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ABSTRACT

Multiple sclerosis (MS) is a chronic inflammatory demyelinating disorder with neurodegenerative effects. It is usually seen
among young adults and women. The aim of the present investigation was the study of IL7RA gene exon 7 and flanking
intronic regions in MS patients compared with healthy control. In this case-control study, 100 MS patients in Relapsing-
Remitting phase and 87 healthy individuals were studied. DNA was extracted from whole blood cells, using Salting-out
method. Samples were screened for variations in exon 7 and flanking intronic regions by direct sequencing. No mutation
was found in the exon7, however 39 single nucleotide polymorphisms (SNPs) were investigated. In addition, we found 2
variations that were significantly associated with MS in our population. Our study demonstrated no significant variation in
Iranian MS population in exon 7 but we found 2 variations in flanking regions which were associated with MS. Further

studies are required to define the effects of these SNPs on the IL7R protein in multiple sclerosis.
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1. INTRODUCTION

ultiple sclerosis (MS) is an inflammatory

demyelinating disorder in central nervous

system (CNS) that characterized by numbness,
vision loss and difficulties in walking and is more common
in young adults and occurs 2 to 3 times more in women.
According to the expanded disability status scale (EDSS),
clinical disease progression is determined and included to
four clinical phenotypes, that Relapsing-Remitting (RR-
MS) phase is the most common (1, 2). Interaction of
genetic and environmental factors is cause of the disease
(3). Living in temperate climate, vitamin D deficiency,
geographic differences in the amount of sun light, month
of birth, diet, smoking, infection with Epstein-Barr virus
(EBV) are considered as environmental risk factors for MS

(4-8). Inheritable risk factors are including HLA locus and
IL7 receptor a chain (CD127) (9). The gene of IL7RA is
located on chromosome 5pl13. IL7 is a 25 kilodalton
glycoprotein that is secreted by stromal cells in the bone
marrow and thymus (10, 11). IL7 and its receptor are
responsible for homeostasis and T cells longevity and
cytotoxicity reactions (12, 13). The inflammatory damages
display the autoimmune trait of MS, that we studied some
genes, especially HLA and cytokine genes, in Iranian
patients with MS Previously (14-16). Nowadays increasing
evidences for an important role of CD8+ cytotoxic T cells
has emanated in MS patients (17, 18). IL7 is recognized as
a Pre B cell growth factor, too. IL7 receptor is made of two
portions: IL7RA and IL2RG (CD132); the second one also
heterodimerizes with receptors for other interleukins, such
as IL2, IL4, IL9, IL15, and IL21. Both portions are
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necessary for the biological effects of IL7 and the
downstream signaling cascade. IL7RA is recognized as the
first non-major histocompatibility complex (non-MHC)
MS susceptibility locus (19). IL7RA subunit are consisted
of 4 paired cycteines in extracellular domain and closer to
the transmembrane a WSXW motif. The intracellular
domain has a BOX1 motif and finally 2 tyrosines (Y401,
Y449) that comprised in signal transduction (20). The cell-
signaling cascade starts following to binding of IL7 to its
surface receptor. The small juxta-membrane Box1 motif is
a part of IL7TRA. When JAKI binds to Boxl motif,
signaling cascade will be started (21). Signaling cascade
involves the activation of Janus kinases (Jacks) and signal
transducer  activators  of  transcription  (STATS).
Cytoplasmic tail of IL7RA contains several structural and
functional motifs such as motif BOX1 that mediates
activation of Jakl in cell signaling (22-24). According to
the prior knowledge, it is plausible that IL7/IL7RA
pathway is involved in the autoimmune aspects of the
disease. The goal of this study was to identify variations in
IL7RA gene particularly in region of BOXI1 motif in

Iranian patients with MS. This investigation was planned
in order to study of IL7RA gene exon 7 and flanking
intronic regions variations in MS patients compared with
healthy control.

2. MATERIALS AND METHODS

2.1. Patients and Controls

In this case-control study, our patients group included 100
clinically MS cases, that their expanded disability status
scale (EDSS) was 2.5 (Mild disability in 1 or Minimal
disability in 2 Functional systems) up to 5.5 (Ambulatory
for 100 meters, disability precludes full daily activities) (2).
They were assessed according to the revised 2005
McDonald criteria, also we tried to include patients of
more provinces of Iran in our study (25). Ethical
Committee of Tehran Imam Hossein hospital allowed this
study and patients were aware of study goals. 87 persons
without any symptoms of MS or any neurological or
inflammatory disease were selected as healthy control
group. Controls were matched age and sex to MS patients
(Table 1).

Table 1. Demographic and clinical data of MS patients and healthy control

Variables

Female/Male (no, %)
Age (mean,Y)

Age at onset (mean, Y)
Relapsing-Remitting (no, %)
Duration (mean, Y)
EDSS (mean)

MS patients Healthy control
85/15 (85/15%) 75/12 (86/14%)
31.1 314
25
100 (100%)
5.6
35

2.2. Blood sampling
EDTA-containing tubes (FL medical Company, Italy) were
used to collect 3 ml whole blood from all subjects.

2.3. DNA extraction
Salting- out method was applied to extract DNA from
whole blood samples (26).

2.4. PCR amplification

A pair of primers spanning the intron 6, exon 7 and intron
7 of IL7RA gene was used to amplify the related DNA
fragment with 1269 bp length. The nucleotide sequences of
the forward and reverse primers have been demonstrated in
Table 2. The amplification was carried out in Analytik
Jena thermocycler (Analytik Jena Company, Germany) by
using the Ampliqgon master mix (Ampligon Company,
Denmark and cat. No 18031, 0.2 Units / ml Taq DNA
polymerase in PCR buffer with 3 mM MgCl,, 0.4 mM
dNTP). We designed PCR amplification, was performed in
standard reaction wells in a final volume of 25ul. This was
consisted of initial denaturation for 5 minutes at 94°C,
followed by secondary denaturation for 1 minute at 94°C,
annealing for 1 minute at 65.8°C, primary extension in 1

minute at 72°C, secondary extension in 1 minute at 72°C
and cooling for 5 minutes at 4°C. PCR products were
electrophoresed on 1% agarose gel contained Ethidum
Bromide with TBE 0.5 x solution.

2.5. Sequence analysis

PCR products were sequenced. DNA sequencing was
performed by Sequencer: ABI PRISM, Sequencing Kit:
ABI PRISM (Macrogen Company, Korea).

2.6. Statistical analysis
Statistical analysis was performed using chi 2 test in
SPSSv18. The p value <0.05 was considered as significant.

3. RESULTS AND DISCUSSION

Table 2 shows demographic and clinical data obtained
patients and healthy control group. All of patients were
Iranian and in Relapsing-Remitting phase. 22 SNPs were
detected in intron 6. Genotype frequency was significantly
different for rs987106 in patients compared with control
group (p: 0.02, OR: 2.259, 95%CI: 1.125-4.536) (Table 3).
The other SNPs of intron 6 were similar to reference
sequence. In exon7, no significant alteration was observed.
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Table 2. The nucleotide sequences of the forward and reverse primers

primer sequence Tm(°C)
Forward 5-TTGATATCTGTGGTCTCTGGT-3'(21-mer) 57.4
Reverse 5- GGGAGACTAGGAACTCTAGAC-3'(21-mer) 61.3

Table 3. Allele and genotype frequencies for rs987106 in IL7Ra gene

Patients Healthy control P value OR 95%Cl
A 116 (58%) 84 (48.27%) 0.06 1.48 0.983-2.227
84 (42%) 90 (51.72%)
n:200 n:174
A/A 32 (32%) 15 (17.24%) 0.02 2.259 1.125-4.536
AT 52 (52%) 54 (62.06%) 0.17 0.662 0.369-1.188
T 16 (16%) 18 (20.68%) 0.41 0.73 0.347-1.538
N:100 N:87

We found an alteration in start of intron 7 (Figure 1), that T
allele was significant (p: 0.0043, OR: 0.3799, 95%CI:
0.1953-0.7387), also T/T genotype
significant in patients compared with control group (p:

frequency was

0.0097, OR: 0.4470, 95%CI: 0.2427-0.8232) (Table 4).

Figure 1. T/C genotype in +15bp far from start intron 7

Multiple sclerosis (MS) is the most common reason of
chronic neurological disease in young adults particularly
women. Usually, its prevalence in the most populations is
about 0.1% (3, 27, 28). In Iran, the incidence of the disease
is expanding and its prevalence is about 0.054% (29, 30).
Lesions usually are located in optic nerve sheaths,
brainstem and spinal cord which are characterized by
clonally expanded CD8+ T cells (31). Full genetic basis for
MS remains unexplained, but linkage and association
studies have demonstrated that the MHC Class 11
DRB1501 allele and IL7RA are associated with MS (32-
34). IL7 is a cytokine which has a significant role in
peripheral T cells homeostasis and proliferation (35, 36). T
cells have a functional role in MS pathogenesis. The cell
signaling process in T cells starts following to binding of
IL7 to its surface receptor. The small juxta-membrane
Box1 motif is a part of IL7RA which, JAK1 binds to Box!1
motif (21, 37, 38). Loss of Box1 motif leads to fast cell
death also, any alteration or deletion of this protein elides
JAK1 phosphorylation (39). Many studies have reported
the association of IL7RA with MS. The majority of these
studies have been carried out on promoter, exon 2, 4 and
particularly exon 6. Exon 6 and its related soluble form of
receptor have maximum association with MS (40, 41). In a
study in Iranian MS population, rs11567685 in promoter

and rs6897932 in exon 6, had significant association with
MS also in other study in Khuzestan province, C allele and
CT genotype in 156897932 were significant in MS patients
compared with controls (42, 43). Suzy M Teutsch
identified 11 novel and common SNPs in IL7RA gene
which were associated with MS in Caucasian MS patients
(with 90% of Northern European origin). These SNPs were
located in promoter, exonic and intronic regions that one of
them was rs987106 in intron 6 which associated with MS
also Z Zhang in a study about MS patients in Stockholm,
Sweden, determined genotypes for 123 SNPs in 66 genes
(according to their chromosomal positions or biological
effects) (44). They notified IL7RA as MS susceptibility
genes. Their results showed that rs987106 (allele T, p:
0.043, OR: 1.3, 95%CI: 1.0-1.6) and rs987107 (allele C, p:
0.015, OR: 0.58, 95%CI: 0.37-0.90) in intron 6 were
associated with MS (34). Simon G Gregory in a case
control study in MS population of non-Hispanic
individuals of European descent in USA and European
family (UK and Belgium) showed that allele T in rs987106
was associated with MS (p value: 0.0134) (45). rs987106
was studied in others autoimmune disorders, too. For
example, in a study (Madrid, Spain), it was demonstrated
that in patients with rs987106 TT genotype frequency of
sever fibrosis was high (p: 0.009, OR: 3.09, 95%CI: 1.32—
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7.22) (46), also it was reported that, patients with rs987106
TT genotype were associated with higher sIL7R levels and
rapid progression of AIDS (47, 48). These studies suggest
an important role of polymorphisms in promoter and other
region of IL7RA gene in MS susceptibility and other
autoimmune disorders. According to the role of
IL7/IL7RA pathway in progress of MS, particularly CD8+
T cells activation and other findings about effect of IL7RA
gene polymorphisms in MS, we decided to study IL7RA

gene in order to reveal that if our population has any
polymorphism resulting in alteration in splicing or increase
or decrease the receptor activity in Iranian MS population
as previously reported for rs6897932 in exon 6 for other
populations. Therefore, we investigated 22 SNPs in intron
6, 8 SNPs in exon 7 and 8 SNPs in intron 6 by using direct
sequencing. Although we didn’t find any mutation in our
population, we found 2 alterations in our samples which
were associated with MS (Table 3, Table 4 and Figure 1).

Table 4. Allele and genotype frequencies for +15bp far from end of exon 7

Patients Healthy control P value OR 95%Cl

T 161 (80.5%) 157 (90.22%) 0.0043 0.3799 0.1953-0.7387
C 39 (19.5%) 17 (9.77%)

n:200 n:174
T/T 61 (61%) 70 (80.45%) 0.0097 0.4470 0.2427-0.8232
TIC 39 (39%) 17 (19.54%)
C/IC 0 (0%) 0 (0%)

N:100 n:87

In addition, we found a variation in + 15bp far from of
initiation of intron 7 that had not reported in previous
studies. This variation is change of T to C in intron 7
which in our population was associated with MS. T allele
and T/T genotype were significant (p: 0.0043, OR: 0.3799,
95%CI: 0.1953-0.7387),(p: 0.0097, OR: 0.4470, 95%CI:

0.2427-0.8232) respectively. In addition, our result about
alleles frequency in rs987106 inintron 6 was similar to the
previous studies(Sub-Saharan African population and
European population) and was different with others
(European (Caucasian) and Mexican) (49) (Table 5).

Table 5. Population Diversity

Population Origin  Chrom.SampleCnt. Genotype Allele

AA AT T A T

Our Iranian Population Iranian 200 0.320 0.520 0.160 0.580 0.420
SC-95-C | European (Caucasian) 90 0.111 0556 0.333 0.389 0.611
HAPMAP-MEX Mexican 100 0.100 0.580 0.320 0.390 0.610
YRI-GENO-PANEL Sub-Saharan African 120 0.350 0.483 0.167 0.592 0.408
CEU-GENO-PANEL European 120 0.317 0.550 0.133 0.592  0.408

Any small variation in IL7RA gene and related isoform
may affect IL7 signaling pathway and increase antigenic T
cell response to myelin basic protein (50). We designed
this study to reveal SNPs which increase MS risk.
According to our results, homozygous genotypes were
detected in our population suggesting that exon7 is not
suitable for studying the population diversity. Observed
differences in our results and others finding might depend
on differences between populations such as ethnic, dietary,
life style, migration, different latitudes in Iran, genetic and
other risk factors which involved in MS. This investigation
was performed on Iranian MS patients, it would be so
interesting to do this analaysis on large sample size of
populations with different ethnic in Iran and other
countries are located in Middle East to demonestrae the
role of IL7RA polymorphisms in MS patinents in this erea.

4. CONCLUSION

Although present study demonstrated no significant
variation in Iranian MS population in exon 7, but we found
2 variations in flanking regions which were associated with
MS. Further studies are required to define the effects of

these variations on the IL7R protein in multiple sclerosis.

ACKNOWLEDGMENT

We wish to thank all of the patients and any who
participated in this study. We are grateful to Dr Reza
Mirfakhree assistant professor of department of genetics
Shahid Beheshti University of Medical Science for useful
guidance.

FUNDING/SUPPORT

All of stages of this study were supported by personal
charge of Ali Reza Sattari.

AUTHORS CONTRIBUTION

This work was carried out in collaboration among all
authors.

CONFLICT OF INTEREST

The authors declared no potential conflicts of interests with
respect to the authorship and/or publication of this paper.

84



J. Biol. Today's World. 2016 May; 5 (5): 81-85

REFERENCES

1. Rolak LA, Fleming JO. The differential diagnosis of multiple sclerosis. The
neurologist. 2007;13(2):57-72.

2. Kurtzke JF. Rating neurologic impairment in multiple sclerosis an
expanded disability status scale (EDSS). Neurology. 1983;33(11):1444-.

3. Dyment DA, Ebers GC, Sadovnick AD. Genetics of multiple sclerosis. The
Lancet Neurology. 2004 Feb;3(2):104-10. PubMed PMID: 14747002. Epub
2004/01/30. eng.

4. Ascherio A, Munger KL. Environmental risk factors for multiple sclerosis.
Part I: the role of infection. Annals of neurology. 2007;61(4):288-99.

5. Kantarci O, Wingerchuk D. Epidemiology and natural history of multiple
sclerosis: new insights. Current opinion in neurology. 2006;19(3):248-54.

6. Cantorna MT. Vitamin D and multiple sclerosis: an update. Nutrition
reviews. 2008;66(suppl 2):S135-S8.

7. Willer CJ, Dyment DA, Sadovnick AD, Rothwell PM, Murray TJ, Ebers GC.
Timing of birth and risk of multiple sclerosis: population based study. Bmj.
2005;330(7483):120.

8. Sundstrom P, Nystréom L, Hallmans G. Smoke exposure increases the risk
for multiple sclerosis. European journal of neurology. 2008;15(6):579-83.

9. Kittipatarin C, Khaled AR. Interlinking interleukin-7. Cytokine.
2007;39(1):75-83.

10. Pleiman C, Gimpel S, Park L, Harada H, Taniguchi T, Ziegler S.
Organization of the murine and human interleukin-7 receptor genes: two
mRNAs generated by differential splicing and presence of a type I-interferon-
inducible promoter. Molecular and cellular biology. 1991;11(6):3052-9.

11. Chazen GD, Pereira G, LeGros G, Gillis S, Shevach EM. Interleukin 7 is a
T-cell growth factor. Proceedings of the National Academy of Sciences.
1989;86(15):5923-7.

12. Mazzucchelli R, Durum SK. Interleukin-7 receptor expression: intelligent
design. Nature Reviews Immunology. 2007;7(2):144-54.

13. Friese MA, Fugger L. Autoreactive CD8+ T cells in multiple sclerosis: a
new target for therapy? Brain. 2005;128(8):1747-63.

14. Sayad A, Allameh A, Sayad A, Noruzinia M, Sarzaeem A. The influence
of-330 IL-2 gene polymorphism on relapsing remitting and secondary
progressive multiple sclerosis in Iranian patients. Neurology Asia. 2013;18(1).

15. Sayad A, Allameh A, Sayad A, Noruzinia M, Akbari MT, Sarzaeem A, et al.

The association of-475 and-631 interleukin-2 gene polymorphism with
multiple sclerosis in Iranian patients. Cell journal. 2013;15(2):124-9.

16. Sayad A. The association of- 330 interleukin-2 gene polymorphism and
HLA-DR15 allele in Iranian patients with multiple sclerosis. International
journal of immunogenetics. 2014;41(4):330-4.

17. Friese MA, Fugger L. Pathogenic CD8+ T cells in multiple sclerosis.
Annals of neurology. 2009;66(2):132-41.

18. Goverman J. Autoimmune T cell responses in the central nervous system.
Nature Reviews Immunology. 2009;9(6):393-407.

19. Zuvich RL, McCauley JL, Oksenberg JR, Sawcer SJ, De Jager PL, Aubin
C, et al. Genetic variation in the IL7RA/IL7 pathway increases multiple
sclerosis susceptibility. Human genetics. 2010;127(5):525-35.

20. Venkitaraman AR, Cowling RJ. Interleukin-7 induces the association of
phosphatidylinositol 3-kinase with the a chain of the interleukin-7 receptor.
European journal of immunology. 1994;24(9):2168-74.

21. Tanner JW, Chen W, Young RL, Longmore GD, Shaw AS. The conserved
box 1 motif of cytokine receptors is required for association with JAK kinases.
Journal of Biological Chemistry. 1995;270(12):6523-30.

22. Giliani S, Mori L, De Saint Basile G, Le Deist F, Rodriguez-Perez C,
Forino C, et al. Interleukin-7 receptor a (IL-7Ra) deficiency: cellular and
molecular bases. Analysis of clinical, immunological, and molecular features
in 16 novel patients. Immunological reviews. 2005;203(1):110-26.

23. Ikuta K, Tani-ichi S. Role of the IL-7 Receptor in yd T-Cell Development
from Hematopoietic Stem Cells. Hematopoietic Stem Cell Biology: Springer;
2010. p. 143-59.

24. Ribeiro D, Barata JT. Gene Section. http://AtlasGeneticsOncology org.
2014:229.

25. Polman CH, Reingold SC, Edan G, Filippi M, Hartung HP, Kappos L, et al.
Diagnostic criteria for multiple sclerosis: 2005 revisions to the “McDonald
Criteria”. Annals of neurology. 2005;58(6):840-6.

26. Miller S, Dykes D, Polesky H. A simple salting out procedure for
extracting DNA from human nucleated cells. Nucleic acids research.
1988;16(3):1215.

27. Organization WH. Atlas: Multiple sclerosis resources in the world 2008.
2008.

28. Milo R, Kahana E. Multiple sclerosis: geoepidemiology, genetics and the
environment. Autoimmunity reviews. 2010;9(5):A387-A94.

29. Izadi S, Nikseresht A, Sharifian M, Sahraian MA, Jahromi AH, Aghighi M,
et al. Significant increase in the prevalence of multiple sclerosis in iran in
2011. Iranian journal of medical sciences. 2014;39(2):152.

30. Etemadifar M, Izadi S, Nikseresht A, Sharifian M, Sahraian MA, Nasr Z.
Estimated prevalence and incidence of multiple sclerosis in Iran. European
neurology. 2014;72(5-6):370-4. PubMed PMID: 25341473. Epub 2014/10/25.
eng.

31. Lassmann H, Briick W, Lucchinetti CF. The immunopathology of multiple
sclerosis: an overview. Brain pathology. 2007;17(2):210-8.

32. Compston A, Coles A. Multiple sclerosis. Lancet (London, England). 2008
Oct 25;372(9648):1502-17. PubMed PMID: 18970977. Epub 2008/10/31. eng.
33. Hoftberger R, Aboul-Enein F, Brueck W, Lucchinetti C, Rodriguez M,
Schmidbauer M, et al. Expression of Major Histocompatibility Complex class |
Molecules on the Different Cell Types in Multiple Sclerosis Lesions. Brain
pathology. 2004;14(1):43-50.

34. Zhang Z, Duvefelt K, Svensson F, Masterman T, Jonasdottir G, Salter H,
et al. Two genes encoding immune-regulatory molecules (LAG3 and IL7R)
confer susceptibility to multiple sclerosis. Genes and immunity.
2005;6(2):145-52.

35. Akashi K, Kondo M, Weissman IL. Role of interleukin-7 in T-cell
development from hematopoietic stem cells. Immunological reviews.
1998;165(1):13-28.

36. Arbelaez CA, Glatigny S, Duhen R, Eberl G, Oukka M, Bettelli E. IL-7/IL-7
receptor signaling differentially affects effector CD4+ T cell subsets involved
in experimental autoimmune encephalomyelitis. The Journal of Immunology.
2015;195(5):1974-83.

37. Brewer MR, Choi SH, Alvarado D, Moravcevic K, Pozzi A, Lemmon MA,
et al. The juxtamembrane region of the EGF receptor functions as an
activation domain. Molecular cell. 2009;34(6):641-51.

38. Murakami M, Narazaki M, Hibi M, Yawata H, Yasukawa K, Hamaguchi M,
et al. Critical cytoplasmic region of the interleukin 6 signal transducer gp130
is conserved in the cytokine receptor family. Proceedings of the National
Academy of Sciences. 1991;88(24):11349-53.

39. Jiang Q, Li WQ, Hofmeister RR, Young HA, Hodge DR, Keller JR, et al.
Distinct regions of the interleukin-7 receptor regulate different Bcl2 family
members. Molecular and cellular biology. 2004;24(14):6501-13.

40. Lundmark F, Duvefelt K, Hillert J. Genetic association analysis of the
interleukin 7 gene (IL7) in multiple sclerosis. Journal of neuroimmunology.
2007;192(1):171-3.

41. Gregory SG, Schmidt S, Seth P, Oksenberg JR, Hart J, Prokop A, et al.
Interleukin 7 receptor alpha chain (IL7R) shows allelic and functional
association with multiple sclerosis. Nature genetics. 2007 Sep;39(9):1083-91.
PubMed PMID: 17660817. Epub 2007/07/31. eng.

42. Heidari M, Behmanesh M, Sahraian M-A. Variation in SNPs of the IL7Ra
gene is associated with multiple sclerosis in the Iranian population.
Immunological investigations. 2011;40(3):279-89.

43. Majdinasab N, Behbahani MH, Galehdari H, Mohaghegh M. Association
of interleukin 7 receptor gene polymorphism rs6897932 with multiple sclerosis
patients in Khuzestan. Iranian journal of neurology. 2014;13(3):168-71.

44. Teutsch SM, Booth DR, Bennetts BH, Heard RN, Stewart GJ.
Identification of 11 novel and common single nucleotide polymorphisms in the
interleukin-7 receptor-a gene and their associations with multiple sclerosis.
European journal of human genetics. 2003;11(7):509-15.

45. Gregory SG, Schmidt S, Seth P, Oksenberg JR, Hart J, Prokop A, et al.
Interleukin 7 receptor a chain (IL7R) shows allelic and functional association
with multiple sclerosis. Nature genetics. 2007;39(9):1083-91.

46. Guzman-Fulgencio M, Berenguer J, Jiménez-Sousa MA, Pineda-Tenor D,
Aldamiz-Echevarria T, Garcia-Broncano P, et al. Association between IL7R
polymorphisms and severe liver disease in HIV/HCV coinfected patients: a
cross-sectional study. Journal of translational medicine. 2015;13(1):206.

47. Limou S, Melica G, Coulonges C, Lelievre J-D, Do H, McGinn S, et al.
Identification of IL7RA risk alleles for rapid progression during HIV-1 infection:
a comprehensive study in the GRIV cohort. Current HIV research.
2012;10(2):143-50.

48. Rajasuriar R, Booth D, Gouillou M, Spelman T, James |, Solomon A, et al.
The role of SNPs in the a-chain of the IL-7TR gene in CD4&plus; T-cell
recovery in HIV-infected African patients receiving suppressive cART. Genes
and immunity. 2012;13(1):83-93.

49. Gézsi A, Lautner-Csorba O, Erdelyi D, Hullam G, Antal P, Semsei AF, et
al. In interaction with gender a common CYP3A4 polymorphism may
influence the survival rate of chemotherapy for childhood acute lymphoblastic
leukemia. The pharmacogenomics journal. 2015;15(3):241-7.

50. Traggiai E, Biagioli T, Rosati E, Ballerini C, Mazzanti B, Nun AB, et al. IL-
7-enhanced T-cell response to myelin proteins in multiple sclerosis. Journal of
neuroimmunology. 2001;121(1):111-9.

85


http://atlasgeneticsoncology/

