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ABSTRACT

Objective: Multiple sclerosis (MS) is a neurodegenerative disorder with various clinical types. 
Glial fibrillary acidic protein (GFAP) is significantly elevated in the cerebrospinal fluid (CSF) of MS 
patients compared with that of healthy controls. The aim of this study is to evaluate serum levels 
of GFAP in relation to disease activity in relapsing-remitting MS patients and to compare them 
with those of healthy controls.
Method: This study involved 58 MS patients of relapsing-remitting MS (RRMS) type, 22 in an 
active stage of the disease and 36 in remission, and 50 healthy individuals as age- and sex-
matched controls. Blood samples were taken from the patients at the MS Clinic of the Baghdad 
Teaching Hospital, and the serum levels of GFAP were determined using the enzyme-linked 
immunosorbent assay (ELISA) technique. 
Results: Mean GFAP serum levels in 22 patients presenting in the active state of the disease 
(6.47±3.39 ng/ml) and 36 cases in remission were (5.33±2.82 ng/ml) (p=0.074) were determi-
ned as indicated. When RRMS patients (n=58) were compared with the healthy controls (n=50, 
1.89±1.21), the difference in serum levels of GFAP was statistically significant (p<0.001). The 
area under the curve of the serum measures of GFAP obtained through the receiver operating 
characteristics was 0.903, which was also statistically significant (p<0.001). 
Conclusion: GFAP biomarker is an indicator of disease activity in RRMS patients, and its serum 
level may correlate with the state of remission or exacerbation. 

Keywords: Multiple sclerosis, remission, relapsing, serum glial fibrillary acidic protein, GFAP, 
RRMS

ÖZ

Amaç: Multipl skleroz (MS), çeşitli klinik tipleri olan nörodejeneratif bir hastalıktır. Gliyal fibriler 
asidik protein (GFAP), MS hastalarının beyin omurilik sıvısında sağlıklı bireylere kıyasla önemli öl-
çüde yükselmiştir. Bu çalışmanın amacı, RRMS tipinde MS hastalarında hastalık aktivitesi ile ilişkili 
olarak serum GFAP düzeylerini değerlendirmek ve bunları sağlıklı bireylerle karşılaştırmaktır.
Yöntem: Bu çalışma, 22’si hastalığın aktif bir aşamasında ve 36’sı remisyonda olmak üzere top-
lam 58 RRMS tipinde MS hastası ile yaş ve cinsiyet uyumlu 50 sağlıklı bireyi kapsamaktadır. 
Bağdat Eğitim hastanesi MS Kliniğinde hastalardan kan örnekleri alınarak GFAP serum seviyeleri, 
enzime bağlı immünosorban testi (ELISA) kullanılarak belirlenmiştir.
Bulgular: GFAP serum seviyeleri, hastalığın aktif durumunda (n=22, 6,47±3,39 ng/ml), remis-
yonda olanlara (n=36, 5,33±2,82 ng/ml) göre yükselmiştir (p=0,214). RRMS hastaları (n=58) 
sağlıklı bireyler (n=50, 1,89±1,21) ile karşılaştırıldığında GFAP’nin serum seviyelerindeki fark is-
tatistiksel açıdan oldukça anlamlı bulunmuştur (p<0,001). Alıcının çalışma karakteristiklerinden 
elde edilen GFAP serum ölçümlerinde, eğri altındaki alan 0,903 bulunmuştur ve bu değer istatis-
tiksel olarak anlamlıdır (p<0,001).
Sonuç: GFAP biyobelirteci, RRMS hastalarında hastalık aktivitesinin bir göstergesidir ve serum 
seviyeleri remisyon veya alevlenme durumuyla ilişkili olabilir.

Anahtar kelimeler: Multipl skleroz, remisyon, tekrarlayan, serum glial fibriler asidik protein, 
GFAP, RRMS
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INTRODUCTION

Multiple sclerosis (MS) is an autoimmune neuro-
degenerative disease, affecting the central ner-
vous system (CNS). This chronic disease is trig-
gered by autoreactive inflammatory cells that 
cross the blood-brain barrier (BBB) and enter the 
CNS where they cause local damage that results 
in neuronal demyelination, asterogliotic scarring, 
and axonal dysfunction1. MS has been character-
ized by inflammatory lesions of caused by inva-
sion with B- and T- lymphocytes’ (CD4 and CD8) 
as well as activated macrophages2. The inflamma-
tory infiltrates damage neurones in the spinal cord 
and brain causing discharge of debris, including 
structural proteins. Serum concentrations of the 
released proteins are directly proportional to the 
level of tissue damage and cellular death3. 

Glial fibrillary acidic protein (GFAP) is the most 
important intermediate astrocytic cytoskeletal 
protein that plays a central role in the motility 
and morphology of astrocytes, in addition to the 
cellular interaction and functioning of the blood-
brain barrier4. It is the principal protein found in 
chronic MS lesions and is released into the cere-
brospinal fluid (CSF) from damaged, degenerat-
ing brain cells or during traumatic brain injuries5. It 
can also be seen in the peripheral blood secondary 
to damage of the blood-brain barrier6,7. Elevated 
serum levels of GFAP can serve as a useful prog-
nostic and diagnostic marker in the evaluation of 
several neurological diseases ranging from stroke 
to neurodegenerative disorders, for instance Al-
zheimer’s disease8. 

GFAP could serve as a potential neurodegenera-
tive disease autoantigen. Because it was unex-
pectedly shown that 40% of the patients who have 
suffered a traumatic brain-injury demonstrated 
an autoantibody response to the protein9. High 
levels of GFAP in the CSF have also been linked 
with early progression to disabilities in patients 
suffering from MS10. This suggests that there is a 
direct correlation between GFAP concentration in 

the serum and CSF11. This being the case, GFAP 
serum levels could serve as a potentially useful 
biomarker for investigation in patients with active 
relapsing-remitting MS (RRMS) and also those in 
remission. GFAP release to the blood after brain 
cell damage may facilitate early diagnosis of MS 
and disease activity. 

MATERIAL and METHODS

This cross-sectional study involved 58 individu-
als with RRMS. These patients were diagnosed 
according to the revised guidelines of the con-
sortium of MS in 201812. Clinical type of RRMS 
was determined according to the Lublin and 
Ringold classification13. The diagnoses of 36 pa-
tients with inactive RRMS, and 22 patients with 
active disease had been proven by the presence 
of new gadolinium-enhancing lesions and new 
symptoms including at least one relapse or attack 
(that means clinical symptoms continued more 
than 24 hours) in the preceding 24 months, al-
though they were on treatment with Betaferon, 
Rebif, Avonex, Fingolimod and Natalizumab. All 
RRMS patients were identified in clinical remis-
sion as in the recovery period with no relapses 
or based on the MRI evidence of disease activity 
in the preceding 24 months before registration 
in the study. 

The participants were recruited from the MS 
Clinic in the Department of Neurology, Baghdad 
Teaching Hospital. We also recruited 50 healthy 
adults to serve as a control group. All relevant 
patient data i.e. name, sex, age, and stage of dis-
ease were obtained from medical histories and 
clinical examinations. All patients gave consent 
to participate in the research after they were 
given full information regarding the nature of the 
study, as agreed by the Scientific Committee of 
Ethics at the University of Baghdad, College of 
Medicine. The ethics committee’s approval num-
ber was 1590.

Serum samples were obtained from all partici-
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pants and then stored at -20°C. Serum GFAP lev-
els were measured using a human GFAP ELISA kit 
(MyBioSource, USA) following the manufacturer’s 
instructions. The samples were pipetted into a 
96-well plate pre-coated with GFAP antibody 
and then incubated for 2 hours. After incubation, 
any unbound substances were removed, and the 
biotin-conjugated antibody specific for GFAP was 
added to the wells. Avidin-horseradish peroxi-
dase conjugate was then added to the wells after 
washing the plate three times with buffer solu-
tion. The plates were incubated for an hour at 
37°C before being washed five times with buffer 
to remove any unbound avidin-enzyme reagent. 
Finally, 3,3’,5,5’-tetramethylbenzidine substrate 
was added to each well and the plate was incu-
bated at 37°C for 15-30 minutes. The develop-
ment of colour in each well was recorded and 
found to be directly proportional to the amount of 
GFAP bound during the initial step. A plate reader 
set to 450 nm was used to determine the absor-
bance values.

Statistical Analysis
The SPSS statistical package (Version 20; SPSS, 
IBM) was used to perform statistical analysis. Mi-
crosoft Excel (2010) was used to produce all the 
figures except the receiver operating character-
istic (ROC) curve. Quantitative variables, i.e. age 
and serum levels of GFAP, expressed as ng/mL, 
were compared between groups using the analy-
sis of variance (ANOVA) F-test and the least sig-
nificant difference (LSD) F-test. The normally dis-
tributed data were expressed as mean±standard 
deviation (SD). The Pearson chi-square test (x2) 
was used for the comparison of qualitative vari-
ables, i.e. age, gender and serum GFAP group, 
and the data were expressed as percentages. Va-
lidity of the ELISA test was established using the 
ROC curve, area under the curve (AUC), specific-
ity (%), sensitivity (%), accuracy, negative predic-
tive value (NPV, %), and positive predictive value 
(PPV, %). A p value of < 0.05 was considered to 
be statistically significant.

RESULTS 

Our study involved 58 RRMS patients, of whom 
22 (six men and 16 women) presented with ac-
tive disease. Patients’ ages were between 25 and 
63 years, with a mean age of 39.82±10.78 years. 
The other 36 (14 men and 22 women) patients 
aged from 23 to 54 years and with a mean age of 
34.22±8.98 years, presented with inactive RRMS. 
The ages of the 50 (18 men and 32 women) 
healthy individuals recruited as controls ranged 
from 22 to 50 years, and their mean age was 
33.96±7.31 years. A comparison of the age data 
was conducted using ANOVA (F-test) and showed 
a statistically non-significant difference (p=0.154), 
between active, inactive RRMS patients, and the 
healthy controls. 
 
Comparison of active, inactive RRMS patients, and 
control subjects amongst their age groups yielded 
different results. In the age group of 20-40 years, 
smaller number of active RRMS patients (n=10, 
45.5%) and greater number of inactive RRMS pa-
tients (n=28, 77.8%) and healthy control subjects 
(n=32, 64%) were detected. 
 
In the age group of 41-60 years, increased num-
ber of active RRMS patients (n=12, 54.5%), but 
smaller number of inactive RRMS patients (n=8, 
22.2%), and healthy control subjects (n=18, 36%). 
were noted. There was a significant difference be-
tween groups (p=0.043) (Table 1).
 
In terms of gender, the majority of the active group 
of RRMS patients were female (n=16, 72.7%), 
compared to only six males (27.3%). Amongst 
the patients with inactive RRMS, there was also a 
female predominance over males, i.e. 22 (66.1%) 
and 14 (38.9%), respectively. In the healthy con-
trol group, there were 32 women (66.1%) and 
18 men (36%). Analysis of these results showed 
a statistically non-significant difference between 
genders of the patients (p=0.812) (Table 1).
 
Patients with active and inactive RRMS showed 



215

I.K. Sharquie et al. Serum Glial Fibrillary Acidic Protein: A Surrogate Marker of the Activity of Multiple Sclerosis

a higher mean concentration of serum levels of 
GFAP, i.e. 6.47±3.39 and 5.33±2.82 ng/mL, 
respectively, than that of the healthy controls 
(1.89±1.21 ng/mL) and these results were highly 
significantly different (p<0.001). Although a slight 
elevation in serum levels of GFAP was observed 
in active versus inactive RRMS patients, the dif-
ference was not statistically significant (p=0.074) 
according to the LSD F-test. 
 
Most patients with active RRMS had elevated se-
rum levels of GFAP (n=20, 90.9%) and only two 
of them (9.1%) showed normal levels below the 

cut-off value. Similar results were observed with 
inactive MS patients. Indeed, serum GFAP levels 
were increased in 32 (88.9%) and within normal 
limits in 4 (11.1%) inactive MS patients. While 
normal (n=38, 6%), and elevated (n=12, 24%) 
values of GFAP were detected in indicated num-
ber of healthy controls, and the intergroup differ-
ence was statistically highly significant (p<0.001) 
(Table 2, Figures 1A and 1B).

Sensitivity and Specificity Analysis
Using the ROC curve, the AUC for GFAP was 
0.903, which represented a statistically highly 

Table 1. A comparison of RRMS patients and healthy individuals by demographics. 

Demographics

Age/Year
(Mean±SD)
SEM

Age groups/Year 
(n) %

Gender
(n) %

20-40
41-60

Male (M)
Female (F)
M/F ratio

Active 
n=22

(39.82±10.78)
3.25

(10) 45.5%
(12) 54.5%

(6) 27.3%
(16) 72.7%
0.375

Inactive 
n=36

(34.22±8.98)
2.12

(28) 77.8%
(8) 22.2%

(14) 38.9%
(22) 66.1%
0.636

Healthy subjects 
n=50

(33.96±7.31)
1.46

(32) 64%
(18) 36%

(18) 36%
(32) 64%
0.5625

ANOVA test

P=0.154
Non-significant

x2  test

P=0.043
Significant

x2  test

P=0.659
Non-significant

LSD test

P1=0.097 NS
P2=0.067 NS
P3=0.922 NS

P1=0.012 S
P2=0.141 NS
P3=0.171 NS

P1=0.366 NS
P2=0.469 NS
P3=0.785 NS

Note: p1=Active vs. inactive, p2=Active vs. healthy donors, p3=Inactive vs. healthy donors, NS =Non-significant difference at p 
values above 0.05, S=Significant difference at p values below 0.05, HS=Highly significant difference at P values below 0.01.

(P-value)RRMS patients n=58

Table 2. A comparison of serum concentrations of GFAP (ng/mL) between RRMS patients and healthy individuals. 

Assay

Serum GFAP
ng/mL
(Mean±SD) SEM

Serum
GFAP

ng/mL
(cut-off

Hyper 
(>cut-off)

Normal 
(<cut-off)

Active 
n=22

(6.47±3.39)
1.022

(20) 90.9%

(2) 9.1%

Inactive 
n=36

(5.33±2.82)
0.665

(32) 88.9%

(4) 11.1%

Healthy subjects 
n=50

(1.89±1.21)
0.24

(12) 24%

(38) 76%

ANOVA test

P<0.001
Highly 
significant

x2  test
p<0.001
Highly 
significant

LSD test

p1 =0.074 NS
p2 <0.001 HS
p3 <0.001 HS

p1 =0.806 NS
p2 <0.001 HS
p3 <0.001 HS

Note: p1=Active vs. inactive, p2=Active vs. healthy donors, p3=Inactive vs. healthy donors, NS =Non-significant difference at p 
values above 0.05, S=Significant difference at p values below 0.05, HS=Highly significant difference at p values below 0.01.

(P-value)RRMS patients n=58
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significant difference (p=0.0001). The sensitivity 
(1-false negative %) and specificity (1-false posi-
tive %) at the cut-off value of 1.89 ng/mL were 
90% and 76%, respectively. The PPV was 81.8%, 
the NPV was 86.4% and the accuracy of the ELISA 
test was 83.6% (Figure 2).

DISCUSSION

MS, an inflammatory demyelinating disorder of 
the CNS that causes significant neurological dys-
function, is characterized by the presence of dis-
seminated lesions in various parts of the brain that 
develop over time14. These lesions are made up 
of edematous plaques of hypertrophic astrocytes 
that show dense infiltrates of immune cells and 
myelin degradation products. During the inactive 
phase, the lesions are completely demyelinated 
and hypocellular, and are made up mainly of as-

trocytes15. This pathology can be accompanied by 
symptomatic remission seen in patients present-
ing with the relapsing-remitting course of the dis-
ease16. The activity of the disease in MS has been 
classically defined by the existence of new neuro-
logical symptoms and the frequency of relapses. 
The definition of disease activity has become more 
accurate with the use of clinical markers, evalua-
tion of ambulation, dexterity, and cognitive func-
tions. Furthermore, Magnetic Resonance Imaging 
(MRI) has become a vital technique in investigat-
ing disease activity17. MS biomarkers are safe, 
measurable, and easy to detect and above all, 
they are noninvasive methods performed using 
blood samples. At present, promising biomarkers 
help in MS diagnosis and prognosis, and they are 
used to evaluate the response to treatment and 
suspected side effects18,19. 

GFAP, an important acidic protein secreted by as-
trocytes, plays a vital role in several CNS functions 
and is primarily involved with intake through the 
blood-brain barrier and maintenance of the cy-
toskeleton. It has been used as a biochemical 

Figure 1-A. A comparison of serum concentrations of 
GFAP (ng/mL) in RRMS patients and healthy individuals.

Figure 1-B. Distributions of serum concentrations of GFAP 
(ng/mL) determined using the ELISA technique, according 
to studied groups.

Figure 2. Cut-off value of the serum GFAP concentration 
(ng/mL) estimated using ELISA to differentiate between 
patients and healthy controls, according to the ROC curve 
test.
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marker of neurological damage in adults who 
have suffered strokes and traumatic brain injuries. 
CNS injury and the consequent compromise of the 
blood-brain barrier causes the GFAP release into 
the bloodstream, and so the presence of GFAP in 
the blood can indicate CNS injury. For example, 
elevated serum and CSF levels of GFAP have been 
detected in patients with neuromyelitis optica 
(NMO)20,21. Therefore, it will be important to cre-
ate a highly sensitive and specific test to provide 
a faster and more reliable diagnosis providing the 
advantage of starting treatment earlier. 
 
Storoni et al.22 testified an increase in the serum 
levels of GFAP from 3.2 pg/mL in patients with 
inactive MS during remission to 5 pg/mL and 
relapse to the active form of the disease. Simi-
lar findings were found by Kassubek et al.23 who 
reported GFAP levels in RRMS were significant-
ly higher relative to the controls. A highly sig-
nificant correlation was observed between GFAP 
levels and gadolinium enhancement intensity as 
a marker of an acute exacerbation of the inflam-
matory processes. Several studies reported cor-
relations between MS severity and the degree of 
neuronal inflammation in relation to progression 
of the disease24-26. 
 
The composition of CSF is close to that of serum, 
albeit with slightly different electrolyte levels 
and considerably lower protein concentration27. 
Recent studies have accurately determined the 
levels of proteins particularly cytokines includ-
ing chemokine in both serum and CSF using an 
ELISA-like method, indicating that such tests can 
be used with both sample types28. Although diag-
nostic laboratory tests in CSF were only recently 
standardized, they are now sufficiently accurate 
to contribute to the diagnosis of conditions that 
compromise the blood-brain barrier, including MS 
and Alzheimer’s disease29,30. The current thinking 
is that the pathophysiologic mechanism of MS is 
related to a neurodegenerative process that trig-
gers an inflammatory response. Autopsies have 
revealed that GFAP levels are considerably raised 

in the cortices of patients suffering from MS than 
those observed in controls24. 
 
The findings of our study have illustrated that se-
rum GFAP levels were significantly higher amongst 
RRMS patients than the healthy individuals with 
statistically significant intergroup differences. 
Patients with the RRMS in active phase also had 
higher levels of the protein than those in remis-
sion without any statistically significant intergroup 
difference. These results suggest that the serum 
GFAP levels may theoretically have a weak po-
tential as a biomarker for active RRMS, but further 
larger-scale studies with different types of MS 
using CSF samples could yield more conclusive 
results. 
 
Our study has also some limitations. One of the 
main limitations is its small sample size consisting 
of 58 patients of whom only 22 patients were di-
agnosed with active RRMS. It is possible that our 
findings could not be considered specific for all 
clinical types of MS but they might be specific for 
all inflammatory processes of the CNS in general. 
Another limitation is that not all patients have 
complete data sets apart from neuroimaging. A 
further limitation is the use of blood samples for 
testing GFAP instead of CSF samples, although the 
latter requires an invasive method. Measurement 
of the biomarkers in blood may not reflect the ex-
act CNS changes associated with low biomarker 
concentrations as well as diurnal variations. Fur-
ther studies are needed with larger samples to 
elucidate roles of GFAP as a parameter in the pro-
cess of inflammatory diseases of CNS. 
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