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Abstract 
Background: Toxoplasma gondii is an obligate intracellular parasite that migrates 
through macrophages or dendritic cells to neurons and nerve cells. Glia Maturation 
Factor (GMF) is a pre-inflammatory protein that is expressed in the central nervous 
system (CNS). GMFβ expression is related to IL33 and CCL2 and SDF1 in some neu-
rodegenerative diseases. According to the importance of GMFβ in neurodegenerative 
diseases and its association with IL33, CCL2 and SDF1 genes, this study was designed 
to determine the level of expression of these genes in the brains of mice with acute 
toxoplasmosis.  
Methods: Tachyzoites of T. gondii RH strains were injected to 5 Swiss Albino mice. At 
the same time, healthy mice were inoculated with the Phosphate-buffered saline (PBS). 
Their brains were removed and kept at -70 oC in order to RNA extraction, cDNA syn-
theses and Real Time PCR performance. The level of gene expression was investigated 
with SYBR Green Quantitative Real-Time PCR.  
Results: GMFβ gene expression increased significantly (P=0.003) 3.26 fold in Toxo-
plasma infected mice in comparison to the control. GMFβ gene expression was associat-
ed with increased expression level of IL33, CCL2, and SDF1 genes.  
Conclusion: Considering the prominent role of GMFβ in CNS as well as the immune 
system, the elevation of GMFβ, IL33, CCL2 and SDF1 genes expression in the early 
stage of toxoplasmosis is associated with the occurrence of neuropathological alterations. 
Detection of these genes as an indication of brain damage in the early stages of Toxo-
plasma infection can prevent neurodegenerative disorders following acquired toxoplas-
mosis.  
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Introduction 
 

oxoplasma gondii is a compulsive intra-
cellular parasite which can infect, sur-
vive and replicate in nearly all mamma-
lian cells (1, 2). In the complicated life 

cycle of this parasite, warm blooded animals as 
well as human are regarded as intermediate 
hosts but cats as definitive hosts. Transmis-
sion may occur by oral ingestion of tissue 
cysts containing raw or under-cooked meat or 
infective oocysts excreted in cat feces (3). 
During infection the parasite disseminates via 
lymph or blood circulation and the infection is 
established in different organs including the 
brain. Based on in-vitro studies, neurotropic 
parasites affect the central nervous system, 
although the astrocytes, microglia and neurons 
are considered as a preference for parasite lo-
calization (1).    

Glia maturation factor (GMF) is a potent 
proinflammatory factor that plays a key role in 
regulation, progression and pathogenesis of 
neurodegenerative and autoimmune diseases 
of the central nervous system (CNS). GMF is 
implicated in proinflammatory mediator re-
lease from glial cells (2). Interleukin33 (IL33) 
as a member of IL1 family is extremely ex-
pressed in glia and astrocytes of CNS (3). IL33 
has a critical effect on the pathophysiology of 
the CNS diseases such as Alzheimer; mean-
while the expression of GMFβ is associated 
with stimulation of IL33 production (4). 

Stromal cell derived factor 1 (SDF1) also 
known as CXCL12 appears to be associated 
with the various physiological and pathological 
processes, including inflammatory processes, 
neurogenesis and angiogenesis in the CNS. It 
is widely expressed in neurons, glial cells, en-
dothelial cells, and meningeal cells (5, 6).  

The chemokine C-C motif ligand 2 (also 
called monocyte chemotactic protein-1 
(MCP1)) released by neurons and microglia in 
CNS (7). Glial cells as perivascular astrocytes 
produce CCL2 in various neuroinflammatory 
disorders (8). Increased expression of CCL2 

during neuropathological complications was 
reported in various studies (9-10). Neural 
CCL2 expression is attributed to different 
types of degeneration such as ischemia, Alz-
heimer`s disease, multiple sclerosis (MS), ax-
onal injury, amyotrophic lateral sclerosis (ALS) 
or peripheral nerve injuries (7). For example 
up-regulation of CCL2 in the brain might be a 
new target for disease progression (8). T. gondii 
parasites affected on the dopamine signaling 
pathway and disrupted the regulation of do-
pamine and amyloid pathways and resulted in 
pathological effects during the early stages of 
acquired or congenital toxoplasmosis; howev-
er, T. gondii behavioral effects are observed in 
the form of neurodegenerative disorders or 
eye complications in the years after the infec-
tion (11). GMFβ prominently involved in the 
regulation, progression and pathogenesis of 
the central nervous system diseases, as well as 
apoptosis, by interfering with the production 
of cytokines, chemokines and neurotransmit-
ters.  

As the simultaneous increase of GMF gene 
along with other genes (IL33, CCL2, and 
SDF1) seemed to be contributed to apoptosis, 
cell death and oxidative stress which played an 
important role in neuropathy because of tox-
oplasmic encephalitis so, we aimed to deter-
mine the expression level of these genes in the 
brain of Toxoplasma infected mice. 

 

Materials and Methods 
 

Six Swiss albino mice were injected intraper-
itoneally by 103 T. gondii RH strain tachyzoites 
(maintained continuously by intraperitoneal 
injection of mice in the Department of Para-
sitology, Hamadan University of Medical Sci-
ences, Iran). Six mice were inoculated by the 
same volume (0.2 ml) of PBS as control. After 
the confirmation of infection by peritoneal 
aspiration and observation of tachyzoites un-
der the light microscopy, mice were sacrificed 

T 
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on the 5th day of infection by an overdose of 
ketamine/xylazine (12) and their brains were 
removed.  

Brain samples were transferred to -70 oC and 
kept until the performance of RNA extraction, 
cDNA synthesis and Real Time PCR. Total 
RNA was extracted based on guanidine and 
thiocyanate-phenol: chloroform method (13). 
RNA concentration and purity were deter-
mined by optical density measurement using a 
NanoDrop spectrophotometer (Bio-TeK, 
USA). Electrophoresis was performed on 1% 
agarose gel to assess the quality of RNA sam-
ples.  

The first-strand cDNA synthesis was con-
ducted using Thermo Scientific Revert Aid 
First Strand cDNA Synthesis Kit according to 

the manufacturer’s protocol (BIOFACT Co, 
South Korea) by incubation at 25 °C for 5 min, 
42 °C for 1 h and 70 °C for 5 min. Quantifica-
tion of gene expression was followed by add-

ing a volume of 20 l containing 1 µl cDNA, 

7 l H2O, 10 µl SYBR Premix Ex Taq II Kits 
(Takara, Japan), and 1 µl of 10 pmol/ml spe-
cific primer (GMF, IL-33, SDF1 and CCL2) 
(Table 1). 

All protocols were performed in terms of 
the principles and ethical considerations of 
working with laboratory animals as confirmed 
by the ethics committee of Hamadan Univer-
sity of Medical Sciences (Ethics committee 
code: IR.UMSHA.REC.1398.271).   

 
Table 1: Specific primer sequences for analysis of GMFβ, IL33, SDF1 and CCL2 mRNA expression  
 

Gene Sequence 
GMFβ Forward: 5”-GCC ACA CACAGG ACT CTT AG-3” 

Reverse: 5”-ACC TTA CAA ACG ACC CAT CTA C-3” 
IL33 Forward: 5”-TGG CTC TAG TGG AGG AGA AAG ATG-3” 

Reverse: 5”-TCA TTC AAC CCA GAA CGC ACA G-3” 
SDF1 Forward:  5”-GCT CTG CAT CAG TGA CGG TAA AC-3” 

Reverse: 5”-AGG GCA CAG TTT GGA GTG TTG-3” 
CCL2 Forward: 5”-AAA CCT GGA TCG GAA CCA AAT GAG-3” 

Reverse: 5”-TAC GGG TCA ACT TCA CAT TCA AAG G-3” 

 
The Allele ID primers software was de-

signed to analyze the binding site and the de-
sired features. The specificity of primers pairs 
was checked by NCBI BLAST. Each PCR 
cycle included an initial denaturation at 95 °C 
for 10 min, 40 cycles of denaturing at 95 °C 
for 15 s, annealing at 60 °C for 30 s and ex-
tension at 72 °C for 30 s (14). The values were 
normalized using 18S rRNA as an endogenous 
internal standard (15). Melting curve analysis 
was used to confirm the specificity of the real-
time PCR reaction. The real-time PCR in-
strument programmed to include a melting 
profile immediately following the thermal cy-
cling protocol to give complete melting curve 
data. Mean CT values and standard deviations 
of the gene expression were used in the ΔΔCT 

calculations. Fold-differences calculated using 
the ΔΔCT method (16). The final result of this 
method was presented as the fold change of 
target gene expression relative to a reference 
sample, normalized to a reference gene. The 
relative gene expression is usually set to 1 for 
reference samples because ΔΔCT is equal to 0 
and therefore 20 is equal to 1 (15). 

All statistical analysis was performed using 
SPSS V.16. (IBM Corp., Armonk, NY.USA). 
Variables were analyzed by Mann-Whitney 
and Kruskal-Wallis tests. All data was ex-
pressed as mean ± standard deviation (SD). 
The statistical level of significance was set at P 
< 0.05.  
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Results 
 

The PCR experiment produced a discreet 
amplicon corresponding to the expected size, 
which confirmed the specificity of the pri-
mers. Melt curve analysis was used to assess 
qPCR assay and single melting curve verified a 
single PCR product for GMFβ, IL33, CCL2 

and SDF1 genes and 18SrRNA Non-pattern 
control (NTC) was used to control any con-
tamination (fluorescence or PCR products) or 
presence (Genomic DNA). Follow up analysis 
gel electrophoresis revealed that curves gener-
ated a single amplicon, verifying a single PCR 
product (Fig. 1).  

 

 
 

Fig. 1: Gel Electrophoresis showing the expression of GMFβ (109 bp), IL33 (100 bp), SDF1 (126 bp), CCL2 
(101bp) and 18s rRNA genes in brain of mice. The visible bands correspond to base pairs of amplicons with 

different molecular weights along the 100 bp ladder (Mbiotech, Korea) 

 
Gene expression level of cytokines: The 

relative expression of the genes was calculated 
by measuring the delta threshold cycle (ACT) 
value for each sample. The relative fold 
change in the expression was then calculated 
using the comparative 2–ΔΔCT formula. Ac-
cording to the results, the expression level of 
GMF was significantly increased up to 3.2-
fold in the infected group compared to the 
healthy group (P <0.001). It was found that 
SDF1, CCL2 and IL33 expression up-
regulated 5.05 (P = 0.002), 3.74 (P<0.001) and 
4.24 (P<0.001) respectively in the infected 

group compared to the healthy group, which 
were statistically significant, Fig. 2. 

 

Discussion  
 

In the present study, the expression of 
GMFβ, SDF1, CCL2 and IL33 genes in the 
brains of Toxoplasma infected mice was inves-
tigated. Regarding the prominent role of 
GMFβ in the onset of pathological damage in 
the brain and its relationship with associated 
genes with inflammation, namely IL33, CCL2 
and SDF1, a significant increase in the expres-
sion of these genes was also observed.  
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Fig. 2: Comparison of GMF-β gene expression, IL 33, CCL2 and SDF1 in Toxoplasma infected and healthy 
control group. The Real Time PCR reaction was performed twice on each genes and the mean ± SEM of gene 

folds were documented. Significant changes were found in genes expression folds in infected and control 
groups. *P=0.003, **P=0.002, #P=0.0002, ##P<0.0001 

 
In accordance with the present study, Dinsel 

using immunohistochemistry test showed that 
the level of GMFβ in the brains of Toxoplasma-
infected rats was significantly higher than the 

control ones. An increase of GMF level was 
observed on days 10 and 30 of toxoplasmosis 
in infected rats (17). GMFβ has a high level of 
oxidative activity and plays an active role in 
the production of reactive oxygen species 
(ROS) (18-20). GMFβ has also been shown to 
play an important role in inflammation and 
oxidation, leading to apoptosis and cell death 
(18); for example, using GMF-null astrocytes 
increased the cell's antioxidant activity, mean-
while the production of reactive oxygen spe-
cies (ROS) and lipid peroxidation reduced (20). 
Therefore, it seems that GMF plays a key role 
in causing tissue damage. In the light of the 
fact that one of the causative agents of brain 

damage in toxoplasmic encephalitis is oxygen-
reactive species, it can be concluded that ele-
vated GMF levels provide the basis for toxo-
plasmic encephalitis. Various studies have 
found that T. gondii is associated with neuro-
degenerative diseases, including schizophrenia. 
The pathogenesis of schizophrenia is very 
similar to that of Toxoplasma encephalitis (21, 
22), it is observed in both the increase of oxy-
gen radicals, the production of nitric oxide (23, 
24) and, the decreases in enzymes such as su-
peroxide dismutase (25, 26). In Other neuro-
degenerative diseases, such as Alzheimer's, 
elevated levels of GMFβ in the brain was also 
detected (27). Experimental models of Alz-
heimer's have shown an increase in GMFβ 
expression as well as other cytokines such as 

interferon-gamma (IFN) tumor necrosis fac-
tor-alpha (TNFα) and interleukin-1 beta 
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(IL1). Therefore, increasing the expression 
of GMFβ seems to be involved in neuropathy 
of neurodegenerative diseases, including Alz-
heimer's. Although its exact mechanism is not 

known, it seems that GMF reduces the num-
ber of neurons and creates neurofibrillary tan-
gles (28, 29).  

In the present study, increased level of 

GMF expression was also associated with 
increased level of IL33 expression. According 
to Kempuraj et al, GMF induced the IL33 re-
lease and IL33 enhancement as a new inducer 
of nerve cells led to GMF mediated TNF-α 
release from mouse astrocytes which resulted 
in neurodegeneration (16). IL33 induces glial 
cells to produce inflammatory mediators that 
have neuroprotective effects in small amounts 
and neurotoxic in high quantities (16, 30). 

Following the induction of toxoplasmosis 
infection, an increase in CCL2 expression was 

observed along with an increase in GMF. 
This finding is consistent with the results of 

other studies which GMF induced the release 
of CCL2; in fact, IL33 is released from de-
graded and necrotic cells and caused the re-
lease of CCL2 from mouse astrocytes (16, 31). 
Farfara et al (30) found high levels of CCL2 in 
the cerebrospinal fluid of people with Alzhei-
mer's. Considering the release of CCL2 had 
been observed in the early stages of Alzhei-
mer's, it could be used as a biomarker to mon-
itor the progression of the disease (32). CCL2 
is also released from brain glial cells in patients 
with multiple sclerosis (MS) and experimental 
autoimmune encephalomyelitis (EAE) (33). In 
the present study, the increase in gene expres-
sion in the infected group compared to the 
control group indicates the onset of patholog-
ical damage in the acute phase of the disease. 

After focal cerebral ischemia, SDF1 rises 
within 24 h by astrocytes, microglia, and vas-
cular endothelial cells in damaged areas (34). It 
is perivasculary expressed in the injured area, 
up to 30 days after the injury suggesting that it 
could be a therapeutic target (35). SDF1 is re-
leased from astrocytes and microglia in hypox-

ia and ischemia and causes neurogenesis and 
angiogenesis by invoking EPCs and increasing 
their proliferation (34, 36). Azin et al (37) by 
comparing the serum of 100 healthy individu-
als with MS patients, declared that the serum 
level of SDF1 in the patient group is higher 
than the healthy group. It has been shown in 
experimental models that increased expression 
of SDF1 (CXCL12) stimulated leukocytes mi-
gration and inflammation in the central nerv-
ous system. It appears that SDF1 production 
is under control of TNFα; for instance in hep-
atitis patients, an increase in SDF1 and other 
CXC class chemokines such as IP10 was due 
to up-regulation of TNFα (38, 39). 

It will be helpful in the early diagnosis of 
neurodegenerative diseases. All changes in the 
mentioned genes can be a documented reason 
for using them to predict the response to 
treatment. Targeting chemokine and cytokines 
or their receptors is a growing therapeutic line 
for neuroinflammatory disorders. By under-
standing the genetic and molecular mechanism 
of neuroinflammation, gene inhibitors can be 
designed in vitro and used for therapeutic 
purposes (40). Blockage of proinflammatory 
cytokines activity decreases inflammation. An-
ti-cytokine therapies by deactivation of specif-
ic proinflammatory cytokines has changed the 
lives of millions of patients with autoimmune 
diseases, such as rheumatoid arthritis, inflam-
matory bowel disease, psoriasis, multiple scle-
rosis, and others  (41). Astrocytes which are 
implicated in the pathogenesis of AD are acti-
vated by proinflammatory cytokines. Cytokine 
inhibitors may have more effectiveness in the 
early phase of AD, when integrity of the CNS 
is relatively preserved (41). Based on Shamim 
et al (42) results inhibition of TNFα potential-
ly slow down the AD complications and result 

in clearance of PAPP and A plaques. Treat-
ment of animals with cytokines inhibitors re-
duced neuroinflammation and degeneration of 
neurons.  In general, studies on the GMFβ 
gene and its association with IL33, CCL2, and 
SDF1 genes pointed to a key role in patholog-
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ical damage in the brain. Molecular bi-
omarkers, such as GMF, play a significant 
compartment in disease progression, screening, 
early detection and prognosis of infections 
that involve CNS (43).  

Based on this study GMFβ, IL33, CCL2 and 
SDF1 can be used as sensitive indicators for 
brain damage in acute toxoplasmosis infection 
and also as a drug target for preventing brain 
damage or follow-up treatment (if expression 
is reduced).  

 

Conclusion 
 
GMFβ gene expression is increased in the 

acute phase of toxoplasmosis. GMFβ gene 
expression was also shown to be associated 
with raised levels of IL33, CCL2, and SDF1 
gene expression. Onset expression of GMFβ, 
IL33, CCL2, and SDF1 genes in the infected 
group compared to the control group indi-
cates the occurrence of pathological damage in 
the acute phase of toxoplasmosis. Considering 
the notable existence of GMFβ in glia cells 
and neurons, it can be concluded that the 
mentioned biomarkers will be influential in 
the early detection of neurodegenerative com-
plications in toxoplasmosis. Anti-cytokine 
therapies by targeting cytokine or chemokine 
genes and CNS biomarkers is a new therapeu-
tic line in neuroinflammatory disorders, so 
detection of these genes, as an indication of 
brain damage in the early stages of Toxoplasma 
infection can prevent neurodegenerative dis-
orders following acquired toxoplasmosis. 

 

Acknowledgements 
 
This study has been adapted from an MSc 

thesis at Hamadan University of Medical Sci-
ences. Authors would like to appreciate the 
Vice-chancellor for Research and Technology, 
Hamadan University of Medical Sciences for 
financial support (Project No. 9804182889). 
Authors would also like to thank Ms. Nobari 
for her cooperation.  

This research was supported financially by 
Vice-Chancellor for Research and Technology, 
Hamadan University of Medical Sciences, 
Hamadan, Iran. (Grant number: 9804182889). 

 

Conflict of interest  
 
The authors declare that there is no conflict 

of interest. 
 

References 
 
1. Feustel SM, Meissner M, Liesenfeld O. 

Toxoplasma gondii and the blood-brain barrier. 
Virulence. 2012;3(2):182-92. doi: 
10.4161/viru.19004. 

2. Zaheer A, Zaheer S, Sahu SK, et al. A novel 
role of glia maturation factor: induction of 

granulocyte‐macrophage colony‐stimulating 

factor and pro‐inflammatory cytokines. J 
Neurochem. 2007;101(2):364-76. 

3. Yasuoka S, Kawanokuchi J, Parajuli B, et al. 
Production and functions of IL-33 in the 
central nervous system. Brain Res. 
2011;1385:8-17. doi: 
0.1016/j.brainres.2011.02.045. 

4. Chapuis J, Hot D, Hansmannel F, et al. 
Transcriptomic and genetic studies identify IL-
33 as a candidate gene for Alzheimer's disease. 
Mol Psychiatry. 2009;14(11):1004-16. doi: 
10.38/mp.2009.10. 

5. Cui L, Qu H, Xiao T, et al. Stromal cell-derived 
factor-1 and its receptor CXCR4 in adult 
neurogenesis after cerebral ischemia. Restor 
Neurol Neurosci. 2013;31(3):239-51. doi: 
10.3233/RNN-120271. 

6. Tiveron M-C, Cremer H. CXCL12/CXCR4 
signalling in neuronal cell migration. Curr Opin 
Neurobiol. 2008;18(3):237-44. 
doi:10.1016/j.conb.2008.06.004. 

7. Szepesi Z, Manouchehrian O, Bachiller S, et al. 
Bidirectional microglia–neuron communication 
in health and disease. Front Cell Neurosci. 
2018;12:323. doi:10.3389/fncel.2018.00323. 

8. Westin K, Buchhave P, Nielsen H, et al . CCL2 
is associated with a faster rate of cognitive 
decline during early stages of Alzheimer's 
disease. PLoS One. 2012; 
7(1):doi:10.1371/journal.pone.0030525. 

http://ijpa.tums.ac.ir/


Najafi et al.: Co Expression of GMFβ, IL33, CCL2 and SDF1 Genes in the Acute … 

 

 
. 

 

Available at: http://ijpa.tums.ac.ir  433 

9. Feng C, Wang X, Liu T, et al. Expression of 
CCL2 and its receptor in activation and 
migration of microglia and monocytes induced 
by photoreceptor apoptosis. Mol Vis. 
2017;23:765-777. 

10. Sanseverino I, Rinaldi AO, Purificato C, et al. 
CCL2 induction by 1, 25 (OH) 2D3 in 
dendritic cells from healthy donors and 
multiple sclerosis patients. J Steroid Biochem 
Mol Biol. 2014;144:102-5: doi: 
10.1016/j.jsbmb.2013.10.018 

11. Syn G, Anderson D, Blackwell JM, et al. 
Epigenetic dysregulation of host gene 
expression in Toxoplasma infection with specific 
reference to dopamine and amyloid pathways. 
Infect Genet Evol. 2018;65:159-62. doi: 
10.1016/j.meegid.2018.07.034. 

12. Sun Y, Dai M, Wang Y, et al. Neuroprotection 
and sensorimotor functional improvement by 
curcumin after intracerebral hemorrhage in 
mice. J Neurotrauma. 2011;28(12):2513-21. 

13. Chomczynski P, Sacchi N. The single-step 
method of RNA isolation by acid guanidinium 
thiocyanate–phenol–chloroform extraction: 
twenty-something years on. Nature Protocols. 
2006;1(2):581-585. 

14. Karimi Dermani F, Saidijam M, Amini R, et al. 
Resveratrol inhibits proliferation, invasion, and 
epithelial–mesenchymal transition by increasing 

miR‐200c expression in HCT‐116 colorectal 
cancer cells. J Cell Biochem. 2017;118(6):1547-
1555. 

15. Livak KJ, Schmittgen TD. Analysis of relative 
gene expression data using real-time 
quantitative PCR and the 2− ΔΔCT method. 
Methods. 2001;25(4):402-8. doi: 
doi:10.1006/meth.2001. 

16. Kempuraj D, Khan MM, Thangavel R, et al. 
Glia maturation factor induces interleukin-33 
release from astrocytes: implications for 
neurodegenerative diseases. J Neuroimmune 
Pharmacol. 2013;8(3):643-50. doi: 
10.1007/s11481-013-9439-7. 

17. Dincel GC. First description of enhanced 
expression of glia maturation factor-beta in 
experimental toxoplasmic encephalitis. J Int 
Med Res. 2017;45(6):1670-1679. doi: 
10.177/0300060517700320. 

18. Kaimori J-y, Takenaka M, Nakajima H, et al. 
Induction of glia maturation factor-β in 
proximal tubular cells leads to vulnerability to 

oxidative injury through the p38 pathway and 
changes in antioxidant enzyme activities. J Biol 
Chem. 2003;278(35):33519-27. doi: 
10.1074/jbc.M301552200. 

19. Khan MM, Kempuraj D, Zaheer S, et al. Glia 
maturation factor deficiency suppresses 1-
methyl-4-phenylpyridinium-induced oxidative 
stress in astrocytes. J Mol Neurosci. 
2014;53(4):590-599. doi: 10.1007/s12031-013-
0225-z. 

20. Zaheer A, Yang B, Cao X, et al. Decreased 
copper–zinc superoxide dismutase activity and 
increased resistance to oxidative stress in glia 
maturation factor–null astrocytes. Neurochem 
Res. 2004;29(8):1473-80. doi: 
10.023/b:nere.0000029558.82943.00. 

21. Flegr J. Schizophrenia and Toxoplasma gondii: an 
undervalued association? Expert Rev Anti 
Infect Ther. 2015;13(7):817-20. doi: 
10.1586/14787210.2015.1051033. 

22. Sutterland A, Fond G, Kuin A, et al. Beyond 
the association. Toxoplasma gondii in 
schizophrenia, bipolar disorder, and addiction: 

systematic review and meta‐analysis. Acta 
Psychiatr Scand. 2015;132(3):161-79. doi: 
10.1111/acps.12423. 

23. Bernstein H-G, Bogerts B, Keilhoff G. The 
many faces of nitric oxide in schizophrenia. A 
review. Schizophr Res. 2005;78(1):69-86. doi: 
10.1016/j.schres.2005.05.019. 

24. Yanik M, Vural H, Kocyigit A, et al. Is the 
arginine-nitric oxide pathway involved in the 
pathogenesis of schizophrenia? 
Neuropsychobiology. 2003;47(2):61-5. doi: 
10.1159/000070010. 

25. Dincel GC, Atmaca HT. Increased expressions 

of ADAMTS‐13 and apoptosis contribute to 
neuropathology during Toxoplasma gondii 
encephalitis in mice. Neuropathology. 
2016;36(3):211-26. doi: 10.1111/neup.12263. 

26. Mukherjee S, Mahadik SP, Scheffer R, et al . 
Impaired antioxidant defense at the onset of 
psychosis. Schizophr Res. 1996;19(1):19-26. 

27. Stolmeier D, Thangavel R, Anantharam P, et 
al. Glia maturation factor expression in 
hippocampus of human Alzheimer’s disease. 
Neurochem Res. 2013;38(8):1580-9. doi: 
10.007/s11064-013-1059-3. 

28. Lee SC, Liu W, Brosnan CF, et al. GM‐CSF 
promotes proliferation of human fetal and 
adult microglia in primary cultures. Glia. 

http://ijpa.tums.ac.ir/


Iran J Parasitol: Vol. 16, No. 3, Jul-Sep 2021, pp.426-434 

434  Available at: http://ijpa.tums.ac.ir                                                                                                     

1994;12(4):309-18. doi: 
10.1002/glia.440120407. 

29. Tarkowski E, Wallin A, Regland B, et al . Local 

and systemic GM‐CSF increase in Alzheimer's 
disease and vascular dementia. Acta Neurol 
Scand. 2001;103(3):166-74. doi: 10.1034/j.600-
0404.2001.103003166.x. 

30. Farfara D, Lifshitz V, Frenkel D. 
Neuroprotective and neurotoxic properties of 
glial cells in the pathogenesis of Alzheimer's 
disease. J Cell  Mol Med. 2008;12(3):762-80. 
doi: 10.1111/j.582-4934.2008.00314.x. 

31. Miljković D, Timotijević G, Stojković MM. 
Astrocytes in the tempest of multiple sclerosis. 
FEBS Lett. 2011;585(23):3781-8. doi: 
10.1016/j.febslet.2011.03.047. 

32. Galimberti D, Fenoglio C, Lovati C, et al. 
Serum MCP-1 levels are increased in mild 
cognitive impairment and mild Alzheimer's 
disease. Neurobiol Aging. 2006;27(12):1763-8. 
doi: 10.016/j.neurobiolaging.2005.10.007. 

33. Conductier G, Blondeau N, Guyon A, et al. 
The role of monocyte chemoattractant protein 
MCP1/CCL2 in neuroinflammatory diseases. J 
Neuroimmunol. 2010;224(1-2):93-100. doi: 
10.1016/j.jneuroim.2010.05.010. 

34. Ceradini DJ, Kulkarni AR, Callaghan MJ, et al. 
Progenitor cell trafficking is regulated by 
hypoxic gradients through HIF-1 induction of 
SDF-1. Nat Med. 2004;10(8):858-64. doi: 
10.1038/nm75. 

35. Liu F, Mccullough LD. Inflammatory 
responses in hypoxic ischemic encephalopathy. 
Acta Pharmacol Sin. 2013;34(9):1121-30. doi: 
10.038/aps.2013.89. 

36. Hill D, Dubey J. Toxoplasma gondii: 
transmission, diagnosis and prevention. Clin 
Microbiol Infect. 2002;8(10):634-40. doi: 
10.1046/j.469-0691.2002.00485.x. 

37. Azin H, Vazirinejad R, Ahmadabadi BN, et al. 
The SDF-1 3′ a genetic variation of the 
chemokine SDF-1α (CXCL12) in parallel with 
its increased circulating levels is associated with 
susceptibility to MS: a study on Iranian multiple 
sclerosis patients. J Mol Neurosci. 
2012;47(3):431-6. doi: 10.1007/s12031-011-
9672-6. 

38. Cheng X, Wang H, Zhang X, et al. The role of 
SDF-1/CXCR4/CXCR7 in neuronal 
regeneration after cerebral ischemia. Front 
Neurosci. 2017;11:590. doi: 
10.3389/fnins.2017.00590. 

39. Hassanshahi G, Arababadi MK, 
Khoramdelazad H, et al. Assessment of 
CXCL12 (SDF-1α) polymorphisms and its 
serum level in posttransfusion occult HBV-
infected patients in Southeastern Iran. Arch 
Med Res. 2010;41(5):338-42. doi: 
10.1016/j.arcmed.2010.07.001. 

40. Skaper SD, Giusti P, Facci L. Microglia and 
mast cells: two tracks on the road to 
neuroinflammation. FASEB J. 
2012;26(8):3103-17. doi: 10.1096/fj.11-197194. 

41. Dinarello CA. Anti-inflammatory agents: 
present and future. Cell. 2010;140(6):935-50. 
doi: 10.1016/j.cell.2010.02.043. 

42. Shamim D, Laskowski M. Inhibition of 
inflammation mediated through the tumor 
necrosis factor α biochemical pathway can lead 
to favorable outcomes in Alzheimer disease. J 
Cent Nerv Syst Dis. 2017; 
9:1179573517722512. doi: 
10.1177/1179573517722512. 

43. Tong X, Lu F. IL-33/ST2 involves the 
immunopathology of ocular toxoplasmosis in 
murine model. Parasitol Res. 2015;114(5):1897-
905. doi: 10.007/s00436-015-4377-3. 

 
 

http://ijpa.tums.ac.ir/

