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Abstract

Rheumatoid arthritis (RA) is associated with the presence of autoreactive CD4 T cells that 

produce pro-inflammatory cytokines. The role of genetic factors in the predilection to develop RA 

is strongly supported by the increased presence of certain HLA class II molecules in patients. The 

HLA class II genes are highly polymorphic and are critical for generating an immune response to 

clear infections. Production of Th1 and Th17 response by the CD4 T cells helps to clear 

infections. HLA-DQ8 is a promiscuous binder and presents many peptides generating immune 

response and producing a Th17 response. DRB1*0401 is associated with the production of both 

IL-17 and IFN-γ. Thus both DR4 and DQ8 can clear infections by producing TH1/Th17 cytokines, 

but their presence increases the risk of developing RA. Using transgenic mice expressing human 

HLA genes, we have shown that HLA polymorphism determines the cytokine profile. DRB1*04 

molecules modulate the DQ8-restricted response and determine the outcome of arthritis in mice 

carrying DR4/DQ8 haplotype. Thus, interaction between DQ and DR molecules determines the 

cytokine milieu and propensity of the HLA haplotype to predispose to autoimmunity.

Rheumatoid arthritis (RA) is an autoimmune disease caused by the inflammatory changes in 

the immune system. While the causative antigen of RA is unknown, an infectious etiology 

has been suggested based on an improvement in patients treated with antibiotics [1]. Many 

infectious agents like EBV and parvovirus, among others, have been implicated in the 

pathogenesis of RA although the mechanism by which pathogens cause pathology is 

unknown. One proposed mechanism by which infectious agents and other environmental 

factors are involved in causing autoreactivity is called “molecular mimicry”. During 

infection the body generates a response to clear infection but a cross reactive response to 

epitopes of the infectious agents that are similar to self-protein can cause autoreactive T 

cells to expand. Even after clearance of infection, this autoreactive response may continue, 

due in part, to the availability of the self-protein. Modification of proteins occurs in normal 

healthy state to generate immune response. However during the process of post translational 

modifications, cryptic epitopes sharing sequences with viral or bacterial proteins may 
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become available. There is some evidence that suggests that certain modified peptides bind 

the HLA-DR molecules better than naïve peptides [2].

The HLA molecules are encoded on chromosome 6 and are crucial in clearing infections by 

generating an immune response to pathogens. The class I and class II genes are the two 

major classes of the HLA loci that are involved in fighting infections. HLA genes encoded 

in the class I- B loci and class II –DRB1 loci are the most polymorphic. The polymorphism 

of HLA genes is attributed to the selective pressures of pathogens. Thus the HLA alleles that 

generate a response against most pathogens by activating CD4+ T cells and producing 

cytokines, resulting in clearance of infections, have been preserved. This is supported by a 

recent meta-analysis showing association of certain HLA alleles with an effective clearance 

of infections [3].

According to the paradigm, presentation of a peptide via class I molecules activate CD8 T 

cells while class II molecules activate CD4 T cells. Activated T cells produce cytokines to 

clear infections. While both class I and class II alleles generate responses to infectious 

agents, only class II molecules have been associated with a predisposition to autoimmunity. 

Several hypotheses have been put forth to explain the HLA association with autoreactivity, 

however, the mechanism by which class II molecules predispose to autoimmunity still 

remains an enigma. Positive and negative T cell selection in the thymus by the HLA 

molecules provides one mechanism. The other is the HLA-mediated antigen presentation to 

CD4 T cells and subsequent cytokine production. However, the immune response generated 

via class II molecules may also lead to bystander damage which, in certain conditions, 

causes pathology.

Cytokines and class II genes in infections

The major function of class II molecules is to clear infections through the adaptive immune 

response. Presentation of the MHC-peptide complex by antigen presenting cells to CD4 T 

cells leads to production of cytokines, Th1, Th2, Th9 and Th17. For clearing intracellular 

bacterial and viral infections, IFN-γ production by Th1 cells leads to a cellular response, 

differentiation of CD4 T cells into Th1 cells and the activation of macrophages which 

produce Th1 cytokines. IFN-γ also increases expression of MHC class II molecules, thereby 

increasing MHC-restricted antigen presentation and adaptive immune response. Production 

of IFN-γ suppresses the Th2 and Th17 response, skewing the response to be Th1.

Clearance of extracellular bacterial and fungal infections requires Th17 cells. Among Th17 

cytokines, IL-17 is one of the most studied. IL-17 is a pleiotropic cytokine that acts on many 

immune and epithelial cells [4]. Binding of IL-17 to its receptor activates production of 

other pro-inflammatory cytokines, IL-1β, IL-6, and TNF-α as well as various chemokines 

resulting in the recruitment of neutrophils, macrophages and lymphocytes. IL-6 in 

conjunction with TGFβ amplifies differentiation of Th17 cells in a positive feedback loop. 

IL-17 also promotes a humoral response that is essential for clearing extracellular pathogens. 

Recently, an important role of Th17 cells has been shown in mucosal associated infections 

in lungs and guts[5]. However, in some individuals, an amplified immune response to clear 

infectious agents leads to tissue damage ensuing inflammatory autoimmune diseases. 

Taneja Page 2

Cytokine. Author manuscript; available in PMC 2016 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Inflammatory diseases including RA have increased numbers of IL-17 producing cells [6, 

7].

Most individuals have viral and bacterial infections at some point of their life but not all 

individuals who are infected develop autoreactivity. Most of the autoimmune diseases are 

strongly associated with certain class II alleles. Even though the HLA-DR and DQ genes are 

highly polymorphic, the 3 most common haplotypes present in various autoimmune diseases 

are DR2/DQ6, DR3/DQ2, and DR4/DQ8. These haplotypes are also present with high 

frequency in the healthy population. One can speculate that these class II haplotypes are 

promiscuous binders and are good for clearing infection. However, variability in the 

outcome of infectious diseases suggests a role for genetic factors. This is supported by the 

observations that the outcome of hepatitis C virus infection is influenced by the MHC class 

II genotype, both DRB1*0401 and DRB1*1501 are linked with increased clearance of 

hepatitis C [8]. Similarly, clearance of hepatitis B is also associated with certain HLA 

genotypes [3].

This led us to hypothesize that the HLA alleles that can generate a strong immune response 

and produce IFN-γ or IL-17 to infectious agents may have been selected and preserved over 

generations. However, some infectious agents may harbor epitopes that share similarities 

with human proteins. While these epitopes may not be available easily in normal healthy 

state, they may become available due to post translational modifications. Post-translational 

modifications like citrullination are known to open the folded structure of the protein 

exposing some of the cryptic epitopes. If these cryptic epitopes are available to the activated 

immune cells for presentation, a self-reactive response may be generated. One such example 

is alpha-enolase, which is a conserved molecule throughout eukaryotes and prokaryotes. 

Antibodies to citrullinated alpha enolase are expressed in the joints of RA patients. A recent 

study showed that a cross-reactive response to a bacterial enolase may prime autoimmunity 

in a subset of patients[9]. Citrullination is a process where the amino acid arginine in a 

protein is replaced with citrulline. This process has physiologic relevance as it is required for 

the generation of skin, hair follicles, and myelin sheaths of nerve fibers as well as for 

transcriptional and chromatin compaction regulation [10]. Antibodies to citrullinated 

proteins have been described not only in RA but in many other inflammatory diseases 

including multiple sclerosis and myositis [11–13]. Thus while citrullinated proteins are a 

part of healthy state, in individuals with certain class II alleles, a loss of tolerance to 

citrullinated proteins or an autoreactive response generated after clearance of an infectious 

agent may cause onset of disease. This could be due, in part, to a storm of cytokines 

produced to clear infections. This is supported by the association of HLA class II alleles like 

DRB1*0401 with the presence of anti-citrullinated antibodies.

Cytokine and Rheumatoid Arthritis

Cytokines have a fundamental role in causing inflammation and now it has become clear 

that cytokines are the prime suspects in articular destruction [14]. The role of cytokines in 

the pathogenesis of RA is underscored by the success of treatment with anti-TNF antibodies 

in RA patients. The success of TNF-inhibitor has set the stage for using inhibitors of other 

pro-inflammatory cytokines in RA. The rheumatoid joints have infiltrating macrophages that 
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can secrete chemokines and cytokines of the innate and adaptive immune system. The 

recruitment of activated T and B cells involves secretion of chemokines by antigen 

presenting cells and synovial endothelium. Activated T cells produce cytokines in the joints 

further amplifying the inflammatory cascade. A recent study showed an increased numbers 

of pro-inflammatory cytokines producing T cells reactive to citrullinated Vimentin [15]. 

There is a preponderance of Th1 cells in rheumatoid joints with the majority of cells 

producing IFN-γ [16]. IFN-γ can enhance the production of other Th1 cytokines like IL-1, 

IL-6 and TNF-α. IL-6 is a potent pro-inflammatory Th1 cytokine that regulates 

hematopoiesis and is associated with differentiation of T and B cells [17]. Blocking IL-6R 

with an antibody has been shown to be effective in some patients [18]. Presentation of 

cartilage antigens in the joints can further cause perpetuation of an ongoing inflammatory 

cascade in the joints. RA has been suggested to be a Th17 dependent disease, IL-17 

producing cells have been observed in RA synovium [6]. IL-23, a member of IL-12 family, 

can cause differentiation of naïve cells into IL-17 producing cell. IL-17 is a pro-

inflammatory cytokine which acts on various cells and also induces osteoclast differentiation 

via the RANKL pathway [19]. Activation of IL-17R induces production of other 

inflammatory cytokines and chemokines that initiate recruitment of neutrophils, 

macrophages and lymphocytes. Phase I trials of anti-IL-17 antibodies have shown some 

efficacy in RA patients. A role of Th17 in RA is further supported by animal models of 

arthritis [20–22]. While Th1 and Th17 cytokines are associated with pathogenesis in RA, 

Th2 cytokines are associated with protection from arthritis. However, higher levels of IL-13 

are present in RA patients as compared to that of healthy individuals [23]. The other 

cytokines produced in the joints, which include IL-15 and IL-10, may be important for 

preventing T and B cells from undergoing apoptosis and for T cell function [16, 24]. 

Chronic inflammation can lead to production of IL-10 and TGF-β that can diminish 

inflammatory cytokines. While both of these cytokines are immunomodulatory, TGF-β is 

also involved in pro-inflammatory pathways as it induces differentiation of pathogenic Th17 

cells in the presence of IL-6 [25]. Thus it’s not clear if these cytokines are inhibitory in 

joints. These studies demonstrate an unmet need to define other biologics that may be 

effective for subsets of patients who do not respond to the available drugs. A recent study 

identified a signature cytokine profile, produced by PBMCs to various stimuli, to define 

myocardial dysfunction in RA patients [26]. Using DR4 tetramers, it was shown that while 

both RA patients and healthy individuals harbor DR4 positive T cells although T regulatory 

cells are diminished in patients [27]. This may explain inability of RA patients to suppress 

response to citrullinated antigens. Heterogeneity in RA may be associated with a 

heterogeneous cytokine response and that may explain why not all individuals respond to 

one therapy. The factors that determine the variability of cytokine response observed in 

patients largely remain unknown. Animal models provide some clues to the role of MHC 

molecules in predetermining the cytokine response.

MHC genes, cytokines and autoimmunity

The animal model of collagen-induced arthritis (CIA) has helped us understand the role of 

cytokines in arthritis. However, the MHC molecules of human and mice have differences. 

Rheumatoid arthritis is associated with the presence of DRB1*0401 while *0402 is not. The 
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recent structural studies indicated that the peptide binding differences between the *0401 

and *0402 molecules determines the association with RA[27]. Both subtypes of DR4 occur 

in linkage disequilibrium with HLA-DQ8, making it impossible to determine the role of a 

single gene. Mice expressing DR4:IE are susceptible to arthritis induced by citrullinated 

fibrinogen which is dependent on Th1 response to the antigen[28]. We generated transgenic 

mice which expressed RA-associated and non-associated HLA genes in the absence of 

endogenous class II alleles. We hypothesized that the presence of RA-susceptible HLA 

genes leads to a T cell repertoire that is predetermined to produce a pro-inflammatory 

cytokine profile. On the other hand RA- non-associated HLA genes can cause differentiation 

of naïve cells in to regulatory cells under polarizing conditions and also require different 

conditions for producing pro-inflammatory cytokines.

We tested this hypothesis by using mice expressing *0401 and *0402. Similar to humans, 

*0401 mice are susceptible to develop CIA while *0402 mice are resistant [29]. In addition, 

antigen-primed cells from *0401 mice produce higher levels of Th17 cytokines compared to 

*0402 mice although both strains can produce IFN-γ [30]. Observations in *0401 transgenic 

mice showed that naïve CD4 T cells from *0401 mice, under Th17 polarizing conditions, 

are more likely to differentiate into IL-17+ cells compared to *0402 mice [30, 31]. On the 

other hand, under Th2 polarizing conditions, *0402 leads to differentiation of naïve CD4 T 

cells into IL-10 producing cells. Recent studies have shown that IL-17 may be required for 

clearing infections, suggesting that individuals carrying *0401 may be better equipped to 

clear infection. However, the activated immune response in *0401 individuals may not shut 

off due to high expression of costimulatory molecules which are unregulated on activated 

cells or due to activation of other cells that produce proinflammatory cytokines. Thus even 

after clearance of infection, IL-17 production may continue causing direct damage to the 

tissue. This may also lead to production of a cascade of pro-inflammatory cytokines. We 

addressed the question about IL-17 production by molecules not associated with RA. Mice 

carrying the RA-resistant allele *0402 are not defective in producing IL-17, as they do 

produce IL-17 but also large quantities of IL-10 are produced thus immune response can be 

suppressed after initial activation. When naïve CD4 T cells from *0402 mice were cultured 

in polarizing conditions, the production of IL-17 was delayed as compared to *0401[30]. In 

addition, the conditions required for the production of IL-17 also differed between the two 

molecules. This data suggests that while both molecules are capable of producing IL-17 and 

IL-10, a difference in the kinetics of response may dictate their ability to clear infections and 

association with autoreactivity.

HLA haplotype determines cytokine response in arthritis

HLA molecules are critical for the positive and negative selection of T cells in the thymus. 

Since self peptides are presented for this selection, we used DQ8 transgenic mice to 

determine if DQ8 can present DR-derived peptides. Our data suggested that DQ8 mice 

generate a robust response to DR-restricted peptides derived from the resistant allele but the 

RA-susceptible *0401-derived peptide is presented weakly [21]. The expression of *0402 

deletes more cells in the thymus of transgenic mice than *0401suggesting that *0402 may be 

able to negatively select autoreactive cells [32]. In transgenic mice carrying both 

DR*0401/DQ8 and *0402/DQ8, only the former generates a response to self-peptide, 
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suggesting selection of a T cell profile with autoreactivity. This data suggests that a 

haplotype determines the T cell repertoire which may change the cytokine profile. To prove 

the role of a haplotype, we tested the antigen-specific cytokines produced in CIA. *0401 

mice produce high levels of IL-12 (p70) required for production of IFN-γ in response to type 

II collagen (CII) while DQ8 mice produce high levels of TNFα and IL-12 (p40), a chain 

involved in IL-12 and IL-23 cytokines (Fig 1). However, introduction of *0401 in DQ8 led 

to a change in the cytokine profile, *0401/DQ8 mice produced high levels of IFN-γ, IL-17, 

IL-12 (p40) and IL-23 as compared to DQ8 mice suggesting *0401 can modulate the 

immune response and change the profile. A comparison of the *0401/DQ8 and *0402/DQ8 

mice showed low levels of IL-17 and IL-23 but higher TGFβ production in the later in 

response to CII [21]. Both strains produced similar levels of IL-12 (p40). These observations 

support the hypothesis that DR polymorphism modulates the response of a haplotype and 

determine the final outcome of an immune response. Among all the class II loci, DRB1 has 

evolved and encodes for the most polymorphic class II genes, followed by DQB1. The 

selective pressure of the pathogens has generated more than 400 alleles for the DRB1 gene 

while the DQB1 gene has less than 100 alleles. This clearly suggests an important role of 

DR molecules in cytokine production and clearance of infectious agents. Our data in 

transgenic mice supports the contention that DQ8 is a promiscuous molecule as it can 

present many epitopes of CII [33], and may also be able to present many epitopes derived 

from a pathogen thus generating a robust response. The DRB1 polymorphism may generate 

and modulate immune response to clear infections, but a bystander effect of that response is 

autoreactivity. While this may not cause development of disease, a follow up activation of 

those T cells may finally break the tolerance causing onset of pathology. On the other hand, 

*0402 associated with resistance to autoimmunity modulates immune response to dampen 

Th17 response while still being able to produce Th1 cytokines, thus controlling the Th17 

dependent autoimmunity.

One reason for association of *0401 molecule with autoimmunity could be the presence of 

autoreactive cells. To determine if mice have autoreactive cells that can differentiate into 

Th17 cells when activated, we cultured memory CD4 T cells from naïve mice with dendritic 

cells (DCs) loaded with self-derived peptide, encoded by 3rd hypervariable region 

encompassing aa 65-79 of the DRB1 allele, in Th17 polarizing conditions. While memory T 

cells from *0401 mice differentiated into IL-17 producing cells when self-peptide was 

presented by DCs in vitro, *0402 mice did not differentiate into IL-17 producing cells. A 

role of IL-17 has been implicated in transgenic mice as well as other experimental model of 

arthritis as shown by the resistance of IL-17 deficient mice to develop arthritis [21, 22, 34]. 

On the other hand, IFN-γ has been suggested to be protective as arthritis is exacerbated in 

mice deficient in IFN-γ [35]. Our studies with a HLA haplotype expressing mice suggest 

that both IL-17 and IFN-γ have a role in pathogenesis though the time at which they are 

pathogenic may be different. As shown by *0401 and *0402 mice, kinetics of cytokines 

produced to an antigen may determine the protective or pathogenic nature of the immune 

response. Interestingly, observations in *0401/DQ8 and *0402/DQ8 mice showed that they 

can produce similar levels of chemokines suggesting that HLA class II alleles have a major 

impact on the cytokine profile [36]. Our recent observations showing a much higher TLR4-

mediated response by *0401 compared to *0402 mice supports our hypothesis that *0401 
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has been selected for its ability to mount response to infections [30]. These observations 

validate the notion that T cell selection by the HLA molecules and the cytokines produced 

by them have a significant role in autoimmunity and provide an explanation for strong 

association of HLA class II with autoimmunity.

Sex-bias in cytokine production is HLA dependent

Most of the autoimmune diseases occur predominantly in women. RA occurs two to three 

times more often in women than in men with about 70% of patients being women. A role of 

hormones is underscored by the sex-bias in arthritis and its remission during pregnancy, 

although data in humans and animal models of RA has been controversial [37]. A gender 

difference in cytokine production in vitro has been suggested to lead to differential immune 

responses in men and women [38, 39]. Although the mechanism of sex-bias is not 

understood completely, penetrance of the HLA shared-epitope genotype and onset of RA is 

influenced by sex. Women carrying *0401 genotype show a higher penetrance with an 

earlier onset of arthritis compared with men [40, 41].

Collagen-induced arthritis has been used as a model for more than 3 decades. Even though 

we have learnt a lot from the CIA model in mice, most of the CIA models only reproduce a 

small segment of phenotype seen in human rheumatoid arthritis. A major difference between 

human RA and CIA in mice has been the lack of sex-bias and production of autoantibodies 

like rheumatoid factor (RF) and anti-citrullinated peptide antibodies (ACPAs) in the latter. 

We used DQ8, DRB1*0401 and DRB1*0401/DQ8 mice to understand the sex bias of RA 

[29, 42–44]. The transgenic mice develop arthritis that mimics human disease, as the 

arthritis in mice is associated with the production of RF and ACPAs. In humans, a subset of 

CD4 T cells also express class II molecules and it is anticipated that these CD4 T cells may 

be able to present antigen and generate a proinflammatory response. In the HLA transgenic 

mice, a subset of CD4 T cells (5–10%) expresses HLA class II molecule and activated T 

cells can present antigen in these mice, confirming a role of CD4 cells in exacerbating the 

inflammatory response [22]. Further, our data suggested that arthritis in these mice is T and 

B cell dependent while CD8 T cells may be regulatory [45, 46]. Since the experimental 

arthritis in transgenic mice mimics human disease so closely, we determined if there is a 

sex-bias in predisposition. Our observations showed that DQ8 transgenic mice do not 

develop gender biased CIA. However, *0401 and *0401/DQ8 mice develop CIA 

predominantly in female mice with an incidence similar to that observed in humans 

suggesting DR4 may be associated with the sex-bias of disease.

This led us to address the question of how DR4 skews predisposition towards sex-bias. 

Since HLA molecules are required for antigen presentation, we compared antigen 

presentation by DR4 and DQ8 in transgenic mice. DR4-restricted CII-peptide was robustly 

presented in female *0401 and *0401/DQ8 mice compared to males [21, 22]. The immune 

response was dependent on the APC and the MHC molecule, DR or DQ, in both sexes and 

resulted in a different cytokine profile. Presentation of peptides via DCs led to the 

production of proinflammatory cytokines IL-6, IL-17, TNF and IFN-γ and anti-

inflammatory IL-10 in males while females produced IL-2, IL-17 and IL-12 (p40). As CD20 

depletion treatment is efficacious in RA patients, we also tested if antigen-presentation by B 
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cells was different between sexes [21]. Our data showed that B cells are hyperactive in DR4 

and DR4/DQ8 females and present the immunodominant DR4-restricted CII peptide 

254-273 with higher efficiency than males. Antigen presentation via B cells resulted in 

activation of different pathways or subsets of T cells in both sexes as reflected in the 

cytokine profiles produced by *0401 mice. While females produced B cell modulating 

cytokines like IL-4 and IL-13 in significantly higher amounts in response to CII-peptide 

254-273, males produced a mixed cytokine profile, IL-1b, TNF-α and IL-10. Production of 

higher levels of IL-10 in males was associated with increased numbers of B regulatory cells 

which might also explain why females generate a higher response to the CII-peptide. 

Increased levels of the Th2 cytokines, IL-4 and IL-13, in females is particularly interesting 

as according to the general paradigm Th2 cytokines are protective for autoimmune diseases. 

In RA patients high levels of IL-13 have been associated with ACPA positivity [23]. Our 

study confirmed this association as female transgenic mice produced higher levels of 

antibodies and IL-13. Similarly, an experimental model of multiple sclerosis has also shown 

an association of IL-13 production with gender variation [47].

Androgens are known as negative regulators of immune response and their deprivation can 

cause an increase in antigen-specific proliferation of T cells [48]. In support of this study, 

we observed an increase in antigen-specific proliferation with a decrease in regulatory cells 

in *0401 castrated mice [21]. Exogenous supply of androgen has been shown to reverse the 

autoimmunity in NZB/NZW mice [49]. On the other hand, estrogen is known to modulate B 

cell function by increasing their survival as well as by modulating pro-inflammatory 

cytokine production [50, 51]. In fact, *0401 male mice implanted with estradiol generate an 

enhanced immune response and autoreactivity leading to an increase in the incidence of 

arthritis [21]. Estrogen also modulates the expression of enzymes required for citrullination 

of antigens. This can lead to an increased presentation of the modified peptides by B cells 

further increasing the pro-inflammatory cascade. Thus estrogen can impact disease 

development and severity via B cell survival and production of autoantibodies, and 

differential antigen presentation by the DR molecule resulting in a cytokine milieu that 

decides the final outcome. Male patients with RA have higher levels of estrogen than 

healthy controls [52] which may contribute to an over active immune response.

Conclusions

The MHC molecules clear infections by generating an immune response and the production 

of cytokines. The type of cytokine profile, Th1/Th2/Th17, is dependent on the HLA allele 

which determines the clearance of extracellular and intracellular infections. DRB1*0401 and 

DRB1*0402 activate Th1 and Th17 producing T cells which help in clearing intracellular 

and extracellular infections but predispose to autoimmunity (Fig 2). However, DRB1*0401 

has autoreactive memory cells which can be activated in case of molecular mimicry causing 

activation of those cells and IL-17 production. On the other hand, *0402 does not produce 

any autoreactive response. DRB1*0401/DQ8 is associated with predisposition to RA. HLA-

DQ8 is the most autoimmune prone molecule as it is associated with the most commonly 

observed autoimmune diseases- rheumatoid arthritis, type I diabetes, celiac disease, 

relapsing Polychondritis [33]. Further, sex of an individual as well as the type of APC 

presenting antigen(s) may influence the cytokine profile. Thus MHC has evolved to produce 
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IL-17 and IFN-γ by different HLA molecules for clearing infections. However, certain HLA 

molecules can positively select autoreactive cells. If the specificity of those autoreactive 

cells mimics an epitope from a pathogen, it can lead to production of pro-inflammatory 

cytokines that can, in certain conditions, result in autoimmunity.
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Highlights

• HLA alleles positively select T cells and predetermine production of TH17/TH2 

under different conditions.

• HLA alleles that produce TH1/TH17 cytokines and provide advantage in 

clearing infections have been preserved for generations.

• Most studies point a significant role of molecular mimicry in autoimmunity.
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Fig 1. 
Cytokine profile is dependent on the HLA alleles. Transgenic mice were immunized with 

type II collagen and cytokines were tested in sera 3 weeks post-immunization. * P<0.05 

*0401 compared to DQ8.

Taneja Page 14

Cytokine. Author manuscript; available in PMC 2016 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig 2. 
HLA molecules predetermine the cytokine profile to predispose to autoimmune diseases. 

DRB1*0401 and DQ8 activate CD4 T cells and produce cytokines which Th1/Th17 and 

immunomodulatory cytokines IL-13 and IL-10. Complementation between the HLA 

molecules leads to high pro-inflammatory cytokines involved in clearing infections though 

they predispose to autoreactivity. Studies with HLA transgenic mice suggest that when 

DRB1*0401gene is introduced in DQ8 mice, *0401/DQ8 mice, the cytokine profile is 

associated with high levels of pro-inflammatory cytokines, IFN-γ, IL-17 and IL-23, and 

increased incidence and severity of arthritis compared to single transgenic mice.
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