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Abstract: Acute diseases start with an insult and end when insult disappears. If the trauma
induces an immune reaction (which happens in most cases), this reaction must be terminated
with some type of resolution mechanism, when the cause of the trauma ceases. Chronicity
develops if insult is permanent or if the resolution mechanism is defective. Another way to
reach disease chronicity is a positive feedback loop, whereby the immune reaction activates
an internal, insult-like reaction. A distinction between chronic states characterized by
a persistent, low suppressive effect and those characterized by a persistent, high suppressive
effect of regulatory T cells (Treg), is proposed. This two-class division represents two ways
to reach chronicity: (a) by maintaining inflammatory reaction long after insult disappears
(“low Treg”), or (b) by suppressing inflammatory reaction prior to the disappearance of insult
(“high Treg”). This two-class division may explain the strong association between certain
pathogens and cancer, on one hand, and between several other pathogens and autoimmunity,
on the other hand. The weak association between autoimmune diseases and HIV infection
and the relatively weak association between autoimmune diseases and cancer may be
clucidated as well. In addition, the model rationalizes why immune-modulating drugs,
which are effective in cancer, are also effective in “high Treg” viral infections, while
corticosteroids, which are generally effective in autoimmune diseases, are also effective in
other “low Treg” diseases (such as asthma, atopic dermatitis, and “low Treg” infections) but
are not effective in solid malignancies and “high Treg” infections. Moreover, the model
expounds why certain bacteria inhibit tumor growth and why these very bacteria induce
autoimmune diseases.

Keywords: Treg cells, cancer, autoimmunity, inflammation, chronic diseases, immune-
therapy, corticosteroids

Introduction

The role of the immune system is to combat invaders and control diseases. Diseases
that are able to manipulate the immune system in the long run, may maintain
chronicity.

It should be realized that a self-resolving (acute) inflammation is a tightly
controlled reaction of the immune system, to a varying pathological condition.
Upon insult initiation, the immune system reacts in an inflammatory mode, combat-
ing the invader. This reaction is opposed by the action of anti-inflammatory
cytokines, with the result of inflammation resolution. The two arms of the immune
system must operate in a timely coordinated manner, and, in proper relation to the
changing state of the threat.'

An example of this process was presented by Sagiv et al.> Mice-induced
peritonitis served as a model for self-resolving acute inflammation. In this com-

monly used model, inflammation reaches a maximum within several hours after it
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has been triggered (by zymosan administration). This
phase, characterized by a flux of neutrophils into the
peritoneum, was resolved in most cases within 72 hr post
(HDNs), the
inflammatory neutrophil subpopulation, controlled the pro-

onset. High-density neutrophils pro-
cess for the first few hours. Low-density neutrophils
(LDNs),

slowly during this process of acute inflammation, peaking

the anti-inflammatory species, accumulated
48 hrs following inflammation triggering.” This constitutes
the peak anti-inflammatory effect of LDNSs. In acute self-
resolving inflammation, the anti-inflammatory immune
reaction follows the course of inflammation in an orche-
strated, time-delayed manner.' Any deviation from this
sequence of events may lead to chronicity of the condition.

For example, if during the course of inflammation, an
anti-inflammatory effect is not triggered (or is too low),
inflammation turns chronic. This is the case with some
infections and autoimmune diseases.” These pathologies
are characterized by a lasting, weak effect of regulatory
T cells (Treg). Under this condition, the immune system is
not suppressed following its arousal (tumor associated
neutrophils (TANs) of the NI type are not switched to
the N2 type, HDNs are not switched to LDNs, Th17 are
continuously generated) and inflammation or auto-
inflammation persist and may damage body tissues.*

The opposite happens if an anti-inflammatory effect
persists. This is the case with late-stage cancer and infec-
tions characterized by a strong Treg effect.® A high and
continuous TGFp level within the tumor (in the case of
cancer) and in the periphery (in infection and cancer)
induces Treg differentiation. This effect was observed
in vitro, with or without IL-6 and IL-23 (but was more
prominent in the absence of these cytokines).” This leads to
a continuous suppression of the immune system (N2 are not
switched back to N1, LDN are not switched back to HDN,
Treg cells are continuously differentiated). The immune
response weakens for a lengthy period of time, so that
cancer and “high Treg” infections are not well controlled,
with the result of tumor or pathogen propagation.

During the early stages of cancer, low TGFp concentra-
tions, which have an anti-tumor effect, inhibit the prolifera-
tion of normal cells and induce their apoptosis. At this stage,
pre-cancerous tumor growth is inhibited as well. On the other
hand, during late cancer stages, as TGFp accumulates, it
acquires pro-oncogenic and pro-metastatic roles.® Similarly,
TANs switch from N1 (anti-tumor) to N2 (pro-tumor) neu-
trophils as the tumor progresses.”® A persistent anti-inflam-
matory and pro-tumor effect, driven by accumulated TGFp,

hinders cancer eradication. This is another example of
a deviation from the sequence of events that characterizes
self-resolving inflammation.

The regulation of the immune system by TGFp is
frequently referred to in the literature.” Generally, TGFp
is described as an immunosuppressor, mediating its effect
predominantly by affecting antigen-presenting cells
(APCs) and T cells. As far as T cells are concerned,
TGFp inhibits T cell proliferation, activation, and effector
functioning (toxicity). TGFP suppresses the proliferation
of IL-2-dependent T cells in vitro,'” by inhibiting IL-2
generation, and it inhibits the activation of T cells by
interfering with T cell receptor signaling processes.
TGFB suppresses CD8+ cytotoxic T cells functioning
through several mechanisms. It has been shown in vivo
that tumors may be eradicated by TGFp inhibition, which
was accompanied by enhanced cytotoxic activity of CD8+
T cells." High TGF levels characterize cancer and “high
Treg” infections.

Autoimmune diseases are characterized by an imbalance
between pro-and anti-inflammatory factors. The frequency
ratio of Treg cells to Th17 cells (Treg/Th17) is a measure
used to assess this imbalance.'” This ratio is expected to
decrease in autoimmune diseases, compared to normal con-
trol. It is of note that several autoimmune diseases with
reduced Tregs® activity present normal Treg cell
frequency.”® In the broad sense, an impaired Treg cells
functioning may be due to either: (a) an inadequate number
of Treg cells, (b) an impaired suppression mechanism, or (c)
the development of T cells that are resistant to the Treg cells
suppressive effect.”” One such impaired mechanism is an
insufficient secretion of TGFP by Treg cells. An animal
model involving TGFB knockout mice demonstrated multi-
focal inflammation lesions that are reminiscent of systemic
lupus erythematosus (SLE).'* Moreover, SLE-like autoanti-
bodies were observed in TGFp deficient mice.'” In fact, an
impaired Tregs functioning (related to any of the three
modalities) is observed in most, if not all, autoimmune
diseases.”> On the other hand, an overexpression of Th17
cell cytokines may also lead to the development of auto-
immune diseases. For example, an overexpression of TNFa
arthritis-like
inflammation.'® Arthritis is also observed in mice with

in mutated mice results in rheumatoid,
a mutation in the gp130 receptor, which results in enhanced
STAT3 activation.'” STAT3 is required in humans for the
production of IL-17, and also contributes to the develop-

ment of Th17 in mouse and man.'®
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Since T cells frequencies do not always correlate with
their activities, the Treg/Th17 cell ratio may not correctly
represent the (regulatory/inflammatory) effect of these
T cells, and should probably be replaced by the ratio of
activities (which are more difficult to assess).

Regulatory T cells may exert opposing effects, in
the context of disease. Treg cells may act as foes or
friends, depending on whether the immune response is
overstimulated or not. If the immune system is not
overstimulated, activated Treg cells may promote the
disease by down-regulating the immune activity. If the
immune reaction is excessive, with the result of collat-
eral tissue damage, activated Treg cells may alleviate
this effect by controlling PMN (polymorhonuclear neu-
trophils) activity.

Based on the above, this work proposes a distinction
between “high Treg” and “low Treg” classes of chronic
diseases. “High Treg” diseases are defined as the class of
diseases characterized by Treg cells’ high anti-
inflammatory activity. The activity of Treg cells within
the class of “high Treg” diseases promotes the disease by
suppressing the immune response. “Low Treg” diseases
are defined as the class of diseases that present low anti-
inflammatory activity of Treg cells. Although Treg cells
drive a positive anti-inflammatory effect within the class
of “low Treg” diseases, their activity in the course of
“low Treg” diseases is insufficient to control the harmful
inflammation, and therefore elicit the chronicity of the
condition. Autoimmune diseases are typically “low Treg”
diseases.> A “high Treg” disease improves upon
a decreased Treg activity, while a “low Treg” disease
improves upon an increased Treg activity. Of note, an
anti-inflammatory effect may be exerted by other types of
cells, such as granulocytes® or B cells.® This article refers
solely to the effect of regulatory T cells. It should also be
noted that the Treg/Th17 ratio, which represents the bal-
ance between pro-and anti-inflammatory effects, may be
replaced by a single parameter: Treg or Th17 frequency.
This is related to the reciprocal differentiation of Treg
and Th17,"® which can be attributed to the effect of IL-2
(which promotes iTreg generation but inhibits Th17
activity); to the inhibitory effect of Treg-produced IL-10
on Th17 activity; to the TEAD transcription factor TAZ,
which regulates the reciprocal differentiation of Treg and
Th17;]9 and to the transcription factor BACH2, which
promotes Treg differentiation but suppresses Th17, Thl,
and Th2 differentiation.” In addition, Th17 and Treg
lineages may interconvert, under certain inflammatory

conditions.'? Therefore, under many circumstances,
a high Treg frequency indicates a low Thl7 frequency
and vice versa.

Due to a similar chronicity mechanism, a strong asso-
ciation is expected between different “high Treg” diseases.
Similarly, a strong association is expected between differ-
ent “low Treg” diseases. On the other hand, a weak asso-
ciation is expected between “high Treg” diseases and “low
Treg” diseases. In addition, immune-modulating drugs that
are effective in a certain chronic disease are expected to be
effective in another chronic disease only if both belong to
the same class. Based on the argument above, it is also
expected that only “low Treg” microorganisms will exert
an anti-tumor effect. Correspondingly, only “low Treg”
pathogens are expected to induce autoimmunity. Despite
some exceptions, an overwhelming majority of data sup-
ports these anticipations. The rest of this work presents
these data.

Cancer And “High Treg’ Infections
Are Strongly Associated

Viral Infections
Many viral infections belong to the “high Treg” class.
High serum TGFp levels were observed in Hepatitis
B virus (HBV),*! Hepatitis C virus (HCV),>* human
T-cell leukemia virus type I infection (HTLV-1),” and
Epstein Barr virus (EBV).** The extent of TGFp expres-
sion in renal transplant patients correlated with sera poly-
omavirus BK (BKV) viral loads and BKV viremia
positivity.>> Liver Treg cell frequency increases in HBV
and HCV infections.”®

HCV high TGF B levels are correlated with high Treg
cell levels: “Treg cell proportions and IL-10 production
were significantly elevated in HCV-infected patients, espe-
cially for HCV genotype 1b”.2” Expansion in CD39+ CD4
+ immunoregulatory T Cells was observed in HTLV-1
infected patients and correlated with severity of neurolo-
gical disorders.”® High levels of CD4+CD25hi+ Treg cells
were recorded in endemic Burkitt’s lymphoma patients,
a condition associated with EBV infection.?’ Treg cell
frequency significantly increased in EBV-associated gas-
tric carcinomas tissues compared to EBV-negative gastric
carcinomas tissues.’® Hence, EBV may be classified as
a “high Treg” virus, within the context of gastric cancer
(and probably other cancers). In addition, Human
Papillomavirus (HPV) induced the generation of Treg
cells,’ and high levels of Treg cells were associated
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with polyomavirus.>> Humans co-infected with human
herpesvirus 8 and HIV and who developed Kaposi’s sar-
coma, demonstrated an increased percentage of Treg cells
1.8 years before they developed Kaposi’s sarcoma.
Coinfected humans with a normal Treg cell percentage
do not develop Kaposi’s sarcoma.*

Indeed, some cancers are highly related to these viral
infections:**
Liver Cancer: Hepatitis B and C viruses are linked to
80% of liver cancer cases.
Adult T-cell Leukemia: Human T lymphotropic virus is
linked to almost 100% of adult T-cell Leukaemia cases.
Cervical Cancer: Human Papillomavirus is linked to
100% of cervical cancer cases.
Kaposi Sarcoma: Human Herpesvirus 8 is linked to
almost 100% of Kaposi Sarcoma cases.
Merkel Cell Cancer: Merkel cell polyomavirus is linked
to almost 100% of Merkel Cell Cancer cases.
Burkitt's Lymphoma and Nasopharyneal Cancer:
Epstein Barr virus is linked to 10%—-30% of Burkitt’s
lymphoma and nasopharyngeal cancer cases.

Bacterial Infections
Stomach Cancer: Eighty percent (80%) of stomach can-
cer patients reveal H. pylori etiology.>* Th17 cells of the
Helicobacter pylori-specific type survive in the gastric
mucosa and blood of subjects with a history of
Helicobacter pylori infection.>> Although increased IL-
17 expression is observed during chronic gastric inflam-
mation, the levels produced are not sufficient to clear the
infection.*® Using animal models, Kato et al have shown
that dendritic cells derived from bone marrow and
infected by H. pylori bacteria skewed the Th17/Treg
balance toward a Treg response through a TGFj-
dependent mechanism.’” In addition, gastric biopsies
taken from H. pylori-associated gastritis patients indi-
cated an increased number of Treg cells, which correlated
with the severity of inflammation and the number of
lymphoid follicles.*® Higher TGFP serum levels were
observed in H. pylori-positive gastritis and peptic ulcer
patients, compared with those observed in H. pylori-
negative patients.®* A high number of gastric Treg cells
and high serum TGFp levels in chronic H. pylori infec-
tion contribute to the high association with stomach
cancer.

As can be seen, several viruses and bacteria are onco-
genic to different cancers, with a prevalence that may
reach 100% (with some viruses). This is also true for

macro-parasites.®* It must be realized however, that some
pathogens are oncogenic, some are oncolytic, and others
that are considered neither oncogenic nor oncolytic pro-
mote cancer nonetheless by interacting with the immune
system,>* as demonstrated above.

Autoimmune Diseases And ‘“‘Low
Treg” Infections Are (moderately)
Associated

Viral Infections

As delineated above, the association between viral infec-
tions and autoimmune diseases is much less pronounced
than their association with cancer, since many viral infec-
tions trigger a “high Treg” infection, while autoimmune
diseases can generally be considered “low Treg”
diseases."® For example, in spite of the fact that
Cytomegalovirus (CMV) was implicated in connection
with many autoimmune diseases, a review by Halenius
and Hengel*® concludes that “an association of human
CMYV seroprevalence and autoimmune diseases could not
be established”. On the other hand, EBV seems to be
involved in the pathogenesis of several autoimmune
diseases.*' Salloum et al. revealed a tendency for
a linear correlation between EBV DNA levels and
serum IL-17A in RA patients. This effect was not
observed in non-RA controls.*” Hence, EBV may be
regarded as a “low Treg” virus within the context of
RA (and probably other autoimmune diseases). This is
in contrast to the EBV “high Treg” phenotype within the
context of cancer. This exemplifies the plasticity of EBV
in the pathogenesis of different chronic diseases, as will
be discussed later.

Type 1 diabetes (T1D) is considered an autoimmune
disease that involves the destruction of pancreas cells by
autoimmune T cells, with or without the involvement of
inflammatory cytokines. In the past, diabetes was consid-
ered a Thl disease, but the current notion refers to an
involvement of Thl, Th17, and Tfh reactions.** Tth is
a subset of T helper cells, characterized by an IL-21
signature, that support B cell antibody production. The
appellation “Tfh” is derived from their ability to penetrate
the B cell follicles of secondary lymphoid tissues, where
they form germinal centers in T1D.** IL-21 counteracts
the regulatory effect of Treg cells through the inhibition of
IL-2 production.*’ There is no evidence that circulating
Treg cell numbers are decreased in TID. However, reduced
numbers of Treg cells were found in the Langerhans Islets
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of the pancreas, assessed postmortem in newly diagnosed
TID patients. Other studies have indicated an impaired
suppression of immune response by Treg cells isolated
from TI1D patients (probably due to effector T cell
resistance).'*Coxsackievirus B (CVB) is a possible cause
of type I diabetes.*® It was found that Coxsackievirus B3
directly induced Th17 cell differentiation in patients with
acute viral myocarditis, which may imply a reduced num-
ber of Treg cells.*’

Bacterial Infections
The
Streptococcus pyogenes, is linked to rheumatic fever,

Rheumatic Fever: group A streptococcus,
an autoimmune disease manifested by rheumatic cardi-
tis, Sydenham chorea, and pediatric autoimmune neu-
ropsychiatric disorders (a new group of behavioral
disorders). Autoantibody T cell responses and molecular
mimicry between group A streptococcus, the brain, and
the heart contribute to disease pathogenesis.*® Wang
et al have shown that group A streptococcal infection
induces TGFB1 and TGFB1-dependent, predominant
Th17 differentiation.** This is generally indicative of
a low TGFP1 level required for Thl7 differentiation.
In addition, it was found that memory or effector CD4
+ T cells— produced following the nasal priming of
mice with S. pyogenes—are not T-regulatory cells (iden-
tified by the two markers CD25 and Foxp3) when recir-
group
A streptococcus is probably a “low Treg” pathogen.
heart

culated through mice spleen.’® Hence,

Similarly, rheumatic diseases demonstrate
a reduced number of circulating Treg cells.”’ Low
Treg activity shared by group A streptococcus and rheu-
matic fever contributes to their association.

Lyme Disease: The cause of Lyme disease is Borrelia
burgdorfeii (Bb) bacteria, which is a tick-borne spirochete.
Many untreated patients (about 60%) develop arthritis that
affects the large joints and can last for several years.
Typically, blood from these patients has a high concentra-
tion of Bb-specific antibodies, and the joint fluid contains
Bb DNA.>? Intensive Th17 immune responses, which may
limit early infection, are often developed in these
patients.”® This is generally indicative of a low TGFp
level. Patients with chronic Lyme disease demonstrate
decreased TGFB1 synthesis by mononuclear cells, relative
to the levels at early stages of the disease.”*

Guillain—-Barré syndrome (GBS): GBS is a muscle-
affecting disease that involves the peripheral nervous sys-

tem. Anti-glycolipid antibodies have been found in the

serum of some of the patients. As a common precursor
to GBS, Campylobacter jejuni is the most extensively
studied specie among several pathogens associated with
the disease.’ The pathogenesis of two GBS subtypes is
associated with a short-term decrease in circulating Treg
cells.’” Data relating to Campylobacter infection and Th17
or Treg responses is scarce.’®

Multiple sclerosis (MS): Impairments in Treg function-
ing were observed in MS patients.”” Higher levels of the
bacteria Chlamydia Pneumoniae were reported in MS
patients.>> Benagiano et al found that the expression of
several cytokines (IL-1p, IL-6, IL-23, TGF-B, and CCL-
20) was upregulated by Chlamydia pneumonia phospho-
lipase D (CpPLD) in monocytes extracted from healthy
donors. They conclude that CpPLD promotes Thl7
immune response in human atherosclerosis.’® This is
generally indicative of “low Treg” bacteria.
Autoimmune Thyroid Diseases (ATDs): A meta-analysis
of 7 studies including 862 patients revealed an overall
Helicobacter pylori infection association with ATDs (OR
1.92 [CI 1.41-2.61]); the association was significant for
Grave’s disease (OR 4.35 [CI 2.48-7.64]) but not for
Hashimoto’s thyroiditis (OR 145 [CI 0.92-2.26],
p=0.11).>" The percentage of Treg cells (CD4+Foxp3+T
cells) and Foxp3 mRNA transcription factor was signifi-
cantly lower in the PBMCs of patients with Grave’s Disease
(P<0.05). Contrary to the involvement of H. pylori in
gastric cancer, where the bacteria skew CD4 cell differen-
tiation towards Treg and drive cancer (“high Treg”) as
described above, here the low Treg frequency helps in
promoting autoimmunity (a “low Treg” condition). This is
an example of H. pylori plasticity, aimed at driving disease
pathogenicity.

Parasite Infections
Chagas About 30%

infected with Trypanosoma cruzi (a protozoan parasite)

Heart Disease: of subjects
develop a cardiac inflammation termed Chagas heart
disease. During infection, some patients clearly present
autoimmune responses, although the role of autoimmu-
nity in the development of Chagas disease is not
clear.’’ Cai et al found that Th17 cells induce protec-
tion against Trypanosoma cruzi infection, both locally
(at mucosal tissues) and systemically.®> The protection
conferred by Thl7 cells is more effective than that
conferred by Thl cells.®® Using a mouse model, it
was found that Treg cells are not strongly involved in
regulating the response of cytotoxic T cells during
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acute infection by 7. cruzi. In addition, Treg cells were
not observed in mice muscles during chronic 7. cruzi
infection.®® This means either a low frequency or
a defective reaction of Treg cells to Trypanosoma
cruzi. However, another study in mice points to an
immune-suppressive role of Treg cells, which promote
the parasite growth but at the same time control early
carditis in Chagas disease and thus prolong survival.®®

Cystic Fibrosis And “Low Treg”

Pseudomonas Aeruginosa Infection

Cystic fibrosis (CF) is an autosomal, recessive genetic
disorder that mainly involves the lungs. From an early
age, the lungs of CF patients are colonized by bacteria
that generate a mucus microenvironment known as bio-
film, which impedes the permeability of immune system
cells and their cytokines (as well as that of antibiotics) into
airways.®® Eighty percent of adult CF patients harbor
Pseudomonas aeruginosa. These bacteria elicit an 1L-17/
IL-23 response, typical to “low Treg” infection, which is
associated with the exacerbation of pulmonary
inflammation.®” Hector et al. demonstrated Tregs impair-
with
infection.®® There is evidence suggesting the involvement

ment in CF patients chronic  Pseudomonas
of autoimmunity in CF. Moreover, the levels of autoanti-
bodies in CF were found to be related to the severity of the

disease.®’

Taken together, clinical and experimental data gener-
ally confirm an association between cancer and “high
Treg” infections. This is a strong association in many
cases. Autoimmune diseases are generally associated
(to a varying degree) with “low Treg” infections.

Cancer And Autoimmune Diseases
Are Not Strongly Associated

A continuous inflammation is one of the causes of cancer. In
particular, the risk of malignancy at the target organs of
autoimmune diseases, such as the guts in celiac disease, the
kidneys in lupus nephritis, or the brain in lupus cerebritis, is
increased.”® This may be attributed to a local “high Treg”
environment, within the systemic “low Treg” surroundings.”’
It can be stated that cancers generally develop under “high
Treg” conditions. As mentioned throughout this work, high
TGFB levels, the hallmark of “high Treg” chronic maladies,
are observed with many types of cancer, especially solid
tumors. It is therefore expected that cancer will be more
strongly associated with “high Treg” infections compared

to autoimmune diseases, which are generally “low Treg”
ailments.

A review of the literature published between 2001
and 2011 reveals that the standardized residence ratios
(SIR), odds ratios (OR), or hazard ratios of overall
cancer risk for most of the 12 autoimmune conditions
reported are lower than 2.”° One celiac disease study
with a morbidity ratio (MR) of 5.99, one scleroderma
study with a SIR value of 4.2, and one Sjogren’s syn-
drome study with a SIR value of 3.25 are the excep-
tions. High OR or SIR values may be misleading when
the prevalence of cancer in the normal population is
low, or when the group analyzed is small. For example,
in the celiac disease study with a high MR value, only
1.3% of the celiac patients developed gastric cancer;
even though this is a number that is significantly higher
than that expected in the normal population, it is still
a low number. The scleroderma study with the high SIR
value included only 118 patients. In another study with
2040 patients, an SIR value of 1.5 was obtained (see
Ref. 70 and the references therein).

Some hematological disorders, especially lympho-
mas, may present exceptionally high OR values for
autoimmune diseases.”® For example, an odds ratio
value of 6.5 for autoimmune hemolytic anemia in non-
Hodgkin’s lymphoma (NHL) patients was obtained in
a large-scale American study.”” Nevertheless, autoim-
mune hemolytic anemia affected only 87 out of 33,
721 (0.26%) of patients with NHL, i.e., the two condi-
tions are not strongly associated. Moreover, as will be
discussed below, the data regarding Treg functioning in
hematologic malignancies is conflicting (i.e. some of
them may be regarded as “low Treg” diseases).

In a case-control study of 3053 patients with acute
myeloid leukemia (AML) and age-matched population
controls, @stgard et al investigated the relation between
AML and autoimmune diseases. This association was
observed only in patients with previous hematological
disorder or those who have undergone chemotherapy
(odds ratio=2.0) and not in de novo AML patients. The
authors concluded that the development of de novo AML
is not affected, or is only marginally affected, by autoim-
mune disorders.”

Very high OR or SIR values for organ-related malig-
nancies in autoimmune diseases are sometimes
reported.”® For example, an Italian study reports an
SIR value of 25 for small intestinal cancer, observed
before or simultaneously with the diagnosis of celiac
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disease.”® The original publication reports 5 small bowel
cancer cases out of 1968 celiac patients, representing
a probability of only 0.25% for small bowel cancer in
celiac disease.”* The high SIR value obtained is related
to the low value of the expected probability of small
bowel cancer (i.e., the probability of small bowel cancer
in the healthy population).

The hazard ratio for thyroid cancer in Grave’s disease
estimated in a cohort of 5025 Taiwanese patients was 10.4.
Still, the incidence rate (per 1000 person-years) was
1.62.7° This means that 1.6 patients out of 1000 patients
with Grave’s disease develop thyroid cancer within
one year. Assuming a mean chronicity period of 30
years, about 5% of Grave’s disease patients are expected
to develop thyroid cancer through life.

It may be concluded that the association between can-
cer and autoimmune diseases is generally much weaker
than the association between cancer and some of the “high
Treg” pathogens, which often reaches 100%.

Coinfection/Comorbidity Is More
Probable Within Members Of The

Same Class

When different pathogens belong to the same class, as
defined by Treg activity, they share a common effect on
the myeloid and lymphoid arms of the immune system.
A “high Treg” pathogen, for example, will induce the
generation of anti-inflammatory neutrophil subpopula-
tions, while at the same time it will suppress pro-
inflammatory T cell reactions. It is expected therefore,
that an infection by a pathogen that relates to one class
(“high Treg” or “low Treg”), will increase the probability
of a coinfection with other pathogens of the same class.
This expectation is verified by clinical data. For example:
Both HBV and HTLV-1 are “high Treg” infections.”*>®
Indeed, HBV infection was detected in 19.2% and 15.9%
of HTLV-1-seropositive indigenous adults admitted to
Alice Springs Hospital (ASH) in Central Australia and
patients in Northern Australia, respectively. Coinfection
with HTLV-1 and HBV has previously been described in
South America and southern Japan.”®

In tumor tissue specimens taken from patients with squa-
mous cell carcinoma of the larynx, EBV DNA was
detected in 27.7% of the samples, 46.3% of which were
co-infected with human papillomavirus (HPV).”” This cor-
relates with the fact that EBV (in the context of cancer)
and HPV are “high Treg” infections.***' In another study

of laryngeal, oro-pharyngeal, and oral cavity cancer, the
presence of EBV, HPV, or polyoma BK virus was
assessed. Coinfection with at least two viruses was
detected in 56.2% of the patients.”® All three viruses
involved are “high Treg” viruses.>* >

HIV is a “high Treg” pathogen, and Treg frequency in
HIV patients correlates with disease severity and viral
load.” Thus, HIV is not expected to be highly associated
with autoimmune diseases, which are generally considered
“low Treg” diseases.'® Indeed, autoimmune diseases were
uncommon (only 0.69%) in 5186 HIV-infected French
patients.®”

HIV infection, however, does not belong to the discus-
sion on coinfection presented above. HIV infection results
in an intense depletion of CD4+ cells, which allows the
thriving of many opportunistic pathogens, whether “high
Treg” or “low Treg”.

Chronic Diseases That Belong To
The Same Class Can Be Treated By
The Same Immune-Modulating
Drugs

Some drugs that are used to treat chronic diseases har-
ness the immune system for this purpose. Thus, “high
Treg” diseases can be treated by a stimulation of the
immune response. On the other hand, “low Treg” dis-
eases can be treated by attenuation of the immune
response. It appears that an immunotherapy that is effec-
tive in one disease may be effective in another disease,
only if they belong to the same class. Some examples
are the following:

(a) It has been demonstrated in an animal model that
type I interferon suppresses Treg function ing.®'
Interferon alpha—2b is indicated for the treatment
of hepatitis B and hepatitis C viral infections. In
addition, it is indicated for the treatment of differ-
ent cancers such as hairy cell leukemia, chronic
myelogenous leukemia, multiple myeloma, follicu-
lar lymphoma, carcinoid tumor, and malignant mel-
anoma. These types of cancer, as well as viral
hepatitis B and C, are “high Treg” chronic diseases.

(b) Nivolumab is a human IgG4, anti-PD-1 monoclonal
antibody. The immunogenic checkpoint PD-1 is
highly expressed on Treg cells and has an important
role in regulating Treg cell activity. Even though an
increase or no change in Treg frequency following
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nivolumab treatment has been reported, some stu-
dies have demonstrated a reduced Treg suppressive
activity in vitro.** Nivolumab is indicated for the
treatment of several cancers including melanoma,
head and neck cancer, and non-small-cell lung can-
cer. At the same time, nivolumab has shown effi-
cacy in treating chronic hepatitis C virus patients,
with a result of a more than 4-log reduction of viral
load in some patients.**> Thus, an anti-PD-1 treat-
ment is effective in both cancer and “high Treg”
viral infections.

(c) Corticosteroids (CS) have been used for many years
in the treatment 84

Bereshchenko et al.*® report that glucocorticoid-

of autoimmune diseases.
induced leucinezipper drives Treg cell proliferation
and enhances Treg signaling. This is one of the
which CS exert their
inflammatory effect. Being effective in “low Treg”

mechanisms by anti-
autoimmune diseases, CS are expected to be effective
in the treatment of other “low Treg” diseases. On the
other hand, CS are not expected to be effective in
“high Treg” diseases.

Indeed, the use of CS is recommended in the following
infections: pneumocystic pneumonia,® eye herpes simplex
virus (HSV) infection,®’

mononucleosis,® and sterptococal pharyngitis.”®

schitosomiasis,®®  infectious

As the data below demonstrates, these are all “low
Treg” infections:
Pneumocystic Pneumonia: Tregs were found to attenuate
inflammation in an animal model of the disease.”!
Ocular HSV Infection: Tregs dampened the severity of
HSV eye inflammation in an experimental mouse model.”
Schisotomiasis: Tregs reduced severity and prolonged sur-
vival in a mouse model of the disease.”
Infectious Mononucleosis (IM): “The percentage of Th17/
CD4* T cells, Th17/Treg, IL-17, and IL-22 contents were
significantly elevated in acute IM patients compared to
recovery patients and control. Meanwhile, the Treg/CD4*
T cells, IL-10 and TGF-B contents were significantly
lower”.*
Streptococal Pharyngitis: Group A streptococcus induces
a predominant Th17 response in mouse nasal-associated
lymphoid tissue.*’

In addition, asthma, is commonly treated by inhaled
corticosteroids. It has been demonstrated that thymic stromal
lymphopoietin suppresses the generation of antigen-specific

Tregs.” An attenuation of thymic stromal lymphopoietin in

an asthma mouse model alleviated airway inflammation.”®
Therefore, asthma is a “low Treg” disease. This explains the
effectiveness of CS in asthma treatment.

Atopic dermatitis is a skin inflammation that mainly
affects children. Atopic dermatitis severity is positively
related to Th17 cell percentage and Th17/Treg ratio, and
negatively related to Treg cell percentage.”” Hence, ato-
pic dermatitis is a “low Treg” condition. Unsurprisingly,
topical CS are the mainstay of atopic dermatitis
treatment.

Corticosteroids (“Low Treg”
Diseases Drugs) Are Not Effective

In “High treg’” Diseases

Corticosteroids are (categorically) not recommended in the
following six out of twenty-six infections listed in Aberdein
and Singer’s review on CS use in infections:*® chronic
hepatitis B, chronic hepatitis C, severe viral hepatitis,
Dengue shock syndrome, cerebral malaria, idiopathic facial
nerve (Bell’s) palsy, and cystic fibrosis. Bordetella pertussis,
for which only one, small-scale study was retrieved by the
authors, was excluded from this list.

The first four infections are “high Treg” viral infections.
Symptomatic malaria is associated with high Treg levels.”®
The removal of Treg cells induced an immune response
against malaria parasite Plasmodium falciparum, in vitro.”
Hence malaria is a “high Treg” disease as well.

A recent Cochrane’s review opposes Aberdine and
Singer’s conclusion regarding the ineffectiveness of CS
in Bell’s palsy.'® This more recent work found benefit in
the use of CS alone over the use of antivirals alone (which
were not better than placebo) in treating the disease.'®® It
should be noted that the ineffectiveness of CS in cystic
fibrosis, which is a “low Treg” disease, cannot be
explained by the two-class model.

Corticosteroids are generally not effective in solid
tumor malignancies, which are, as a whole, “high Treg”
diseases.* However, CS are very effective in treating lym-
phoid cancer, and were used as such for decades.'®" This is
not surprising since CS repress the lymphoid immune
response (which is the source of pathogenicity in lympho-
mas). Corticosteroids induce growth arrest and apoptosis
in lymphoid tissues through the glucocorticoid receptor.'®*
This mechanism possibly contributes to their effectiveness
in lymphoid cancers and is not necessarily related to the
suppression of effector T cell functioning or to the upre-
gulation of Treg functioning by CS. On the other hand, the
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data on the prognostic significance of regulatory T cells in
hematologic malignancies are conflicting, with some stu-
dies indicating a “low Treg” profile and others demonstrat-

ing a “high Treg” character.'®

Only “Low Treg” Bacteria Can
Inhibit Malignant Tumor Growth

In recent decades, an inhibitory effect of bacteria
been demonstrated. These

on tumor growth has

include Clostridium novyi, Salmonella typhimurium,

. T |
and Proteus mirabilis.'®

Streptococcus pyogenes,104
Bacillus Calmette—Guérin (BCG) is a live, attenuated
strain of Mycobacterium bovis used for tuberculosis vac-
cination. Since 1977, BCG vaccine has been routinely
used as standard care for patients with non-muscle inva-
sive bladder cancer.'® It is currently the only agent
approved by the US Food and Drug Administration for
primary therapy of this condition.

In accordance with the two-class model, all five bac-
teria listed above, which demonstrate anti-tumor activity,
are pro-inflammatory “low Treg” bacteria:

Clostridium novyi: These bacteria elicit a strong pro-
inflammatory effect by the induction of IL-6, G-CSF,
MIP-2, and TIMP-1.'%¢

Salmonella Typhimurium: Salmonella infection induces,
directly or indirectly, the secretion of many pro-
inflammatory cytokines, such as IL-18 (by epithelial
cells), 1L-17, and IL-22 (by innate lymphoid cells: neu-
trophils, gamma delta T cells, innate Th17 cells and off
T cells), and IFN-y (by Th1 cells).'"’

Streptococcus Pyogenes: S. pyogenes intranasal infections
mainly generate Th17 cells.'*®

BCG Vaccine: The major cytokines induced by BCG are
IFNy, IL2, and TNFa secreted by activated CD4+ T cells.
All three cytokines are of a pro-inflammatory nature.'%
Proteus Miabilis: This gram-negative bacterium, frequently
found in urinary tract infections, elicits an immune response
which is preferentially pro-inflammatory (even though the
anti-inflammatory cytokine, IL-10, has been reported in the

urine of infected persons as well).''

“Low treg’” Bacteria That Inhibit
Tumor Growth Induce Autoimmune

Diseases

Adopting the two-class model, it is not surprising that
these “low Treg” bacteria, which inhibit cancer, can also
trigger autoimmunity: Sa/monella species induce reactive

arthritis;'"!  Streptococcus pyogenes induce rheumatic
fever;48 Proteus mirabilis induce rheumatoid arthritis;112
Clostridium novyi is not known to induce autoimmunity;
however, another strain of the bacteria, Clostridium diffi-
cile, is linked to reactive arthritis;113 Mycobacterium bovis

is part of the etiology of several autoimmune diseases.''

A Pathogen May Induce Either

“High Treg” Or “Low Treg”
Responses, Depending On The Host

Disease
It must be realized that the induction of a specific regula-
tory immune response by a pathogen may depend on the
host condition. Some pathogens that induce a “high Treg”
response in cancer may elicit a “low Treg” response in the
context of autoimmune diseases.'> Epstein Barr virus
(EBV), which is involved in several cancers, is implicated
in autoimmune diseases such as RA, SLE, and MS. In fact,
EBNAL, a protein expressed in all latency forms and lytic
cycles of EBV, contains three fragments that cross-react
with three auto-antigens in RA, SLE, and MS.'5 As
explained above, EBV may switch from a “high Treg”
phenotype in cancer to a “low Treg” phenotype in auto-
immune diseases, propagating both diseases. Measles virus
has been associated with multiple sclerosis (MS),''®
a “low Treg” disease. On the other hand, it has been
demonstrated that measles virus induces IL-10-producing
CD14+ and CD4+CD25+ cells—a “high Treg” reaction—
in peripheral blood mononuclear cells of infected patients
not diagnosed with any autoimmune disease.''” It is pos-
sible, however, that measles virus transforms into a “low
Treg” phenotype in MS, just as EBV does.

Another example is related to herpetic stromal keratitis,
a corneal infection caused by herpes virus 1 (HSV-1).
Using a murine corneal infection model, a positive corre-
lation between Treg frequency and viral infectivity has
been recently observed. On this basis, HSV-1 can be
classified as a “high Treg” virus. It has also been found
that Tregs promote HSV-1 latency by CD8+ T cell
suppression.''® However, stress-induced Treg cells reacti-
vate the latent virus by controlling antiviral CD8+
T cells."'® It seems therefore that the functioning of Treg
cells in HSV-1 corneal infection is context-dependent. It is
well known that stress induces glucocorticoids secretion
(through the HPA axis). Hence, it is possible, that by
controlling cytotoxic T cells in the presence of glucocorti-
coids, Tregs mainly reactivate the latent form of HSV-1,
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while in their absence, the latency of this virus is estab-
lished. This also explains the well-documented correlation
between psychological and physical stress and the
increased risk of developing an active HSV infection.

As noted above, bone marrow dendritic cells infected
by H. pylori may skew the Th17/Treg balance toward
a Tregs response,”’ which may classify H. pylori as
a “high Treg” bacterium. This is in accord with the
documented association between H. Pylori and (gastric)
cancer. However, H. pylori bacteria are also associated
with Grave’s disease,’® which is typically a “low Treg”
disease.®® As a matter of fact, H. pylori has been linked
with several autoimmune diseases.''® Different mechan-
isms of the H. pylori-induced autoimmunity have been
proposed, including molecular mimicry of H. pylori
antigens and the ability of H. pylori fragments to induce
B cells to produce anti-phospholipid choline, anti-

dsDNA antibodies, and IgM rheumatoid factor.'"”

Whether H. pylori induce cancer or autoimmunity prob-
ably depends on the environmental milieu.

Exceptions To The Two-Class Model
Tregs are involved in the impairment of immune control
of Mycobacterium tuberculosis."*® Therefore, tubercu-
lous meningitis can be considered a “high Treg” condi-
tion, and corticosteroids are not expected to be effective
in controlling this disease. However, corticosteroids use
In addi-
tion, the ineffectiveness of CS in cystic fibrosis,*

. . . ... 0]
is recommended in tuberculous meningitis.

a “low Treg” disease, cannot be explained by the two-
class model.

In another example, chronic myeloid leukemia (CML)
seems to be a “high Treg” disease: A negative correlation
was observed between Thl7 frequency and fusion gene
BCR/ABL (a CML marker) frequency in the peripheral
blood and bone marrow of CML patients.'?' It was also

Chronic Diseases

e

“high Treg” diseases

|

insult persistence

l

cancer+“high Treg” pathogens

|

high association

N

“low Treg” diseases

|

inflammation + tissue damage

|

autoimmunity+“low Treg” pathogens

|

moderately high association

Cancer and autoimmune diseases are not highly associated

Co-infection is more probable between pathogens of the same class

Chronic diseases of the same class may be treated by the same immune-modulating drugs

Treg inducers (e.g. corticosteroids) are effective (as immune-modulators) in “low Treg” but not in “high Treg” diseases

Only “low Treg” bacteria can inhibit tumor growth

“Low Treg” bacteria that inhibit tumor growth induce autoimmune diseases

Figure | A summary diagram of the binary model and the conclusions derived by its use.
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found that the overall survival rate of CML patients with
a high peripheral level of CD4+CD25+Foxp3+ Treg was
remarkably lower than that of a low Treg group.'?* The
beneficial effect of CS in the treatment of this “high Treg”
disease cannot be elucidated by the model. As explained
above, in lymphoid tissues, CS work through glucocorti-
coid receptors to arrest growth and induce apoptosis,'*>
a mechanism that is not necessarily related to the anti-
inflammatory effect of CS, which is affected by Treg
induction and the suppression of effector T cells

functioning.

Summary

Two classes of chronicity are discussed in relation to the
resolution of inflammation: (a) A “high Treg” class, in
which over-active regulatory cells facilitate the persis-
tence of insult (whether malignant cells or pathogens)
due to a too-early or too intense suppression of the
immune response; and (b) A “low Treg” class, in
which an impaired regulatory effect facilitates long-
lasting inflammation (and collateral tissue damage),
long after the insult disappears or during active auto-
immune diseases.

This two-class distinction elucidates the association
of some infections with autoimmune diseases and of
other infections (mainly viral) with cancer. The high or
low probability of a coinfection by different pathogens
can also be accounted for by the model. The weak
association between autoimmune diseases and HIV
infection and the relatively weak association between
autoimmune diseases and cancer are explained as well.
In addition, different interactions between pathogens,
cancer, and autoimmunity are rationalized, as well as
the efficacy or inefficacy of immunotherapy by drugs
(including corticosteroids) and bacteria, in cancer, infec-
tions, and autoimmune diseases. Some exceptions to the
model are acknowledged. A summary diagram of the
binary model and the conclusions derived by its use is
presented in Figure 1.
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