced transcription of thelL-10 gene and resulted in high levels of IL-10. In contrast, Engelhardt
et al. 3932 showed that the rs1800896 G allele was associated with higher IL-10 production, while the
rs1800896 A allele resulted in lower IL-10 production. The frequencies of IL-10 polymorphisms differ among
populations®?! | and IL-10 plays different roles in different diseases, although its regulatory mechanisms are
not fully understood. Numerous genetic correlation studies and a few functional studies have shown that
the regulation of IL-10 is complex and multifactorial. Further studies are therefore needed to determine
how rs1800896 and rs1800872 regulate the production of IL-10 and affect the susceptibility to and clinical
course of EBV-HLH in children. In addition, the rs1800896 polymorphism can also influence EBV infection
status. Consistent with the results of the present study, Helminenet al. ¥ also showed that individuals
carrying the rs1800896 A allele were more susceptible to severe EBV infection. The rs1800896 and rs1800872
polymorphisms may thus influence EBV-HLH susceptibility by synergistically regulating IL-10 expression
and EBYV infection status.

Haplotype analysis provides more accurate genetic information than analysis of individual SNPs. Compari-
sons between children with EBV-HLH and controls based on estimated haplotype frequencies thus provide
a better understanding of the role of cytokine SNPs in EBV-HLH susceptibility. The present results showed
that the frequency of the/L2RA AGT (rs2104286-rs12722489-rs11594656) haplotype was significantly increa-
sed while that of the GGT haplotype was significantly decreased in children with EBV-HLH. The frequency
of theIL-10 ACC (rs1800896-rs1800871-rs1800872) haplotype was also significantly increased, whereas the
frequencies of the ACA and GTA haplotypes were significantly decreased. In addition, some of these haploty-
pes showed strong linkage disequilibrium, suggesting that/[L2RA and IL-10 haplotype association and linkage
disequilibrium may play important roles in the susceptibility to EBV-HLH. The results of this study suggest
that the IL2RA AGT haplotype may increase the risk of EBV-HLH; however, no other studies have simul-
taneously tested the IL2RA rs2104286, rs12722489, and rs11594656 loci, and studies of the AGT haplotype
in other diseases are lacking, and further studies are therefore needed to validate the roles of the AGT and
GGT haplotypes. The common IL-10rs1800896-rs1800871-rs1800872 haplotypes are GCC, ACC, and ATA.
The ACC haplotype is associated with moderate IL-10 production®® but its role in different diseases is
controversial. Marangon et al. P%showed that this haplotype was a protective factor in diffuse large B-cell
lymphoma, while Gao et al. *8lshowed that it was associated with an increased risk of IgA nephropathy.

We also analyzed I®N-y rs2430561, IRF'5 rs2004640, and CCR2 rs2004640, but found no significant associ-
ations between these SNPs and susceptibility to EBV-HLH. IFN-vy is an important cytokine produced by a
variety of immune cells in response to inflammatory stimuli. It regulates the body’s immune response, and
is significantly elevated in children with EBV-HLH. I®N-y rs2430561 has been shown to affect susceptibility



to diseases such as systemic lupus erythematosus, sepsis, ankylosing spondylitis, and breast cancer3™4% but
no previous association between this SNP and HLH has been reported. IRF5 is a member of the IRF tran-
scription factor family that plays important roles in both the interferon pathway and the Toll-like receptor
signaling pathway, and is closely associated with many autoimmune diseases!*!> 42/, TRF5 rs2004640 has been
associated with susceptibility to diseases such as systemic juvenile idiopathic arthritis(sJIA), systemic lupus
erythematosus(SLE), and systemic sclerosis(SS)[** 44, Yanagimachi et al. [*? investigated the relation-
ship between rs2004640 and susceptibility to secondary HLH, such as macrophage activation syndrome and
EBV-HLH, and found that the GT/TT genotype at this locus increased overall susceptibility to secondary
HLH, but not to EBV-HLH, consistent with the results of the present study. The chemokine receptor CCR2
plays a key role in several diseases, and the CCR2rs1799864 gene polymorphism has also been associated
with susceptibility to diseases such as ischemic stroke and multiple sclerosis*® 461, Ou et al .1*7! found no
significant difference in the rs1799864 polymorphism between children with and without HLH, suggesting
that this locus may be independent of HLH susceptibility, consistent with the current study. However, the
paucity of relevant studies and the limited numbers of cases mean that further studies are needed to confirm
the relationships between the above genetic polymorphisms and EBV-HLH.

This study had some limitations. First, the relatively small sample size may have limited the statistical
power, and more multicenter studies with larger sample sizes are therefore needed to validate our findings.
Second, because of technical limitations in the quantitative analysis of cytokines before 2014, cytokine profiles
were not available for more than half of the patients. Unfortunately, we were therefore unable to analyze
the relationships among SNPs, cytokine secretion, and HLH.

Conclusions

This study analyzed the associations between polymorphisms and haplotypes of ¢IA-2P, IA-10, I®PN-y, IPD5
, and CCR2 and susceptibility to EBV-HLH in children. The IL2RA rs2104286 AA genotype and A allele,
IL-10 rs1800896 AA genotype and A allele, and IL-10 rs1800872 CC genotype and C allele, as well as
theIL2RA AGT and IL-10 ACC haplotypes were identified as possible susceptibility risk factors for HLH in
children with EBV.
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