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Abstract

Autoreactive T cells may contribute to post-viral myocarditis induced with Coxsackievirus B3
(CVB3), but the underlying mechanisms of their generation are unclear. Here, we have
comprehensively analyzed the generation of antigen-specific, autoreactive T cells in the mouse
model of CVB3 infection for antigens implicated in patients with myocarditis/dilated
cardiomyopathy. First, comparative analysis of CVB3 proteome with five autoantigens led us to
identify three mimicry epitopes, one each from adenine nucleotide translocator 1 (ANT),
sarcoplasmic/endoplasmic reticulum Ca?* ATPase 2a (SERCA2a) and cardiac troponin I. None of
these induced cross-reactive T cell responses. Next, we generated major histocompatibility
complex (MHC) class Il dextramers to enumerate the frequencies of antigen-specific T cells to
determine whether T cells with multiple antigen specificities are generated by CVB3 infection.
These analyses revealed appearance of CD4 T cells positive for SERCA2a 971-990, and cardiac
myosin heavy chain-a (Myhc) 334-352 dextramers, both in the periphery and also in the hearts of
CVB3-infected animals. While ANT 21-40 dextramer* T cells were inconsistently detected, the
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Bl-adrenergic receptor 181-200/211-230 or branched chain a-ketoacid dehydrogenase kinase
111-130 dextramer™* cells were absent. Interestingly, SERCA2a 971-990, Myhc 334-352 and ANT
21-40 dextramer* cells were also detected in the liver indicating that they may have a pathogenic
role. Finally, we demonstrate that the SERCA2a 971-990-reactive T cells generated in CVB3
infection could transfer disease to naive mice. The data suggest that CVB3 infection can lead to
the generation of autoreactive T cells for multiple antigens indicating a possibility that the
autoreactive T cells localized in the liver can potentially circulate and contribute to the
development of viral myocarditis.

Keywords
Viral myocarditis; autoreactive T cells; CVB3; mouse model; MHC dextramers/tetramers

1. Introduction

Myocarditis can occur in association with a wide spectrum of infectious agents, systemic
diseases, and hypersensitivity to drugs and toxins (Fung et al., 2016; Pollack et al., 2015).
The virus-induced myocarditis in neonates and children may lead to fulminant myocarditis
(N. R. Rose, 2016), and affected individuals can develop chronic myocarditis leading to
dilated cardiomyopathy (DCM) and congestive heart failure. Approximately, half of these
patients undergo heart transplantation due to the lack of effective treatment options (Alida
LP Caforio et al., 2013; Chi et al., 2014). Enteroviruses like Coxsackievirus B (CVB)3 and
adenoviruses are generally suspected as causes of viral myocarditis in North America and
Europe, respectively (Blauwet and Cooper, 2010; Lasrado et al., 2020), and virus-reactive
antibodies, and viral RNA have been detected in up to 50 to 70% of those affected,
suggesting that CVB3 may be an important trigger in the DCM pathogenesis (Baboonian
and McKenna, 2003; Cihakova and Rose, 2008; Fujinami et al., 2006; Kuhl et al., 2005).
Autoimmunity is one possible mechanism as DCM patients can carry autoantibodies for
cardiac myosin heavy chain-a (Myhc), adenine nucleotide translocator 1 (ANT), p1-
adrenergic receptor (B1AR), branched chain a-ketoacid dehydrogenase (BCKD),
sarcoplasmic/endoplasmic reticulum Ca2* ATPase 2a (SERCA2a) and cardiac troponin |
(TNI) (A. L. Caforio et al., 2001; A. L. Caforio et al., 2002; Kaya et al., 2012). But, the role
of autoreactive T cells, if any remains to be investigated.

Mouse models are commonly employed to determine the mechanisms of immune
pathogenesis of CVB infection. CVB3 infections in susceptible mouse strains such as A/J
and Balb/c are characterized by two phases that occur in continuum namely, acute
myocarditis/viral phase and chronic myocarditis/non-viral phase (Cihakova and Rose, 2008;
Rabausch-Starz et al., 1994; Noel R Rose et al., 1986). Affected animals show antibodies for
various cardiac and non-cardiac proteins such as cardiac myosin, ANT, 1AR, BCKD,
SERCAZ2a, TNI, laminin and muscarinic receptor suggesting a role for autoreactive T cells
in the generation of autoantibodies (A. L. Caforio et al., 2005; Fairweather et al., 2012; Kaya
etal., 2012). We recently demonstrated that A/J mice infected with CVB3 show Myhc
334-352-specific CD4 T cells that are pathogenic in nature (Gangaplara et al., 2012),
indicating that autoreactive T cells with multiple antigen-specificities could be generated as
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a secondary event in infected animals. By addressing the molecular mimicry hypothesis, we
found no evidence for appearance of cross-reactive T cells to ANT, SERCA2a and TNI that
had sequences mimicking CVB3 proteins. However, by analyzing the frequencies of
antigen-specific T cells using major histocompatibility complex (MHC) class Il dextramers
for five different autoantigens, we detected the presence of T cells positive for SERCA2a
971-990 and Myhc 334-352 dextramers both in the periphery and also in the infected hearts.
Interestingly, dextramer (dext*) T cells for select antigens were also detected in the livers
suggesting a possibility that these cells can potentially circulate and contribute to viral
myocarditis in infected animals.

2. Materials and Methods

2.1. Mice

A/J (H-28, male and female, 6 to 8 weeks old) and SJL/J (H-25, female, 4 to 6 weeks old)
mice were procured from the Jackson Laboratory (Bar Harbor, ME), and maintained by the
institutional guidelines at the University of Nebraska-Lincoln. Euthanasia was performed
using a carbon dioxide chamber according to the Panel on Euthanasia, the American
Veterinary Medical Association.

2.2. Virus propagation, titration, and disease-induction

Vero cells (ATCC, Manassas, VA) were used to grow CVB3 (Nancy strain, ATCC) as
described previously (Gangaplara et al., 2012). After confirming the cytopathic effect (CPE),
tissue culture infective dose (TCID)50 values were determined according to the Spearman-
Karber method (Reed and Muench, 1938), and the viral stocks were stored at —80°C. To
infect mice, virus diluted in 1x phosphate-buffered saline (PBS) to a final concentration of
50 to 2000 TCIDs5q/200 ul was administered intraperitoneally. Animals were housed in filter-
top cages that were changed once in 3 days until termination. Clinically, animals were
inspected daily for ruffled fur, isolation, sluggish activity or mortalities. At termination
(days, 18-21 post-infection), lymphoid (spleen and lymph nodes) and non-lymphoid organs
(hearts, pancreata and livers) were collected for histology and /n vitro experimentation.

2.3. Peptide synthesis

Myhc 334-352 (DSAFDVLSFTAEEKAGVYK), ANT 21-40 (VSKTAVAPffiRV
KLLLQVQH), B1AR 181-200 (TVWAISALVSFLPILMHWWRY)/211-230 (NDPKC
CDFVTNRAYAIASSV), BCKDk 111-130 (PIKDQADEAQYCQLVRQLLD), SERCA2a
971-990 (KISLPVILMDETLKFVARNY), bovine ribonuclease (RNase 43-56)
(VNTFVHESLADVQA), biotinylated hen egg lysozyme (HEL) 46-61
(YNTDGSTDYGILQINSR), proteolipid protein (PLP) 139-151 (HSLGKWLGHPDKF),
human immunodeficiency virus glycoprotein 120 (HIV) P18-110 (Neopeptide, Cambridge,
MA), and moth cytochrome C (MCC) 82-103 (FAGLKKANERADLIAYLKQATK)
(GenScript, Piscataway, NJ), including the peptides listed in the Table S1 were synthesized
by 9-fluorenylmethyloxycarbonyl chemistry (Neopeptide). The purity of peptides was
confirmed to be more than 90% by high-performance liquid chromatography, and their
identities were confirmed by mass spectroscopy. Peptides were dissolved in ultra-pure water
or PBS and stored at —20°C.
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2.4. Immunization procedures

Peptide emulsions were prepared in complete Freund’s adjuvant (CFA) containing
Mycobacterium tuberculosis H37RA extract (Difco Laboratories, Detroit, MI) to a final
concentration of 5 mg/ml, except that PLP 139-151 was prepared at 1 mg/ml (Miller and
Karpus, 2007; Reddy et al., 2003). A/J mice were immunized twice subcutaneously in
inguinal and sternal regions on days 0 and 7 (Rakesh H Basavalingappa et al., 2016;
Donermeyer et al., 1995; Chandirasegaran Massilamany et al., 2011), whereas SJL/J mice
received a single dose of PLP 139-151 emulsion (Miller and Karpus, 2007; Reddy et al.,
2003).

2.5. Proliferation assay

Lymphocyte suspensions were prepared from a pool of spleens and lymph nodes harvested
from CVB3-infected mice after lysing the erythrocytes using 1x ammonium chloride
potassium buffer (Lonza, Walkersville, MD). Likewise, lymph node cells (LNCs) were
prepared from immunized animals. After washing, cell pellets were suspended in RPMI
containing 10% FBS, 1 mM sodium pyruvate, 4 mM L-glutamine, 1x each of non-essential
amino acids and vitamin mixture, and 100 U/ml penicillin-streptomycin (Lonza; hereafter
called growth medium). Cells were stimulated with the indicated peptides (0-100 pg/ml) for
2 days in growth medium at a density of 5 x 10° cells/ml in triplicates, whereas cells
cultured with no peptides were used as medium controls. After pulsing with tritiated 3[H]
thymidine (1 pCi per well; MP Biomedicals, Santa Ana, CA) for 16 hours, proliferative
responses were measured as counts per minute (cpm) using a Wallac liquid scintillation
counter (Perkin Elmer, Waltham, MA) (Rakesh H Basavalingappa et al., 2016;
Chandirasegaran Massilamany et al., 2016). In some experiments, for easy depiction,
stimulation indices were calculated by dividing the cpm values obtained in peptide-
stimulated cultures by the values obtained in medium controls.

2.6. Creation of MHC dextramer and tetramer reagents

Our studies involved the use of MHC class 11 dextramers for both IAK and/or I1EX alleles, and
also MHC class | tetramers for H-2D allele (Table 1). Essentially, dextramers and tetramers
were created as we have reported previously (Chandirasegaran Massilamany et al., 2016; C.
Massilamany et al., 2011a; C. Massilamany et al., 2011c; Reddy et al., 2003). We had
described the creation of all dextramers and tetramers (R. H. Basavalingappa et al., 2017;
Bharathi Krishnan et al., 2017; B. Krishnan et al., 2018; Chandirasegaran Massilamany et
al., 2016; C. Massilamany et al., 2011c) except, IAK dextramers for ANT 21-40. To generate
ANT 21-40 dextramers, the nucleotide sequence of ANT 21-40
(gtctccaagacggeggtegeceegat cgagagggteaaactgetgetgcaggtecageat) was assembled to 1AK-
construct, and after expressing the IAK-a and IAK-B constructs in the Baculovirus using sf9
insect cells, soluble IAK/ANT 21-40 MHC monomers were purified using the antibody
affinity column (clone, 10-2.16) and the proteins were biotinylated. Dextramerization was
performed by mixing biotinylated protein and streptavidin-fluorophore-conjugated dextran
molecules at a ratio of 20:1 to obtain fluorophore-assembled dextramers as we have
described earlier (C. Massilamany et al., 2011c; Reddy et al., 2003). In experiments
involving SJL mice, we used IAS dextramers for PLP 139-151 and Theiler's murine
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encephalomyelitis virus (TMEV) 70-86 as reported previously (C. Massilamany et al.,
2014a; C. Massilamany et al., 2011c).

Isolation of mononuclear cells from liver and heart tissues

After euthanasia, animals were perfused by injecting 10 ml of ice-cold PBS into the left
ventricles, and hearts and livers were collected to isolate mononuclear cells (MNCs) as
reported previously (Gangaplara et al., 2012; Bharathi Krishnan et al., 2017). In brief, livers
were minced, and the dissociated tissues were treated with Collagenase 1V (400 U/ml;
Worthington, Lakewood, NJ) and DNase | (150 U/ml; Worthington) at 37°C in shaker
incubator for 30 minutes. After washing, MNCs were harvested using 40%/75% percoll
gradient centrifugation procedure as described previously (Bharathi Krishnan et al., 2017).
After lysing erythrocytes, cell pellets were dissolved for further experimentation. For
isolation of MNCs from hearts, the minced tissues were treated with Collagenase 11 (600
U/ml; Worthington Biochemical Corporation, Lakewood, NJ, USA) and DNase 1 (60 U/ml;
AppliChem GmbH, Darmstadt, Germany) for 30 minutes at 37°C using tube rotator
(Miltenyi Biotec Inc., Auburn, CA). Cell suspensions were filtered through 70 uM cell
strainer, and after removing the residual debris using debris removal kit (Miltenyi Biotec)
and lysing erythrocytes, MNC suspensions were obtained.

Dextramer and tetramer staining

Lymphocytes harvested from mice infected with or without CVB3 were stimulated with
peptides for two days, and growth medium supplemented with interleukin (IL)-2 (IL-2
medium) was then added. Cells were stained with IAK/IEK dextramers during days 8 to 10
post-stimulation, followed by staining with anti-CD4 (GK1.5, Biolegend, San Diego, CA)
and 7-aminoactinomycin-D (7-AAD) as we have described previously (Bharathi Krishnan et
al., 2017; B. Krishnan et al., 2018; C. Massilamany et al., 2011c). Finally, cells were washed
and acquired by flow cytometry and the frequencies of dext* CD4* T cells were enumerated
within the live cells (7-AAD::) using FlowJo software (Tree Star, Ashland, OR). This
protocol was also used to stain LNC cultures prepared from SJL mice immunized with PLP
139-151 as described previously (C. Massilamany et al., 2011c). The MNCs harvested from
hearts and livers from CVB3 infected and liver MNCs from PLP 139-151 immunized
animals were directly stained ex vivo as above (Bharathi Krishnan et al., 2017; C.
Massilamany et al., 2011c).

For staining with H-2D9/MHC class | tetramers, cells were initially treated with 10% mouse
serum and Fc blocker (Biolegend), followed by staining with anti-CD4, anti-CD8a (KT15
and CT-CD8a, Invitrogen, Carlsbad, CA) and 7-AAD on ice for 15 minutes. Staining was
continued for an additional 15 minutes on ice after adding H-2DYMHC class | tetramers,
where tetramers prepared at a ratio of 8:1 between biotinylated H-2D%Myhc 338-348 and
streptavidin at a concentration of 30 ug/ml were previously optimized in pilot studies. After
series of washes, cells were acquired by flow cytometry and the percentage of tetramer (tet)*
CD8™ cells were analyzed using FlowJo software (Tree Star).
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2.9. Adoptive transfer experiments

Lymphocytes were harvested from A/J mice infected with CVB3 and cells were stimulated
with SERCA2a 971-990 (20 ug/ml) for two days and IL-2 medium was then supplemented.
On day 7 or 8, cells were expanded by treating with Concanavalin A (Con A, 2.5 pg/ml, 2
days). Viable cells harvested on day 9 or 10 post stimulation were administered to naive A/J
mice (3.0 to 4.0 x 107 cells/animal) intravenously that were primed with LPS on day —4 and
day 0 (25 pg/animal) (Rakesh H Basavalingappa et al., 2016; Hamada et al., 2004;
Chandirasegaran Massilamany et al., 2016). Each animal also received pertussis toxin (PT,
100 ng; List Biologicals, Campbell, CA) on day 0 and 2 post-transfer (Agarwal et al., 2002;
Fujimoto et al., 2006; Chandirasegaran Massilamany et al., 2011). Animals were euthanized
on day 14, post-transfer, and hearts and pancreata were examined by a Board-Certified,
pathologist blinded to treatment groups for inflammatory changes by hematoxylin and eosin
(H & E) staining as described previously (Rakesh H Basavalingappa et al., 2016; Bharathi
Krishnan et al., 2017; Chandirasegaran Massilamany et al., 2011). In some experiments,
heart and pancreatic sections obtained from mice infected with or without CVB3 were also
examined by H & E staining as above.

2.10. Detection of CVB3 RNA

Total RNA was extracted from hearts and pancreata tissues harvested from naive A/J mice
using the Trizol method (Invitrogen) and to remove genomic DNA, 1 ug of total RNA was
treated with amplification grade DNase | (Invitrogen). cDNAs were synthesized using
iScript™ reverse transcription supermix kit, as recommended (Bio-Rad, Hercules, CA).
PCR amplifications were performed using CVB3 viral protein (\VP)1-specific primers
(forward, 5’-TTGCATATGGCCCAGTGGAAG-3’; reverse, 5’-TGTGGATCCTTATT
GCCTAGTAGTGGTAACTC-3’) and glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
primers (forward, 5’-CGGCAAATTCAACGGCACAGTCAA-3’; reverse, 5°-
CTTTCCAGAGGGGCCATCCACAG-3’) (Rakesh H Basavalingappa et al., 2016;
Gangaplara et al., 2012). The PCR products were stained with ethidium bromide and
resolved on 1.5% agarose gel electrophoresis.

2.11. Statistics

Right-tailed paired Wilcoxon signed rank test was used to compare frequencies of dext™
cells in splenocytes derived from CVB3 infected animals (Wilcoxon, 1945). The
corresponding controls used for comparison include: RNase 43-56 for IAK dextramers
(Myhc 334-352, ANT 21-40 and BCKDk 111-130), combined RNase 43-56 and MCC
82-103 for 1AK and IEK dextramers (SERCA2a 971-990 and B;AR 211-230/ 181-200), and
MCC 82-103 for ;AR 181-200. For comparing frequencies of dext* cells in liver and heart
MNCs, right-tailed non-parametric Wilcoxon rank sum test was used (Mann and Whitney,
1947). Student’s £test was used to determine differences in the frequencies of CD4* dext* T
cells between infected and non-infected (naive) mice, ANT 21-40 dext* cells in immunized
animals, and also to analyze Myhc 338-348 tet"CD8* T cells.
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3. Results

3.1. Identification of mimicry epitopes from CVB3 proteome that have a potential to
induce cross-reactive immune responses

By using LALIGN tool (Madeira et al., 2019), we sought to analyze CVB3 proteome to
identify myocarditogenic mimicry epitopes by aligning CVB3 sequence with six self-
antigens that are commonly implicated as autoantigens in patients with myocarditis/DCM.
These include, Myhc, ANT, B1AR, BCKDk, SERCA2a and TNI (A. L. Caforio et al., 2001;
A. L. Caforio et al., 2002; Kaya et al., 2012). The expectation was that the mimicry peptides
can result in the generation of cross-reactive T cells due to T cell degeneracy (Gautam et al.,
1998; Wooldridge et al., 2012). These analyses led us to identify a panel of 29 mimics
representing ANT, p1AR, BCKDK, SERCA2a and TNI, and their percent similarities were,
35 to 43%, 30 to 47%, 33 to 40%, 32 to 46% and 28 to 47% respectively (Table S1).
However, such a degree of sequence similarity was lacking for Myhc (data not shown). We
also noted that the mimicry epitopes were found localized in both structural (VP1 to VVP4)
and non-structural regions (2B, 2C, 3C protease and 3D polymerase) of C\VB3 genome. The
structural proteins of viruses are generally considered as immunogenic, and VVP1, is one such
protein identified in many enteroviruses, including CVB3, TMEV, and poliovirus (Huber et
al., 1993; Minor et al., 1986; Yauch and Kim, 1994). Similarly, several examples of both
self-[ribonuclease (RNase), glucose-6-phosphate isomerase, and glutamate decarboxylase]
(Atkinson et al., 1994; Basu et al., 2000; Kaufman et al., 1992; Lorenz et al., 1988) and
foreign-antigens (neuraminidase and rhodanese-related sulfur transferase) (C. Massilamany
etal., 2010; C. Massilamany et al., 2011b; Schaeffer et al., 1989) also exist to predict that
the non-structural proteins can be immunogenic.

3.2. Analysis of T cell responses to self-peptides that mimic CVB3 proteins in A/J mice
infected with CVB3

From a panel of 29 mimicry peptides, we tested a hypothesis that the CVB3 infection can
lead to the induction of cross-reactive T cell responses for self-antigens listed in the Table
S1. To test this hypothesis, we used 24 peptides representing the ANT, f1AR, BCKDK,
SERCAZ2a and TNI, and the remaining five peptides could not be synthesized. After
infecting A/J mice with CVB3, lymphocytes prepared on day 21 post-infection were used in
3[H]-thymidine-incorporation assay to measure proliferative responses. By using RNase
43-56 as control, T cell responses were noted for three peptides namely, ANT 33-49,
SERCAZ2a 799-813 and TNI 138-159 to be ~1.4-fold difference (Figure S1). Although their
magnitude was marginal, occurrence of T cell responses selectively to 3 out of 24 peptides
may mean that the CVB3 mimicry epitopes might be immunogenic in the infected animals.
But, this proposition required additional validation.

3.3. Evaluation of cross-reactive T cell responses induced by CVB3 mimicry epitopes in
immunized animals

To further evaluate if mimicry epitopes can induce cross-reactive T cell responses, we
utilized an immunization protocol to determine the immunogenicity of three peptide pairs in
crisscross experiments. These include, ANT 33-49/CVB 1153-1169, SERCA2a
799-813/CVB 1839-1853 and TNI 138-159/CVB 1527-1548. Of note, the CVB sequences
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listed above are conserved in all the six serotypes of CVB (Table S2), leading to a prediction
that exposure to any CVB serotype can potentially induce cross-reactive T cell responses. In
the first setting, A/J mice were immunized with self-peptides (ANT 33-49, SERCA2a
799-813 and TNI 138-159), and T cell reactivity was tested to both immunizing peptides and
also their mimicry epitopes, CVB 1153-1169, CVB 1839-1853 and CVB 1527-1548. The
analysis revealed T cell responses occurring only to one pair (ANT 33-49/CVB 1153-1169),
and responses were lacking for two other pairs (Figure S2a). Similar analysis in the second
setting that involved immunization with CVB3 mimics revealed marginal responses to two
CVB3 epitopes namely, CVB 1153-1169, and CVB 1839-1853 (Figure S2b). However,
cross-reactive responses for their corresponding mimics from self-antigens were lacking
(ANT 33-49, and SERCA2a 799-813). We had expected that the T cells sensitized with
CVB 1153-1169 respond to its mimic, ANT 33-49, since ANT 33-49-sensitized T cells did
respond to CVB 1153-1169 in a crisscross experiment as described above (Figure S2a, left
panel). Since the CVB mimics did not result in cross-reactive T cell responses in the
immunization settings that involved the use of CFA as a potent, immunestimulating
adjuvant, we concluded that CVB3 infection is unlikely to lead to the induction of
significant cross-reactive T cell responses to be biologically significant. However, a
possibility exists that cross-reactivity can occur for other autoantigens. For example, by
searching the structural databases using the crystal structure of ANT (PDB ID: 10KC)
(Pebay-Peyroula et al., 2003) , we found a peptide fragment within the LOTUS domain of
the meiosis regulator and mRNA stability factor 1 (MARF1) (PDB ID: 5YAD), an
orthologue of human Limkain B (LMKB) (Yao et al., 2018). As shown in the Figure S3, top
panel, comparison of sequences between ANT 33-49 and CVB 1153-1169 revealed an
identity of 35.3%, and in a similar comparison between MARF1 and CVB 1153-1169, the
identity was found to be 41.2%. Furthermore, using the structures of ANT and MARF1, we
predicted the helical structural model for CVB 1153-1169 to be similar as well (Figure S3,
bottom panel). Importantly, LMKB/MARF1 appears to act as an autoantigen that may have
a role in the regulation of inflammatory response (Bloch et al., 2014; Dunster et al., 2005),
but we have not investigated these possibilities. However, it is also to be noted that ANT
contains multiple immunodominant epitopes, and we had demonstrated that one epitope,
ANT 21-40 can induce myocarditis in A/J mice by generating autoreactive T cells (Rakesh
H Basavalingappa et al., 2016). We reasoned that detection of ANT 33-49-reactive T cells in
CVB3-infected animals might have represented a de novo population as a result of cardiac
damage induced by the virus, since 47% of residues (8/17) are similar between the two
epitopes (ANT 33-49, KLLLQVQHASKQISAEK; and ANT 21-40
VSKTAVAPIERVKLLLQVQH, similar residues are underlined).

3.4. Derivation of MHC dextramers to analyze antigen-specific, autoreactive T cells in
CVB3-infected mice

By using MHC dextramers (Fig S4a), we addressed a hypothesis that CVB3 infection can
lead to the generation of autoreactive T cells with multiple antigen-specificities, and our
previous work with the demonstration of Myhc-reactive T cells in CVB3-infected animals
also supported this proposition (Gangaplara et al., 2012). We targeted a total of five
autoantigens namely, Myhc, ANT, B1AR, BCKDk and SERCAZ2a, and we and others had
previously characterized the myocarditis-inducing, immunodominant epitopes in all of these
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antigens (Rakesh H Basavalingappa et al., 2016; R. H. Basavalingappa et al., 2017; Daniels
et al., 2008; Bharathi Krishnan et al., 2017; B. Krishnan et al., 2018; Chandirasegaran
Massilamany et al., 2011). We also had reported creation and validation of MHC class Il
dextramers for Myhc, p1AR, BCKDk and SERCA2a (Table 1). These include 1Ak
dextramers for Myhc 334-352 (C. Massilamany et al., 2011c), BCKDk 111-130 (Bharathi
Krishnan et al., 2017), SERCA2a 971*990 (B. Krishnan et al., 2018) and p1AR 211-230 (R.
H. Basavalingappa et al., 2017), and also IEX dextramers for SERCA2a 971-990 (B.
Krishnan et al., 2018) and B1AR 181-200 (R. H. Basavalingappa et al., 2017). The reason to
create 1AK and IEX dextramers is that SERCA2a 971-990 was found to bind both IAK and 1EX
MHC class Il alleles (B. Krishnan et al., 2018), whereas B1AR has two epitopes, with one
epitope each, binding to IAK(B;AR 211-230) or IEX molecule (8;AR 181-200) (R. H.
Basavalingappa et al., 2017). To define specificity, we used two control dextramers with one
each, for IAK (RNase 43-56), and IEK allele (MCC 82-103). In this report, we have described
the generation of dextramers for ANT 21-40 and validated using LNCs obtained from ANT
21-40-immunized animals by flow cytometry (Figure S4b). The analysis revealed that ANT
21-40 dextramers bind CD4 T cells antigen-specifically, since staining for control
dextramers was negligible (ANT 21-40: 2.02 £ 0.66 vs 0.33 = 0.03%, P=0.043; Fig S4b).
We thus, generated a panel of seven dextramers to evaluate the detection of antigen-specific,
CD4 T cells in CVB3 infected animals (Table 1).

3.5. CVB3infection leads to the generation of autoreactive T cells with multiple antigen-

specificities

Groups of A/J mice were infected with CVB3, and lymphocytes harvested approximately 20
days post-infection were stimulated with or without Myhc 334-352, ANT 21-40, BCKDk
111-130, SERCA2a 971-990 and B1AR 181-200, p1AR 211-230, and dextramer staining
was performed during 8 to 10 days post-stimulations as illustrated in the Figure S5. The flow
cytometric analysis revealed detection of Myhc 334-352 dext* CD4* T cells to be higher
than the control (RNase 43-56) as expected (0.41 £ 0.11 vs 0.18 + 0.03%, p=0.031) (Figure
1). Similarly, by analyzing the SERCA2a 971-990-reactive T cells using 1AKand IEK
dextramers, we noted significant increase (five-fold) in their frequencies as compared to
RNase 43-56/MCC 82-103 controls (1.28 + 0.42 vs 0.24 + 0.04%, p=0.00098) (Figure 1).
Although, similar trends were noted for ANT 21-40 dextramers relative to control (0.56
0.14 vs 0.21 £ 0.05%), no significant differences were noted for other dextramers namely,
BCKDk 111-130 (0.26 £ 0.03 vs 0.17 £ 0.02%), and B1AR. 211-230 or B;AR. 181-200
(0.37 £ 0.15 vs 0.25 £ 0.07%). We also analyzed the frequencies of cells positive for Myhc
334-352 (0.26 + 0.03 vs 0.41 +0.11, p=0.03) and SERCA2a 971-990 (0.31 + 0.05vs 1.28 +
0.42, p=0.05) dextramers to be higher in infected mice as compared to naive animals (Fig
S6). Thus, detection of dext™ T cells only for two from a panel of five antigens suggest that
they may have a role in the CVVB3 pathogenesis.

3.6. Autoreactive T cells can infiltrate into the livers of CVB3-infected mice

In addressing a hypothesis that the T cells specific to promiscuously-expressed antigens can
infiltrate various organs, we had previously demonstrated the detection of BCKDk 111-130-
specific T cells in the livers from animals immunized with BCKDk 111-130 (Bharathi
Krishnan et al., 2017). Thus, we expected that the BCKDk-reactive T cells may infiltrate
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livers in CVB3-infected animals. We isolated the liver MNCs from CVB3-infected animals
and performed dextramer staining using BCKDk 111-130 dextramers as shown in the Figure
S7. The analysis revealed no significant differences in the number of BCKDk 111-130 dext*
T cells as compared to control (RNase 43-56) (0.85% vs 0.27%, p=0.083) (Figure 2). We
then extended this observation to determine whether autoreactive T cells specific to other
autoantigens can be detected in the livers of CVB3 infected animals by taking advantage of
the availability of other dextramers (IAK dextramers: Myhc 334-352 and ANT 21-40; 1Ak
and IEK dextramers: SERCA2a 971-990; and IEX dextramers: B1AR 181-200) (Table 1).
These analyses revealed detection of significant number of CD4 T cells positive for Myhc
334-352 (1.36% vs 0.27%, p=0.003), ANT 21-40 (1.44% vs 0.27%, p=0.0003) and
SERCAZ2a 971-990 (1.30% vs 0.22%, p=0.009), but not ;AR 181-200 dextramers (0.49%
vs 0.29%) as compared to their corresponding controls (Figure 2). The data suggest that
detection of autoreactive T cells in the liver might not have occurred as a random event. We
made this proposition since liver MNCs obtained from animals immunized with an irrelevant
antigen, PLP 139-151 in SJL mice did not reveal T cells positive for PLP 139151 dextramers
(Figure S8, top panel), in spite of their presence in the LNCs ((Figure S8, bottom panel).
However, we needed to address whether the autoreactive T cells generated in CVB3-infected
animals can infiltrate the target organ, heart.

3.7. Heart infiltrates from CVB3-infected animals show detection of autoreactive CD4 and

CDS8 T cells

In our previous study, we had demonstrated the detection of Myhc-reactive T cells in hearts
from CVB3 infected animals (Gangaplara et al., 2012). Since, the current study revealed
appearance of SERCA2a 971-990 dext* T cells, but to a lesser degree for ANT 21-40
dextramers, we asked if SERCA2a 971-990-reactive T cells can infiltrate hearts in infected
animals. We performed dextramer staining on MNCs from hearts harvested from CVB3-
infected animals using Myhc 334-352, ANT 21-40 and SERCAZ2a 971-990 dextramers as
shown in the Figure S7. The analysis revealed detection of CD4+ T cells staining with Myhc
334-352 (1.01% vs 0.37%, p=0.021) and SERCA2a 971-990 (1.07% vs 0.46%, p=0.0027),
but not ANT 21-40 dextramers (1.23% vs 0.37%, p=0.279) when compared with their
controls (Figure 3). Furthermore, we had previously noted that the heart infiltrates from
CVB3-infected animals contain both CD4 and CD8 T cells (Gangaplara et al., 2012). In
addition, we also had demonstrated that the Myhc 334-352 encompasses epitopes for both
CD4 and CD8 T cells (Chandirasegaran Massilamany et al., 2016). Since, we noted the
detection of Myhc 334-352 dext™ CD4* T cells in the hearts from CVB3-infected mice, we
asked whether CD8 T cells specific to Myhc 338-348 could be detected in the hearts from
CVB3-infected animals. To this end, we created MHC class I/H-2D4 tetramers for Myhc
338-348. By using HIV P18-110 tetramers as controls, we detected the Myhc 338-348 tet*
CDS8™* T cells in significant frequencies in splenocytes from CVB3-infected animals (0.4%
vs 0.02%, p=0.015) (Figure 4a, top panel), but such a frequency was low in non-infected
animals (Figure S9). We also noted significant number of CD8 T cells binding to Myhc
338-348 tetramers in the heart MNCs as compared to control tetramers (4.0% vs 0.38%,
p=0.005) (Figure 4b, bottom panel). The data suggest that the Myhc-reactive CD8 T cells
infiltrating the hearts may also contribute to cardiac damage.
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3.8. Autoreactive T cells generated in CVB3-infected mice are pathogenic in nature

To determine the pathogenicity of autoreactive T cell responses generated in CVB3-infected
mice, we used adoptive transfer protocol with an expectation that the autoreactive T cells
can transfer disease to naive animals as we had previously demonstrated for Myhc 334-352
(Gangaplara et al., 2012). In this study, we tested the pathogenic potential of SERCA2a
971-990-reactive T cells generated in CVB3-infected mice. As shown in the Figure 5, top
left [atrium, (i), and myocardium of ventricle, (ii)] and their corresponding insets in the
middle panels (ia, and iia), we noted that the naive mice receiving T cells sensitized with
SERCA2a 971-990 had infiltrations in the epicardium and myocardium with the lesions
being apparent in the atria as compared to ventricles. However, pancreatic sections from
these animals did not reveal any inflammatory changes (Figure 5, top right panel), indicating
that the disease-inducing ability of SERCA2a 971-990-sensitized T cells was limited to
heart. Similarly, heart, and pancreatic sections from control groups (saline and LPS/PT)
(Figure 5, bottom panel) and also those from uninfused naive mice (Figure S10, top panel)
had no pathological changes as expected. Furthermore, by comparing the heart and
pancreatic inflammatory changes in CVB3-infected mice with the recipients of SERCA2a
971-990-reactive T cells, we noted that sections from CVB3-infected mice had a widespread
inflammatory foci accompanied with necrosis and mineralization in both hearts and pancreas
(Figure S10, bottom panel). As reported previously, such a diffused nature is expected in
infected animals that reflects damage resulting from both cytolytic properties of virus and
immune response (Gangaplara et al., 2012; Garmaroudi et al., 2015; C. Massilamany et al.,
2014b). We then sought to rule out a possibility of residual viral nucleic acid, if any in the
cell suspensions used for adoptive transfer experiments. We performed RT-PCR analysis on
the RNA samples prepared from hearts and pancreata harvested from the recipients of saline
or cells to detect the presence of viral RNA using primers specific to CVB3 VP1 (Figure 6).
The PCR analysis revealed no amplifications for VP1 suggesting that the inflammatory
changes noted in the hearts from animals that received SERCA2a 971-990-reactive T cells
are not due to residual virus. Taken together, our data provide evidence that CVB3-infection
can result in the generation of pathogenic autoreactive T cells with specificities for multiple
antigens supporting the notion that pathogens primarily affecting the target organs can
secondarily result in the generation of pathogenic autoimmune responses.

4. Discussion

In this report, we have described the characterization of autoreactive T cells, including cross-
reactive T cell responses in viral myocarditis induced with CVB3. Previous reports indicate
that antibodies and T cells specific to streptococcal M protein could cross-react with cardiac
myosin, suggesting that cross-reactive T cells can contribute to the pathogenesis of
rheumatic heart disease (Dale and Beachey, 1985; Pruksakorn et al., 1994). Additionally,
while antibodies for ANT and CVB3 could cross-react with each other (Schwimmbeck et
al., 1993), antibodies generated against one self-antigen, namely cardiac myosin could cross-
react with another self-antigen p1AR, potentially leading to apoptosis of cardiomyocytes,
thus supporting a role for antibodies in the CVB pathogenesis (Li et al., 2006). However, it
was unknown whether pathogenic cross-reactive T cells can be generated in CVB3 infection
for antigens that are commonly implicated as autoimmune targets in DCM patients. These
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include cardiac (Myhc, TNI, ;AR and SERCAZ2a) and/or non-cardiac (ANT and BCKDK)
antigens (A. L. Caforio et al., 2001; A. L. Caforio et al., 2002; Kaya et al., 2012; D. A.
Neumann et al., 1991). We identified three mimicry epitopes, CVB 1153-1169, CVB
1839-1853 and CVB 1527-1548, respectively for ANT 33-49, SERCA2a 799-813 and TNI
138-159. However, by analyzing their cross-reactive T cell responses in the immunization
settings, none of them induced significant responses except that T cell reactivity was more
apparent for ANT 33-49 than others, raising questions as to the relevance of molecular
mimicry hypothesis in the causation of CVB3 myocarditis. First, the finding that lack of
detection of cross-reactive T cells for antigens tested in our studies suggests that they do not
contribute to the initiation and progression of myocarditis induced with CVB3. However, a
possibility exists that the antibodies generated against these antigens may still be relevant to
CVB3 pathogenesis. In support of this notion, immune complexes have been demonstrated
for ANT and BCKDK in the serum from CVB3-infected animals (D. Neumann et al., 1994),
but their pathogenic role remains unclear. Likewise, our data also do not rule out a
possibility for appearance of cross-reactive T cells for other antigens that were not
investigated in our studies. One such potential antigen that we have identified is LMKB/
MARF1 (Dunster et al., 2005). In these scenarios however, pathogenicity of cross-reactive T
cells needs to be demonstrated in adoptive transfer experiments to provide a proof-of
concept that they are biologically relevant to CVB3 pathogenesis. Second, antibody cross-
reactivity has been noted between ANT, actin, B1AR and myosin with CVB3 (Cunningham
et al., 1992; Maisch et al., 1993; Mascaro-Blanco et al., 2008; Schulze and Schultheiss,
1995) that can also potentially result from formation of anti-idiotypic antibodies (Root-
Bernstein and Fairweather, 2015). However, direct evidence is lacking as to the pathogenic
role of such cross-reactive antibodies in CVB3 myocarditis. Nevertheless, it is possible that
cross-reactive antibodies may indirectly contribute to viral pathogenesis as demonstrated
with cardiac myosin and B1AR as described above (Li et al., 2006; Mascaro-Blanco et al.,
2008).

We next investigated whether CVB3-infection can lead to the generation of autoreactive T
cells with multiple antigen-specificities, since we had previously reported that CVB3
infection can result in the induction of pathogenic Myhc-reactive CD4 T cells (Gangaplara et
al., 2012). We analyzed the frequencies of antigen-specific, CD4 T cells using a panel of
seven MHC class Il dextramers, and the analyses revealed detection of Myhc 334-352 dext*
CD4™ T cells as expected (Gangaplara et al., 2012). In addition, CD4 T cells positive for
SERCAZ2a 971-990 dextramers also were detected in the splenocytes from CVB3 infected
animals. These data reinforce the notion that the cardio tropic pathogens like CVB3 can
cause damage to the myocardium leading to release of intracellular antigens such as Myhc
and SERCAZ?2a that can later become immunogenic in infected animals. Lack of detection of
significant proportions of T cells for ANT 21-40, p;AR 181-200/211-230 and BCKDk
111-130 dextramers may imply that these antigens might not be released in CVB3 infection
or these antigenic determinants might not have been naturally presented in the infected
animals.

We had previously made an observation that CD4 T cells sensitized with BCKDk 111-130
could induce both autoimmune hepatitis and myocarditis in A/J mice immunized with
BCKDk 111-130 (Bharathi Krishnan et al., 2017). We had proposed that BCKDk may be an
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autoimmune target for induction of hepatitis because its expression can occur in the liver
(Muller and Danner, 2004). Additionally, CVB3 can also infect liver (Liu et al., 2013).
Therefore, we performed dextramer analysis using the liver infiltrates in CVB3 infected
animals leading to the detection of T cells positive for SERCA2a 971-990, Myhc 334-352
and ANT 21-40 dextramers, but not for other antigens. Detection of ANT 21-40-reactive T
cells in the liver was not expected as T cells positive for ANT 21-40 dextramers were not
significantly elevated in the splenocytes. Previous reports suggest that antigen-sensitized
CD8 T cells, including autoreactive T cells, can migrate to liver and die by apoptosis (Crispe
et al., 2000; Park et al., 2002). Although, we do not discount the possibility that the
autoreactive T cells being detected in our studies may represent those that are destined to
die, additional studies are needed to determine as to why only SERCA2a, Myhc and ANT-
reactive CD4 T cells were selectively detected in the liver. It is also possible that SERCA2a
971-990 and ANT 21-40-sensitized T cells can cross-react with their isoforms, SERCA2b
and ANT-2, respectively, whose expression can also occur in the liver (Arai et al., 1992;
Levy et al., 2000). Importantly, whether autoreactive T cells localized in the liver can
recirculate in infected animals also need detailed analysis. Likewise, although CD4 T cell
exhaustion is poorly understood as compared to CD8 T cells (Saeidi et al., 2018), whether
the autoreactive CD4+ T cells that we have observed in our studies possess exhaustion
phenotype may be worth investigating in the future. However, since liver can be affected in
CVB3 infection (Liu et al., 2013), autoreactive T cells localized in the liver may have a
pathogenic role in CVB3 infection.

Finally, to determine the pathogenic significance of autoreactive T cells in the causation of
myocarditis, we performed dextramer staining analysis on heart infiltrates and the analysis
revealed the presence of CD4 T cells positive for SERCA2a 971-990 and Myhc 334-352
dextramers. Since, Myhc 334-352 was found to harbor a CD8 T cell determinant (Myhc
338-348) (Chandirasegaran Massilamany et al., 2016), we used MHC class | tetramers
(H-2DY) for Myhc 338-348. We demonstrate that the heart infiltrates from CVB3-infected
animals contain Myhc 338-348 tet* CD8* T cells suggesting that Myhc-reactive CD8 T cells
may contribute to the disease pathogenesis. In support of this proposition, we had previously
demonstrated that the CD8 T cells generated in response to Myhc 334-352-immunization,
induced myocarditis in naive mice in adoptive transfer experiments (Chandirasegaran
Massilamany et al., 2016). In this study, we demonstrate that the SERCA2a 971-990-
reactive T cells generated in CVB3 infected animals are pathogenic as indicated by their
ability to transfer myocarditis to naive mice with the inflammatory lesions being frequently
detected in the atria. This was an expected phenotype because A/J mice immunized with
SERCAZ2a 971-990 develop mainly atrial myocarditis (B. Krishnan et al., 2018) that can be
attributed to abundant expression of SERCAZ2a in the atria as compared to ventricles (Liss et
al., 1999).

In summary, by testing the molecular mimicry hypothesis, we did not observe cross-reactive
T cells for autoantigens tested in our studies. Whether CVB3 infection can lead to the
generation of cross-reactive T cells for other antigens needs further investigations. Such a
possibility exists for LMKB/MARF1 as described above (Dunster et al., 2005). Conversely,
our data support a possibility that CVB3 infection can lead to the generation of pathogenic
autoreactive T cells with multiple antigen specificities. We envision that a combination of
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virus-induced damage to cardiomyocytes due to cytolytic properties of CVB3, and
inflammatory damage induced by the host response may lead to the release of various
intracellular and surface antigens including cryptic epitopes, and trigger the generation of
autoreactive T cells, which in turn can infiltrate hearts and aggravate inflammation. Such a
repertoire of cells can also be generated consequent to engulfment of dying cardiomyocytes
resulting from virus-induced apoptosis (Esfandiarei and McManus, 2008) and autophagy
(Garmaroudi et al., 2015) processes. A proportion of these autoreactive T cells may remain
dormant with a possibility that their activation may occur through bystander activation up on
exposure to non-specific infections, and they may contribute to the development of chronic
myocarditis/DCM in CVB3-infected animals. Since T cells occupy a central role in the
induction of autoimmunity, and their help is critical for B cells to produce antibodies, T cells
may be the main mediators of cardiac autoimmunity in CVB3 infection.
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Abbreviations

DCM Dilated cardiomyopathy

CvB3 Coxsackievirus B3

Myhc cardiac myosin heavy chain-a

ANT adenine nucleotide translocator 1

B1AR B1-adrenergic receptor

BCKD branched chain a-ketoacid dehydrogenase
SERCAZ2a sarcoplasmic/endoplasmic reticulum Ca2* ATPase 2a
TNI cardiac troponin |

MHC major histocompatibility complex

CPE cytopathic effect

RNase bovine ribonuclease

HEL hen egg lysozyme

PLP proteolipid protein

HIV human immunodeficiency virus
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MCC moth cytochrome ¢

CFA complete Freund’s adjuvant

LNCs lymph node cells

RPMI Roswell Park Memorial Institute

FBS fetal bovine serum

3[H] tritiated-thymidine

cpm counts per minute

sf Spodoptera frugiperda

MNCs mononuclear cells

IL Interleukin

7-AAD 7-aminoactinomycin-D

DNasel deoxyribonuclease |

VP viral protein

TMEV Theiler’s murine encephalomyelitis virus
MARF1 meiosis regulator and mRNA stability factor 1
LMKB human Limkain B

H&E Hematoxylin and eosin

GAPDH glyceraldehyde-3-phosphate dehydrogenase
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Highlights

CVB3 contains mimicry epitopes for ANT, SERCA2a and TNI, but none induced cross-
reactive T cells

CVBa3 infection can lead to the generation of T cells with specificities for multiple
antigens

SERCAZ2a-reactive T cells were pathogenic

Autoreactive T cells were found localized in the livers of CVB3-infected animals
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Figure 1: Detection of autoreactive T cells with multiple antigen-specificities in animals infected
with CVB3.
Lymphocytes obtained from animals infected with C\VVB3 were stimulated with Myhc

334-352, SERCA2a 971-990, ANT 21-40, BCKDk 111-130, and B;AR 181-200 or B1AR
211-230 for three days, and cells were rested in IL-2 medium. Cells harvested on day 8 to 10
post-stimulation were stained with the indicated IAK and/or IEX dextramers, anti-CD4 and 7-
AAD. After washing, and acquiring by flow cytometry, dext* CD4" cells were enumerated.
Mean + SEM values obtained from three to six individual experiments, each involving three
to six mice are indicated in the left panel for each dextramer reagent. Representative flow
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cytometric plots for control and specific dextramers are shown on the right. RNase 43-56,
control for 1AK dextramers; and MCC 82-103, control for IEX dextramers. *P < 0.05 and
***pP < 0.001.
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Figure 2: Detection of autoreactive T cells in the livers from CVB3-infected mice.

Livers from CVB3 infected mice were processed to obtain MNCs as described in the

methods section. MNCs were stained with the indicated IAK and/or IEK dextramers, followed
by anti-CD4, and 7-AAD. After acquiring the cells by flow cytometry, dext™ cells were
analyzed in the live (7-AAD™), CD4 subset. Mean = SEM values from four to nine
individual experiments, each involving three to six mice are shown. RNase 43-56 (control
for 1AK dextramers); and MCC 82-103 (control for IEK dextramers). **P < 0.01, and ***P <

0.001.
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Figure 3: Heart infiltrates from CVB3-infected mice revealed the presence of SERCA2a 971-990
dext™ CD4 T cells.

After perfusing the CVB3-infected animals at termination, hearts were collected and
processed to obtain MNCs as described in the Methods section. Cells were then stained with
the indicated dextramers, anti-CD4 and 7-AAD. After acquiring by flow cytometry, the
frequencies of dext™ CD4* T cells were determined. The data sets represent mean + SEM
values derived from three to eight experiments each involving three to six mice. Controls,
RNase 43-56 for IAK dextramers and MCC 82-103 for IEK dextramers. *P < 0.05 and **P <

0.01.
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Figure 4: CVB3-infection leads to the generation of Myhc 338-348 tet™ CD8™ T cells.
(a) Splenocytes. Between 18 to 21 days post-infection with CVB3, splenocytes were

prepared and stimulated with Myhc 334-352 for three days. After resting in 1L-2 medium,
cells harvested on day 8 or 9 were stained with CD4 and CD8 antibodies and 7-AAD and
H-2D%Myhc 338-348 (specific) and HIV P18-110 (control) tetramers. Cells were washed
and acquired by flow cytometry to determine the frequencies of tet* cells in the live (7-AAD
7) CD8 subset. (b) Heart infiltrates. Hearts collected from CVB3-infected animals were
processed to obtain MNCs. Cells were stained as above, and after acquiring by flow
cytometry, frequencies of live (7-AAD™), tet* CD8* cells were enumerated. Representative
flow cytometric plots and mean + SEM values derived from four experiments each involving
two to three mice are shown. *P<0.05 and **P<0.01.
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Pancreas

Pancreas

Figure 5: SERCA2a-reactive T cells from CVB3-infected mice can induce myocarditis in naive
AJJ mice.

Splenocytes were obtained from animals infected with CVB3 between 10 to 21 days post-
infection, and the cells were stimulated with SERCA2a 971-990 for two days. After resting
in IL-2 medium, SERCA2a-specific cells were expanded with Con-A and the viable cells
were administered into naive A/J mice that were primed with LPS and PT as described in
the methods section, where, saline-recipients and LPS/PT-primed animals uninfused with
cells were used as controls. At termination on day 14 post-transfer, hearts and pancreata
were collected for histological evaluation by H and E staining. Sections in the top panel
represent animals that received SERCA2a 971-990-reactive T cells, where infiltrations were
noted in the atria (i, and inset, ia) and myocardium (ii, and inset, iia) are shown with arrows.
The bottom panel represents sections from saline and LPS/PT-groups. Normal pancreatic
sections are shown in the right panels in all the groups. Representative sections from groups
of four animals are shown.
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Figure 6: Evaluation of CVB3 RNA in mice that received SERCA2a 971-990-reactive T cells.
Total RNA was extracted from hearts and pancreata representing the indicated groups with

two animals in each, and the cDNAs derived from these samples were evaluated for the
presence of CVB3 VP1 (top panel) and GAPDH (housekeeping gene) by PCR using the
sequence-specific primers. The PCR products analyzed by ethidium bromide (1.5%) in the
agarose gel electrophoresis are shown. VP1 PCR product, positive control; water without
template, negative control.
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The list of dextramers/tetramers used to analyze antigen-specific T cells in mice infected with CVB3

MHC class Il dextramers

1Ak IEX

Myhc 334-352 B1AR 181-200

ANT 21-40 SERCA2a 971-990
B1AR 211-230 MCC 82-103 (control)

BCKDk 111-130

SERCAZ2a 971-990

RNase 43-56 (control)

MHC class | tetramers (H-2Dd)

Myhc 338-348
HIV PI18-110 (control)

Myhc, cardiac myosin heavy chain-a

ANT, adenine nucleotide translocator 1

B1AR, pl-adrenergic receptor

BCKDK, branched chain a-ketoacid dehydrogenase kinase
SERCAZ2a, sarcoplasmic/endoplasmic reticulum

Ca2* adenosine triphosphatase

RNase, bovine ribonuclease

MCC, moth cytochrome C

HIV, human immunodeficiency virus
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