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Abstract: Genetic factors are effective reagents in susceptibility to multiple sclerosis (MS). Previous studies have
shown the relationship between heat shock protein (HSP) gene polymorphisms. So, HSP70 single nucleotide poly-
morphisms (SNPs) were evaluated as MS risk factors. Here, DNA genotyping was done for HSP70 gene polymor-
phisms, including HSP70-1 +190 G>C, HSP70-1-110 A>C, HSP70-1 +438 A>C, and HSP70-hom +2437 A>G in two
groups including Iranian MS patients and controls. A standard phenol/chloroform method isolated DNA samples
from peripheral blood. Sequence-specific amplification (SSP) polymerase chain reaction (PCR) was used for geno-
typing polymorphisms. Overall, 76 (35.80%) MS patients and 136 (65.10%) controls were studied with an age mean
of 36.0 * 8.0 years. Female/male was significantly higher in patients than in controls (4.43 vs. 0.10, P < 0.001).
The average age was significantly lower in patients (P < 0.001). The most common clinical feature was relapsing-
remitting (RR) MS; more than half of the population was Fars. Results showed that genotypes of HSP70-hom +2437
C>T had a significant relation with MS (OR = 2.0, 95% CI = 1.0-5.0, P = 0.03) and the same applies to HSP70-1
-110 A>C (OR = 0.0, 95% Cl = 0.0-1.0, P < 0.001). Allele and genotype frequency of two other HSP70 SNPs (HSP70-
1 +190 G>C, HSP70-1 +438 A>C) showed no significant differences between patients and controls. HSP70-hom
+2437 C>T and HSP70-1 -110 A>C can be considered as risk factors for MS in our population. However, other HSP
SNPs should be studied in a larger population in the future.
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Introduction

Multiple sclerosis (MS) is an autoimmune
demyelinating disease with inflammation and
myelin sheath damage in the central nervous
system [1]. Globally, the prevalence of the dis-
ease is about 2.5 million people [2]. Iran is a
medium prevalence country (with 5 to 30 MS
cases per 100000 population) [3]. The evi-
dence reported a higher prevalence of MS in
the northern hemisphere than in the southern
[4]. The most common age of this disease is
20-40 years old, and its prevalence in women
is twice that of men [5]. The main reason for
this disease has yet to be determined. A series
of risk factors affect the disease and its occur-
rences, such as immune system failure, genetic
predisposition, family background, geographic
region, viral infections, and psychological pres-
sures [6]. Like other chronic inflammatory dis-
orders, manifestations of MS are various, from
benign disease to rapidly developing and debili-

tating disease. MS may affect many organs and
systems of the body and causes disability,
reduction of the life quality of patients, and
death [7, 8]. Sclerotic plaques are the essential
symptom of MS that occurs in an inflammatory
process, demyelination, and repair with the loss
of different axons [9].

Genetic and environmental factors are effective
reagents in MS. HSPs are a group of proteins
expressed under stress conditions, such as
free radicals [10]. As oxidative stresses affect
MS pathogenesis and progression, HSPs are
involved in this disease [11]. HSPs act as house-
keeping genes in physiological conditions and
as molecular chaperones. These proteins play
roles in the suitable folding of newly synthe-
sized proteins; the functions of HSPs are essen-
tial in preventing protein accumulation, weak-
ening unstable and incompatible proteins, and
transferring proteins in cell parts [12-16]. High
expression of HSPs in the second autoinduc-
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tion, such as heat shock, promotes the devel-
opment of cell survival function [15]. These
proteins consist of HSP100, HSP90, HSP70,
HSP60, and HSP40 families and small families
[17]. According to previous studies, HSP plays
sone roles in neurodegenerative diseases.
Especially, HSP70 expression has been ob-
served in CNS that is a powerful antiapoptotic
protein by inhibition of programmed cell death
signaling. Functions of HSP70 are as intracel-
lular (acting as a chaperone protein) and extra-
cellular (triggering immunological responses)
models. The functions of HSP70 in MS patho-
genesis are complex. Some evidences report-
ed HSP70 is overexpressed in the CNS of MS
patients that is related to the neuroprotective
function of HSP70 in an inflammatory environ-
ment. On the other hand, high quantities of
HSP70 are released into the milieu, when over-
expression of HSP70 fails to prevent cell death
and promote the activation of immune system
mediated by its cytokinelike property [18].

The cytoprotective and immunomodulatory
functions of HSP70 can be affected by different
polymorphisms of it that cause quantitative
and qualitative changes in HSP70 expression
[11]. Some studies have shown the relationship
between HSP70 gene polymorphisms and dif-
ferent polymorphisms studied in MS, includ-
ing HSP70-2 1267 A/G, HSP70-hom 2437 T/C,
promotor region, and 190 G/C polymorphism of
HSP70-1 [17].

This study survived the relationship between
four HSP70 SNP gene polymorphisms and MS
using the polymerase chain reaction (PCR)
method.

Materials and methods
Patients

Iranian patients with the diagnosis of MS from
Golestan and Tehran provinces, Iran, were
recruited in this study. A neurologist precisely
diagnosed MS. The Control group included
healthy blood donor volunteers from Blood
Donation Centers of Gorgan and Gonbad, in the
north of Iran, aged 23-62 years. Age, sex, and
ethnicity matched control subjects who were
randomly selected and had no autoimmune or
inflammatory diseases. A demographic ques-
tionnaire was prepared for MS patients. The
demographic data included sex, age, onset,
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and ethnicity. Informed Consent forms were
completed and signed by all individuals. The
exclusion criteria were lack of participant satis-
faction or underlying disease. The ethics com-
mittee of Golestan University of Medical Scien-
ces, Gorgan, Iran (IR.GOUMS.REC.1397.196)
approved this study. All individuals completed
and signed informed consent forms.

DNA isolation

Peripheral blood samples were collected in
5-mL coated tubes from MS patients and con-
trols. DNA was isolated by a standard phenol/
chloroform method [19] with some modifica-
tions. Red blood cells were briefly lysed three
times with a buffer @mmonium chloride, potas-
sium dihydrogen phosphate, and disodium
hydrogen phosphates). The pellets were resus-
pended with SDS (10%) (Merck, Germany),
EDTA (Merck, Germany), and 10 uL proteinase
K (QIAGEN, Germany) and incubated for one
hour at 65°C. After that, the samples were
mixed with phenol/chloroform/isoamyl alcohol
and centrifuged. The supernatants were trans-
ferred to the new tubes, and isopropanol and
sodium acetate were added to visualize and
precipitate the DNA. Isolated DNA were aliquot-
ed in distilled water, and the concentration and
purity of DNA were determined by spectro-
photometric analysis at 260 nm (Techne, UK).
All samples were stored at -80°C for future
analysis.

DNA genotyping

Four HSP70 gene polymorphisms, including
HSP70-1 +190 G>C (rs1043618), HSP70-1
-110 A>C (rs1008438), HSP70-1 +438 A>C,
and HSP70-hom +2437 A>G (rs2227956) were
genotyped by SSP PCR. The human growth hor-
mone (HGH) gene was used as an internal con-
trol. The primers are presented in Table 2. Each
reaction was performed with 15 ul reaction mix
including 100 ng of genomic DNA, 9.5 yL mas-
ter mix containing 20 ml dNTP, 1X ready-load
PCR buffer, 12% sucrose (Merck, Germany),
one-unit Tagq polymerase (QIAGEN, Germany),
and 30 pM of each specific primer (MWG,
Germany). The following amplification protocol
was applied in a Thermal Cycler (Techne, UK):
[HSP70-1 +190 (1 min at 95°C; 10 cycles of 15
s at 95°C, 50 s at 66°C, and 40 s at 72°C; 20
cycles of 20 s at 95°C, 50 s at 60°C, and 50 s
at 72°C; and 5 min at 72°C as final extension)],
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Table 1. Primers used for genotyping HSP70-1 (+190 G>C, -110 C>A, +438 A>C) and HSP70-hom

+2437 C>T gene polymorphisms

Polymorphism Primer Size (bp)
HSP70-1 +190 G>C G: 5’-CTG CTC TCT GTC GGC TCC-3’
C: 5’-CTG CTC TCT GTC GGC TCG-3
Generic: 5’-GCT GCG ACA GTC CAC TAC C-3’ 185
HSP70-1-110 A>C C: 5’-CAG GAC GGG AGG CGA AAC-3’
A: 5’-CAG GAC GGG AGG CGA AAA-3’
Generic: 5’-CTC GAA AAA GGT AGT GGA CTG-3’ 177
HSP70-1 +438 A>C A: 5’-GGT CGC CGA ACT TGC GGC CA-3’
C: 5’-GGT CGC CGA ACT TGC GGC CG-3’ 337
Generic: 5’-CCG GCGT CCG GAA GGA CC-3’
HSP70-hom +2437 C>T C: 5’-TTG CCG GTG CTC TTG TCC G-3’
T: 5’-CTT GCC GGT GCT CTT GTC CA-3’ 124
Generic: 5’-TGG GGC GGT TTG ATC TGA C-3’
Table 2. Demographic characteristics of patients with MS and controls
i Patients Controls
Characteristics n=76 n =136 P-Value
Sex, n (%) Male 14 (18.4) 123(90.4) < 0.001™
Female 62 (81.6) 13 (9.6)
Female/Male 4.43 0.10
Age (years), Mean = SD 31.00+9.00 38.00+6.00 <0.001"
Age at onset (years), Mean + SD 25.00 + 7.00 -
Ethnicity, n (%) Fars 74 (97.4) 123 (90.4) NS
Turkman 2(2.6) 13 (9.5)
Clinical feature
Subtype, n (%) Relapsing-remitting (RR) 55 (72.4)
Chronic-progressive (CP) 1(1.3)
Secondary-progressive (SP) 1(1.3)
Chronic-relapsing (CR) 11 (14.5)
Missing 8 (10.5)
Disease duration (year) - 5.0+4.1

“*High significance differences (P < 0.01), NS: non significance differences (P > 0.05).

[HSP70-1-110 (1 min at 95°C; 10 cycles of 15
s at 95°C, 50 s at 64°C, and 40 s at 72°C; 20
cycles of 20 s at 95°C, 50 s at 58°C, and 50 s
at 72°C; and 5 min at 72°C as final extension)],
[HSP70-1 +438 (1 min at 95°C; 10 cycles of 15
s at 95°C, 50 s at 68°C, and 40 s at 72°C; 20
cycles of 20 s at 95°C, 50 s at 53°C, and 50 s
at 72°C; and 5 min at 72°C as final extension)]
and [HSP70-hom +2437 (1 min at 95°C; 10
cycles of 15 s at 95°C, 50 s at 64°C, and 40 s
at 72°C; 20 cycles of 20 s at 95°C, 50 s at
58°C, and 50 s at 72°C; and 5 min at 72°C as
final extension)]. Primers is shown in Table 1.
The PCR products were electrophoresed in
1.5% agarose gel (Merck, Germany). The bands
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were visualized on the UV transilluminator and
photographed with a gel documentation sys-
tem (UVITEC, UK).

Statistical analysis

Statistical analyses were performed using
SPSS Version 21. The Kolmogorov-Smirnov test
was used to determine the normality of data.
Chi-square analyzed demographic data, and a
T-test was used to compare the mean age
between two patient and control groups. Allele
and genotype frequencies were calculated and
compared between groups by Chi-square or
Fisher’s exact tests. Odds ratios and 95% confi-
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dence intervals were determined using logistic
regression analysis. The significant level was
setto P < 0.05.

Results
Demographic analysis

In this case-control study, 212 persons were
evaluated, including 76 (35.8%) patients with
MS and 136 (65.1%) controls. The average age
was 36.0 £ 8.0 years old. The demographic
data are presented in Table 2. According to the
results, the ratio of females to males was sig-
nificantly higher in MS patients (P < 0.001).
However, the controls’ average age was signifi-
cantly higher (P < 0.001). The central portion of
persons in both groups was Fars, and 72.4% of
patients were in Relapsing-remitting (RR) sta-
tus. Eighty-one percent (45 persons) of RR-
MS patients and 81% (9 persons) of Chronic-
relapsing multiple sclerosis (CR-MS) patients
were significantly female (P < 0.001).

Allele and genotype analysis

Table 3 shows the allele and frequencies of
HSP70 gene polymorphisms. Results showed
that genotypes of HSP70-hom +2437 C>T and
HSP70-1 -110 C>A had a significant relation
with MS and increased the risk of disease (P =
0.03 and P < 0.001, respectively). Genotype
frequencies of HSP70-hom +2437 C>T were
reported in 72 patients and 135 controls and
they were 54 in patients and 102 in controls for
HSP70-1 -110 C>A. HSP70-1 +190 G>C and
HSP70-1 +438 A>C did not show a significant
impact on MS probability (P>0.05).

Discussion

In this study, the information on demographic
characterization was remarkable. The ratio of
females to males in MS patients was 4.43, and
it was 0.10 in controls. There was a significant
relationship between gender and MS risk (P <
0.001). This is consistent with previous studies
that demonstrate the ratio of women to men
with MS has increased (2.3-3-5) due to chang-
es in environment or nutrition (e.g., obesity,
smoking, sun exposure, and infections) [20]. In
our study, this ratio is higher than the reported
ratio in other studies. The mean age was lower
in MS patients significantly (P < 0.001). Age at
onset of MS was 25.00 + 7.00 years in our pop-

281

ulation. Our finding aligns with previous studies
on the onset of MS at 20-30 years [21]. The
results showed that the most common mani-
festation of MS was RR, which was observed in
women mainly. These results are reported in
existent data from other studies [22]. Most par-
ticipants (patients and controls) were Fars, and
ethnicity was not a risk factor for MS in this
study.

Although, Tarzjani, et al., 2019, found no rela-
tionship between HSP70 polymorphism and
susceptibility to MS in the Iranian population,
but the results of our study are different.
Noticeably, Tarzajani et al. investigated the
relationship in a small sample size (n = 50)
and included RR-MS patients. They studied
the 1053 G>A (rs1061581) polymorphism [10].
According to genetic results, HSP70-hom
+2437 T>C had a significant relation with MS,
and it can directly increase the risk of disease
(Adjusted OR = 2.0, 95% Cl = 1.0-5.0, P=0.03).
HSP70-hom +2437 T>C is a member of the
HSP70-hom gene family with two members
that are not heat-inducible. Another member of
this family is HSP70-hom +2763 G>A. The
associations between both of them and sus-
ceptibility to some autoimmune diseases were
recorded in previous studies. Studies showed
a correlation between HSP70-hom +2437 T>C
and the risk of insulin-dependent diabetes mel-
litus in Dutch patients [23]. Niino et al., 2001,
demonstrated there were no significant differ-
ences between Japanese MS patients (n =
107) and controls (n = 82) in HSP70 SNPs,
including HSP70-1 +190 G>C, HSP70-2 +1267
A>G and HSP70-hom +2437 T>C. The mean
age of onset for patients was 26.9 + 9.5 years
which was close to our results. RR-MS and
SP-MS were observed 71 (66.4%) and 36
(33.6%) patients, respectively (17). Also, Wang
et al.,, 2015, demonstrated no significant rela-
tionship between HSP70-hom +2437 T>C with
Graves’ disease (GD) risk. They evaluated 153
chines patients with average age 27.6 + 5.4
years [24]. The significant association bet-
ween HSP70-hom +2437 T/C polymorphism
with type 2 diabetes mellitus (T2DM) was con-
firmed in a study by Moniruzzaman et al., 2019,
in the Bangladeshi population. This case-con-
trol study included 216 patients (mean age
50.38 + 12.35 years) and 126 healthy controls
[25]. According previous reports, HSP70-hom
+2437 T/C polymorphism just showed associa-
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Table 3. HSP70-1 (+190 G>C, -110 A>C, +438 A>C) and HSP70-hom +2437 T>C genotype and allele
frequencies in MS patients and healthy controls

Allele/Genotypes Pit'(ﬁ/;ts C‘:]”(to;)‘;'s Adjusted OR (95% Cl) P-Value
HSP70-1 +190 G>C
Allele
G 81 (54.00) 169 (63.53)
C 69 (46.00) 97 (36.47)
Genotype 1.00 (0.0-2.00) NS
GC 21 (27.63) 60 (44.12)
CC 39 (51.31) 49 (30.03)
Missing 15 (19.74) 24 (17.65)
1(1.31) 3(2.20)
HSP70-1-110 A>C
Allele
A 71 (51.45) 119 (46.48)
C 67 (48.55) 137 (53.51)
Genotype 0.0 (0.00-1.00) <0.001™"
AA 15 (19.74) 26 (19.12)
AC 41 (53.95) 67 (49.26)
cC 13 (17.10) 35 (24.73)
Missing 7 (4.67) 8 (5.88)
HSP70-1 +438 A>C
Allele
A 22 (15.94) 54 (20.30)
C 116 (84.06) 212 (79.70)
Genotype 1.0 (0.0-3.0) NS
AA 0 (0) 0(0)
AC 22 (28.95) 54 (71.05)
CC 47 (61.84) 79 (58.09)
Missing 7(9.21) 3(2.20)
HSP70-hom +2437 C>T
Allele
C 21 (14.38) 25 (9.26)
T 125 (85.61) 245 (90.74)
Genotype 2.0 (1.0-5.0) 0.03"
CC 1(1.31) 0 (0)
CT 19 (25.00) 25 (18.38)
T 53 (69.74) 110 (80.88)
Missing 3(3.95) 1(0.73)

“*High significance differences (P < 0.001), *Significance differences (P < 0.05), NS: non-significance differences (P > 0.05).

tion with diabetes and the relationship was not
observed in MS and GD diseases. Our result is
especially remarkable in comparison with Niino
et al.,, 2001. Probably, different sample size
and subtypes of MS are two reasons of the
event.

Allele and genotype frequency of HSP70-1
+190 G>C and HSP70-1 +438 A>C showed no
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significant differences between patients and
controls. However, the +190 GC genotype
and +190 C allele frequencies were higher in
patients than in controls. It can be important
in future studies and the larger population.
The impact of this SNP is on translation effi-
ciency or post-transcriptional regulation of the
HSP701A gene. So, the HSP70-1A protein syn-
thesis level is lower for the +190 C allele than
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the wild-type allele, +190 G [26]. Consistent
with our results, Wang et al., 2015, found no
significant differences in the allelic frequency
of HSP70-1 +190 between GD patients and
control groups [24]. There are few studies
about the frequency of HSP70-1 +438 A>C in
patients. Spagnolo et al., 2007, showed a sig-
nificant increase in the HSP70-1 +438 C allele
frequency in patients with sarcoidosis [27].
Here, HSP70-1 -110 A>C had a powerful effect
on MS susceptibility (P < 0.001) and, clearly,
allele A showed a relationship with MS. Also,
Ghanayem et al., 2015, reported a significant
association between HSP70-1 -110 A/C and
renal complications in egyptioan patients with
T2DM. They evaluated 60 diabetic patients and
20 healthy individuals [28].

In Conclusion, the age, gender, and clinical fea-
tures of patients were similar to those of other
studies. HSP70-hom +2437 C>T and HSP70-1
-110 A>C can be considered as risk factors for
MS in our population. Although other HSP SNPs
showed no significant relation with MS suscep-
tibility here, the association between these
gene polymorphisms can be substantial in a
larger population in the future.
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