Available online www.ijpras.com

Inter national Journal of Phar maceutical Research & Allied Sciences, 2016, 5(2): 258-269

|SSN : 2277-3657

Review Article CODEN(USA) : 1JPRPM

Viruses and Diabetes. A Long History

Maryam Tabasi*and Saeed Shirali®*

1Student Research Committee, Department of Virolagulty of Medicine, Ahvaz Jundishapur Universitedical Sciences,
Ahvaz, Iran
2Hyperlipidemia Research Center, Department of Labmy Sciences, Faculty of Paramedicine, Ahvazdisinapur University
of Medical Sciences, Ahvaz, Iran
*Email: saeed.shirali@gmail.com

ABSTRACT

Diabetes mellitus is the most common and complekl@ms in modern societies that causes many sacidl
economic problems. Diabetes can cause both shad-lang-term complications and can damage to thgsiglal
and physiological function of various organs of thaly. So it's a threaten of human health. Diabétes multi-
etiological disease and there is a strong correatbetween T1DM and specific alleles of the MH@dhes and
nongenetic factors. It can mean that environmefatetiors such as viruses, dietary proteins, toxid atress play an
important role in the developing of diabetes. WHfDneated that prevalence of diabetes among adultke world
would increaseto300 million by 2025.3.78 million s8a of DM (2.74 million diagnosed and 1.04 million
undiagnosed) are estimated in Iran in 2009 and iexpected to rise to 9.24 million cases (6.7 3ionildiagnosed
and 2.50 million undiagnosed) by 2030. Owing to #fierementioned point and the heterogeneous etjolufgy
diabetes there is an increasing interest in findihg factors which influence its etiology and preggion. There are
many evidences that show the association of seliarabn viruses and diabetes. Here we briefly resibthe role
of viruses as a causative agent in diabetes.
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INTRODUCTION

Diabetes mellitus is the most common and comple@blpms in modern societies that causes many saoil
economic problems (1). Whereas diabetes have duysteeous etiology, it can be classified into twsida
types:T1DM and T2DM (2). Type 1 diabetes is causga@ deficiency of insulin secretion, while thelpadenesis
of type 2 diabetes is result of a uptrend of insusistance in liver and peripheral tissues, medsction and
insulin secretion deficiency (1-4). The prevaleo€aiabetes is increasing worldwide and peak inoigeof type |
diabetes, is between 10 and 15 years old, and T5®ases are diagnosed before age of 18 and (5Tl6¢. World
Health Organization (WHO) estimated that prevaleoicdiabetes among adults in the world would inset@300
million by 2025 (7, 8). 3.78 million cases of DM.T2 million diagnosed and 1.04 million undiagnosisdpunded
in Iran in 2009 and it is expected to rise to 9r2dllion cases (6.73 millions diagnosed and 2.50liomb
undiagnosed) by 2030 (9). It is estimate thatdiabetes’ costs over 245 billion dollars a year)(10
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The main reason of the secondary disorders of migimpathy and macroangiopathy, impaired antioxidifiense,
osmotic pressure and lipid profile and metabolignthe long-term (chronic) increase of glucoseiabdtic patients.
These disorders cause both short- and long-ternplécations. These complications cause damage tptlysical

and physiological function of various organs of boely and threaten human health. Meanwhile, lateptications

of diabetes mellitus (e.g., nephropathy, retinopatiardiovascular complications, neuropathy, skiayl
hypertension and weight gain) are more common awde mmesearch has been done about them. The main
biochemical result of chronic hyperglycemia of ditdgs mellitus is glycation of proteins includingustural
proteins, regulatory proteins and proteins in theot circulation. This will start a chain of chemiaeactions of
getting sugar including production of Schiff bagenadorand Maillard products and in the end produrctdf
advanced glycation end-products (AGEs) which iawse of diabetes complications (1, 3, 4, 11).

Table 1. Viruses associated with the pathogenesis of type 1 diabetes mellitus (12)

Virus | Host | Remarks

RNA viruses

Evidence from epidemiologic studies, anecdotal msp@nd isolated viruses causing
diabetes in infected animals
Virus was passaged in monkgicells before infection; development of transiesmtet

Human

Picornaviridae Coxsackie .
Nonhuman primates

virus B 1DM
Mice Virus was passaged in murifiecells before infection; cytolytic destruction picells
leading to type 1 DM
Encephalomyocarditis virus Mice Cytolytic destruction of-cells leading to type 1 DM; macrophages play toatfirole

in B-cell destruction in low-dose infections

Mengo virus Mice Cytolytic destruction gfcells

Foot-and-mouth disease virug Pigs, cattle

Association of B-cell-specific expression of retroviral gene witevdlopment of

Retroviridae Human human autoimmune type 1 DM
Retrovirus . Association of p-cell-specific expression of retroviral gene witlevelopment of
Mice . L - -
insulitis and type 1 DM in NOD mice
Human Possible association with autoimmune type 1 DM,eeflly congenital rubellg
Togaviridae syndrome
Rubella virus Hams_ters Possible association with autoimmune type 1 DM
Rabbits
3?:';(9 viral diarrhea-mucosal Cattle Suspected autoimmune response
Paramyxpvmdae Human Possible induction of islet cell autoantilesdi
Mumps virus
ReOV'F'dae Human Association with islet autoimmunity
Rotavirus
Reovirus Mice Possible association with autoimmuaitd diabetes in mice
DNA viruses No distinct infection ofp-cells, but development off-cell-specific autoimmunity|
Parvoviridae Rats leading to type 1 DM
Kilham rat virus gtotyp
Herpesviridae Human
C ytgme alovirus Rodents Association with autoimmune type 1 DM
9 (Octodondeg)
Epstein-Barr virus Human Possible induction of antoune type 1 DM

NOD, nonobese diabetic.

There is a strong correlation between T1DMand digealleles of the MHC Il genes, especially HLA-Ddhd
HLA-DQ (13, 14). Approximately 30-40% of T1DM paties are heterozygous for HLA-DR3/4 alleles (13-15).
well as a number of non-MHC genes, including thealde number of tandem repeat (VNTR) alleles wgastr of
theINS/IGF2(IDDM2) locus,PTPN22 CCR5 IL2RA 1L10, andCTLA4are found to be responsible for the genetic
susceptibility to TLDM. On the other hand, morentB8% of monozygotic twins are discordant for tisedse, like
differences in age of onset of symptoms can shewdte of nongenetic factors in TLDM (16, 17).dhamean that
environmental factors such as viruses, dietarygmet toxin and stress play an important role & dlevelopment
of TIDM (13).

For various reasons, such as seasonal incidencgeéins that there is a seasonal variation in treetoof
acuteT1DM, with a peak in the autumn, one of thdidators in viral infection), viruses are one o€ téffective
factors that involved in the etiology ofTADM.Morezmry some viruses can prevent diabetes in animalelnditke
mouse hepatitis virus (MHV) and Lymphocytic chorigmmgitis virus (LCMV) (13). In 1899, Harris reped that
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shortly after a mumps infection, diabetes develojped patient (18). Since that time, there havenbm@merous
reports that discussing about the role of diffendnises (such as coxsackie B virus, viral hegtiEBV, VZV,
CMV, rubella virus, mumps virus, rotavirus, retnmges and parvovirus) in diabetes (13, 14, 16geimeral viruses
can be cause T1DM in two ways: first, directly itk and destruction of insulin-producing beta gelbancreas
and indirectly by operating the autoimmune destomctThis can be confirmed in studies that condiicte infected
mice by EMCV(Encephalomyocarditis virus) (directind KRV in rats (indirectly) (13).

The mechanisms that can be used to induce or grdiaretes by viruses will be reviewed here.

Viruses and Autoimmune Type 1 Diabetes

Virus infections have been associated with sevardbimmune diseases such as multiple sclerosibettis,
myocarditis, autoimmune active chronic hepatifidgsens syndrome, juvenile rheumatoid and arthaitid systemic
lupus erythematosus. As a general rule, virusegrggger autoimmune response in three ways: paticriedection,
T cell molecular mimicry, and bystander activatidiruses can infect beta cells or extra-pancresities like the
pancreatic lymph nodes (PLN) or the small intestind lead to cytolysis or cell damage. Following thlease of
hideaway autoantigens, proinflammatory immune resps may contribute to diabetes progression. Midecu
mimicry represents sequence similarity betweenl\arad self-peptides that can initiate autoimmungpoase.
Bystander activation is polyclonal lymphocyte aatign in the absence of peptide presentation on MHCB cells
activation without antigen recognition (figure Bo it is not antigen-specific and is distinct fralinect pancreatic
infection and the non-specific killing or damagebefta cells by virus-specific T cells. Indeed bgster activation
involves dendritic cells (DCs) activation by pattaecognition receptor (PRR) like Toll-like recedTLR) and
secretion of soluble cell-stimulating factors swhtype | IFN. These factors induce the activatibribystander
lymphocytes, including autoreactive T cells, whadntribute to beta cell death. Bystander activatsodepends on
a pre-existing autoreactive cells population. Aegmtive T cells are present in human pancreasamte expanded
from the PLN of diabetic patients (19, 20).In tlldwing section we will summarize the pathogenieamanisms
of virus-mediated autoimmune Type 1 Diabetes.

a Stimulation of dendritic cells d Autoantigen presentation (specific activation)

&
*Proinflammatory
%\ @ T cytokines
~ «Cytotoxic activity
€ Bystander lymphocyte activation (non-specific)
MHC
CD86
+
= : Type | IFN
R . IL-12p70 @

C Proinﬂammato.ry cytokine e;(pression

e.g. virus - »

cytokines
»Cytotoxic activity

’ *Proinflammatory

Fig. 1 Bystander activation of lymphocytes by DCs(20)

(a) DCs meeting a stimulator e. g. virus, whicteiatt with Toll-like receptors. (b) Expression oH& class |,
MHC class Il, CD80 and CD86. (c) Expression of pflaimmatory cytokines. (d) Enhanced expression biidvand
co-factors also increases the ability of DCs amiigetoantigen presenting and activation of autdinead cells. (e)
Activation of non-specific bystander lymphocyte bgcreted type | IFN and IL-12p70. Inducing of Tlgel
expansion, including autoreactive T cells, upregoita of activation markers, secretion of proinflastory
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cytokines, such as TNF and IENor increases in cytolytic activity. B cells mag bctivated, as shown by their
elevated MHC class I, MHC class Il, CD80 and CD&pression, leading to further activation and expan®f
autoreactive T cells.

Autoimmune T1D and Transgenic Micefor Viral Antigen

Some transgenic mice models (e. g. LCMV, influenizal proteins and the Epstein-Barr viral receptosye been
designed to study virus-induced autoimmune diabédee of the best models is the rat insulin prom{&P)—
lymphocytic choriomeningitis virus (LCMV) model thaxtensively has been used to study the role décotar
mimicry in diabetes (14).RIP-LCMV mice express saspecific proteins of LCMV(GP, NP) under the cohtwb
the rat insulin promoter (RIP)in pancreatic betésc®IP-LCMV can show that sequential viral minji@vents can
accelerate disease onset. When transgenic mice e infected with LCMV, peripheral responsiventss
glycoprotein/nucleoprotein breaks and result imcktof B-cells by T-cells and eventual development of t{pe
diabetes. This model stated that only when homolmgyween viral an@-cell antigens is 100% viral infection can
induce autoimmunity, so a single amino acid chazcayeinterfere with the development of type 1 diebetndeed,
molecular mimicry alone might not be capable ofuicidg type 1 diabetes but is an accelerator whésiramunity
has been started and viral infection can be affierto expressing the autoreactive T-cells and aunnine disease
(21).

Mimicking self peptide Mimicking viral peptide
{in a specific celiftissue) {protein) in a virus

Shared T cell or B cell
determinant (epitope)

Cell specific promoterto express viral
protein RIP: B cells of islets

Virus
Induce T cell response /

AN

RIP-LCMV tg e No diabetes
Nomal blood sugar
Nomal pancreatic insulin level
No lymphocytic infiltrate into islets

RIP-LCMV tg +LCMV -  Diabetes

Hyperglycemia
Low to absent pancreatic insulin
Lymphocytic infiltrate into islets

Non-tg controls + LCMV ———p No diabetes
Fig. 2Molecular mimicry and IDDM in transgenic mice

Kilham Rat Virus

Kilham rat virus (KRV) belongs to thearvoviridaeand originally isolated from a rat sarcoma. KRVis& a fatal
neonatal disease, physical deformities and meatatdation in newborn rats (13, 14).It has beenvshihat KRV
induces diabetes in diabetes-resistant-BioBree@i®yBB) rats by stimulating autoimmune responseairegj the
beta cell. DR-BBratsare derived from diabetes-promte (DP-BB) but in contrast to them they don'velep
diabetesnormally.2-4 weeks after infection of 21d2¥ys old DR-BB rats with KRV, 60% of them showlibtes or
insulitis without diabetes. How KRV causes the degion of beta cells without infection of them? yiae the first
idea that comes to mind is the molecular mimicryl@tular mimicry represents a common immunologitope
with a microbe and the host that can initiate antoune response. If molecular mimicry is involvedtia initiation
of beta cell-specific autoimmunity, so KRV antigepecific T cells that generated by KRV peptideghhicross-
react with beta cells and destruct them. To testhigpothesis, recombinant vaccini a viruses (rvis)t expressed
KRV proteins (VP1, VP2 [completely overlapped by3JPwere used. The wild type strain of vacciniaugidoes
not induce insulitis or diabetes in DR-BB rats.eletion of DR-BB rats with rVVs expressing the KR¥ptides
resulted in the generation of viral peptide-specificells and antibodies against the KRV peptidgsnone of the
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DR-BB rats developed insulitis or diabetes. So mar mimicry is unlikely to be a mechanism by whiKkRV
induces beta cell-specific autoimmune diabetes(14).

Aimon K. Alkanani and et al. found that infectiofirats with KRV results in the expression of KR¥rscripts and
protein in islets or beta cells from 5-day-infecteds. They have showed that KRV activates the JBKAT
pathway in beta cells that results in signal inducof interferon type | and Il. They said that KRluced islet
destruction is associated with beta cell infectaond intra-islet innate immune upregulation earlythie disease
process(22).

Another possibility is that infection of KRVin DRBBrats (Ascan be seen in DP-BB rats) might disthebfinely

tuned immune balance and activate auto-reactivell$ that are cytotoxic to beta cells. To test thipothesis, after
KRV infection in DR-BB rats the CD4and CD§ T cell populations were examined in the splenacyi@uring

KRV infectionthe total number of both CD4nd CD8 T cells was increased but the percentage of ‘CD8ells

increased considerably, whereas the percentag®4f Tcells decreased. As compared with CD4ells in KRV-

infected DR-BB rats, CDBT cells preferentially proliferated. Since treathef KRV-infected DR-BB rats with
0OX-8 (anti-CD8) monoclonal antibody, significantiiecreased the incidence of diabetes in theseitatan be

concluded thatCD8+ T cells are clearly involved thre destruction of beta cells, although the polssibi
involvement of NK cells cannot be excluded, becaDXe8 monoclonal antibody also depletes NK cellgerfman

and et al. reported that the treatment of DP-BB wath anti-NK cell antibody failed to prevent détbs, while OX-
8 monoclonal antibody treatment successfully preactdiabetes.

During the recent years using biomarkers for ptedicdisease progression or predicting treatmesparese has
been dramatically developed (23-27). We know thatimmune balance between Thl- and Th2-type cHis@an
important role in the maintenance of peripheragr@hce. In the rat, CD4T cells can be divided into Thi-like
CD45RCCD4" T cells(expressing IL-2 and IRNand play an important role in cell-mediated immuesponses)
and Th2-like CDA5RTCD4" T cells(expressing IL-4 and IL-10 and play an imgot role in humoral immune
responses).The dominance of Thl cells over Th2 ¢glhssociated with the development of autoimmype 1
diabetes and the dominance of Th2 cells over THi$ eassociated with the prevention of type lbdias. It is
suggesting that the proportions of Thl and Th2scaik altered during the infection of DR-BB ratshwkKRV
because of increased expression of Thl-type cyeskimthe splenocytes and pancreatic infiltrates.

Chung et al. showed that in compared with PBS étkabntrols; the number of Th2-like CD45RD4'T cells was
significantly decreased and the number of Th1-GE5RCCD4'T cells significantly increased in the splenocytes
of KRV-infected DR-BB rats. In addition, Chung YHdet al. showed that when bothCD45RED4" and CD8 T
cells(isolated from KRV-infected DR-BB rats)werarisferred to DP-BB rats could induce diabetes ¥ 88them.
This result suggests that CD45RCD4" and CDST cells are major effector T cells that can indacgoimmune
diabetes. On the other side, in DP-BB rats thatived either CD45RT D4 or CDST cells alone the incidence of
diabetes significantly was lower as compared witht in rats that received a combination ofCD45RD4 and
CDS'T cells. So it can concluded that Thi-like Cxhd CDS8T cells from KRV-infected rats work synergistically
to destroy pancreatic beta cells. In addition, narfiethe recipients of both CD45RTD4'and CDST cells
developed diabetes, indicating that these cell® leavegulatory role. Recent studies also clearbwsld that the
development of KRV-induced diabetes could be duthéofailure to maintain the function of regulatdrycells
(CD4'CD25T cells).

Increasing of Thl-type cytokines and notTh2-typtkines could be the result of selective incregsemiuction
and secretion of IL12 by activated macrophages.c&oavalin-A (ConA)-activated splenic lymphocyteslased
from macrophage-depleted DR-BB rats injected wiRMpoly I:C did not induce insulitis and diabet@syioung
DP-BB rats, indicating that macrophages are esadioti the initiation of diabetes by KRV and dejdet of them
can result in the loss of ability to transfer digse In addition, deactivation of macrophages lehidromethylene
diphosphonate (lip-GMDP) that causes selective apoptosis of macrophawssly result incomplete protection
against diabetes and insulitis in mice infectechvdRYV. On the basis of these observations, we certlade that
the likely mechanisms of KRV infection in DR-BB sdt the preferential activation of effector T seuch as Thil-
like CD45RCCDA4" T cells and CD8T cells and the down-regulation of Th2-like CD45R04" and CD4CD25'

T cells, that resulting in killing of beta cells3(114).
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Retroviruses

Transposable elements (TEs) are mobile geneticegltmthat found in large parts of the genome (fample,
about 50% of human genome) in eukaryotes. GenerBltg are classified into two Classes: class llédatetro
transposons or retro elements), which use an RNérrediate for transposition; and Class Il inclgdibNA
transposons which replicate by a cut-and-paste améstm and without an RNA intermediate. Class | eets
divide into two major subclasses based on long itatrepeats (LTRS), retro elements (REs) with LTdsl
elements without LTRs (non-LTR RES) (28, 29). Erglumus retroviruses (ERVS) consist of two ident&iable-
stranded RNA with positive polarities that are &dktogether by hydrogen bonds at their 5’ termilitie virion
contains a reverse transcriptase enzyme to proalli@sA copy from the genome (14). Because of thhilitg to
translocation and insertion next to certain geneslived in immune regulation (displacement of stetoelement
can cause pathogenic changes in very sensitivenfrats of the genome) or expression of their encqutetkins
(that can be regarded as a foreign and induce-ceags$ Abs) they can cause autoimmune diseasethefuonore, it
should be pointed out that their proteins may acsaperantigens and develop auto reactive T lympbscThe
association of human endogenous retroviruses (HERXNtH some cancers have been found, insulin-degeind
diabetes mellitus, nervous system diseases (edlpeuialtiple sclerosis), schizophrenia and autoinmauheumatic
and connective tissue diseases (30, 31).

Electron microscope have shown retrovirus-liketipkas in the cytoplasm of beta cells of T1D patsewho died
shortly after the onset of diabetes, but not inrtba-diabetic controls. None of the non-diabetingraata showed
any features of insulitis but all the cases of diabpatients show insulitis with infiltration ofanrophages, CO8T
lymphocytes and NK cells, with a minority of CDhelper lymphocytes. The most possibility is thetroviral
antigen release from beta cells and then preseat€d4 Tcells by antigen presenting cells. These activ@iBd”
Tcells secret IL2which amplifiesretroviral antigspecific CD8 cytotoxic T cells that destruct beta cells. It is
reported that a HERV superantigen IDDMK (1,2) 22ymsause type | diabetes by activating autoreacliveells.
The expression of the HERV-K18 provirus encodingesantigen, is inducible by IRNthat subsequently
stimulates \B7 T cells (correlated with the onset of T1D) (12).3

There are several studies that show the relatipristtiveen expression of ERVs by beta cells andiiissand T1D

in NOD mice. The presence of type A and type Corétus in NOD mice Beta cells have been reported tan
show a role of retrovirus in the development ofilits and autoimmune T1D in these mice. Maybeekistence of
these elements and presentation of their antiggmstigen presenting cells (APCs) in beta cell ealactivation of
CD4" T cells. This idea has been supported by elimdmatbf macrophages that resulted in prevention of
autoimmune response in NOD mice. Also they carr dfte expression of beta cells genes. These altarédens
can induce auto immune response.In addition, ppisible that cellular proteins taken up in theosgtal envelope

or that IFNe-induced expression of HLA-II may trigger an autoiome response (14).

ERVs also have been associated to human T1D. HaadMt al. tested the cross reactivity of insulitbantibodies
and insulin antibodies associated with human IDDMhwetroviral protein p73. They found that antsifin

autoantibody-positive sera contain antibodies tretognize both insulin and p73. This indicating ulits
autoantibodies and insulin antibodies recognizemmon epitope between human insulin and retroraigen
p73. Based on these finding it is suggested thedvieuses maybe involved in the pathogenesis tdiaumune T1D
in humans (14, 33).

Reoviridae

The Reoviridaeare double-stranded and segmented RNA viruses#mtause the gastrointestinal and respiratory
tract infection. Reovirus has also been associaitil T1D in animals. T Onodera and colleagues regubthat
when Reovirus type 3 that has been passaged imqaditcbeta-cell cultures inoculate into 1- to 2ek®ld mice,
can produced an insulitis. They could find reoviaugtigens in beta cells by a double-label antibtebhnique
(fluorescein-labeled antibody to reovirus and rhoofe-labeled antibody to insulin). Also they cowlldow viral
particles in different stages of morphogenesis wbserved in insulin-containing beta cells by elattmicroscopy.
The infection resulted in destruction of beta ¢e#tsluction in the insulin content of the pancreams] alteration in
the host's capacity to respond normally to a gledokerance test (34).

Some of the autoantibodies against insulin and drdwormone have been showed by absorption studids a

enzyme-linked immunosorbent. Reovirus type 3, inti@st to reovirus type 1, did not induce autoantibs to
growth hormone. By recombinant viruses, the segnoérihe reovirus genome responsible for the indunctf
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autoantibodies to growth hormone was identifiedu¥icontaining the S1 gene segment (codes forigmasl
polypeptide )from reovirus type 1, infected cellsthe anterior pituitary and induced autoantibodieggrowth
hormone, whereas virus containing the S1 gene segfr@m reovirus type 3 failed to infect cells adil not
induce autoantibodies to growth hormone (35).

Onodera T and et al. in another study stated thavirus type 1 induces autoantibodies reacting wiitface
antigens of beta cells and treatment by immunosgsgre agents prevent autoimmunity and polyendedisease
(36).

There is some evidences that showed reovirus typ@a2induce autoimmune diabetes in new born DBAZ¢&MmI
which may be mediated by Thl response to increespaession of IL-12 and IL-18 (37).

Reovirus type-3 also can infect human beta cellgitio and the ability of this virus to infect hum# cells is
enhanced by serial passage in human pancreaticutltes and the infection resulted in the desimacof B cells
and release of insulin (38).

Rotavirus

Rotavirus belongs t®eoviridaefamily and its infection has been proposed to anbgrogression towards type 1
diabetes in at-risk children. Diabetes onset candoelerated in NOD and T cell receptor transg&id8.3 mice
by rhesus monkey rotavirus (RRV). The rotavirus WRanh be resembled with human islet autoantigerA22j#
specific CD4+ T cells. The binding affinity of refaus VP7 to high-risk HLA class Il molecules isnaparable with
IA-2. VP7 did not induce activation or proliferatioof NOD8.3 mouse T cells so, molecular mimicrynist
contributing the accelerated diabetes. Based oresstodies, RRV induces B and T lymphocyte activatiy
triggering endosomal TLR7 responses in DC and doeetion of type | IFN. So, bystander activatioraipossible
role in type 1 diabetes acceleration by RRV (19, 39

Picornaviridae

The members ofPicornaviridaeare non-enveloped, positive-stranded RNA viruseth vain icosahedralcapsid.
Several member of this family such as CoxsackigsyiEncephalomyocarditis virus, Foot-and-moutlease virus
and mengo virus have been associated with the a@went of type 1 diabetes mellitus (IDDM) in humarsd
animals (13). We will summarize the mechanismse$é viruses to induce diabetes.

Coxsackie Virus

There have been numerous epidemiological studigsstiowing the association of Coxsackie virusesa@éd B)

infections in humans and IDDM. These studies hapeted significant differences in Coxsackie B (&)diiruses

specific IgMand T cells responses (usually Coxsad¥d) between patients with T1D and non-diabetictrods.

There are many evidences that support the cowalati Coxsackie B virus and T1D, for example Cok#a®4

virus antigens and antibody were detected in tivécael specimens of a child that died because abelies and
myocarditis or a boy that died of diabetes showetphocytic infiltration in beta cell and islets apsy and so on.
Coxsackie B3 and B4 viruses can infect human belia i vitro and disturb the metabolism of thes#isc In

animals, the capacity of Coxsackie B4 virus to celdiabetes affected by the genetic backgroundeohbst, and
not all virus strains can cause diabetes. In faet denetic and physiological properties of virusl d&ost can
determine the outcome of infection so, this canarghat why just rare variant of Coxsackie B4ugi(E2 strain of
Coxsackie B4 virus) are associated with T1D (14).

Coxsackie B4 virus is strongly associated with Tilhumans. The virus is cytolytic and has sequenrdarity,
P2C a non-capsid protein (induces and associatibssiviictural rearrangements of intracellular meanbs) with
islet autoantigen glutamic acid decarboxylase (GAB) conflicting evidence have been found aboudtence of
antibodies against both P2C and GAD. MoreoverQbgrsackie B4 infection can increase the beta esflsession
of GAD (14).The first mechanism for Coxsackie Bdugito induce diabetes is molecular mimicry, irt tactivation
of autoreactive T-cells following of Coxsackie B#us infection was proposed to occur by moleculamitry.
Although further studies have shown that Crosstireiic between P2C and GAD was proposed to accfamthe
capacity of CVB4 to induce type 1 diabetes in gea#y predisposed humans. Moreover, Marc S. Hanaitd et
al. reported that local infection with Coxsackieugi and subsequently inflammation, tissue damadeenasing of
hidden langerhans antigen leads to stimulationutbreactive T cells that can induce diabetes. ®y atandard
model and not molecular mimicry is the mechanisnCoksackie viruses to induce diabetes and crossiveg
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between P2C and GAD may act as an essential enhahdsease once autoimmune attack of beta baksbeen
initiated (14, 21, 40).

A third strategy is the persistence of defectivesaakie B virus in beta cells. This persistentdtifan can result in
expression of IFNx and chemokine which in turn could activate maceg@s and T cells which can ultimately lead
to beta cells death and T1D (14).

Encephalomyocarditis Virus

Diabetogenic variants of Encephalomyocarditis vi(E81C) can induce diabetes in animals. The dialertag
variants of EMC (EMC-M) selectively infects betdlsef mice. As usual, diabetes induced by M varighEMC
(especially subtype D) is under genetic controho$t and virus. Studies have showed that a singiecaacid
residue at position 776 of the poly protein detewsi viral diabetogenicity. The ability of the EM@ induce
diabetes have been evaluated in several studiesieiethod, the mice were injected with high dafSEMC virus
(10°PFU/mouse) that results in extensive destructiobasa cells and diabetes three days after injecondies
show that the diabetes induced in this form hasedby destruction of beta cells as a result dl vigplication
rather than humoral or cellular immune responsefadt, the active proliferation of the virus intheells can cause
migration of macrophages and secretion of cytokililes IL-1, TNF-, IFN-y and nitric oxide at the center of
infection and finally results in cells destructiand diabetes. In another study, mice were infeatigld a low dose
(100 PFU/mouse) of EMC-D virus. In this model, ntgedrages play a key role in the development andrpssgn
of diabetes in a way that elimination of macroplsaged theirs mediators prior to infection can catgly prevents
diabetes. Therefore, we can conclude that selectestruction of beta cells by EMC virus by accompar
macrophages is the main mechanism in EMC virusdeduliabetes (13, 14).

Mengo Virus

Mengovirus is a member of genus cardio virus obRiaviridae. Mangovirus is anti-genetically simitar EMC

virus and like it causes fatal encephalitis in mMengovirus2T can cause diabetes in mice resistatiie EMC-D.
Evidence suggests that, like EMC Virus, Mengovilesds to diabetes by direct infection and destoactif beta
cells. Pancreas of mice infected with Mengovirus@®ligarge necrosis and inflammation without evident¢he

autoimmune responses. This virus uses of differecgptors for infection of beta-cell than EMC viarsd this can
cause difference in strain susceptibility betwdenttvo viruses.

Paramyxoviridae

Mumpsvirus

The mumps virus is an enveloped single-stranded Ri¥4s belonging to the paramyxoviridae. Mumps simas
one of the first viruses implicated in the develgmiof human T1D. Several studies have shown s 1

diabetes in childhood often coincides with virdeitions such as measles, mumps, and rubella (MMR)rku

Mohan Reddy in 1976 reported that an 11 years oldvas suffering from mumps infection developedlubtes.
Studies show that mumps virus can infect and raf@iin beta cells and following this increase ofAHtlass | and
Il molecules and IL-6 and IL-1can be observed. Tigpothesis is that the increased cytokines and Hbalgoules
may induce an immune response against the betaarethay increase pre-existing autoimmune agatirestet cells.
In addition many studies have investigated theceftdé mumps vaccination on diabetes, except ongystiiat say
the mumps vaccination can decrease the risk of Drest studies concluded that there is no adsmtiaith

childhood mumps vaccinations and increasing oredesing the incidence of T1D (14).

Togaviridae

Rubellavirus

Rubella virus is a member of togaviridae, viruséthwingle RNA and enveloped. It has been obsehai0-20
%of patients with congenital rubella syndrome (CR&)velop diabetes between the ages of 5-20 yddus.
presence of auto antibodies against beta cells shlogvautoimmune basis in this disease. Rubells & able to
directly infect beta cells. Human fetal islets ex@d to rubella virus contained rubella viral antigén both beta and
non-beta cells and had lowered levels of insulmdpction without any demonstrable cytopathologyb&la virus
antigens on the surface of the beta cells candrigbeta cells specific autoimmunity. Instéaditro studies suggest
a molecular mimicry for rubella virus to induce @oimune T1D since one monoclonal antibody thatgated a
domain within the rubella virus capsid protein vi@asnd to react with extracts from rat and humaetsslas well as
with extracts from a rat insulinoma line. Furthéndies shows that T cells of diabetic patients gaixe cross-
reactive protein determinants from rubella virug gtutamic acid decarboxylase (GAD), which is cdaeséd to be
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an important cell autoantigens in the pathogen&sikLD. So, it can be concluded that in some caskeslla virus
can induce generation of cross-reactive T cell3. (14

Herpesviridae

Cytomegalovirus

Cytomegalovirus (CMV) is a member of Herpesvirida@l/ithin Herpesviridae, CMV belongs to the
Betaherpesvirinae subfamily and is a double-strdrdRA and enveloped virus. CMV infection occursliearin
life and is widespread and can be a congenitabvifthiere are so many studies that show the paatioip of CMV
in T1D. Chin Y. Pak in 1988 did a study to inveatig association of CMV infection with autoimmungdy
ldiabetes. For this purpose, the lymphocytes ofié8ly diagnosed type 1 diabetic patients and 38&mbcontrol
subjects were examined for the presence of CMV genby molecular hybridizations with human CMV sfieci
probe. The CMV genome was found in 13 (22%) of B®etic patients, but in 1 (2.6%) of 38 control jgabs. Chin
Y. Pak has reported that CMV persistent infecticmyrbe associated with diabetes. In some cases &f-lDiuced
diabetes molecular mimicry may be involved as imentesponse to CMV antigens that can trigger autainitp
against beta cells. Chin Y. Pak in another studyreported that CMV can induce antibodies thattredth a 38
kilodalt on human islet cells. In addition in oneidy has been stated that a clone of CD4+ T cekdsific for
GADSG65 also can response to a CMV major DNA bindangtein. Soin general it can be concluded that Civiay
be involved in the induction of autoimmunity by raollar mimicry (14).

Epstein-bar virus

The Epstein—Barr virus (EBV), also called humarpksvirus 4 (HHV-4), is a member of Herpesviridadas been
said that EBV can cause autoimmune diseases arelitheome evidence that this virus has associaittdT1D.
According to some similar sequences between EBYopes and HLA sequences (like a penta peptide segua
the Asp-57 region of the HLADchain and EBVBERF4- encoded epitope), it is suggethat EBV can be induce
T1D by molecular mimicry in spite of all that, fher investigation is needed to find the relatiopdietween EBV
and T1D.

Orthomyxoviridae

The Orthomyxoviruses are a family of RNA viruseatthonsists of three types (species) of influerimasv A, B,
and C. Recent studies suggest a possible link leetvpandemic H1N1 influenza a virus infection andbdies
development in humans. Double transgenic mice sgprg HA inp-cells and with a T-cell receptor specific to
MHC class Il-presented HA peptide showed only nmilsulitis, but no diabetes (41). Influenza A viransluced
significantly more DC-dependent IlNsecretion in diabetic patient in contrast to congroup (20). By the way
however, its involvement in human diabetes remairdear.

Hepatitis C Virus

Hepatitis C virus (HCV) is a single member of thepidcivirus genus of thielaviviridae family. HCV is a major
cause of acute and chronic liver disease worldwidhés virus is not only a cause of chronic livesefises, but it is
also involved in the pathogenesis of various autoime and rheumatic disorders (e.g., arthritis, Wi#t&s; sicca
syndrome, porphyria cutanea tarda, lichen plangghropathies, and lung fibrosis) and in the devaleqt of B-cell
lymphoproliferative diseases. CHC is associateth witme extrahepatic manifestations, including endological
disorders, thyroid disorders and diabetes. Manylistuhave investigated the relationship between H\d
diabetes. A small number of studies indicate thtrferone. therapy can induce T1DM.Association of CHC with
T2DM seems to involve by direct effects of viraffaation, insulin resistance, proinflammatory cytwds and
chemokines. Studies have shown a higher prevalehd@M in patients with HCV seropositive than corigro
without HCV infection. Khan I.A and colleague hadene across sectional study to determine a rekttipn
between the relative proportions of diabetes noallih patients suffering from HCV infection. Theyadyzed 164
hepatitis C infected and 94 hepatitis B infectesksal 6.46% hepatitis C infected cases were diadrazseiabetics
while 4.25% hepatitis B infected cases were diagdass diabetics. This study concludes that thera légh
association and relationship of diabetes mellitith Wepatitis C virus infection as compared withpd#gtis B virus
infection. In the case of T2DM, the phosphorylatafinsulin receptorsubstrate-1 (IRS-1) that is Iblasis of insulin
resistance can be increased by HCV core proteinthByway the precise molecular pathogenesis ofgtheose
metabolism disturbances that can be seen in HOYush more complex. In addition to the direct effecf the
virus onlRS-1/PI3K,HCV core protein can be indihgdead to insulin resistance by induction or suggsion of
immune responses; cytokines (IL-6, TNJ-and chemokines. Also, Proinflammatory cytokinemn ccause
suppression of cytokine production as a part ofgatiee feedback that can leads to gluconeogenesiause of
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Akt-mediated inhibition of phosphor enolpyruvatelmaxy kinase gene expression. On the other sideetfect of
TNF-a on the lipids metabolism can increase serum leuélfee fatty acids followed by reduction of insul
sensitivity. It is declare that dysregulation of thytokine/chemokine network, involving proinflamioy and
Thlchemokines is the most important systemic HOgteel extrahepatic diseases (mixed cryoglobulingmia
lymphoproliferative disorders, thyroid autoimmurisadders, and T2DM).

Few data have been reported about association dfiHf@cted patients with TLDM, but some studiesomted that
HCV may initiate an immune reaction agaifistells or cause an acceleration of diabetes onkehvan immune
reaction againsp-cells is already started. In addition, a molecutamicry mechanism also has been suggested.
Antigenic regions of the HCV polyprotein shares monacid sequence similarities not only with GAD &0 with
other microbial agents. Indeed, molecular mimicegite proinflammatory cytokines such as IL-18, TN&Rd IL-
1B can induce autoimmune diabetes. It is reportetl H@V infection may up regulate CXC chemokine lidan
(CXCL) 10 gene expression and subsequently receuwitnof Thland that secrete interferon lfFNwnd TNFe.
Ultimately, this leads to high serum levels of CXLin HCV demonstrating higher serum levels of CAGLn
HCV patients with T2DM than in those without. Nomeless, many scientists haven't seen any connelstitween
HCV and diabetes; For example, Alessandra Mangibearal disproved HCV infection as a trigger fadtmr DM.
Further studies are needed to understand theareiip between HCV with diabetes(2).

CONCLUSION

Diabetes mellitus is the most common and compl@blpms in modern societies that causes many saaidl
economic problems (1). It has been found that dbrbigh blood sugar can increase glycation of iesaidd outside
of cellular proteins in patients with diabetes rtedl. Since the function of each protein is dependts natural
structure, glycation can change the structure andtfon of a variety of proteins in diabetic pateand cause many
secondary complications of diabetes (3, 4). Becatiske heterogeneous etiology of diabetes theam iscreasing
interest in finding the factors which influence @8ology and progression. Environmental factorshsas viruses,
dietary proteins, toxin and stress can play an imaod role in the development of TLDM.For varioeagons, such
as seasonal incidence (It seems that there is sors&lavariation in the onset of acuteT1DM, withealp in the
autumn, one of the indicators in viral infectionxuses are one of the effective factors that imgdlin the etiology
of TIDM (13). In 1899, Harris reported that shordlffer a mumps infection, diabetes developed imateept (18).
Since that time, there have been numerous replats discussing about the role of different virugssch as
coxsackie B virus, viral hepatitis, EBV, VZV, CMVfubella virus, mumps virus, rotavirus, retrovirsisend
parvovirus) in diabetes (13, 14, 16). Moreovemsoviruses can prevent diabetes in animal modiedsriouse
hepatitis virus (MHV) and Lymphocytic chorio menitig virus (LCMV).

As a general rule, viruses can trigger autoimmwespaonse in three ways: pancreatic infection, T mellecular
mimicry and bystander activation. Viruses can ihfeeta cells or extra-pancreatic sites like thecpaatic lymph
nodes (PLN) or the small intestine and lead to lggte or cell damage. Following the release of hiday
autoantigens, proinflammatory immune responses omyribute to diabetes progression. Molecular mignic
represents sequence similarity between viral atfepsptides that can initiate autoimmune respoiBeh mimics
have been identified in several viruses includingug B coxsackie virus and rotavirus. Despite étasexamples
of molecular mimicry in inducing autoimmunity likbeumatic fever, today there is no supporting data direct
role of this mechanism in development of T1D byusas except RIP-LCMV mice that express some specifi
proteins of LCMV under the control of the rat inaybromoter (RIP). The RIP-LCMV model extensivelgshbeen
used to study the role of molecular mimicry in @itds and it can show that sequential viral mim&vgnts can
accelerate disease onset. Bystander activationdasl Tcell activation in absence of peptide prediemt on MHCs,
or B cell activation without antigen recognition.ig distinct from direct pancreatic infection atte non-specific
killing or damage of beta cells by virus-specificells. Bystander activation is depending on a pistiag
autoreactive cells population. Pre-existing autctiea cells suggests that bystander activationerattian initiating
beta cell damage accelerates disease progresgioroatd be an explanation to viral modulation aildites in the
absence of virus in the pancreas. Evidence sugtestdiabetes-prone mice and humans tend to rdsparch
more to these bystander responses to viruses.shbiss a role for interaction between virus infettémd genetic
predisposition. Recent studies have been emphasizégistander activation as a possible mechaniantrilggered
by viruses (CVB, rotavirus, influenza, mumps) toelerate diabetes onset.
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By the way, it should be noted that viruses catm@oas a sole environmental triggers and all fadtodevelopment
of diabetes may not be identifiable. So, furthedits should be conducted to show whether the eattve T cells
or viruses are present in other remote sites likd Bnd as well as inducing bystander lymphocytévatibn may
contribute to diabetes progression in susceptitdévziduals.
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