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Abstract

Obsessive-compulsive disorder (OCD) is a prevalent psychiatric disorder of unknown etiology. 

However, there is some evidence that the immune system may play an important role in its 

pathogenesis. In the present study, two polymorphisms (rs1800795 and rs361525) in the promoter 

region of the cytokine tumor necrosis factor-alpha (TNFA) gene were genotyped in 183 OCD 

patients and in 249 healthy controls. The statistical tests were performed using the PLINK® 

software. We found that the A allele of the TNFA rs361525 polymorphism was significantly 

associated with OCD subjects, according to the allelic χ2 association test (p=0.007). The presence 

of genetic markers, such as inflammatory cytokines genes linked to OCD, may represent 

additional evidence supporting the role of the immune system in its pathogenesis.

Keywords

cytokines; genetic markers; mental disorder; polymorphism

The obsessive-compulsive disorder (OCD) is characterized by recurrent unwanted thoughts 

(obsessions), usually accompanied by repetitive behaviors (compulsions) intended to 

alleviate the anxiety caused by obsessions. OCD is a relatively common disorder, with a 

lifetime prevalence of 2 to 3%1.

There is solid evidence for the involvement of genetic factors in the etiology of OCD. 

Although once thought to be primarily psychological in origin, there is now compelling 

evidence from twin and family studies that OCD has a genetic background. However, the 

identification of environmental and genetic susceptibility factors remains an open field for 
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research. The immune system is one of the interfaces between the environment and the 

central nervous system (CNS), justifying the researches on cytokines and their genetic 

determinants2.

The role of the immune system in CNS processes has long been under investigation in the 

pathogenesis of a variety of neuropsychiatric disorders, such as depression, dementia, and 

schizophrenia3. Several immune parameters have also been investigated in some anxiety 

disorders, such as post-traumatic stress disorder, panic disorder, social phobia, and OCD4. 

Recent reports have suggested that pro-inflammatory cytokines, like the tumor necrosis 

factor-alpha (TNFA), are involved in OCD pathophysiology5.

Although cytokines are large soluble peptides, studies have identified several mechanisms 

by which cytokines enter and stimulate the brain. They act directly on the CNS by crossing 

certain regions at the blood-brain barrier, both passively (circumventricular organs, 

subfornical organ and area postrema) and via active transportation. In addition, cytokines 

can act indirectly by signaling the brain via stimulation of visceral (vagal) afferents, which 

are projected to the tractus solitarius nucleus in the brainstem. Finally, cytokines can also 

act on endothelial cells of brain vasculature or glia cells in the circumventricular organs 

inducing synthesis and release of secondary messengers, such as central cytokines, 

prostaglandins, and nitric oxide6. Furthermore, some studies have shown that there is also 

release of pro-inflammatory cytokines (IL-1, IL-6, and TNFA) by neurons and glia cells 

inside the CNS7.

In recent years, the discovery of multiple functions of cytokines in the CNS suggests that 

they play a central role in complex CNS functions such as cognition and memory. In 

addition, cytokines may act as immune stressors, causing neurochemical changes and 

activating other pathways that can influence intracellular, apoptotic and oxidative 

mechanisms, which might contribute to mood and anxiety-related disorders5.

TNFA is a cytokine that has been investigated in neuropsychiatric disorders, due to its 

effects on the CNS. It is produced by macrophages and circulating monocytes and glia cells, 

playing an important role in a variety of infectious, inflammatory, and autoimmune 

conditions as well as in synaptic plasticity8. Studies have demonstrated that cytokine 

production during the inflammatory process can lead the brain to develop neurochemical, 

neuroendocrine, neuroimmune, and behavioral changes9. Taking all these data into account, 

polymorphisms in genes that codify for cytokines, especially TNFA, are potential candidates 

to explain the OCD pathophysiology.

Although several reports have focused on the role of cytokines in OCD, this is still not 

completely elucidated. Cytokine studies in OCD patients have shown contradictory results, 

from increase in type-I cytokines in cerebrospinal fluid and in their plasma levels to either 

decrease of natural killer (NK) activity and pro-inflammatory cytokines levels or lack of 

alterations5.

TNFA gene polymorphisms have been studied in several neuropsychiatric disorders, such as 

Alzheimer’s disease, schizophrenia, and depression. However, there are few studies 

investigating the relationship between polymorphisms in cytokine genes and OCD patients. 
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A previous case-control study from the authors of this article found a significant association 

between the TNFA -308 and -238 G/A polymorphisms and OCD10. We have also 

investigated a polymorphism in the nuclear factor of kappa light polypeptide gene enhancer 

in B-cells inhibitor-like 1 – NFKBIL1 (rs2071592) – in another case-control study, finding 

no association between that polymorphism and OCD11.

Thus, in the present paper we investigated polymorphisms in the gene that codifies for the 

cytokine TNFA, using a case-control approach in a larger sample than the one used in the 

former paper from our group, hoping to validate the present findings.

METHODS

Sample

All patients from our dataset who met DSM-IV criteria for OCD were included in the study. 

Miguel et al. made a detailed description of the ascertainment12. Briefly, OCD patients were 

recruited through the Obsessive-Compulsive Spectrum Disorders Program (PROTOC at 

University of São Paulo). The final sample consisted of 183 OCD patients and 249 healthy 

controls. In the present study, 111 subjects from the previous investigation were included in 

the analysis10. Informed consents approved by the local ethical committee were signed by 

all participants. The project was approved by the Institutional Review Board of University 

of São Paulo.

Genotyping

Venous blood samples were collected in anticoagulant (EDTA) 5 mL tubes. Genomic DNA 

was extracted according to standard protocols. The genotyping of the TNFA -308 

(rs1800629) and -238 G/A (rs361525) polymorphisms was performed using a PCR- 

restriction fragment length polymorphism assay, as described by Ramasawmy et al.13.

Statistical analysis

Deviation from Hardy-Weinberg equilibrium (HWE) was tested separately in healthy 

controls and patients by using the PLINK® software14. The association test was also 

performed using PLINK®. To reduce the odds of false-positive findings, permutation 

analysis with 100,000 permutations was performed.

RESULTS

Allele frequencies and genotypic distribution of the polymorphisms were in the HWE 

(patients: p=0.7385; controls: p=0.14) regarding the rs1800629 in both groups, as well as the 

rs361525 in the Control Group (p=0.22). The rs361525 marker in the Case Group was out of 

the HWE (p=0.0004).

The A allele (adenine, the minor allele) of the TNFA rs361525, which has a frequency of 

0.054, was significantly associated with OCD subjects according to the allelic χ2 association 

test (p=0.007), as can be seen in Table. The major allele in this single nucleotide 

polymorphism (SNP) is a guanine (G). The results remained significant after the 100,000 

permutation analysis (p=0.004).
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DISCUSSION

In this study we investigated if there were associations between two markers on the TNFA 

gene with OCD subjects, using the allelic χ2 association test. We found a significant 

association between the A allele of the TNFA rs361525 and OCD subjects, which persisted 

after 100,000 permutations (permuted p=0.03). This result is a replication of the findings by 

Hounie et al.10 in an expanded sample, supporting an association between TNFA and OCD.

It has been suggested that the polymorphisms investigated in the present paper affect TNFA 

transcription. Studies with both positive15,16 and negative17–19 findings investigating TNFA 

polymorphisms and their transcription have been published20–24. However, it has been 

reported that TNFA plasma levels vary with age, body mass index, gender, time of the day, 

medicine intake, and several other factors5. Additionally, changes in behavior may probably 

be related to the ones in the CNS through local production of cytokines and not through 

plasma levels25. Consequently, it is not surprising that studies investigating the relationship 

between OCD and cytokine plasma levels have inconsistent results, and the polymorphisms 

found in this study to be associated with OCD may not be sufficient to explain TNFA 

plasma levels, which are the results of a complex chain of interconnected genetic and 

environmental factors.

It is still unclear how cytokines mediate OCD or other psychiatric/neurological symptoms. 

In an animal model of cytokine-mediated cognitive functions, such as memory and learning, 

it has been demonstrated that the presence of TNFA under immunologically non-challenged 

conditions is essential for the normal functioning of memory and learning. The literature 

demonstrates that cytokines can profoundly affect the metabolism of serotonin, 

norepinephrine, and dopamine26. It appears to be of significance the ability of the immune 

system to activate the indolamine-2,3-dehydrogenase enzyme. It breaks down tryptophan 

and can influence serotoninergic neurotransmission27. Besides, serotonin reuptake inhibitors 

and a polymorphism in the serotonin transporter gene that affects monoamine metabolism 

have been shown to influence the development of cytokine-induced depressive-like behavior 

in laboratory animals and in humans28.

The potential clinical application of the association between inflammation and depression is 

that inflammatory biomarkers may identify depressed patients, who are less likely to 

respond to conventional antidepressant treatment and might provide an indicator of 

treatment response29,30.

The present investigation has some limitations. The small sample size can raise the odds of 

false-negative results. However, this study replicated in a larger sample the results from a 

previous study10. It is also somewhat concerning that the Case Group was not in HWE for 

the rs361525. On the other hand, deviations from the HWE can be very informative. In 

control subjects, deviations could indicate that one or more of the model assumptions have 

been violated or that a genotyping error has occurred. In case subjects, deviation from HWE, 

assuming that sources of error have been eliminated, may indicate the association of a locus 

with disease. As the HWE deviation was exclusive to the affected sample, herein, this could 

be explained by a “selection of risk alleles” in the Case Group.
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Investigations conducted in highly admixed ethnicity populations, such as the Brazilian, may 

bring problems regarding ethnical stratification11. In conclusion, the results of the present 

investigation provide evidence for the association between the TNFA polymorphism and 

OCD in the Brazilian sample. Furthermore, it is always possible that these polymorphisms 

are in linkage disequilibrium with non-identified genes, which are in fact those contributing 

to the pathogenesis of OCD or even with other polymorphisms within the TNFA. Our results 

suggest that the evaluation of this gene is important to clarify its role in the OCD 

development. More comprehensive polymorphism coverage within the TNFA using high-

throughput sequence of the entire gene is warranted. However, to confirm the association of 

the TNFA polymorphism with OCD, further studies must be conducted focusing on ethnical 

aspects. Moreover, differences in association of the TNFA polymorphism and OCD, found 

in different investigations, could be clarified by the analysis of larger case-control studies, 

additional family-based studies, and especially linkage disequilibrium mapping of TNFA, 

which should be considered a high-priority gene given its potentially important influence on 

the risk for OCD.
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