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Abstract 

 

Multiple sclerosis (MS) is an autoimmune demyelinating disorder 

of the central nervous system. We have previously demonstrated 

that an HHV-6 infection increases the risk of MS and that 

particular single nucleotide polymorphisms (SNPs) in the IL2RA 

and IL7RA genes modestly enhance the risk of this disease in 

HHV-6 positive subjects. To assess whether human leukocyte 

antigen (HLA) genetic determinants affect the risk of 

susceptibility to MS, blood samples were collected from 41 MS 

patients and 38 controls. Subject HLA genetic profiles were then 

determined by DNA sequence specific primers (SSP) typing. 

Detection of HHV-6 DNA was carried out using nested PCR while 

IL2RA and IL7RA allele detection was performed using 

restriction fragment length polymorphism (RFLP) analysis. We 



 

 

observed an increase in the risk of susceptibility to MS in 

individuals harboring the A*2301 (p=0.033) and the A*0301 

(p=0.032) HLA alleles. Double positivity for the DQB1*0501 allele 

and HHV-6 enhanced the risk of this disease (p=0.036) while 

DQB1*0501 positivity by itself was not associated with the 

disorder. Combinational positivity for the IL2RA and IL7RA SNPs, 

HHV-6 in addition to the various HLA alleles did not result in 

significant MS risk increases in our study population. Hence, 

particular genetic determinants increase the risk of MS in HHV-6 

positive subjects. These determinants do not exert the same 

effects in uninfected individuals. 
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Introduction 

 

Multiple sclerosis (MS) is a chronic demyelinating disorder of the 

central nervous system that results in neurodegeneration. No 

definitive triggers have been identified for this autoimmune 

disease; however, predisposition to MS is believed to be the 

result of a combination of various genetic and environmental 

factors (Disanto et al., 2012). 

 

Several studies have associated MS with human leukocyte 

antigen (HLA) genes on the chromosome 6 p21.3 region. 

Associations between MS and HLA genotypes have been 

heterogeneous among the various populations tested; 

nevertheless, the most commonly reported association to date is 

with the HLA class II allele DRB1*1501 (Svejgaard, 2008). 



 

 

Genome-wide association studies have also revealed other 

genetic determinants that may play a role in susceptibility to MS. 

These include particular alleles of the interleukin-2 and 

interleukin-7 receptor α-chain genes, IL2RA and IL7RA 

respectively, among various others (Sawcer, 2008, Hafler et al., 

2007, Oksenberg et al., 2008, Sawcer et al., 2011).   

 

An association with low vitamin D levels has been prominent 

among the diverse environmental factors linked to MS (Berlanga-

Taylor and Ramagopalan, 2013). Additionally, a myriad of 

potential infectious triggers have been investigated in relation to 

this disease with strong correlations reported between an 

Epstein-Barr virus (EBV) infection and MS (DeLorenze et al., 

2006). The Human herpesvirus 6 (HHV-6) has also been reported 

as a risk factor for this disorder by various studies; however, 



 

 

credence of such a correlation was diminished by the 

irreproducibility of some these studies and by flaws in the study 

designs employed (Coates and Bell, 1998, Goldberg et al., 1999, 

Liedtke et al., 1995, Martin et al., 1997, Mirandola et al., 1999, 

Simpson et al., 2012, Gustafsson et al., 2013, Virtanen et al., 

2014).   

 

Our group has previously examined whether an HHV-6 infection 

increases the risk of MS (Fayad et al., 2014). HHV-6 belongs to the 

Herpesviridae, or the herpes family of viruses. These are DNA 

viruses that can cause latent and recurring infections. These 

viruses have various immune system-evasion mechanisms that 

allow them to establish life-long latency in the host. To assess 

whether a HHV-6 infection plays a role in the pathobiology of MS, 

blood samples from MS patients and controls were investigated 



 

 

for harboring HHV-6 DNA. We detected a correlation between 

this type of infection and MS (OR = 2.935, 95% CI = 1.582-5.463, 

p=0.000). Analysis of the rs2104286 and rs12722489 single 

nucleotide polymorphisms (SNPs) in the IL2RA gene and the 

rs6897932 SNP in the IL7RA gene did not reveal any statistically 

significant correlations with MS in our population; however, 

concomitant presence of the rs2104286 A-allele or the 

rs6897932 C-allele with HHV-6 moderately increased the risk of 

MS compared to HHV-6 alone. 

 

In the study at hand, we set out to examine the effect of HLA 

genetic determinants on the risk of MS in complex with HHV-6 

and particular SNPs in the IL2RA and IL7RA genes.  

 

 



 

 

Materials and Methods 

 

Study Population and Specimens 

 

Blood samples were obtained from 41 MS patients (27 females 

and 14 males) and 38 controls (28 females and 10 males). All 

subjects were Lebanese, older than the age of 18 and were 

attending the Multiple Sclerosis Clinic and Research Center 

(Doctors Center, Beirut, Lebanon). The subject age range was 19-

70 years with an average age of 39.76 ± 12.33. All patients 

fulfilled the Mc Donald’s criteria (McDonald et al., 2001) prior to 

enrollment. The control group included non-MS subjects 

reporting no autoimmune disorders in immediate family 

members or themselves.  No subjects who were pregnant or on 

an immunosuppressive regimen were enrolled in the study. The 



 

 

Institutional Review Board (IRB) at the American University of 

Beirut (AUB) approved this study prior to its commencement and 

signed consent was obtained from all subjects enrolled. Blood 

samples were initially collected in citrated tubes and then DNA 

was obtained from blood utilizing phenol extraction and ethanol 

precipitation (Ausubel FM et al., 2000). 

 

HLA Typing 

 

HLA-A, B and C allele typing was performed utilizing the ABC SSP 

UniTray kit (Invitrogen, Carlsbad, CA) whereas HLA-DR and DQ 

allele typing was performed employing the DRDQ SSP UniTray kit 

(Invitrogen). Manufacturer procedure recommendations were 

followed. 

 



 

 

HHV-6 and Interleukin Receptor Α-Chain Gene SNP 

Determination 

 

HHV-6 positivity and detection of the IL2RA rs2104286 A-allele, 

IL7RA rs6897932 C- allele and the IL2RA rs12722489 G-allele 

were performed as previously described (Fayad et al., 2014). 

 

Statistical Analysis 

 

Statistical analysis was performed using PASW Statistics 18 for 

Windows. 

 

 

 

 



 

 

Results 

 

To explore the effect of HLA genetic determinants on 

susceptibility to MS, patients and matched controls were 

genotyped. Significant associations are described in Table 1. We 

detected a correlation between MS and the A*2301 allele 

(p=0.033) which was detected in 12.19% of patients but none of 

the controls (RR=2.056, 95% CI=0.913-2.056). We also observed 

a correlation between MS and the A*0301 allele (p=0.032) 

whereby 21.95% of the patients tested were positive for this 

allele compared to only 5.26% of the controls (RR=1.739, 95% 

CI=0.955-2.167). These associations were not secondary to 

linkage disequilibrium with other alleles since no such linkage 

was detected in our study population. 

 



 

 

Including HHV-6 positivity into the analysis revealed that double 

positivity for the virus and the DQB1*0501 allele was associated 

with MS (p=0.036) whereby 17.07% of patients but only 2.63% 

of the controls were concomitantly positive for both factors 

(RR=1.827, 95%CI=0.926-2.134). This hence increased the risk 

exerted by DQB1*0501 alone (RR=1.495, 95%CI=0.903-2.138) 

which by itself was not statistically significant (p=0.06); this 

allele was detected in 36.58% of patients and 18.42% of controls. 

HHV-6 positivity by itself was significantly associated with MS 

(p=0.046) in the current study population whereby it was 

detected in 62.5% of patients and 39.47% of controls (RR=1.523, 

95%CI=0.942-2.474). 

 



 

 

On the other hand, a modest protective effect was observed for 

the DQB1*0302 allele (p=0.049) which was identified in 10.53% 

of controls but none of the patients. 

 

Detection of the IL2RA rs2104286 A-allele, IL7RA rs6897932 

C- allele and the IL2RA rs12722489 G-alleles double positivity 

with the various HLA genetic markers did not reveal any 

significant increases in the risk for MS. As we previously 
reported (Fayad et al., 2014), the IL2RA rs2104286 A-allele 

was present in 98% of MS patient and in 96% of control, the 

IL2RA rs12722489 G-allele was present in all subjects, 

whereas the IL7RA rs6897932 C-allele was present in 98% of 

MS patients and 93% of controls thus revealing no correlations 

with MS. Inclusion of HHV-6 positivity into the analysis did not 

yield any significant associations either. Hence, combinational 



 

 

positivity for these SNPs, HHV-6 and the various HLA alleles 

did not result in significant MS risk increases in our study 

population. 

 

Table 1. Significant Associations with Multiple Sclerosis 

 
 p-value 

HHV-6 0.046 

A*2301  0.033 

A*0301   0.032 

DQB1*0501 in combination with HHV-6 0.036 

rs2104286 A-allele in combination with 

HHV-6 

0.0003 

rs6897932 C-allele in combination with 

HHV-6 

0.0001 

 



 

 

Discussion 

 

The DRB1*1501 allele is often indicated as the most common 

genetic determinant associated with MS. This association has 

been reported in African-American (McElroy et al., 2010), 

Turkish (SaruhanDireskeneli et al., 1997), Northern European 

(Fogdell et al., 1995) and other Caucasian populations 

(Oksenberg et al., 2008, McElroy and Oksenberg, 2011). In 

Caucasians, the association has been mapped to the DRB5*0101-

DRB1*1501-DQA1*0102- DQB1*0602 haplotype since these 

alleles are in strong linkage disequilibrium in such populations. 

In the Lebanese population, as our data revealed, no such 

correlation exists. We rather detected as association with the 

A*2301 and A*0301 alleles instead. Other populations that have 

similarly observed no associations with the DRB1*1501 allele 



 

 

include African-Brazillians (Caballero et al., 1999) and Sardinians 

(Marrosu et al., 1998).  

 

HLA-A3 (Naito et al., 1972) and HLA-B7 (Jersild et al., 1972) have 

been previously associated with MS in Caucasians, however it 

was later found that these associations were secondary to class II 

direct association with the disease and the result of HLA alleles 

being in linkage disequilibrium (Compston et al., 1976, Terasaki 

et al., 1976). As previously indicated the association between the 

described class I alleles and MS in our population are primary 

since no similar linkages were detected. Control HLA frequencies 

detected in this study were comparable to those previously 

reported in the Lebanese population (Abdelnoor et al., 2001). 

 



 

 

On the other hand, we detect a modest protective effect for the 

DQB1*0302 on MS. Surprisingly, this allele has been reported to 

play a role in MS in the Sardinian population (Marrosu et al., 

1992); however, DQB1*0302 is in linkage disequilibrium with 

other alleles in susceptibility-conferring haplotypes in Sardinians 

(Marrosu et al., 1998) which may explain why this allele was 

reported to be associated with MS in this particular population. 

 

Inclusion of HHV-6 detection into our analysis revealed that 

double positivity for the virus and the DQB1*0501 allele 

enhanced the risk of MS. Whereas we had previously reported 

that HHV-6 infection by itself is a risk factor for MS (Fayad et al., 

2014), DQB1*0501 positivity showed no such associations on its 

own in the Lebanese population. This allele does not enhance the 

risk of HHV-6 infection by itself as revealed by our analysis; thus, 



 

 

the increased MS risk is not secondary to any predisposition for 

infection imparted by the DQB1*0501 allele. 

 

We also previously observed that particular SNPs in the IL2RA 

and IL7RA genes modestly enhance the risk of MS in subjects 

positive for HHV-6 (Fayad et al., 2014). However, our analysis for 

these SNPs in the current study did not reveal any susceptibilities 

for MS in conjunction with risk HLA genes and HHV-6. This may 

indicate that these interleukin receptor α-chain genes and HLA 

alleles are in an epistatic relation with each other or with another 

yet undetermined factor modulating their role in MS upon 

infection with HHV-6. The role played by HHV-6 in exacerbating 

or triggering MS has not been elucidated, nevertheless antigenic 

similarities between HHV-6 viral peptides and the myelin basic 

protein have been reported (Wucherpfennig and Strominger, 



 

 

1995, Tejada-Simon et al., 2003). This may contribute in part to 

the autoimmune process resulting in MS. 

   

The heterogeneity in disease associations with particular genetic 

make-ups remains population dependent as revealed by our 

study as well as by others. Therefore, any conclusions regarding 

risk should always take into account the ethnicity of the 

population tested. Our observations indicate that certain genetic 

determinants enhance the risk of MS in HHV-6 positive 

individuals. These genetic components do not result in the same 

effect in subjects not infected with this virus.   
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