
 

 

 

 

 

 
 

 

 

ABSTRACT  
     Background and objectives: Multiple sclerosis (MS) is a 

common debilitating neurodegenerative disease caused by 

inflammatory demyelinating processes in the central nervous 

system. The present study aimed to evaluate the effects of core 

stability training on serum levels of progranulin and tumor 

necrosis factor alpha (TNF-α ) in women with MS. 

Methods: The study population consisted of 24 women with 

MS (aged 25 to 40 years) in Bojnourd (Iran) with expanded 

disability status scale score of 2-5. Patients were randomly 

divided into two groups of core stability training (n=12) and 

control (n=12). The training group performed 30-40 minutes of 

core stability training, three sessions a week for eight weeks. 

Blood sampling was done 24 hours before the first session and 

48 hours after the last training session. Serum levels of 

progranulin and TNF-α  were measured using commercial 

ELISA kits. Analysis of covariance was used to assess data at 

a significance level of 0.05 .  

Results: The eight-week core stability training was associated 

with a significant increase in serum level of progranulin 

(P=0.037) and a significant decrease in the level of TNF-α  

(P=0.000). 

Conclusion: The findings indicate that the eight-week core 

stability training could significantly change serum levels of 

progranulin and TNF-α  and improve the condition of women 

with MS. Therefore, this type of training could be applied as a 

complementary therapy for MS patients. 

 Keywords: Progranulin, Tumor necrosis factor alpha, Multiple 

Sclerosis. 
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of therapeutic strategies such as physical 

activity and exercise for increasing fitness and 

the functional capacity of the patients (19). 

Core stability training can help improve spinal 

stability in different positions and maintain the 

correct body posture by retraining and 

increasing the endurance of small, deep and 

posterior spine muscles. It also plays a role in 

improving patient functional capacity and pain 

reduction. In this regard, Amiri et al. found 

that 10 weeks of central stability training could 

be used as an effective clinical intervention to 

improve dynamic and static balance in women 

with MS by improving the core muscle 

functions, especially in those with expanded 

disability status scale (EDSS) score of more 

than 3.5 (20). Previous studies on effects of 

core stability training have mainly examined 

changes in interleukins (e.g. interleukins 2, 4, 

6, 10, and 22), C- reactive protein, TNF-α, 

interferon gamma and some nerve growth 

factors including brain-derived neurotrophic 

factor and nerve growth factor (21). In the 

present study, we aimed to investigate effects 

of eight weeks of core stability training on 

serum levels of progranulin and TNF-α in 

women with MS. 

MATERIAL AND METHODS 

This quasi-experimental and applied study was 

conducted on 24 women with MS (aged 25 to 

40 years) with EDSS score of 2 to 5 in 

Bojnourd County, Iran. The subjects were 

randomly divided into two groups of core 

stability training (n=12) and control (n=12). 

Subjects in the training group performed 30-40 

minutes of stability training, three sessions per 

week for eight weeks, while the control 

subjects did not partake in any sports activity. 

Written consent was obtained from all 

participants after fully explaining the research 

objectives and details. The study received 

approval from the Research Ethics Committee 

of Islamic Azad University of Bojnourd (ethics 

code: R.IAU.BOJNOURD.REC.1398.019). 

Each training session started with 10 minutes 

of general warm-up (slow walking, stretching 

and exercise), followed by 3-5 minutes of 

special warm-up and ended with 10 minutes of 

cool down. The training protocol consisted of 

specific spinal stabilization training, retraining 

proprioception lumbar pelvic exercises, pelvic 

lumbar profundity retraining, abdominal 

hollowing maneuver with  multifidus  muscle  

INTRODUCTION  
    Chronic inflammatory diseases affect 

millions of people around the world (1). 

Multiple sclerosis (MS) is classified as an 

inflammatory and autoimmune disease that 

affects a wide range of central nerve system 

functions. This disease often affects young and 

middle-aged individuals (2,3). The disease is 

thought to be multifactorial and caused by 

interaction of hereditary and several 

environmental factors (4). It is more common 

in women, which may be related to the 

difference in cytokine profiles (1,3). 

Tumor necrosis factor alpha (TNF-α) is a 

known cytokine involved in the 

pathophysiology of MS (5). Elevation of this 

cytokine plays an important role in 

exacerbating tissue inflammation and damage 

(6). The emerging progranulin cytokine is a 

multifunctional growth factor that has recently 

been considered as an effective factor in the 

pathophysiology of some neurodegenerative 

disorders including MS. This 576 amino acid 

glycoprotein consists of 7.5 granule domains 

attached to its binding regions, which are 

broken down by neutrophil elastase or 

proteinase 3 and produce 6 kDa granulin and 

other molecular peptides (7-10). Progranulin 

plays an important role in the development of 

different tissues including neurons in the brain, 

even in the embryonic period (11). Serum 

progranulin concentration is not affected by 

age nor gender (12). Studies have found that 

post-neuromotor disorders are irreversible in 

rats with progranulin deficiency and primary 

progranulin-deficient neurons do not attach 

properly to laminin and form a weak dendritic 

network, while progranulin is able to maintain 

the survival of neurons. It has been proposed 

that progranulin may be effective in the 

recovery of motor function after nerve injury 

(13-16).  

Exercise is an effective and cost-effective non-

pharmacological therapy for MS that regulates 

immune responses by changing the production 

of various cytokines (17). However, it is 

essential to choose an appropriate training 

protocol for these patients (18) since the 

axonal degeneration and reduction or blockage 

of nerve conduction lead to muscle weakness 

and functional disorders that make MS patients 

incapable of even performing daily life 

activities. This also highlights the importance  
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measured using a commercial ELISA kit 

(Stabiofarm, Ch ina) with sensitivity of 5.12 

ng/ml and a detection range of 10 to 700 

ng/ml. Serum level of TNF-α was measured 

using a commercial ELISA kit (Diaclone, 

France) with sensitivity of 8 pg/ml. Normality 

of data was assessed using the Shapiro-Wilk 

test. Analysis of covariance (ANCOVA) was 

carried out using SPSS 23 at significance level 

of 0.05. 

RESULTS 

Table 1 shows the descriptive statistics (mean± 

standard deviation) of the research variables in 

all three groups. 

Based on the ANCOVA test, the eight-week 

core stability training significantly increased 

serum level of progranulin (P=0.037) and 

significantly decreased TNF-α levels 

(P=0.000) compared to the control group 

(Table 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

contraction and maneuvering stability 

maintenance using the dynamic stability 

achieved in different positions (supine, prone 

and squatting positions), followed by addition 

of dynamic components (moving the limbs, 

using a Swiss ball) in the next steps. The 

training exercises were designed based on the 

protocol introduced by Jeffrey (22) and 

included three levels. Level one trainings 

included static contractions in a steady state; 

level 2 trainings included static contractions in 

an unstable environment; level 3 trainings 

included dynamic movement in an unstable 

environment. 

Fasting blood samples (5 ml) were taken 24 

hours before the first session and 48 hours 

after the last training session. Serum was 

separated and kept at -20 °C for biochemical 

evaluation. Serum level of progranulin was  
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Table 1. Mean ± standard deviation of study variables in the pretest and posttest stages 

 

Group 

Variable 

Core stability training (n=12) Control (n=12) 

Progranulin (ng/ml) Pre-test 101.69 ± 17.44  100.50 ± 16.16 

Post-test 108.80 ±16.56 100.72 ± 15.81 

Percentage change  6.99 0.22 

tumor necrosis factor alpha 

(pg/ml) 

Pre-test 34.06 ± 8.15 31.20 ± 9.66 

Post-test 28.43 ± 7.36 30.99 ± 9.96 

Percentage change  -16.53 -0.65 

 

Table 2. Effect of eight weeks of core stability training on serum progranulin and TNF-α  

 

Variable Stage Cube square Df Mean square F Significance level Quota Eta-

squared 

Progranulin Pretest 4503.828 1 4503.828 74.866 0.000 0.781 

Posttest 299.034 1 299.034 4.971 0.037 0.191 

TNF-α Pretest 1507.967 1 1507.967 174.946 0.000 0.893 

Posttest 158.732 1 158.732 18.415 0.000 0.467 
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CONCLUSION 

   Our findings indicate that eight weeks of 

core stability training can significantly change 

serum levels of progranulin and TNF-α in 

women with MS. Therefore, this type of 

training can be integrated in the rehabilitation 

programs for MS patients. Further studies are 

required to determine the effects of core 

stability training using a larger study 

population while considering possible 

confounding variables such as gender, 

socioeconomic status and presence of MS 

complications. 
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DISCUSSION  

   The results indicated that eight weeks of core 

stability training had a significant effect on 

serum levels of progranulin and TNF-α in 

women with MS. Progranulin is a citrine-rich 

glycoprotein produced by neurons and 

immune cells of the myeloid family that 

controls neuronal function while suppressing 

neuroinflammation. It is secreted in large 

quantities in the motor neurons and in the glia 

that surround damaged motor neurons. The 

secreted progranulin may be absorbed with the 

help of sortilin or attached to a neural receptor 

(16, 23). It may also act as an important factor 

in regulating inflammation by direct binding to 

TNF receptors and counteracting the TNF-

mediated inflammatory signaling pathway, 

which mediate cell survival signaling. 
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binding to TNF receptor 1, but also binds to 

TNF receptor 2 to promote cell proliferation 
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through the p75 receptor pathway and 
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radicals scavenger activity (32, 33). However, 
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