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A b s t r a c t

The cuprizone multiple sclerosis (MS) animal model is characteristic for toxic demyelination and represents a revers-
ible demyelination and remyelination system. It has been shown that green tea epigallocatechin-3-gallate (EGCG) 
might be effective in improving the symptoms and pathological conditions associated with autoimmune inflam-
matory diseases in several animal models. In this study the effects of EGCG on proteolipid protein (PLP) and oligo-
dendrocyte transcription factor 1 (Olig1) expression in the cerebral cortex of a murine model of cuprizone-induced 
demyelination was investigated. C57BL/6 mice were treated with cuprizone for six weeks in order to induce demye-
lination. Immediately after the cessation of cuprizone the animals were divided into 6 groups (n = 10 for each group). 
The first two groups were injected intraperitoneally (IP) with EGCG in the amount of 50 mg/kg/daily body weight 
for 2 and 4 weeks. The second two groups (SHAM) were injected IP with phosphate-buffered saline (PBS) for 2 and  
4 weeks, and the third two groups were left without injection as controls. After two and four weeks the mice were 
killed and the  cerebral cortex was collected and the  expression of  Plp and Olig1 was studied by real-time PCR. 
The results showed significant increases in PLP and Olig1 expression in the EGCG-treated groups as compared to 
the SHAM and control groups (p < 0.0001). It is concluded that EGCG increases PLP and Olig1 expression in the cere-
bral cortex of a mouse model of MS induced by cuprizone.
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Introduction

Multiple sclerosis (MS) is the  most common 
cause of  non-traumatic disabilities among young 
people, affecting approximately two and a half mil-
lion people from around the world [20]. The etiolo-
gy of MS is not known yet and it may include some 
genetic susceptibilities, epigenetic regulations and 
environmental factors [4]. It has been shown that 

genetics and environmental factors are involved in 
the  pathology of  MS. Accumulating evidence indi-
cates that oxidative stress is an  important factor 
involved in the pathogenesis of MS. Oxidative stress 
activates some mechanisms that lead to glia-medi-
ated inflammation and neural damage [16].

The cuprizone model is characteristic for toxic 
demyelination and it represents reversible demyelin-
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ation and remyelination. Cuprizone induces revers-
ible demyelination in several brain regions including 
the  hippocampus, cerebellum, caudate putamen, 
corpus callosum and grey matter regions. It is still 
not clear whether the  copper chelating nature 
of cuprizone is implicated in its neurotoxic proper-
ties [15]. Additional mechanisms such as inhibition 
of oligodendrocyte progenitor cell (OPC) differentia-
tion [3] and secretion of pro-inflammatory cytokines 
from activated microglia/macrophages are also dis-
cussed [24].

The multilayer central nervous system (CNS) 
myelin membrane sheaths that surround the nerve 
fibers (axons) are formed by lipids and pro-
teins distributed according to the  charge, lipo- or 
hydrophilicity, and relative molecular weight [27]. 
In the CNS the main proteins of myelin are proteo-
lipid protein (PLP), myelin basic protein (MBP), 
myelin oligodendrocyte glycoprotein (MOG) and 
CNPase. Myelin oligodendrocyte glycoprotein is 
an important autoantigen linked to the pathogene-
sis of multiple sclerosis [21]. 

In the CNS, PLP and its alternative spliced isoform, 
DM20, make up the bulk of the proteolipids [10]. Pro-
teolipid protein and DM20 constitute more than 50% 
of  the  total protein of  CNS myelin. PLP1, the  gene 
encoding PLP and DM20, is located on the X chro-
mosome. Multiple copies of PLP1, point mutations or 
deletion of PLP1 can lead to X-linked dysmyelinating 
disorders, Pelizaeus-Merzbacher disease, and spas-
tic paraplegia type 2 [6,34]. It has also been suggest-
ed that PLP interacts with integrin receptors in order 
to affect signal transduction in oligodendrocytes and 
homing of  immature oligodendrocytes. Clearly, PLP 
has an  important role in supporting normal axonal 
functions. It is believed that PLP and DM20 are likely 
the major targets of  the autoimmune responses in 
MS, since they are highly encephalitogenic in ani-
mals and auto-reactivity directed against PLP is ele-
vated in patients with MS [10]. 

Oligodendrocyte transcription factor 1 (Olig1),  
a  stage-specific marker for oligodendrocytes in the 
brain, plays a  key role in the  regulation of  the 
myelin-specific gene expression and the  program 
of myelinogenesis. Olig1 plays a pivotal role in oligo-
dendrocyte myelination. Ablation of  Olig1 leads to 
the absence of all major myelin specific gene expres-
sion inside the brain and complete failure of myelin 
sheath formation. Moreover, Olig1-null mice develop 

prominent axonal degeneration, swellings, and glio-
sis in the CNS [35].

Genetics and environmental factors including 
nutrition were shown to be important in the remy-
elination process. Polyphenols are natural phyto-
chemicals and they are secondary metabolites pro-
duced in plants to defend themselves from cellular 
stress. The interest in polyphenols is related to their 
well-known antioxidant activities which are report-
ed to have positive effects on human health, due 
to their presence in dietary sources such as fruits, 
vegetables, wine, spices and herbs [16]. Green tea, 
prepared from the  leaves of  Camellia sinensis, is 
one of  the  popular beverages that are reported to 
have a  number of  beneficial health effects, includ-
ing anti-inflammatory, anti-thrombotic and antican-
cer activities [12]. Green tea is rich in polyphenolic 
compounds, known as catechins, that are responsi-
ble for the physiological activity of green tea and its 
extracts. One of the main catechins found in green 
tea is epigallocatechin-3-gallate (EGCG) [2]. Accumu-
lating evidence has revealed an immunomodulating 
effect of EGCG. Several types of immune cells in both 
the innate and adaptive immune systems are known 
to be affected by EGCG [23]. Epigallocatechin-3-gal-
late is capable of protecting against neuronal injury 
in brain tissue induced by N-methyl-D-aspartate and 
blocking the  formation of  neurotoxic reactive oxy-
gen species in neurons [1]. Epigallocatechin-3-gal-
late attenuated symptoms and pathological features 
(leukocyte infiltration and demyelination) in the CNS 
and inhibited antigen specific T-cell proliferation and 
delayed type hypersensitivity of  skin responses. 
These results demonstrate that EGCG may attenu-
ate experimental autoimmune encephalomyelitis 
(EAE) autoimmune responses by inhibiting immune 
cell infiltration and modulating the balance among 
pro- and anti-autoimmune CD4+ T-cells [33]. It was 
shown that EGCG might be the  most promising 
neuroprotective compound. Thus, inclusion of  this 
polyphenol in the diet might provide an affordable 
means to reduce the  impact of  neurodegenerative 
diseases [25].

Most studies on the effects of EGCG on autoim-
mune disease including MS have concentrated on 
its anti-inflammatory properties. In  this study, for 
the  first time, we aimed to investigate the  effects 
of EGCG in green tea on the expression of PLP and 
Olig1 in cuprizone-induced demyelinated mice using 
real-time PCR.
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Material and methods

Animals 

C57BL/6 mice were purchased from Pasteur Insti-
tute, Tehran, Iran and maintained on a 12-12 light: 
dark cycle beginning at 8.00 am. They were kept at 
a constant temperature in mouse boxes with unre-
stricted access to laboratory food and water. The col-
ony was maintained through random pair mating. 
Cage maintenance was performed once a week and 
the animals were handled by the same individuals 
throughout the  experimental period. Food and tap 
water were available ad libitum throughout the accli-
matization and experimental period. All animal pro-
cedures were carried out in accordance with the Ani-
mals (Scientific Procedure) Act, 1986. All animal 
protocols used have been approved by the authors’ 
institutional animal experimentation committee. 
Sixty male C57BL/6 mice aged 8 weeks were includ-
ed in this study.

Induction of demyelination 

Demyelination was induced by feeding 8-week-
old mice a  diet containing 0.2% cuprizone (bis-
cyclo hexanone oxaldihydrazone, Sigma-Aldrich Inc.) 
mixed into ground standard rodent chow. The cupri-
zone diet was administered for 6 weeks for demye-
lination. In order to evaluate MS induction by cupri-
zone, animals were tested on a rotarod to measure 
changes in balance and motor coordination. 

Motor co-ordination and learning: 
rotarod test

Motor co-ordination and balance was evaluated 
in a rotarod apparatus (Letica Scientific Instruments) 
which consisted of  a  motor-driven rotating rod 
equipped with variable speeds. All mice were eval-
uated on the rotarod three times a day (in the after-
noon) for three consecutive days with the  rotation 
set at 16, 24 or 32 revolutions per minute (rpm) [9].

Epigallocatechin-3-gallate 
administration

Immediately after the  cessation of  cuprizone 
the  animals were divided into 6 groups (n = 10 
for each group). The  first two groups was inject-
ed intraperitoneally (IP) with EGCG in the amount 
of 50 mg/kg/daily body weight for 2 and 4 weeks. 
The  second two groups (SHAM) were injected i.p. 

with phosphate-buffered saline (PBS) for 2 and  
4 weeks, and the third two groups were left with-
out injection as controls. After two and four weeks 
the cerebral cortex was collected after euthanasia 
by intraperitoneal injection of an overdose of anes-
thetic (sodium pentobarbitone) and processed as 
described. A total of 60 animals were used in this 
study.

RNA extraction and cDNA preparation 

For real-time PCR analysis, RNA was isolated from 
the cerebral cortex using a TRIzol kit. To produce cDNA, 
equal amounts of  RNA were reverse-transcribed in 
a standard reaction with reverse transcriptase.

Real-time PCR

In order to perform the  real-time PCR for Plp 
and Olig1 genes, primers were designed using Oli-
go 7 software. The reference gene for this method 
was GAPDH and it was amplified using the provid-
ed forward and reverse primers of the first strand 
cDNA synthesis kit. Forward and reverse primer 
sequences and lengths of Plp and Olig1 genes are 
shown in Table I. Thermal profiles of Plp, Olig1 and 
GAPDH were identical as follows: The  reaction 
was initiated at 94°C for 3 minutes followed by 39 
continuous cycles of 94°C for 30 seconds, 58°C for  
30 seconds and 72°C for 45 seconds. The  last 
stage of  the  reaction was performed at 65°C for 
5 seconds. 

Statistical analysis

The quantity of  gene expression was analyzed 
as described by Livak and Schmittgen [17]. Statisti-
cal analysis was performed using IBM SPSS Statis-
tics (Version 21), with one-way analysis of variance 
(ANOVA) followed by Tukey’s post-hoc test. A proba-
bility of p < 0.05 was considered statistically signifi-
cant. Graphs were made using Excel.

Table I. Forward and reverse primer sequences 
and lengths of Plp and Olig1

Primer Sequences Length (nt)

Forward Plp TGAGCAAAGTCAGCCGCAAA 20

Reverse Plp CCCCTACCAGACATCTAGCAC 21

Forward Olig1 GCCCCACCAAGTACCTGTC 19

Reverse Olig1 GGAACTTGCACACCGCACA 19



202 Folia Neuropathologica 2017; 55/3

Mohammadreza Semnani, Farhad Mashayekhi, Mahnaz Azarnia, Zivar Salehi

sis showed a significant increase in the expression 
of Plp in the 2 and 4 weeks treated groups as com-
pared to either SHAM or controls (p < 0.0001).

The result of real-time PCR in the case of the Olig1 
gene indicated an  increase in gene expression 
among 2 and 4 weeks EGCG-treated groups as com-
pared to the SHAM and controls. Relative increase 
of Olig1 expression among the 2 weeks treated group 
and SHAM compared to the  control group (with 
the expression of 1) was 6.11 and 1.39, respectively. 
Relative expression of Olig1 in the cases of 4 weeks  
of  treatment with EGCG and SHAM was 9.98 and 
1.71, respectively, as compared to the control group 
(with the  expression of  1) (Fig. 2). Statistical anal-
ysis showed a  significant increase in the  expres-
sion of  Olig1 in the 2 and 4 weeks treated groups  
(p < 0.0001). We found no significant change in Plp 
and Olig1 expression between SHAM and controls.

Discussion

Multiple sclerosis is one of  the  T-cell-mediat-
ed inflammatory autoimmune diseases of  the  CNS. 
Experimental autoimmune encephalomyelitis is a well- 
established animal model for human MS, owing to 
the  similarities in clinical, neuropathological, and 
immunological features between MS and EAE [8].  
Both genetic background and environmental factors 

Fig. 2. Olig1 expression in response to treat-
ment with epigallocatechin-3-gallate (EGCG). 
Both of the studied groups (2 and 4 weeks) 
showed a  significant increase in Olig1 gene 
expression in the EGCG-treated group as com-
pared to SHAM and control groups (p < 0.0001) 
(mean ± SE).
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Fig. 1. Plp expression in response to treatment 
with epigallocatechin-3-gallate (EGCG). Both 
of the studied groups (2 and 4 weeks) showed 
a significant increase in Plp gene expression in 
the EGCG-treated group as compared to SHAM 
and control groups (p < 0.0001) (mean ± SE).
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Results

Motor co-ordination and learning: 
rotarod test

Motor co-ordination was evaluated using a rotarod 
apparatus. All animals improved their skill and 
learned to stay on the  progressively speeded-up 
rotating rod. Rota-rod analysis demonstrated that 
the  treated group had poorer motor co-ordination 
than control animals (p < 0.05).

Real-time PCR

Products of the real-time PCR reaction were sub-
jected to 2% agarose gel electrophoresis containing 
ethidium bromide and the  proliferated fragments 
were observed using UV. The length of the targeted 
area within Plp, Olig1 and GAPDH was 105, 114 and 
495 bp, respectively.

The results showed that Plp expression in 2 and 
4 weeks treated EGCG groups was increased as com-
pared to SHAM and control groups. Relative expres-
sion of Plp in the cases of 2 weeks of treatment with 
EGCG and SHAM was 9.06 and 1.63, respectively, as 
compared to the control group (with the expression 
of 1). Moreover, relative expression of Plp in the cases  
of  4 weeks of  treatment and SHAM was 4.42 and 
1.15, respectively, as compared to the control group 
(with the expression of 1) (Fig. 1). Statistical analy-
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are involved in the  pathogenesis of  MS. The  cur-
rent therapies that mainly focus on the application 
of  immune suppressant drugs have limited effica-
cy and various adverse effects. Nutrition represents 
a secondary and complementary approach that could 
potentially improve the  autoimmune disorders [36]. 
It includes the  effects of  certain vitamins and food 
components in the pathology and treatment of MS. 
Recent studies suggest that vitamin B12, in addition 
to its known role as a co-factor in myelin formation, 
has important immunomodulatory and neurotrophic 
effects [19]. It has been shown that low vitamin D 
intake or serum vitamin D status is associated with 
increased risk of developing MS [22]. It has been doc-
umented that EGCG given to patients with MS over  
12 weeks improves muscle metabolism during moder-
ate exercise to a greater extent in men than in wom-
en, possibly because of sex-specific effects on auto-
nomic and endocrine control [18].

Dietary EGCG supplementation is helpful in ame-
liorating the symptoms and pathological changes in 
EAE animals [30]. The effect of EGCG is associated 
with reduced inflammatory infiltration in the CNS 
and reduced proliferation of  auto-reactive T-cells 
and their differentiation into different subsets with 
corresponding responsive functions. Administra-
tion of  EGCG to EAE mice reduced brain inflam-
mation, clinical symptoms, and neuronal damage. 
It was shown that treatment with EGCG reduced 
plasma levels of soluble intercellular adhesion mol-
ecule-1 and CD4+ T-cells expressing C-C chemok-
ine receptor 6 (CCR6) in EAE mice [33]. It was also 
shown that EGCG treatment induced up-regula-
tion of  anti-apoptotic Bcl-2 and down-regulation 
of  proapoptotic Bax in injured spinal tissues [14]. 
Epigallocatechin-3-gallate treatments significantly 
attenuated the expression of IL-1β and TNF-α, and 
consequently expression of  iNOS and COX-2 [31]. 
Besides their anti-oxidative and anti-inflammatory 
properties, many phenolics may also have specific 
action on intracellular signaling pathways. Green 
tea extract may also exert protection through con-
trolling calcium homeostasis, activation of  MAPK, 
PKC, antioxidant enzymes, survival genes and mod-
ulating enzymes for processing of the amyloid pre-
cursor protein [29]. It has been shown that while 
EGCG induced down-regulation of the gene expres-
sion of  heme oxygenase-1 (HO-1) in affected CNS 
areas, the combined therapy of glatiramer acetate 
(GA) and EGCG seems to promote increased HO-1 

expression. These data suggest that up-regulation 
of HO-1 may contribute to diminished neuroprotec-
tive benefits of EGCG alone in this EAE model [11].  
It has been shown that usage of preparations con-
taining pig spinal cord hydrolysate, as a  source 
of  broad spectrum myelin antigens, is able to 
diminish clinical symptoms of ongoing EAE [13].

Green tea consumption improves both reflex-
es and sensation in unilateral chronic constriction 
injury to the sciatic nerve. Histological examination 
of  sciatic nerves from EGCG-treated rats showed 
that the axotomized animals had remarkable axonal 
and myelin regeneration with a significant decrease 
in the  number of  myelinated axonal fibers com-
pared to the  vehicle-treated crush group. Epigallo-
catechin-3-gallate-treated rats showed a significant 
increase in paw withdrawal thresholds to mechan-
ical stimulation compared to the  vehicle-treated 
crush group. Epigallocatechin-3-gallate treatment 
also restored the  mRNA expression of  Bax, Bcl-2 
and survivin but not that of p53 to SHAM levels on 
post-injury days 3 and 7. Overall, EGCG treatment 
enhanced functional recovery, advanced morpholog-
ical nerve rescue and accelerated nerve regeneration 
following crush injury partly due to the down-regula-
tion of apoptosis-related genes [26]. 

It has been shown that resveratrol, a type of nat-
ural phenol, effectively enhanced motor coordination 
and balance, reversed cuprizone-induced demyelin-
ation, improved mitochondrial function, alleviated 
oxidative stress, and inhibited NF-κB signaling. Inter-
estingly, resveratrol increased Olig1 expression, which 
is positively correlated with active remyelination. 
These data also suggest that resveratrol promoted oli-
godendrocyte progenitor cell differentiation and con-
sequently remyelination as evidenced by improved 
balance and motor coordination in cuprizone-intoxi-
cated animals [7]. 

It was reported that EGCG triggered a  cascade 
of  events including activation of  phospholipase C, 
mobilization of  intracellular calcium stores, a  rise 
of cytosolic Ca2+ levels, and inhibition of VGCC and 
NMDA (N-methyl-D-aspartate) receptor-mediated 
Ca2+ influxes [32]. It has also been shown that gluta-
mate receptor antagonists have a positive effect on 
the expression of mRNA MBP and glycoproteins MAG 
and MOG [5].

Using western blotting, it was shown that EGCG 
increases proteolipid protein (PLP) and oligoden-
drocyte transcription factor 1 (Olig1) expression at 



204 Folia Neuropathologica 2017; 55/3

Mohammadreza Semnani, Farhad Mashayekhi, Mahnaz Azarnia, Zivar Salehi

the protein level in the cerebral cortex of cuprizone- 
induced multiple sclerosis mice [28]. These results 
strongly suggest a promising potential for using EGCG 
as a  therapeutic agent in MS and possibly in other 
T-cell mediated autoimmune diseases [33]. 

In this study we have shown for the first time that 
EGCG increases Plp and Olig1 expression in the cere-
bral cortex of  cuprizone-induced MS mice. Since 
PLP is one of  the major components of  the myelin 
sheath, an increase of its expression in response to 
EGCG in cuprizone-treated mice may be involved in 
the  remyelination process. Furthermore, as OLIG1 
is essential for the process of proliferation and dif-
ferentiation of  oligodendrocyte progenitor cells, 
increased expression of Olig1 may be important in 
the remyelination process.

We also found that Olig1 expression was higher 
in the 4-week treatment as compared to the 2-week 
treatment. It seems that since Olig1 has an import-
ant role in the late stages of oligodendrocyte differ-
entiation and correction of  the  remyelination pro-
cess, the  continuation of  treatment with EGCG is 
more effective due to the special role of Olig1.

It is concluded that EGCG increases PLP and Olig1 
expression in the cerebral cortex of a mouse model 
of MS induced by cuprizone.
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