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Abstract:  Autoimmunity is a condition where structural and functional damage happen by 

the immunologically competent cells or antibodies to self-antigens . Autoimmune diseases 

result from destruction of self – proteins, cells, organs by autoantibodies or self- reactive T 

cells. There are certain factors that can trigger the autoimmunity, like – Genetic factors, 

Toxic chemicals (Environmental factors), Viral, Hormonal, stress and neurochemicals. In this 

review there are several aspects that come across the fact that Environmental toxicants has 

important contribution in autoimmunity. Many pesticides, and Hg also has a definite role in 

autoimmunity. This review paper provides us elaborate predisposition of environmental 

toxicants to autoimmunity. This review paper is also consists of little discussion of genetic 

factors and how they interlinked to autoimmunity. 
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1 . Introduction:  

Autoimmunity literally means protection 

against self but it implies to injury to self. 

The body can differentiate antigens, in 

between self and non self. And it does not 

establish  any immunologic attack against 

self -antigens .This phenomena is called 

immune tolerance. Due to fail or 

disfunction of Immune tolerance, 

autoimmunity happens. The disease caused 

by autoimmunity is called autoimmune 

diseases [1]. 

The cause of autoimmunity is 

multifactorial, with both environmental 

and genetically risk factors. Currently, 

studies exhibited that, approximately thirty 

percent of all autoimmune diseases 

considered by the account of genetical. 

The rest seventy percent (70%) is due to 

environmental factors, including toxic  

chemicals, dietary components, gut 

microbes. [2] 

In the era of system biology, we have to 

consider genetic interactions. In this topic 

it’s very important to establish gene – gene 

or gene-environment interaction. And we 

found here a strong genetic connection 

towards   autoimmunity. Autoimmune 

diseases are a several group of complex 

disorder, which caused by breakdown of 

self – tolerance, and have a strong genetic 

element. [3] 

There are many ways that multifactorial 

pathogenesis of autoimmune diseases has 

confirmed.  Some genetic interactions can 

be [4]: 
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 A. The proteins encoded by genes related 

with  autoimmune diseases are involved in 

varied inflammatory mechanisms, like 

antigen presentation, type I interferon, 

Toll-like receptor and NF-κB signalling, 

B-cell and T-cell function, apoptosis, and 

salvation of  immune complexes, and 

cellular debris . [5] 

B. Protein modifications could stimulate  

by genetic variants, in terms of production 

rate and function, with changes in the 

related processes. Moreover, different 

autoimmune diseases are connected with 

the same genetic modifications, which 

suggests a shared genetic pathway to 

decrease of tolerance and induction of 

autoimmunity.  

C . The role of genetic factors in 

pathogenesis of many autoimmune 

diseases are ensured by the higher 

resemblance ratio between monozygotic 

twins compared to dizygotic twins or other 

siblings . 

1a. .Gender may play a role in Systemic 

Lupus Erythematosus (SLE) 

We can consider gender , as a genetic 

factor , which play a profound role in the 

incidence of autoimmunity.[6] Systemic 

Lupus Erythematosus occurs much more 

frequently in females than in males in both 

mice and man. Some individuals are 

susceptible to autoimmunity and some are 

protected because of the genetic 

differences , which could act in many ways 

and affect many tissues . [6] 

 

1b . Role of FOXP3 in autoimmunity  

Recent studies showed that FOXP3 is an 

epithelial cell-intrinsic tumour suppressor 

for breast,[7] prostate,[8] ovary [9]and 

other cancers[10,11,12]. FOXP3 has an 

important role in maintenance of self- 

tolerance , and also in preventing of 

autoimmune diseases . [13] Inactivating 

mutations of FOXP3 cause immune 

dysregulation, polyendocrinopathy, and 

enteropathy, X-linked syndrome. FOXP3-

expressing regulatory T cells help to 

reduce  autoimmunity and immunity 

against cancer as well as infection. In 

mouse and human genome FOXP3 binds 

and thousands of target genes are regulated 

by FOXP3. FOXP3 is known to activate 

and as well as repress target genes by the 

help of epigenetically regulating histone 

modifications of target promoters. 

This types of disruptions confirms growth 

benefit to cancer cells as Foxp3 gene 

repress oncogenes while activating other 

tumour suppressor genes [14,15,16]. 

Since FOXP3 emerge as important tumour 

repressor and as well as important 

immunological regulators . [17,18] 

1cAssociated genetic factors in 

Rheumatoid Arthritis (RA)  

The human leukocyte antigen (HLA) 

region contributes to approximately half of 

its genetic susceptibility ,particularly 

where disease characterized by the 

presence of anti-citrullinated antibodies. A 

number of alleles in the epitope 

recognition part of the HLA molecule 

which is , also known as shared epitope , 

strongly associated with RA and they 

share a common cue of amino acid 

residues .Other variant, likePTPN22, 

TRAF1-C5, PADI4, and STAT4 genes 

seem to be implicated in RA susceptibility, 

next to HLA genes [19]  genetic factors 

likely to contribute to a disease phenotype, 

specially in terms of defeating loss.  

Recent data has been suggestedarray 

between radiographic damage and 

polymorphisms of genes , which encodes 

TNF, IL-1, IL-6, IL-4, IL-5, OPN, and 

PRF1 .[19] 
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 2. Effect of Dietary components on 

Autoimmunity  

In todays date diets of industrialized part 

of the world , is way more different than 

one or two decades ago . This differences 

of diet comes from different types of food 

experiences , which comes from different 

types of food sources , chemicals , flavours 

, preservatives ,different breeds of food 

plant and food animals , and their genetic 

modifications. Autoimmune diseases like 

diabetes , Multiple Sclerosis (MS) in 

industrialized area leads to the fact that 

diet is potential link to such disorder [20]. 

There is a connection between gluten 

ingestion and gluten sensitive 

enteropathies, which is accepted and well 

established [21].High levels of dietary 

sodium can raise blood pressure and 

adverse cardiovascular health, and also 

[22] it can  affect to the immune system 

[23].MS, systemic lupus erythematosus 

(SLE), RA, and other autoimmune 

disorders are associated with low levels of 

vitamin D .  

 

3. Environmental Toxic chemicals and 

their effect on Autoimmunity 

Autoimmune response and diseases can be 

induced by solvents and many types of 

chemicals through the variety of effects at 

biochemical and genetic level . 

i)Chemicals are capable of altering cellular 

proliferation, Th1, Th2, Th3, Th17, and 

tissue-specific function , apoptosis.  

(ii)For  induce the production of IL-17 and 

IL-21 , Th17 cells which can be activated 

by proteins and lipid , induced by some 

chemicals. 

(iii)For inducing production of anti-HSP90 

autoantibodies chemicals activate 

HSP90.(iv)Chemicals are potential for 

inducing DNA-hypermethylation and 

change in cellular functions. (v)Chemicals 

can increase ROS production and also the 

induction of DNA-

fragmentation.(vi)Chemicals may compete 

with thyroid hormones or intervene with 

iodine transportation and chemicals also 

able to induce oxidative stress that leads to 

an inflammatory response to the thyroid 

gland. (vii)Chemicals not only stimulate 

the synthesis of nitric oxide by nitric oxide 

synthase but also induce the release of 

reactive oxygen species.[24] 

Some examples of environmental factors 

which include anthropogenic chemicals, 

pesticides, respirable particles, drugs, 

microbes, and diet . [25] 

3a . Role of Sodium chloride (NaCl) in 

autoimmunity 

It has been demonstrated that up taking 

processed foods which contain high 

amounts of salt may in part be responsible 

for the increasing incidence of 

autoimmune diseases. In a recent study it 

was shown that an excess uptake of salt 

can affect the innate immune system,  

particularly in, macrophage function .[26] 

Salt may add to the wound of complex 

autoimmune diseases, it has been shown 

that, by the activation or induction of 

pathogenic Th17 cells, sodium chloride 

can induce autoimmune disease [27].The 

conversion of naïve CD4+ T cells to 

CD4+T cells expressing IL-17A induce by 

increasing NaCl concentration. This effect 

was dose dependent, and by increasing the 

concentration of NaCl by 40 mM, 

maximum IL-17A induction can be 

achieved. 

Since the high salt levels did not 

significantly change cell death, 

lymphocyte proliferation, or increasement 

of Th1 or Th2 differentiations. High salt 

diet was specific for Th17 conditions .The 
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mechanism by which a high-salt diet 

enhances the differentiation of naïve 

CD4+ cells to Extracellular NaCl 

concentration . This mechanism needs the 

help of the activation of IL-23 receptor and 

which is binding by IL-23 that influences 

the activity of SGK1 and NFAT5 which is 

able to move the expression of 

transcription factor RORγt, IL-23R, IL-

17A, and IL-17F, and this is the  result in 

the phenotype that alter from naïve 

CD4+ T cells to pathogenic Th17 cells .In 

MS, (multiple sclerosis) ,psoriasis, and 

other autoimmune disorders . 

There are many dietary components and 

dietary salt is just one of  them many 

which can influence T-helper cell 

differentiation and the growth of 

autoimmune disease. The effect of other 

dietary nutrients, such as, vitamins, and 

other environmental factors on metabolism 

and microbiota should be established . 

[28].  

3b . Role of trichloroethylene (TCE ) as 

water pollutant in autoimmunity  

Trichloroethylene (TCE), an industrial 

solvent and also a  drinking water 

pollutant. And it  has been involved in 

CD4+ T cell-mediated autoimmunity. An 

experiment , in mice, these effects were 

conveyed and stayed in adult mice after 

developmental and early life exposure to 

TCE. that determined whether these  

effects which are persistent are associated 

with epigenetic changes, by measuring 

methylation of CpG sites in autosomal 

chromosomes in activated 

effector/memory CD4+ T cells . The 

investigators found that developmental 

exposure to TCE  and it’s methylated 

binding regions of polycomb group (PcG) 

proteins in effector/memory CD4+ cells 

that canstayed into adulthood . [29] 

3c . Role of pesticides in autoimmune 

diseases  

Farming pesticides generally linked to 

systemic autoimmunity . Though specific 

role of pesticides is unclear ,In a 

study,[30] related to serum antinuclear 

autoantibodies (ANAs) . ANAs were 

inversely associated with non-cyclodiene 

organochlorine insecticides , its  but 

positively associated with exposure to the 

fumigant methyl bromide . The carbamate 

insecticide aldicarb which can associated 

use of four organochlorine insecticides . 

So that similarly , specific organochlorine 

insecticides might has a risk of developing 

systemic autoimmunity . 

People who are exposure to respirable 

crystalline silica in occupations like 

construction, mining, and farming is 

connected with development of 

autoimmune diseases , including systemic 

lupus erythematosus . It has shown weekly 

repeated airway exposure over 1 month to 

silica leads to pulmonary ectopic lymphoid 

neogenesis, systemic autoantibody 

elevation, and glomerulonephritis. Recent 

data says that within 1 week after silica 

exposure, it  increases many events, 

mRNAs associated like  chemokine 

release, cytokine production, sustained 

interferon activity, complement activation, 

and adhesion molecules. which were 

evident in the lung that increased over the 

course of the 3-month long experiment.  

Expression of innate and adaptive immune 

genes was observed later in the spleen and 

kidney. These findings suggest that upon 

silica exposure [30] 

3d . Environmental microbes can cause 

systemic autoimmunity  

Environmental encounters with microbes 

including viruses and bacteria can 

influence development of autoimmunity. It 

has noted, Epstein-Barr virus (EBV) 
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infection is a risk factor for multiple 

rheumatic diseases. [31]After evaluating 

the association of EBV antibodies with 

Sjögren's syndrome (SjS) ,its found that 

patients with SjS had both a significantly 

higher prevalence. In later studies, analysis 

of 14 ceroepidemiological studies found 

the associations between SjS and 

antibodies to EBV  (Epstein Barr Virus ) 

early antigen and viral capsid antigen. 

Gut microbiome dysbiosis has been linked 

to the different autoimmune diseases. [32] 

Recent epidemiological and mechanistic 

evidence showed that associating 

environmental exposures with several 

autoimmune diseases.[25] They discuss 

how gut microbiome composition 

interchange  might influence disease 

pathogenesis, particularly in response to 

exposure to environmental chemicals. 

3e . Mercury (Hg) as environmental 

toxicants  

Mercury (Hg),  atoxicant ,as well as an 

environmental factor Mercury , which 

reported having a link with autoimmunity 

.[33]It exists in several chemical forms 

.And which is faced by humans in dental 

amalgams, certain vaccines, occupational 

exposure, atmospheric pollution and 

seafood. Several studies have investigated 

that the effect of the various forms of  

mercury (Hg). Which includes elemental 

(Hg0), inorganic (I Hg) and organic 

mercury (oHg) and how they are 

associated  with autoimmunity. Peripheral 

blood mononuclear cells (PBMC) , which 

are used in vitro studies, from healthy 

participants have shown that 

methylmercury (MeHg) causes cell death , 

which is shown at lower concentrations 

than Inorganic Hg(I Hg). Though exposure 

to I Hg leads to more enhanced pro-

inflammatory activity in comparison to 

MeHg.[34] 

One study reported that tolerance to 

murine Hg-induced autoimmunity 100 

(mHgIA) was achieved following exposure 

to HgCl2, in 24 h old neonatal 101 rats. 

The authors imputed the observed 

tolerance to a subset of CD8+ T 102 cells, 

as rats that were treated with anti-CD8 

monoclonal antibodies exhibited a loss of 

tolerance. [35] 

3f .Zinc and cadmium helps to induce 

autoimmunity  

According to report, several  effects that 

can induce zinc deficiency on various 

immune cells. In autoimmune disorders, 

low plasma zinc levels (hypozincaemia) 

can leads to an acute phase response ,like 

RA. Rheumatoid Arthritis (RA) is an 

autoimmune disease that may results extra-

articular expositions .Extra articular 

expositions primarily affect  the lining 

membrane of the joints, which is called the 

synovium. The systemic effects of the 

disease seem to appear at its very onset. To 

date,  cause has been unidentified, only 

several possibilities have been point out. 

One factor of zinc metabolism is, zinc has 

critical cellular and molecular function, 

it’sin both the innate and adaptive 

immunity and that affects the susceptibility 

to infections. [36] 

As well as, Rheumatoid arthritis (RA) is 

strongly connected with microbial 

infections. [37] 

Systemic zinc deficiency is exhibited by 

low serum zinc, that is involved in the 

autoimmunity. [38]The immune responses 

and the inflammation in RA can be 

associated with some agents. Agents that 

regulate zinc homoeostasis and clearly is 

critical for management and treatment of 

the disease . [39] In an experiment,  

Patients with rheumatoid arthritis (RA), 

which express HLA-DRB1 have a higher 
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activity of zinc-dependent MMP-3. This is 

an enzyme that can degrade cartilage.[40] 

On the other sideCD40 is linked to zinc 

transporter that is ZnT7, which express in 

the regulation of immune function of 

human B lymphocytes. ZnT7 in B 

lymphocytes decreases the expression of 

CD40 on the cell surface.[41] 

3g. Stress can be a factor effecting 

autoimmunity  

Stress is a psychophysiological state, in 

which steady mental condition is threated, 

or disturbed [42]. Autoimmune diseases 

are heterogeneous and group of chronic 

diseases which is occur secondary to loss 

of self antigen tolerance. It outcomes when 

environmental demands exceed an 

individuals' adaptive capacities. Genetic 

factors and as well as environmental 

factors interplay, and cascade of events 

leading to induce such autoimmune 

diseases and autoimmune reactivities. It 

has been shown that stress has a great role 

on such diseases in genetical susceptible 

patients. During the stress response, is 

stimulates catecholamines, 

glucocorticoids, which are released from 

locus coeruleus and adrenal gland [43]. 

some biomolecules exert their action over 

various immune cells in both innate and 

adaptive form of immune system. Thus it 

released cytokine The increase of IL-4 

promotes T-helper 2 (Th2) cell 

differentiation, and on the other hand the 

decrease in IL-12 and the increased IL-10 

production decrease  the number of T-

helper 1 (Th1) cells.[44] 

The relationship of autoimmunity with 

stress is intertwined. Stress has been 

shown to be associated with disease onset, 

and diseases exacerbations in rheumatoid 

arthritis,[55]and also systemic lupus 

erythematosus , inflammatory bowl 

diseases, multiple sclerosis ,graves 

diseases [45] and other autoimmune 

conditions .[46] 

Finally, psychological therapy and 

cognitive behavioral therapy thought to 

reduce stress levels, which was shown to 

be effective and influencing better 

outcomes in many autoimmune diseases. 

[47] 

3h. Smoking is environmental risk 

factor for inflammation and 

autoimmune diseases 

Cigarette smoke and hypoxia both lead to 

enhance oxidative stress and also 

production of reactive oxygen species and 

other free radicals, which have several 

effects ,like the generation of autoreactive 

pro-inflammatory T cells and 

autoantibodies,  which reduces  in T 

regulatory (Treg) cell activity, and 

increased expression of pro-inflammatory 

mediators [e.g., interleukin-6 (IL-6), 

interleukin-4 (IL-4) and interleukin-8 (IL-

8)].[48] 

Smoking and hypoxic environments may 

associate as potent environmental risk 

factors for inflammatory and autoimmune 

diseases. 

In medical science autoimmune diseases 

has been a hot topic for the last decade. In 

autoimmunity immune cells unable to 

recognize self-molecules, and they 

recognize them as foreign molecules and it 

becomes hyperactive to remove these 

molecules, which leads to chronic 

inflammation, . [49] In today’s date,for the 

development and progression of 

inflammatory and autoimmune diseases, 

environmental factors play vital role. 

Within such factors, cigarette smoke (CS) 

and hypoxia are two potent factors. And 

they are environmental stresses that can 

cause imbalance in normal immune 

homeostasis by regulating immune-

regulatory activities. This activities may 
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lead to inflammation and autoimmune 

diseases. [50]  

Cigarette smoking can directed  to 

inflammatory and autoimmune diseases 

through multiple mechanisms, as 

following: genetic/epigenetic 

modifications,  over oxidative stress, 

reactive oxygen species (ROS), and free 

radical production, and nicotine and heavy 

metal toxicity. These effects, may 

enhanced B and T cell proliferation. And 

they reduce immune suppressive T 

regulatory (Treg) cell proliferation and 

activity, as well as they can also able to 

generate autoantibody production, and also 

can enhance the expression of some pro-

inflammatory mediators, like IL-6, IL-8, 

tumour necrosis factors (TNFs), Interferon 

gamma (INF-γ). So we can conclude 

thatcigarette smoking is a risk factor for 

being developed inflammatory and 

autoimmune diseases.[51] 

Several toxic components of Cigarette 

smoking have immunomodulatory effects 

that evident from genetic/epigenetic 

changes and which lead to altered gene 

expression and function; some examples 

involve changes in pro-inflammatory 

cytokine expression and histone 

deacetylase (HDAC) and histone acetylase 

(HAT) activities.[52] 

Several studies have demonstrated 

cigarette smoking to be a valid 

environmental risk factor for certain 

autoimmune diseases, including RA, MS, 

and SLE. [53] 

Adeveloping risk of rheumatoid arthritis 

(seropositive RA) for individuals who 

smoked for more than 20 years, and more 

increased risk for RA in male smokers 

have been reported. [54] 

Increased cero-positivity for dsDNA (i.e., 

anti-dsDNA antibodies) has been found in 

current smokersand that serves as a 

diagnostic tool for SLE. [44,46] 

demethylation results in anti-dsDNA 

antibody production. And  which 

sufficiently stimulates lupus-like 

autoimmunity in genetically predisposed 

mice and, likely, humans .[55] 

Cigarette Smoking cause oxidative stress , 

which is a potential risk factor for 

autoantibody production. For example, in 

red blood cells (RBCs), elevated level of 

ROSresults in the production of 

autoantibodies against RBCs. Thiscauses 

autoimmune haemolytic anaemia (AIHA). 

[56] 

 

3i. Excessive iodine intake can cause 

autoimmune thyroiditis  

Additional iodine intake can cause 

dysthyroidism, especially in patients who 

are suffering underlying autoimmune 

thyroiditis. This phenomena leads to 

thyroid destruction, hence it leads to 

presentation of thyroidal antigens to the 

immune system, which leads to 

autoimmunity and autoimmune 

reactivities.[57] 

4 . Conclusion 

Several studies suggest that taking of ω-3 

polyunsaturated fatty acids (PUFAs), 

which found in fish oil might be effective 

against the development of autoimmune 

diseases. After many experiments the 

results are both of positive as well as 

negative. In today’s date it’s very 

important to put a view on this particular 

topic. Autoimmunity is a condition where 

body’s self  tolerance is damaged. In this 

review paper it has shown that both 

environment and genetic factors are 

responsible and as well as we come to 

know how different factors like dietary 

components , may help to induce 
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autoimmunity . And also role of stress that 

may have a link to induce autoimmunity . 

5 . Acknowledgement  

I would like to express my sincere 

gratitude to all the members of Department 

of Zoology, Serampore College and 

Department of Biotechnology, University 

of Engineering and Management, Kolkata 

for their unconditional support.  

References  

1.Life sciences by pranav kumar , Usha 

Mina , Immunology , Pathfinder 

Publications  

2. Aristo Vojdani ,Environmental triggers 

and autoimmunity1Immunosciences Lab., 

Inc., 822 S. Robertson Boulevard, Suite 

312, Los Angeles, CA 90035, USA 

,Article ID 437231  

3.Epistasis and immunity: the role of 

genetic interactions in autoimmune 

diseases 

Anna M. Rose, Lucy C. K. Bell 

4.K. H. Costenbader, S. Gay, M. E. 

Alarcón-Riquelme, L. Iaccarino, and A. 

Doria, “Genes, epigenetic regulation and 

environmental factors: which is the most 

relevant in developing autoimmune 

diseases?” Autoimmunity Reviews, vol. 

11, no. 8, pp. 604–609, 2012. 

5. G. Nagy, P. C. Huszthy, E. Fossum, Y. 

Konttinen, B. Nakken, and P. Szodoray, 

“Selected aspects in the pathogenesis of 

autoimmune diseases,” Mediators of 

Inflammation, vol. 2015, Article ID 

351732, 11 pages, 2015. 

6. Kubach J, Becker C, Schmitt E, 

Steinbrink K, Huter E, Tuettenberg A, 

Jonuleit H (2005). "Dendritic cells: 

sentinels of immunity and tolerance". 

International Journal of Hematology. 81 

(3): 197–203. 

7. Zuo T, Wang L, Morrison C, Chang X, 

Zhang H, Li W, et al. FOXP3 is an X-

linked breast cancer suppressor gene and 

an important repressor of the HER-

2/ErbB2 oncogene. Cell 

2007;129:1275e86. 

8. Wang L, Liu R, Li W, Chen C, Katoh 

H, Chen GY, et al. Somatic Single Hits 

Inactivate the X-Linked Tumor Suppressor 

FOXP3 in the Prostate. Cancer Cell 

2009;16:336e46. 

9.Zhang HY, Sun H. Up-regulation of 

Foxp3 inhibits cell proliferation, migration 

and invasion in epithelial ovarian cancer. 

Cancer Lett 2010;287:91e7. 

10. Hinz S, Pagerols-Raluy L, Oberg HH, 

Ammerpohl O, Grussel S, Sipos B, et al. 

Foxp3 expression in pancreatic carcinoma 

cells as a novel mechanism of immune 

evasion in cancer. Cancer Research 

2007;67:8344e50. 

11.Cunha LL, Morari EC, Nonogaki S, 

Soares FA, Vassallo J, Ward LS. Foxp3 

expression is associated with 

aggressiveness in differentiated thyroid 

carcinomas. Clinics (Sao Paulo) 

2012;67:483e8. 

12.Yoshii M, Tanaka H, Ohira M, 

Muguruma K, Iwauchi T, Lee T, et al. 

Expression of Forkhead box P3 in tumour 

cells causes immunoregulatory function of 

signet ring cell carcinoma of the stomach. 

Br J Cancer 2012;106:1668e74. 

13. Green R.S.; Stone E.L.; Tenno M.; 

Lehtonen E.; Farquhar M.G.; Marth J.D. 

(2007). "Mammalian N-glycan branching 

protects against innate immune self-

recognition and inflammation in 

autoimmune disease pathogenesis". 

Immunity. 27 (2): 308–320. 

14.Zuo T, Liu R, Zhang H, Chang X, Liu 

Y, Wang L, et al. FOXP3 is a novel 

transcriptional repressor for the breast 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Rose%2C+Anna+M
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Bell%2C+Lucy+C+K


 American Journal of Applied Bio-Technology Research (AJABTR)  
__________________________________________________________________________________ 

cancer oncogene SKP2. The Journal of 

clinical investigation 2007;117:3765e73. 

15. Liu R, Wang L, Chen G, Katoh H, 

Chen C, Liu Y, et al. FOxp3 up-regulates 

p21 expression by site-specific inhibition 

of histone deacetylase 2/histone 

deacetylase 4 association to the locus. 

Cancer research 2009;69:2252e9.  

16.Li W, Wang L, Katoh H, Liu R, Zheng 

P, Liu Y. Identification of a tumor 

suppressor relay between the FOXP3 and 

the Hippo pathways in breast and prostate 

cancers. Cancer Res 2011;71. 

17.Katoh H, Zheng P, Liu Y. Signalling 

through FOXP3 as an X-linked Tumor 

Suppressor. Int J Biochem Cell Biol 

2010;42:1784e7. 18.  Liu Y, Wang L, 

Zheng P. X-linked tumor suppressors: 

perplexing inheritance, a unique 

therapeutic opportunity. Trends Genet 

2010;26:260e5. 

18. Nikoopour E, Schwartz JA, Singh B 

(2008). "Therapeutic benefits of regulating 

inflammation in autoimmunity". 

Inflammation & Allergy - Drug Targets. 7 

(3): 203–210 

19. Zaccone P, Fehervari Z, Phillips JM, 

Dunne DW, Cooke A (2006). "Parasitic 

worms and inflammatory diseases". 

Parasite Immunology. 28 (10): 515–23. 

20. Dunne DW, Cooke A (2005). "A 

worm's eye view of the immune system: 

consequences for evolution of human 

autoimmune disease". Nature Reviews 

Immunology. 5 (5): 420–6 

21. F. W. Miller, K. M. Pollard, C. G. 

Parks et al., “Criteria for environmentally 

associated autoimmune disease,” Journal 

of Autoimmunity, vol. 39, no. 4, pp. 253–

258, 2012. 

22. I. J. Brown, I. Tzoulaki, V. Candeias, 

and P. Elliott, “Salt intakes around the 

world: implications for public 

health,” International Journal of 

Epidemiology, vol. 38, no. 3, pp. 791–813, 

2009. 

23.G. Rose, J. Stamler, R. Stamler et al., 

“Intersalt: an international study of 

electrolyte excretion and blood pressure. 

Results for 24 hour urinary sodium and 

potassium excretion,” British Medical 

Journal, vol. 297, no. 6644, pp. 319–328, 

1988. 

24. Dittrich AM, Erbacher A, Specht S, et 

al. (2008). "Helminth Infection with 

Litomosoides sigmodontis Induces 

Regulatory T Cells and Inhibits Allergic 

Sensitization, Airway Inflammation, and 

Hyperreactivity in a Murine Asthma 

Model". The Journal of Immunology. 180 

(3): 1792–9. 

25. Wohlleben G, Trujillo C, Müller J, et 

al. (2004). "Helminth infection modulates 

the development of allergen-induced 

airway inflammation". International 

Immunology. 16 (4): 585–96 

26. .A. MacHnik, W. Neuhofer, J. Jantsch 

et al., “Macrophages regulate salt-

dependent volume and blood pressure by a 

vascular endothelial growth factor-C-

dependent buffering mechanism,” Nature 

Medicine, vol. 15, no. 5, pp. 545–552, 

2009. 

27 .M. Kleinewietfeld, A. Manzel, J. Titze 

et al., “Sodium chloride drives 

autoimmune disease by the induction of 

pathogenic TH17 cells,” Nature, vol. 496, 

pp.518–522, 2013. 

28 . J. J. O' Shea and R. G. Jones, 

“Autoimmunity: rubbing salt in the 

wound,” Nature, vol. 496, pp. 437–439, 

2013. 



 American Journal of Applied Bio-Technology Research (AJABTR)  
__________________________________________________________________________________ 

29 . . Holick, Michael (December 2004). 

"Sunlight and vitamin D for bone health 

and prevention of autoimmune diseases, 

cancers, and cardiovascular disease". The 

American Journal of Clinical Nutrition. 80 

(6): 1678S–1688S 

30 . Yang, Chen-Yen; Leung, Patrick S. 

C.; Adamopoulos, Iannis E.; Gershwin, M. 

Eric (2013-10-01). "The Implication of 

Vitamin D and Autoimmunity: a 

Comprehensive Review". Clinical 

Reviews in Allergy & Immunology. 45 

(2): 217–226 

31 . Dankers, Wendy; Colin, Edgar M.; 

Hamburg, Van; Piet, Jan; Lubberts, Erik 

(2017). "Vitamin D in Autoimmunity: 

Molecular Mechanisms and Therapeutic 

Potential". Frontiers in Immunology. 7: 

697 

32 . Agmon-Levin, Nancy; Theodor, 

Emanuel; Segal, Ramit Maoz; Shoenfeld, 

Yehuda (2013-10-01). "Vitamin D in 

Systemic and Organ-Specific Autoimmune 

Diseases". Clinical Reviews in Allergy & 

Immunology. 45 (2): 256–266 

33. Matsuzaki, Takeshi; Akimitsu Takagi; 

Haruo Ikemura; Tetsuya Matsuguchi; 

Teruo Yokokura (March 2007). "Intestinal 

Microflora: Probiotics and 

Autoimmunity". The Journal of Nutrition. 

137 (3): 798S–802S. 

34. Bagenstose LM, Salgame P, Monestier 

M. Murine mercury-induced autoimmunity 

- 661 A model of chemically related 

autoimmunity in humans. Immunol Res 

1999;20: 662 67–78 

35 .Field AC, Bloch MF, Bellon B. 

Neonatal tolerance to a Th2-mediated 

autoimmune 680 disease generates CD8+ 

Tc1 regulatory cells. J Autoimmun 

2003;21:201–212. 

36. Uusitalo, Liisa; Mike G Kenward; Suvi 

M Virtanen; Ulla Uusitalo; Jaakko 

Nevalainen; Sari Niinistö; Carina 

Kronberg-Kippilä; Marja-Leena 

Ovaskainen; Liisa Marjamäki; Olli Simell; 

Jorma Ilonen; Riitta Veijola; Mikael Knip 

(August 2008). "Intake of antioxidant 

vitamins and trace elements during 

pregnancy and risk of advanced beta cell 

autoimmunity in the child". The American 

Journal of Clinical Nutrition. 88 (2): 458–

464 

37 . Hussain, M.S., Tripathi, V. Smoking 

under hypoxic conditions: a potent 

environmental risk factor for inflammatory 

and autoimmune diseases. Military Med 

Res 5, 11 (2018)  

38 .Cooper GS, Bynum ML, Somers EC. 

Recent insights in the epidemiology of 

autoimmune diseases: improved 

prevalence estimates and understanding of 

clustering of diseases. J Autoimmun. 

2009;33(3-4):197–207 

39. Lee J, Taneja V, Vassallo R. Cigarette 

smoking and inflammation: cellular and 

molecular mechanisms. J Dent Res. 

2012;91(2):142–9 

40.Heliovaara M, Aho K, Aromaa A, 

Knekt P, Reunanen A. Smoking and risk 

of rheumatoid arthritis. J Rheumatol. 

1993;20(11):1830–5 

41. Silman AJ, Newman J, Macgregor AJ. 

Cigarette smoking increases the risk of 

rheumatoid arthritis. Results from a 

nationwide study of disease-discordant 

twins. Arthritis Rheum. 1996;39(5):732–5. 

42.Hutchinson D, Shepstone L, Moots R, 

Lear JT, Lynch MP. Heavy cigarette 

smoking is strongly associated with 

rheumatoid arthritis (RA), particularly in 

patients without a family history of RA. 

Ann Rheum Dis. 2 

43.Sugiyama D, Nishimura K, Tamaki K, 

Tsuji G, Nakazawa T, Morinobu A, et al. 

Impact of smoking as a risk factor for 



 American Journal of Applied Bio-Technology Research (AJABTR)  
__________________________________________________________________________________ 

developing rheumatoid arthritis: a meta-

analysis of observational studies. Ann 

Rheum Dis. 2 

44.Freemer MM, King Jr TE, Criswell LA. 

Association of smoking with dsDNA 

autoantibody production in systemic lupus 

erythematosus. Ann Rheum Dis. 

2006;65(5):581–4. 

45.Afridi HI, Kazi TG, Talpur FN, Naher 

S, Brabazon D. Relationship between toxic 

metals exposure via cigarette smoking and 

rheumatoid arthritis. Clin Lab. 

2014;60(10):1735–45 

46.Lunec J, Herbert K, Blount S, Griffiths 

HR, Emery P. 8-Hydroxy deoxyguanosine: 

a marker of oxidative DNA damage in 

systemic lupus erythematosus. FEBS Lett. 

1994;348(2):131–8 

47.Somers EC, Richardson BC. 

Environmental exposures, epigenetic 

changes and the risk of lupus. Lupus. 

2014;23(6):568–76. 

48.Fujii J, Kurahashi T, Konno T, Homma 

T, Iuchi Y. Oxidative stress as a potential 

causal factor for autoimmune hemolytic 

anemia and systemic lupus erythematosus. 

World J Nephrol. 2015;4(2):213–22 

49. 20 Roti E & Uberti ED. Iodine excess 

and hyperthyroidism. Thyroid 2001 

50.Markou K, Georgopoulos N, 

Kyriazopoulou V & Vagenakis AG. 

Iodine-induced hypothyroidism. Thyroid 

2001 11 501–510. 

51.Weetman AP. Autoimmune thyroid 

disease: propagation and progression. 

European Journal of Endocrinology 2003 1 

52. Schneiderman, N., G. Ironson, and 

S.D. Siegel, STRESS AND HEALTH: 

Psychological, Behavioral, and Biological 

Determinants. Annual review of clinical 

psychology, 2005. 1: p. 607-628 

53.Charmandari, E., C. Tsigos, and G. 

Chrousos, Endocrinology of the stress 

response. Annu Rev Physiol, 2005. 67: p. 

259-84 

54.Sanders, V.M., et al., Differential 

expression of the beta2-adrenergic receptor 

by Th1 and Th2 clones: implications for 

cytokine production and B cell help. J 

Immunol, 1997. 158(9): p. 4200-10. 

55.Kopec, J.A. and E.C. Sayre, Traumatic 

experiences in childhood and the risk of 

arthritis: a prospective cohort study. 

Canadian Journal of Public Health/Revue 

Canadienne de Sante'e Publique, 2004: p. 

361-365. 

56.Falgarone, G., et al., Mechanisms in 

endocrinology. Role of emotional stress in 

the pathophysiology of Graves' disease. 

Eur J Endocrinol, 2013. 168(1): p. R13-8. 

57. Saunders K, Raine T, Cooke A, 

Lawrence C (2007). "Inhibition of 

Autoimmune Type 1 Diabetes by 

Gastrointestinal Helminth Infection". 

Infection and Immunity. 75 (1): 397–407 

 

 

 


