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Abstract

The immune system plays an essential role in the defense of the host against invaders. Enormous
numbers of lymphocytes are recruited and immense numbers of antibodies or cytokines are secreted
in various kinds of immune response. But the system also has the possibility of being the cause
of tissue injury or some kind of diseases. For example, when their functions target their host, an
autoimmune disease occurs. Although the pathogenesis of various autoimmune diseases has been
scrutinized intensively, there is little evidence as of yet. But it has been reported that in most
of the disease subjects, a broad spectrum of antibodies recognizing components of self tissue or
circulating self antigens that normally should be ignored are observed. In this study, we come to
the conclusion that proteins targeted by these autoreactive antibodies share the same peptides with
some kind of proteins of viruses known to infect human. This result supports the fact that viral
infection is a speculative cause of the disease in some subjects.
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1 Introduction

The adaptive immune system serves the indispensable function of host defense against pathogenic
microorganisms, but the system is also known to cause damage to self tissue and cause disease.
Disease caused by failure of self-tolerance and subsequent immune responses against self, or autologous,
antigens are called autoimmune diseases [16]. Among autoimmune diseases, many types of antibody-
mediated disorders are well known, but have a poorly understood etiology [6]. As described in Figure
1, the causes of antibody-mediated diseases are either antigen-antibody complexes that form in the
circulatory system and deposited in vessel walls or antibodies that recognize antigens in particular
cells or extra-cellular tissues [28]. Antibodies opsonize self-cells and may be followed by activation of a
complement system, which leads to phagocytosis of the cells via Fc receptors or C3 receptors (Figure
1-1). Self-cells with injured plasma membrane are recognized by autoreactive antibodies targeting
nucleus components and forming immune complexes, so called Haematoxylin, that are phagocytosed
by neutrophils (LE phenomenon). Antibodies recognizing antigens on self-tissues or self-cells recruit
leukocytes by binding to Fc receptors or activating the complement system and thereby releasing by-
products that are chemotactic for leukocytes (Figure 1-2). Antibodies may be deposited as immune
complexes that are formed in the circulatory system, which leads to complement- and Fc receptors-
mediated recruitment and activation of inflammatory cells secreting neutrophil granule enzymes, and
reactive oxygen intermediates (Figure 1-3).

Antibodies found in subjects of antibody-mediated diseases are known usually to recognize molecules
included mainly in the nucleus. For instance, SLE (Systemic Lupus Erythematosus) is characterized
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by antibodies that bind to dsDNA, nucleoproteins and so on [22, 35]. Some antigens associated with
antibody-mediated autoimmune diseases have been identified, but a common biological feature ly-
ing behind them has not been found yet. We have considered that a possible cause of autoimmune
disease is associated with the boundary between self and nonself. The immune system in organisms
exists to strictly demarcate self from nonself, whereas the boundary has remained ambiguous. While
huge numbers of studies have so far revealed epitopes only on some famous proteins derived from
pathogenic micro organisms [8, 9], there are few cases that analyze self-nonself discrimination compre-
hensively [4, 14]. To make ambiguous boundary of self and nonself distinct is important for profound
understanding of immune system and diseases caused by misrecognition, that is, autoimmune diseases.
We compared peptide variations on proteins between human and viruses known to infect human in
order to investigate a relation between autoimmune diseases and a boundary of self-nonself.

Our results clarify that peptide patterns extracted from human proteins are totally different that
of from viral proteins, which means that a viral peptide fragment found on a groove of MHC molecule
class I carries enough information to be discriminated from host protein segments. But, though
they are very small in number, there are a few problematic peptides that are found on both human
proteins and viral proteins, indicating that these shared peptides have possibility to be judged as
either self or nonself by killer T-lymphocytes. Following explanation about autoimmune diseases
being considered, we concluded that these shared peptides are one of the speculative pathogenesis of
autoimmune diseases with serious disease presentation. In this study, we clarified that many proteins
recognized by autoreactive antibodies are sharing peptides with viral proteins. This result should be
important not only to pharmacology but also to the understanding of the pathogenesis of autoimmune
diseases.
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Figure 1: Examples of mechanisms behind autoreactive antibody-mediated disease.
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2 Method and Data Set

The KEGG/VGENOME database [19] has 817 virus genomes, and we manually selected 659 genomes
of viruses either known to infect human or suspected to infect human. All the human protein se-
quences and all protein sequences from viruses we selected were obtained from the KEGG/GENES
and VGENES databases (Table 1). We extracted all patterns of 4~10-mer peptides in the virus and
human proteins and listed patterns by exact matching observed only in viruses.

Table 1: Number of amino acids and proteins.

Number of amino acids Number of proteins
H.sapiens 8,359,195 16,468
viruses 3,842,080 24,745

3 Result

3.1 Peptide Variations in Human and Viruses

In a human immune response, major histocompatibility complex (MHC) class I molecules, antigen-
presenting molecules, play a pivotal role. Viral proteins translated in a host cell, so called endogenous
antigens, are degraded into peptides composed of 8-10 amino acids via the ubiquitin-proteasome
pathway [21]. Many of these degraded peptides are loaded and presented by MHC class I molecules
on the host cell surface. On the cell surface, MHC class I molecules with loaded viral derived peptides
fragments are recognized by TCR (T-cell receptor) expressed on a Killer T lymphocyte as a token
of the viral infected cell [27]. Additionally, these peptides share certain patterns of sequences called
MHC class I binding motifs [3]. This well-known fact explains that merely 8~10 residues of amino
acid sequences are enough in length to be discriminated from host protein fragments. Here we analyze
all 4~10-mer peptide patterns in all virus proteins.

Table 2: Number of oligopeptides in viruses.

8residues 9residues 10residues

All oligopeptides in virus 3,039,755 3,075,199 3,102,211
The number of oligopeptides unique in virus 3,029,380 3,071,667 3,100,029
99.7% 99.9% 99.9%

The number of motif sharing 887,029 1,532,018
28.9% 49.4%

As shown in the Figure 2, the degree of coincidence in oligopeptide sequence patterns between
H.sapiens and viruses decline markedly around 5~7-mers. Between 8~10-mers, known as suitable
lengths for MHC class I groove, almost all the oligopeptides derived from virus protein sequences are
unique for viruses. Next, we examined matching of 9, 10-mer oligopeptides unique for virus and MHC
class I binding motifs. Known MHC class I binding motifs were constructed as PROSITE patterns
and represented in regular expressions based only on anchor and auxiliary anchor residues data from
SYFPEITHI [26]. Anchor and auxiliary anchor residues are defined by the score that is calculated by
the frequency of amino acids in the respective position in aligned peptides. That is, motifs we employed
include only anchor and auxiliary anchor residues that are often found in presented peptides.
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Figure 2: Degree of coincidence.

Table 3: Example of MHC binding motifs.

Type of MHC class I Motif (PROSITE patterns) Regular Expressions

HLA-A*31012 x(1)-[LVYF]-[FLYW]-x(2)-[LFVI]-x(2)-R  \w[LVYF][FLYW] \w{2}[LFVI] \w{2}R
HLA-B*39011 x(1)-[RH]-x(3)-[IVL]-x(2)-L \w[RH] \w{3}[IVL]\w{2}L
HLA-Cw*0401 x(1)-[YPF]-x(3)-[VIL]-x(2)-[LFM] \w[YPF] \w{3}[VIL] \w{2}[LFM]

In the 120 motifs we used, there were some clear features. For instance, hydrophobic residues
are preferred in the carboxy terminus, and aromatic residues are often seen nearby in the amino
terminus [5, 11]. These allocations of amino acids in the motifs are suitable for binding to MHC
hydrophobic groove. In the case of 10-mers, we found almost half of the peptide sequences observed
only in virus proteins shared common features with MHC class I binding motifs. Although several
motif patterns have a possibility to overestimate the number of peptide matching motifs because of
the low selectivity of our regular expressions based only on anchor and auxiliary anchor residues, this
result shows us that viruses are encoded by totally different amino acid sequences compared with
human. This difference is remarkably interesting immunologically.

3.532 peptides
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Human peptides(8.052.176)
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ambiguous
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Figure 3: Self-nonself boundary based on 9-mer peptide variations.

As represented in Figure 3 and Table 2, the number of peptides shared by both human proteins
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and viral proteins is 3,532, which is only 0.0004% of human peptides and 0.001% of viral peptides.
Additionally, these shared peptides are found in 1849 human proteins and 1172 viral proteins. But
these proteins encompass all kind of proteins such as cell adhesion molecule, nucleotide polymerase,
cytokine, receptor and so on. That is, no outstanding characteristics among these proteins have been
identified so far.

3.2 Autoimmune Diseases and Peptide Fragments

Next we investigated whether these shared peptides are included by proteins known to associate with
autoreactive antibody mediated diseases. The number of peptides found on proteins known to asso-
ciate with autoimmune diseases amounts to 193. Table 4 shows a list of proteins (with GENES id)
that are identified in well-known autoimmune diseases and examples of sharing sequence. In this list,
both systemic diseases and idiosyncratic diseases for specific organs or tissues are included. Listed
antigens include cross-reactively recognized proteins. For example, in SLE patients various autore-
active antibodies targeting other proteins are found and it has not been determined whether all the
characteristic autoreactive antibodies are pathogenic, suggesting that idiotypic network dysregulation
is also one of conjectural pathogenesis [31].

Table 4: Autoimmune disease and autoreactive antibodies.

Disease Antigen recognized by autoantibody  Sharing sequence
Pernicious anemia [17] HTKTATPase (hsa:23439) EEEEAEEEA
Autoimmune hepatitis [33] Cytochrome P450 (hsa:1579) SLLILLLLL
CREST syndrome [10] Centromere proteins (hsa:1059) EEEEEGEGE
DEEEEEDEE

Systemic lupus erythematosus [7] RNA polymerase (has:55703) PGGYFIVKG
GEMERDCLI

Histone (hsa:3008) APAAPAAPA

snRNPs (hsa:54433) GGRGGGGGG

Systemic sclerosis [15] DNA topoisomerase II (hsa:7155) GGKDAASPR
DAASPRYIF

Rheumatic fever [20] Myosin (hsa:4650) LDSKSLKLI
NRITHRDVK

Type II diabetes mellitus [29] Insulin receptor (hsa:3643) SFGVVLWEI
Pemphigus vulgaris [12] Cadherin (hsa:27253) GGGTGGGGG
AVAAVAAAG

Goodpasture’s syndrome [18] Type IV collagen (has:1288) GAVGPAGPP
Graves’ disease [13] Thyroid hormone receptor (hsa:9967) SKSRSRSRS

4 Discussion

In this study, we clarified that proteins associated with autoimmune diseases share peptides with viral
proteins, suggesting a possibility that these shared peptides are recognized by host immune system
as pathogenic. Normally autoreactive T-lymphocytes or B-lymphocytes are thought to be killed in
thymus or bone marrow in positive and negative selection process. But now it is known that the
processes are not complete and therefore a number of lymphocyte having possibility to attack host are
released from such lymphoid tissues [25]. Lymphocytes having possibility to recognize self-components
dispatched from lymphoid tissues are in state called anergy [30, 32]. Anergy T-lymphocytes are
known to become responsive against self-components when IL-2 molecules stimulate them [2] and
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anergy B-lymphocytes are also known to become responsive against self-antigens when CD40-ligands
bind to them [24]. Additionally, viral infection-driven IFN-gamma production leads to stimulation
and proliferation of B-lymphocytes targeting autoantigens. Therefore autoreactive lymphocytes are
considered to become responsive to self-antigens in peripheral blood.

Speculative pathogenesis1:T-cell mediated autoimmune disease ~ Speculative pathogenesis2:Autoantibody mediated autoimmune disease
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Figure 4: Speculative pathogenesis based on shared peptides.

As represented in Figure 4, we propose two speculative pathogenesis of autoimmune diseases based
on shared peptides we observed. Our conjecture is closely related with molecular mimicry hypothesis
according to which T-lymphocytes kill self-cells expressing MHC molecules with peptides resembling
those excised from viral proteins [23, 36]. That is, our results propose that cross-reactive peptide
antigens in molecular mimicry hypothesis are composed of the shared peptides we found here.

T-lymphocyte mediated speculative pathogenesis is shown in left side of the figure 4. In some dis-
eases, killer T-lymphocytes kill host cells and subsequently trigger tissue injury or inflammation. Our
result infers that viral peptides sharing the same peptides with human are presented and recognized
accidentally by T-cells. Viral infections induce an activation of helper T-lymphocytes, which leads to
secretion of interleukin or interferon molecules. As mentioned above, such molecules trigger an eman-
cipation of autoreactive lymphocytes from anergy state and subsequently recruit these cells to injure
self-components. Viral infection and the following IFN-gamma production also promote expression of
MHC molecules on a host’s cell surface. That means density of MHC molecules binding self peptides
increases. It would be a cause of autoimmune diseases. Therefore viral infections are considered to be
one speculative cause of autoimmune diseases [1].

The picture on the right shows conjectures that shared peptides are cryptic epitopes of self proteins.
A couple of autoimmune diseases are reported that viral infection and subsequent tissue injury cause
the disease because of exposure of cryptic epitopes. For example, rheumatic fever follows streptococcal
infection with some serologic types of beta-hemolytic streptococci. Infection leads to the production
of antibodies against a bacterial wall protein (M protein). Some of these antibodies are known to
cross-react with myocardial sarcolemmal proteins and myosin and are deposited in the heart and
subsequently cause inflammation (carditis) [34]. Our result shows a possibility that these cryptic
epitopes are encompassing peptides shared by both human and viruses.

In this study, we investigated a characteristic of human proteins sharing peptides with viral pro-
teins. Analysis of viral proteins and viruses including these peptides are ongoing. Our results will
provide clinically important evidence of autoimmune diseases.
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