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Abstract

Background:

Autoimmune disease is generally a systemic inflammatory response with production of
autoantibodies. In this study, we investigated the anti-microbial antibodiesin circulation
in cases of Crohn’sdisease (CD), Sogren's syndrome (SS) and other autoimmune

disease and their roles in the pathogenesis of these autoimmune diseases.

Material and methods:

Western blot was used to determine the reactivity of human plasmas from patients with
CD and SS as the primary antibodies against the whole microbial extracts. The microbial
proteins reactive to patients' plasmawere further identified and the modified sandwich
ELISA assays were used to determine the blood levels of antibodies against these
microbial proteinsin patients with CD and SS. Antibodies against the microbial proteins

are used for immunohistochemical staining of normal human tissue.

Results:

A group of 7 microbial proteins was identified reactive to the plasmas of patients with
CD and SSincluding DNA-directed RNA polymerase B (RPOB), and elongation factor
G (EF-G) from Staphylococcus aureus and Saphylococcus pseudintermedius (S. aureus
and S. pseudintermedius), ATP synthase alpha (ATP5a) and heat shock protein 65
(Hsp65) from Mycobacterium avium subspecies paratuberculosis (MAP), elongation
factor Tu (EF-Tu) and outer membrane porin C (ompC) from Escherichia Coli (E. coli).
Anti-microbial antibodies can cross-react to normal human tissues. The levels of
antibodies against the microbial proteins are significantly elevated in the patients with
CD and SS.

Conclusion:
The levels of antibodies against the microbial proteins are significantly elevated in CD
and SS. The cross-reactivity of the anti-microbial antibodies to human tissue provides a

new mechanism of pathogenesis of autoimmune diseases such as CD and SS.
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Autoimmune diseases are a spectrum of clinical conditions characterized by systemic
manifestation with circulating antibodies against the patient’s own tissues with the
exception of Crohn’s disease in which no identifiable autoantibody is known(1). Genetic
susceptibility is an essential pre-requisite condition for the pathogenesis of autoimmune
diseases, although the molecular mechanisms of most autoimmune diseases are unclear
(1). Recent advances of microbiome research demonstrated that the surface area of
human body including body cavities is covered by a plethora of microbes (commensal),
and these microbes are essential in host defense against pathogens, innate and adaptive
immunity development and prevention of a variety of diseases (2, 3). The symbiotic
relationship of the human body with its own microbes becomes an interesting issue in the

pathogenesis of infection, immunity and various degenerative diseases.

Decades ago the discovery of anti-streptolysin O antibody in the circulation of patients
with streptococcal infection (pharyngitis) cross reacting with human valvular tissue and
renal glomerular tissue leading to valvular heart disease and glomerulonephritis provides
the basis of understanding the mechanism of streptococcal infection and the related
disease process, which led to new treatment and preventive strategy (4). Immunological
cross reactivity between the Streptococcal M protein and cardiac myosin/tropomyosin
induces myocardial damage with reactive T- and B-lymphocytes, and there are shared
epitopes between the M protein and the cardiac myosin (5-7) . A similar mechanism has
been described for Epstein-Barr viral infection and hemolytic anemia (8). In our effort to
determine the role of mycobacterial infection in Crohn’s disease, we found there are
elevated antibody levelsin the patient’s circulation against a panel of microbial proteins.
These microbes are commonly present on the body surface of human or in the
environment. These anti-microbial antibodies can cross-react with human tissue,
potentially leading to dysfunction of human tissue and various clinical conditions. The
elevated levels of anti-microbial antibodies can be used as diagnostic tools for assessment
of the relationship and compatibility between the host and its own microbes, and the
presence of anti-microbial antibodies provide a new direction of researchin

understanding the mechanism of autoimmune diseases.
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Material and Method:

1, Western blot analysis using the microbial cell extracts and the patients’ plasmas as
primary antibodies:

In order to determine if the human plasma from the patients with Crohn’ s disease and
Sjogren’s syndrome react to the microbial proteins, the whole microbial extracts from
Staphylococcus aureus, Staphylococcus pseudintermedius, Escherichia coli,
Mycobacterium avium subspecies paratuberculosis (MAP) and Mycobacterium avium
subspecies hominissuis (MAH) were prepared and Western blot analysis was performed
asdescribed (9-11). A strain of S aureus was isolated from our own lab using high
osmolarity culture medium based on Middlebrook 7H9 broth (BD Difco Cat. # DFO713-
17-9) from a patient with history of methicillin-resistant S. aureus infection, and this
strain of S aureus was maintained in Tryptic Soy broth/plate (Sigma Aldrich Cat. #
22092). Theisolate had been identified by 16S PCR/sequencing as previously described
(9-11) , and the subsequently by whole genomic sequencing using Illumina Miseq
service from West Virginia University Genomic Core Facility (data not shown). The
strain of S. pseudintermedius was isolated from a skin wound of a domestic dog with
moist dermatitis using the Tryptic Soy broth and the identity of the bacteriawas
confirmed by 16S PCR/sequencing (9-11) and subsequently whole genomic sequencing
at WVU Genomic Core Facility (Data not shown). MAP strain (MAP Dominic was
obtained commercialy from ATCC (Cat: 43545). MAH strain was isolated from a
patient with Crohn’s disease and this MAH strain was characterized previously(9-11),
and the identity was confirmed by whole genomic sequencing at WV U Genomic Core
Facility. S aureusand S pseudintermedius were maintained in the liquid Tryptic Soy
broth and MAP and MAH were maintained in the Middlebrook 7H9 liquid medium with
supplement of mycobactin J (2 ug/ml) asdescribed (10, 11). A strain of Escherichia coli
was from ATCC (Cat. # 25922) and maintained on the L-Broth (BD Difco Cat. #
DF0478-17-4). The bacterial protein extracts were prepared using the Quick & Easy
Protein Extraction kit by PZM Diagnostic (Cat. # QEPEKS, Charleston, WV) according
to the manufacturer’ sinstruction. Briefly, all microbial cultures (1.0 ml) in the

appropriate media were transferred to a 1.5 ml microcentrifuge tubes, and the cultures
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were centrifuged at 15,000 g for 5 minutes. The supernatants were discarded, and the
microbial cell pellets were washed with phosphate-buffered saline (PBS) once. The
microbial cell pellets were washed with Solution #1 and #2 once respectively, and the
cell pellets were resuspended in Solution #3 containing 1% SDS at 4°C overnight to
extract cellular proteins. The protein concentration is determined by using Qubit protein
quantification kit (Fisher Scientific). The whole microbial extracts (20 ug) were
subjected to 10% SDS-polyacrylamide gel electrophoresis with molecular weight marker,
and the cellular proteins were el ectroblotted onto nitrocellulose membrane. The
microbial proteins on the nitrocellulose membrane were incubated with the plasmas (1 to
50 dilution) from patients with Crohn’s disease at room temperature for 2 hours (or 4°C
overnight), and secondary antibodies and detection systems were provided by using the
Pierce enhanced chemiluminescent detection kit (Fisher Scientific) according to the

manufacturer’ s instruction.

2, ldentification of the microbial proteins by immunoprecipitation and mass

Spectrometry:

Seven microbial proteins showed in Figure 1 were precipitated by using the same
patient’s plasmas as the primary antibodies. Briefly, the bacterial/mycobacterial cell
extracts (50 ug/200ul) were incubated with 50 ul plasma from the patients and 50 ul
protein A-coupled agarose beads (Pierce Corp, Thermo Fisher) at 4°C overnight in the
1.5 ml microcentrifuge tubes. The reaction tubes were briefly centrifuged at 6000 g for 1
minute, and the supernatants were carefully removed, and the agarose beads were washed
6 times with phosphate buffered saline with 0.2% Tween 20 (PBST). The specific
microbial proteins binding to the plasmas were captured by using the protein A-agarose
column (Pierce from Thermo Fisher) and the captured microbial proteins were analyzed
by Nanospray liquid chromatography/mass spectrometry analysis (LC/MS/MS) with
database search by Poochon Scientific, LLC, Frederick, MD through contract work. A
list of microbial proteins was obtained from each immunoprecipitation tube, and only the
proteins of similar molecular weights were of interest for further validation test (Table 1).
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3, Immunohistochemical staining of human tissue with specific anti-microbial antibodies:

Frozen section dlides of human tissues and the formalin-fixed paraffin-embedded mouse

tissues were purchased commercially (https.//www.biomax.us/index.php) and used

directly for immunohistochemical staining according to the manufacturer’ s instruction.
The primary antibodies against EF-Tu of Acinetobacter baumannii, RPOB from E.coli
and hsp65 of Mycobacterium tuberculosis were diluted at 1:200, and applied to the frozen
section tissue dlides. The primary antibodies were incubated with the tissue slides for 1
hour at room temperature. The slides were washed 3 times with PBST and the secondary
antibodies againgt the rabbit or the mouse 1gG conjugated with horseradish peroxidase
(HRP) were applied to the tissue slides. The signals were developed by using DAB
enhanced detection system kit from Pierce (Fisher Scientific).

4, Sandwich enzyme-linked immunosorbent assay (ELISA assay):

Once the microbial protein identities were known, commercial antibodies were sought,
and there were commercial antibodies against various proteins of different species.
Depending upon the homology between the amino acid sequences, cross-species antibody
may or may not bind to the same protein of another species. Based on the homology of
amino acid sequences to human proteins shown in Table 1, alist of commercial
antibodies were purchased (Table 2), and tested in the Sandwich ELISA assays.
Sandwich ELISA assay isamodified version of ELISA assay described as the following:
The 96-well plates (ELISA plates, Fisher Scientific) were coated with the specific
antibodies in Table 2 in coating buffer (at the concentration of 1.0 ug/ml) at 4°C
overnight (Biolegend protocol online,
http://www.biolegend.com/media_assets/support_protocol/BioLegend_Sandwich ELISA

protocol.pdf). The coated 96-well plates were washed three times with PBST and the
microbial whole cell extracts were added to the wells at the concentration of 20 ug/ml at
room temperature for 2 hours. The plates were washed three times with PBST buffer and
the whole plasmas of 50 ul were added from the patients with CD and SS as well as the
normal healthy controls. The plasmas were incubated in the plate at room temperature
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for 1 hour. The plates were washed three times with PBST and the secondary antibody
(anti-human 1gG conjugated with horseradish peroxidase HRP) was added for 1 hour.
The color development with tetramethylbenzydine reagent (TMB) (Biolegend, San
Diego, CA) and the acid stop buffer were used and the absorbance reading at 450 nm was
performed using Molecular Device Versamax microplate reader (Molecular Device,
Sunnyvale, CA).

The plasma samples from the patients with Crohn’ s disease and Sjogren’s syndrome were
collected from various parts of the world through the commercial testing service at PZM

Diagnostics (Charleston, WV, www.crohnsmanagement.com) with patients' consent

requisition forms and signatures on file. The healthy controls were obtained from the
local individual clinic with the patients' consent.

Results:

1, Identification of microbial proteins reactive to human plasma of Crohn’s patients:

During our initial testing for MAP from the blood of patients with CD, we found a
significant percentage of patients positive for the presence of antibody within the blood
against MAP whole cell extract (over 70%, data not shown). We wanted to determine
which specific antigen(s) from the MAP whole cell extract were reactive to human
antibody in the plasmas of the patients. We performed Western blot analysis using the
MAP whole cell extracts (20 ug) on the SDS polyacrylamide gel electrophoresis, and
human plasma as primary antibodies (1:50 dilution). Surprisingly, we found that there
was one prominent protein from MAP and MAH strongly reactive to patient’s plasma
(Figure 1A, M60). There were multiple bacterial proteinsfrom S aureusand S.
pseudintermedius reactive to the plasma of the same patient (S75, S27, S55). There were
patients only reactive to proteins from S. aureus or E. Coli but not both (Figure 1B, S135,
E39, E42).

We used the same patient’ s plasma and the bacterial extracts to perform the

immunopreci pitation and mass spectrometry to determine the identities of these

bacterial/mycobacterial proteins reactive to patients plasmas. Nanospray LC mass
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Spectrometry and protein identification were performed at the Poochon Scientific LLC,
Frederick, MD, and alist of potential bacterial/mycobacterial candidates from each
immunopreci pitation sample was provided to us after the database search, and only the
proteins with identical molecular weights to those on the Western blot were considered
for further validation (Table 1). There were seven microbia proteinsidentified from the
four microbes: S135 represents a bacterial protein from S aureus, a strain of bacterium
isolated from the blood of one patient with Crohn’s disease, and confirmed by partial 16S
rDNA and whole genome sequencing by Illumina Miseq service (data not shown). Using
aplasmafrom a 20 year old female with colonic Crohn’s disease as a primary antibody
for Western blot analysis, S135 is demonstrated (Figure 1B). Immunoprecipitation using
the whole cell extracts from the cultured S. aureus and the plasma from the same young
female patient and mass spectrometry of the precipitated bacterial proteins showed the
S135 to be DNA-directed RNA polymerase subunit B (RPOB, Genbank #ANR83811).
RPOB isacritical enzyme for bacterial gene transcription. It isalso aclinically relevant
target for rifampin, one of the most important drugs for tuberculosis. Mutation of the

RPOB gene confers rifampin resistance in E. coli, S. aureus and M. tuberculosis (12-14).

S75 represents a bacterial protein from S, pseudintermedius, a commensal bacteria on the
surface of a domestic dog with potential to be pathogenic in humans (15, 16). The strain
of S. pseudintermedius was isolated from a dog with a skin ulcer (hot spot, moist
dermatitis), and the isolate was confirmed by partial 16S rDNA and whole genomic
sequencing by Illumina Miseq service (data not shown). Using Western blot analysis and
immunopreci pitation of plasmas of two separate patients with CD as the primary
antibodies and using mass spectrometry, S75 was determined to be elongation factor G
(EF-G, Genbank # WP_014614745) from S. aureus (Figure 1C). EF-G isapart of the
30S ribosome present in all bacteria species and it may relate to tetracycline resistance
(17, 18). The human homologue of the bacterial EF-G is present in the mitochondria (G
elongation factor mitochondrial 1, GFM 1), and it plays similar roles in human protein
biosynthesis. Human GFM 1 gene mutation, can cause neonatal mitochondrial
hepatoencephalopathy (19). The homology between the bacterial protein and the human
protein at the amino acid levelsis 61% by BLASTP search (Table 1).
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M60 isaprotein from MAP. M60 was identified by using MAP and MAH
(Mycobacterium avium subspecies hominissuis) whole cell extracts and a plasma sample
from a patient with CD (Figure 1A). The strain of MAH was isolated from the blood of
the same patient by the mycobacterial culture, partial 16S rDNA and whole genomic
DNA sequencing as previously described (10). M60 was determined to be heat shock
protein 65 (hsp65, Genbank # POWPEG). The human homologue of the mycobacterial
hsp65 is the human hsp60, a molecular chaperone known to be an autoantigen in cancer

patients and other autoimmune diseases (20, 21).

S55 was a bacterial protein seenin S, aureus and S. pseudinter medius by using the
plasma of a patient with Crohn’s disease (Figure 1 A). S55 was determined to be ATP
synthase alphafrom S aureus, and M. tuberculosis (Genbank #KZK18041). The human
homologue of ATP synthase alphais present in the mitochondria (ATP5a), and it plays
an important rolein ATP generation and energy biosynthesis.

E42 was a bacterial protein from E. coli identified by Western blot using a plasmafrom a
patient with mixed CD, SS and neurological symptoms such as decreased mental status
and alertness. Further identification showed the bacterial protein to be cons stent with
elongation factor Tu (EF-Tu) from E.coli (Genbank # AAA50993). EF-Tu isone of the
most abundant proteins from E.coli, and there is a human homologue of the bacterial EF-
Tu from E.coli, EF-Tu mitochondrial precursor (TUFM, eEF1A1). Human eEF1A1 was
identified as an autoantigen in 66% patients with Felty syndrome (rheumatoid arthritis,
splenomegaly and neutropenia) and contributed to destruction of neutrophils and

neutropenia (22).

E39 was a protein from E.coli reactive to plasma of the same patient with mixed CD and
SS by Western blot analysis. The protein was identified as outer membrane porin C
(ompC, Genbank #AAA23728) from E. coli by immunopreci pitation and mass
spectrometry using the same patient’ s plasma asin Western blot.  The bacterial protein
omp C from E.coli has been previously used in the Prometheus inflammatory bowel
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disease (IBD) pane (San Diego, CA) (23). Thereis no human homologue of ompC from
E.coli, although there is still apossibility of cross-reactivity of human antibody in the
circulation against omp C from E.coli with human tissues. It isreported that a significant
percentage of CD patients (up to 40%) showed anti-ompC antibody (IgA) in their
circulation (24).

S27 was a smaller protein from the S. pseudintermedius reactive to the plasma of a young
female patient with Crohn’s disease. The protein was determined to be the
uncharacterized lipoprotein SACOL0083 (Genbank accession #Q5HJR9.1). Thereisno
previous documentation of this protein.

2, Specific anti-microbial antibodies cross-react to normal human tissues:

To determine if the specific antibodies against the microbia proteins can react to human
tissue, and the localization of the target antigens in human tissue, immunohistochemical
staining techniques are employed. Specific antibodies from various sources were
obtained commercially (Table 2, www.linscottsdirectory.com, Biolegend, San Diego, CA,
Bethyl lab, TX, Mybiosorces, San Diego). Specific polyclonal antibody against EF-Tu
from Acinetobacter baumannii in the rabbit can directly interact with human thyroid

tissue with strong nuclear signal (Figure 2 A-C, A-negative control, B and C at 100X and
200 X magnification). Interestingly, the human homologue of the EF-Tu from E.coli isa
mitochondrial precursor, and TUFM (human) islocated within the mitochondria
(cytoplasmic fraction), instead of nuclei. The significance of this finding is unclear.
Specific monoclonal antibody from the mouse against hgp65 from M. tuberculosis can
also directly interact with human normal thyroid tissue (Figure 2, D-F, D-negative control
at100X, E and F at 200 X magnification), and the reactivity signals were seen within the
cytoplasm of the normal thyroid follicular cells. Polyclonal RPOB antibody only reacts
to the skeletal muscle in a specific manner in which the signals were fine granules or dot
in the cytoplasmic membrane (Figure 2, G-I, G-negative control x100, H and | at 200 X
magnification). No nuclear signals were seen. None of the antibodies were reactive to
the salivary gland tissue or the nucleated blood célls.
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3, Elevated levels of anti-microbial antibodies in patients with CD and SS.

The specific polyclonal and monoclonal antibodies against the microbial proteins were
purchased commercially (Table 2), and used for sandwich ELISA assays to determine the
anti-microbial antibodiesin the blood of the patients CD and SS. Clinical characteristics
and the demographics of the CD patients and SS patients are listed in Table 3. In total,
44 plasma samples were available from the CD patients with 31 normal healthy controls,
and 26 plasma samples from SS patients. The raw data (OD450 reading) of the plasma
levels of anti-RPOB antibodies (IgG) in CD and the controlsis shown in Figure 3. The
cutoff value was the mean + 1 standard deviation (SD) of the normal control. The plasma
levels of anti-RPOB 1gG from the CD patients and the normal control were compared by
using unpaired Student t-test and the presented with the boxplot as shown (Figure 3). In
the CD patients, 41 patients' plasma samples were positive for one or more markers (93%;
all markers were positive in 14 patients, 4 markers were positive in 7 patients, 3 markers
were positivein 8, 2 markers were positive in 8 patients, 1 marker was positivein 4
patients, all markers were negative in 3), 14 patients were positive for all five markers
(32%), and 3 patients were negative for all the five markers (7%). In contrast, there are 6
patients positive for one or more markersin 31 controls (19%) (all markers were positive
in O patient, one or more markers were positive in 6 patients) (Figure 4). The levels of
al five markers were significantly elevated in CD patients compared to the normal
controls by unpaired Sudent t-test (p=0.031 for hsp65 to p<0.0001 RPOB and EF-Tu) as
shown in the boxplot (Figure 4).

Among the five serological markers, hsp65 from Mycobacterium appears less
differentiating with overlapping mean data points, and it is difficult to separate the
patients versus the normal controls with large overlapping results and the borderline
range, although the difference of the levelsin patients and controls was significant by the
unpaired Student t-test (p=0.031) . All other four markers were easily separable between
the CD patients and the normal controls with small overlapping ranges (Figure 4). The
cutoff value in each marker was determined by the mean + 1 standard deviation of the
control, and each cutoff value was determined separately based on the property of each
antibody used (Figure 4). We did not correlate the disease severity, demographics, and
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medi cations with specific antibody levels, and we did not test if these serologic markers
are useful for monitoring the treatment effect or efficacy.

In total, 26 patients’ plasmas from patients with SS were available for analysis, and 22
patients were positive for one or more markers (85%; 7 patients were positive for all
markers, 5 patients were positive for 4 markers,5 patients were positive for 3 markers, 4
patients were positive for 2 markers, 1 was positive for 1 markers), and 4 patients were
negative for all markers (17%) (Figure 5). All five markers showed statistically
significant differences in the SS patients versus the controls by the unpaired Student t-
tests (Figure 5).

Discussion:

The patient population of all autoimmune diseasesis increasing and the underlying
causes of all these autoimmune diseases are unknown. Much of the effort is directed to
discover the autoantibodies, and the treatment strategy is directed to suppress the immune
system through various mechanisms. We have discovered a pand of antibodies against
the microbial proteins and these microbes commonly cover the surface of the human
body or in the case of mycobacteria, are widely present in the environment such as water
and soil. S pseudintermediusisacommensal bacterium on the surface of domestic dogs,
and there are millions of families with domestic petsin the US.

There is a symbiotic relationship between the common microbes and the human hosts,
and whether these common microbes become pathogenic to the host or not islikely
determined by the genetic susceptibility of theindividual. When there is a specific
genetic variant of certain gene (s) leading to abnormal gene function, theindividual is
reactive with hig’/her own microbes within or on the surface of the body. In classic
immunology, the development of specific circulating antibody against specific microbes
islikely aresult of the failed innate immunity network which consists of non-specific
defense system such as body barriers including surface skin and mucosa lining through
body cavities, and the blood defense system including neutrophils, macrophages, mast
cells, eosinophils, and complement (1) (Figure 6). Specific cell wall proteins of bacteria,
such as protein A from S. aureus, Protein G from Group G Streptococcus, Protein L from
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Clostridium (Peptostreptococcus), and Protein D from Haemophilus influenza/E. coli,
can bind to the immunoglobulins non-specifically with significantly high affinity, and
these bacteria can be cleared rapidly through opsonization (25-29). The development of
specific antibody against specific microbial proteins indicates the failure of clearance of
the microbes from the circulation by the innate immune system network, and this failure
to clear the microbes may directly reflect the genetic susceptibility to CD (30-33), SSand
other autoimmune diseases. Defective functional activity of the mannose-binding lectin
due to polymorphisms of mannose-binding lectin gene appearsto correlate with the
elevated levels of circulating anti-Saccharomyces cerevisae (S. cerevisiae) antibody in
Crohn’s patients (34, 35). S cerevisiae has been demonstrated to be beneficial in the
normal human gut microbiome (commensal) through metagenomics sequencing *. It
appears that anti- S. cerevisiae antibodies occursin only certain Crohn’s patients with
various sengtivity and specificity (36). Commensal intestinal bacteria, Bacteroides
fragilis, can communicate with mucosal dendritic cells through noncanonical autophagy
pathway in ATG16L1 and NOD2 dependent manner to induce regulatory T-cells (Tregs)
in suppression of mucosal inflammation (31). Both ATG16L1 and NOD2 gene
mutations/variations are magjor risk factorsfor CD (37). Whether these patients carry
elevated anti-microbial antibodies, especially anti-E.coli antibodies or anti-Bacteroides
antibodies in their circulation remains to be investigated, although CD patients with
NOD2 gene variants are associated with elevated levels of anti-microbial antibodies
especially anti-CBir-1 (38, 39). The molecular mechanism by which the circulating
antibodies are generated within the host against the commensal microbes such as S.
aureus, E.coli and Mycobacterium and the host genetic variations remains to be further
elucidated. Recent studies indicate Crohn’s diseaseis a syndrome of dysbiosis, ie,
imbalance of microbesin the gut. Dysbiosis may reflect decreased diversity of the gut
microbes and an increase of particular one phylum of the gut microbes or a decrease of
another (40-42). Regardless, dyshiosis reflects the growth status of the microbes insde
the gut but outside the circulation, and the presence of specific antibodies against the
microbial proteinsin the blood indicates an invasion or penetration of the gut mucosal
barrier into the blood circulation, leading to transient or persistent bacteremia.
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We have discovered 7 proteins from 4 different types of microbes, S. aureus, S
pseudintermedius, MAP, and E. coli. S aureusand E. coli are the most abundant bacteria
on the body surface and in the gut. S. pseudintermediusis one of the most abundant
bacteriain domestic dogs. MAP is present in the environment such as soil, water and
dairy products. These microbial proteins are also highly homologous to the human
counterparts (homologues), and the antibodies against the microbial proteins can directly
interact with the human tissues. Our immunohistochemical staining results demonstrated
that the specific monoclonal or polyclonal antibodies raised against the microbial proteins
can cross-react to the human tissues. It is also important to note that there is significantly
high homology of the amino acid sequences of these microbial proteins between the
microbes such as S, aureus and E. coli, and the antibodies against S. aureus can also react
to the same protein antigen from the E. coli. Cross-reactivity or molecular mimicry
appears to be the key in understanding the mechanism of the underlying diseases caused
by these common microbes. In diagnosis of Lyme disease, p58 on the Western blot
positive for Borrelia burgdorferi, GroEL, is the same homologue as hsp65 in M.
tuberculosis and E.coali (43). EF-Tu from B. burgdorferi was found to be immunogenic
during Lyme disease (44). It is plausible that the antibodies reacting to the extracts of B.
burgdorferi in diagnosis of Lyme disease can result from the commensal bacteria such as
E. coli or S. aureus within the body, instead of B. burgdorferi from the tick bite.
Furthermore, the microbial proteins identified above are critical for survival of the
microbes except for the unknown lipoprotein (S27) from the S. aureus. The elongation
factors (EF-G and EF-Tu) are parts of the bacterial ribosomes targeted by some antibiotic
families, and there is aremote possibility that the presence of the anti-microbial
antibodies can result from the widespread antibiotics use to kill the bacteria, and the
studies to understand the relationship of the anti-microbial antibodies with antibiotic
usage as well as antibiotic resistance will be important. The homologues of the bacterial
EF-G, EF-Tu, and ATP5a are all located within the mitochondria, and whether the anti-
microbial antibodies cause mitochondrial dysfunction in a variety of human diseases such
as chronic fatigue syndrome, metabolic syndrome, and neurodegenerative disorders will
be of great interest.
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In aclinical setting, testing anti-microbial antibodies can be used for confirmation of
clinical diagnosis. Essentially, the anti-microbial antibody levels will indicate the failure
of the innate immune system in the patient (failure to clear the microbesin blood). The
presence of the antimicrobial antibodies potentially leads to the human tissue damage and
the clinical diseases. A patient with clinical signs and symptoms of autoimmune diseases
such as CD, SS, or other types of autoimmune diseases can be tested to seeif thereig/are
elevated level(s) of one or more specific antibody (antibodies). The presence of the
specific antibodies against the microbial proteins within the circulation of a patient
suggests an entirely different mechanism of pathogenesis of autoimmune diseases.
Ultimately, autoimmune diseases are likely triggered by the infectious agentsin
genetically susceptible individual, and the infectious agents are commonly present on the
surface of human body, or in the gut or in the environment. The discovery of the antibody
panel against the microbial proteinsin CD and SS may provide a new direction of
research for understanding the autoimmune diseases, |eading to new therapeutic strategy
for alarge population of patients with autoimmune diseases.
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Figure legend:

Figure 1. Identification of microbial proteins usng Western blot analysis and the plasma
of patientswith Crohn’sdisease. Various microbial cell extracts were separated by SDS-
polyacrylamide gel electrophoresis, and transferred onto the nitrocellulose membrane.
The protein extracts on the membranes were incubated with the plasma (1 to 50 dilutions)
from the patients with Crohn’sdisease. Three patients’ plasmas, A, B and C were used
for analyses. The signals were detected with the secondary antibody against human 1gG
with HRP conjugates and enhanced chemiluminescent detection system (ECL).

Panel A, B and C were using the plasmas from patients A, B and C. MAP-S, MAP
culture supernatant, MAP-C, MAP culture cdl pellet, MAH-S, MAH culture supernatant,
MAH-C, MAH culture cell pellet, Spseud-S pseudintermedius.

Table 1. List of the microbial proteinsisidentified by Western blot analysis,
immunopreci pitation and mass spectrometry. The same patient’ s plasmawas used as for
the Western blot analysisin Figure 1 for immunoprecipitation. The precipitated
microbial proteins are analyzed by mass spectrometry, and the database search matched
thelist of proteins by both peptide identities and molecular weight. Mass spectrometry
study was performed by Poochon Scientific LLC, Frederick, MD. Genbank accession
numbers were followed after the proteins names. Homology to human homologues was
by BLASTP search at https://blast.nchi.nlm.nih.gov/Blast.cai

Table2: List of commercial antibodies from various species used in

immunohistochemical staining and validation by sandwich ELISA assays.

Figure 2. Cross-reactivity by immunohistochemical staining of the thyroid tissue and
skeletal muscle. A-C: Polyclonal anti-EF-Tu antibody specific to Acinetobacter
baumannii and thyroid tissue. A: negative control with no added antibody against EF-Tu
at 100 X magnification with hematoxylin counterstain of the nuclel (blue); B: positive
signals (brown, HRP with DAB system) were seen in the nucle of the thyroid follicular
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cells at 200X magnification; C: positive signals were present in the nuclei of the thyroid
cells at 200X magnification. D-E: Cross-reactivity of specific monoclonal antibody
against hgp65 from M. tuberculosis with the normal thyroid tissue. The signals were seen
in the cytoplasm of normal thyroid follicular cells. D: negative control at 100 X, E and F:
staining signals within the cytoplasm of the normal thyroid tissue at 200X magnifications.
G-I: Cross-reactivity of specific polyclonal antibody against RPOB form E.coli with the
skeletal muscle. The reactivity signals were seen as fine-granules and dots within the
cytoplasm. G: negative control without antibody at 100X, H and | showed reactive
signals within the cytoplasm and membranes in skeletal muscle at 200 X magnification.

Table 3: Clinical characteristics of Crohn’s patients and Sogren’s patientsin the study.

Figure3: Plasmalevelsof anti-RPOB antibody in patients with Crohn’s and controls.
The commercia anti-RPOB antibody was used to coat the 96-well plate and the whole S.
aureus extracts were added to the wells with coated antibodies. Human plasmas from the
Crohn’s patients and the controls were added to the wells and signals detected by HRP-
conjugated anti-human 1gG secondary antibody. The raw data was from OD450 readings
from 44 CD patients and 31controls (left), and analyzed by using unpaired Student t-test
with boxplot (right). The cutoff value was the mean + 1 standard deviation (SD).

Figure4: Plasmalevels of anti-microbial antibodies against 5 bacterial/mycobacterial
proteinsin Crohn’s and the control. The statistical analyses were performed and the p-
values were calculated by using unpaired Student t-test. Each antibody was performed
and analyzed separately. Positive and negative values were defined as above or below the
cutoff value (themean + 1 SD). Sensitivity was expressed as the percentage of the
patients with positive results versus the total CD patients, and specificity as percentage of
negative results in normal controls versus the total controls.

Figure 5. Plasmalevels of anti-microbial antibodies againgt 5 bacterial/mycobacterial
proteinsin Sogren’s patients and the control. The statistical analyses were performed and
the p-values were calculated by using unpaired Student t-test. Each antibody was
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performed and analyzed separately. Positive and negative values were defined as above
or below the cutoff value (the mean + 1 SD). Positive predictive value was expressed as
the percentage of the patients with positive results versus the total SS patients, and
negative predictive value as percentage of negative results in normal controls versus the

total normal controls.

Figure 6: Schematic representation of innate immunity and adaptive immunity
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Figure 1: Western blot analysis of microbial extracts with human plasmas as the primary antibodies.
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Table 1

Candidate Protein ldentities by Immunoprecipitation and Mass Spectrometry

 ID Full name Homology to human (By BLASTP)
« S135 DNA-directed RNA polymerase subunit B from S. aureus (RPOB)(#ANR83811) 47%

« S75 Elongation factor G from S. pseudintemedius (EF-G) (# WP_014614745) 61%

* M60 Heat shock protein 65 from M. paratuberculosis (HSP65) (# P9WPEG) 68%

 S55 ATP synthase subunit alpha from S. pseudintermedius (ATP5a)(#KZK18041) 74%

 E42 Elongation factor Tu from Escherichia Coli (EF-Tu) (# AAA50993) 75%

 E39 Outer membrane porin protein C from Escherichia Coli (ompC) (#AAA23728) No human homologue

« S27 Uncharacterized lipoprotein SACOL0083 (#Q5HJR9.1) (unknown/uncharacterized protein)
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Table 2

Cross-species reactivity of antibodies

* Microbial protein Antibody immunogen  React to human
* RPOB (S. aureus) E. coli Yes
* EF-G (S. aureus/Pseud) Human Yes
 HSP65 (MAP/TB) M. Tuberculosis Yes
» ATP synthase (S.aureus/TB) Human Yes

* EF-Tu (E.coli) Acinetobacter Yes
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Table 3

Clinical characteristics of Crohn’s disease and Sjogren’s syndrome

Male/female

Median age at testing

Median duration of disease at testing

Endoscopy/histology

Medication at testing
Mesalamine—sulfasalazine
Corticosteroids
Immunosuppresants
Anti-TNF
Antibiotics (%) 0 (0) 9 (16.9) 0.033
Methotrexate

Other

Crohn's Disease

30/14 (68/32%)
34 (5-71)

7 (1-40)

44 (100%)

11
10
10
14

Sjogren's Syndrome

5/21(19/81%)
58 (39-71)
Unknown
Unknown

Unknown
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Figure 2: Anti-microbial antibodies react to human tissues by immunohistochemistry.
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Figure 5: Predictive value of the novel serological panel for diagnosis of Sjogren’s syndrome
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