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Abstract: In an earlier publication, a binary classification of chronic diseases has been

proposed. Chronic diseases were classified as “high Treg” or “low Treg” diseases depending

on whether the pro-inflammatory or the anti-inflammatory arms of the immune response are

deficient. The present work uses this model to analyze the interplay between cancer and the

immune system, based on published literature. The work leans upon the etiology of alcohol and

tobacco-related malignancies. The main conclusions are: triggers of specific “high Treg”

immune reaction promote most non-hematologic cancers, whereas triggers of “low Treg”

immune reaction promote lymphomas. The opposite is also true: triggers of specific “high

Treg” immune reaction suppress lymphoma, whereas triggers of “low Treg” immune reaction

suppress non-hematologic cancers. Both lymphoma and autoimmune diseases are “low Treg”

conditions. For this reason, both are promoted by the same panel of “low Treg” bacteria and

parasites and are inhibited by “high Treg” triggers. For example, alcohol consumption, a “high

Treg” trigger, protects against lymphoma and autoimmune hypothyroidism. In addition, the same

immune-modulatory drugs are effective in the treatment of both lymphoma and autoimmune

diseases. Like other cancers, lymphoma transforms from a “low Treg” type at early stage of the

disease into a “high Treg” type at advanced stages. However, lymphoma is distinguished from

most other cancers by the length of time it dwells at an indolent “low Treg” state (many years)

before lymphoma cells sensitivity to transforming growth factor-beta is impaired. This impair-

ment stimulates the switch from “low Treg” into “high Treg” response and results in immune

escape. The application of this analysis to the pharmacological activity of checkpoint inhibitors

forecasts that checkpoint inhibitors would not be effective in low-grade, indolent lymphomas. As

of now, checkpoint inhibitors are approved for the treatment of advanced lymphoma only.

Keywords: regulatory T cells, lymphoma, cancer, alcohol consumption, cigarette smoking,

checkpoint inhibitors, high Treg, low Treg, inflammation, autoimmune diseases, immune

escape

Introduction
In an earlier publication, a binary classification of chronic diseases was proposed.1

Chronic diseases were classified as “high Treg” or “low Treg” diseases depending

on whether the pro-inflammatory or the anti-inflammatory arms of the immune

response are deficient. Regulatory T cells (Treg) are considered the main anti-

inflammatory cellular agents.

Shortly, the immune system elicits two types of reactions: a pro-inflammatory

reaction and an anti-inflammatory reaction. Following an acute insult, these two
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types of response operate in a timely-coordinated manner

where the pro-inflammatory arm attacks the invader (in the

case of infection) and eliminates damaged cells and debris

(in the case of infection and physical insults) while the

anti-inflammatory arm drives the immune response back to

its steady-state. Following an acute insult, these two arms

act simultaneously and in parallel till resolution is

achieved.2 In contrast to acute disease, chronic diseases

are characterized by an impaired immune response.

Generally, chronic diseases may be divided into two

classes: (a) “high Treg” diseases where the inflammatory

response is deficient and unable to eliminate the insult,

with the result of insult persistence, and, (b) “low Treg”

diseases where the anti-inflammatory arm is impaired and

inflammatory response lasts after the insult has been elimi-

nated, with the result of a collateral damage. Alternatively,

“high Treg” diseases can be defined as conditions which

can be alleviated by drugs that suppress Treg activity,

while “low Treg” diseases can be defined as conditions

which can be alleviated by drugs that promote Treg

activity.

This binary division explains the association of certain

pathogens with cancer and of other pathogens with auto-

immune diseases. In addition, the efficacy or inefficacy of

immunotherapy by drugs and bacteria, in cancer infections

and autoimmunity may be predicted by the binary model.1

The present work utilizes this model to explain how

“high Treg” inflammations induce non-hematologic can-

cers while “low Treg” inflammations induce lymphomas.

Published literature data are used for this purpose.

It is widely and almost equivocally asserted that

inflammation drives most cancers (see Refs. [3 or 4] for

example). It must be realized however that inflammation is

not a pre-requisite for the development of cancer, as much

as cancer is not a pre-requisite for the development of

inflammation. For example, spontaneous tumors may

develop in rodents.5

The present article argues that following a prolonged

inflammation, most non-hematologic cancers are promoted

by a dysfunction of some components of the immune

system, while other components elicit a strong pro-

inflammatory effect. In contrast, low-grade lymphomas

(and possibly few other cancers) are driven by a pro-

inflammatory response (i.e., by “inflammation”), with no

dysfunction of the pro-inflammatory arm. To be more

specific, following prolonged inflammation, most non-

hematologic cancers are promoted (mainly) by repressed

antigen-specific response (specific “high Treg” response).

Lymphoid cancers, on the other hand, are promoted by

fully activated adaptive and innate responses (“low Treg”

response) during the long period of indolent disease

(before immune resistance develops). The implications of

this observation are discussed below.

At the outset of this work, Treg cells modes of action

under “high Treg” and “low Treg” conditions will be

described. Then, literature data concerning malignancies

related to alcohol consumption and tobacco smoking will

be used to present the immunosuppressive effect of these

agents as a cause for the development of non-hematologic

malignancies. The next 3 sections will present the immu-

nological similarities between lymphoma and autoimmune

diseases. Then, an immune escape mechanism unique to

lymphoma will be displayed. This unique escape mechan-

ism will be proposed as an explanation for the uncommon

response of lymphoma to inflammation. Lastly, the impli-

cation of the binary model to the pharmacological activity

of checkpoint inhibitors will be discussed. A discussion

section will summarize the findings.

“High Treg” and “Low Treg” Cells
Modus Operandi
Regulatory T cells may develop in the thymus following

the stimulation of naïve T cells by self-antigens. These

regulatory T cells are termed natural regulatory T cells

(nTregs). Alternatively, regulatory T cells may be differ-

entiated upon stimulation of naïve T cells in the periphery,

in the presence of certain cytokines. These regulatory

T cells are termed inducible regulatory T cells (iTreg).

nTreg and iTreg cells are phenotypically similar, and

both have comparable function in suppressing immune

responses.6 Due to this phenotypic similarity, this work

refers to regulatory T cells as “Treg cells”, irrespective of

their site of origin.

Autoimmune diseases are typical “low Treg” diseases.1

It may be stated that most (if not all) autoimmune diseases

are characterized by an impaired Treg activity.7

It is of note that several autoimmune diseases with

reduced Tregs activity present normal Treg cells frequency.

In the broad sense, an impaired Treg function may be due to

either: (a) inadequate number of Treg cells, (b) an impaired

suppression mechanism, or (c) a development of T cells

resistance to Treg suppressive effect.7 One such impaired

mechanism is an insufficient secretion of TGFβ by Treg

cells. An animal model involving TGFβ knockout mice

demonstrated multifocal inflammation lesions that reminded
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systemic lupus erythematosus (SLE).8 Moreover, SLE-like

autoantibodies were observed in TGFβ deficient mice.9

Solid cancers, on the other hand, are typical “high

Treg” diseases.1 Treg cells infiltrate into tumor microen-

vironment (TME), with the result of Tregs frequency

which is ten times higher in TME relative to their fre-

quency in peripheral blood.10 The accumulation of Tregs

in TME generates an immune suppressive environment,

rich in TGFβ, with the result of tumor proliferation and

spread. At an early stage of tumor development, however,

TGFβ directly represses tumor growth.11 At this stage,

Treg promoters (i.e., drugs that promote Treg cells fre-

quency or function) suppress tumor growth by promoting

TGFβ excretion in TME. The effect is similar to the

ameliorating effect of Treg promoters (like corticosteroids)

on “low Treg” diseases such as autoimmune disorders.

Hence, at early stage of development, tumor may be

regarded as a “low Treg” condition. This point will be

elaborated later in this work.

It must be added that Tregs are not the sole pro-tumor

agents in advanced cancer. In addition to Tregs, TME

contains abundance of myeloid-derived suppressor cells

(MDSCs), tumor-associated macrophages (TAMs), and

immune checkpoint molecules, all contributing to the sup-

pression of the immune response.12 The cross-talk between

Tregs, MDSCs, and TAMs is described by several

works.13–15 The function of dendritic cells (DC) within

TME is complex. In general, DCs maintain the balance

between pro- and anti-inflammatory responses of the

immune system. A cross-talk between DCs and Treg cells

governs this balance whereby DCs induce Tregs differen-

tiation, while Tregs control DCs phenotype and function.16

In the setting of cancer, different DC subsets play different

roles. Within TME, plasmacytoid DCs evoke pro-tumor

effect by the induction of T cell tolerance whereas conven-

tional DCs (especially cDC1) promote anti-tumor effect by

priming cytotoxic T cells immunity.17 Even though all

aforementioned immune cells affect cancer, this work

focuses on the role of Treg cells only.

Specific “High Treg” Inflammation
Promotes Non-Hematologic
Tumors
Non-microbial external triggers of the immune response,

and in particular continuous stimuli like alcohol abuse or

frequent cigarette smoking, differ from triggers elicited by

live forms such as microbes or cancer cells, in at least two

respects: (a) when the source is external, the immune

system is unable to eliminate it, and (b) an external lifeless

insult does not transform into a new phenotype in order to

manipulate (or “highjack”) the immune response. As

a result, the immunological response to lasting environ-

mental stimuli is expected to be a pro-inflammatory “low

Treg” response with the result of collateral tissue damage,

much like an autoimmune reaction. However, a lasting

external trigger may be directly harmful to live tissues

(an effect not mediated by the immune system), while an

auto-antigen is detrimental only indirectly, by the autoim-

mune response it elicits. Sometimes when an external

insult is continuous or repetitive for a long period of

time, the prolonged intensive inflammation may harm the

immune system components themselves. When this hap-

pens the immunological response is dual: an over-activated

response by part of the immune system and an impaired

response by other parts. This is the state of a specific “high

Treg” response, when only part of the immune system is

suppressed, while other parts are fully-activated or even

over-activated. The term “high Treg” is preserved here

even though the impaired inflammatory response is not

merely due to regulatory T cells activity. As will be dis-

cussed below, both, heavy alcohol drinking and cigarette

smoking induce such a scenario.

Alcohol Abuse
Alcohol drinking directly affects four organs: the oral

cavity, the pharynx, the digestive system, and the liver.

Other organs are involved as well. Mutational signatures in

alcohol-driven carcinomas of the esophagus and liver have

been reported.18,19 Alcohol is metabolized into acetalde-

hyde in hepatocytes mainly by alcohol dehydrogenase and

by cytochrome P450 2E1 (CYP2E1). The extensive meta-

bolism of alcohol generates excessive oxidative stress.20 In

an increasing order of severity, steatosis, steatohepatitis,

fibrosis, cirrhosis, and hepatocellular carcinoma are all

alcohol-related diseases that may develop one following

the other. The switch from steatosis to hepatitis occurs as

Kupffer cells, the resident liver macrophages, differentiate

into the pro-inflammatory M1 phenotype. Endotoxins

(lipopolysaccharides) translocated from the guts into the

liver through the portal vein are the main stimulus for the

generation of the pro-inflammatory phenotype of Kupffer

cells. Excess of alcohol induces endotoxemia by promot-

ing bacterial growth and by increasing intestinal

permeability.20 In their M1 type, Kupffer cells secrete

TNFα, IL-1β, IL-6, all pro-inflammatory cytokines.
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During fibrosis, a process by which activated hepatic stel-

late cells (HSC) induce collagen deposition in hepatic

extracellular matrix, the pro-inflammatory signature

prevails.21 The cytokine TGFβ participates in the process

of fibrosis, including the trans-differentiation of HSC into

myofibroblasts and the maintenance of the myofibroblastic

phenotype.22 The pro-inflammatory reaction of the

immune system continues during the stage of cirrhosis.23

Even at the initial state of tumor development, a low TGFβ
level drives-on the inflammatory process22 by inducing

Th17 differentiation.24 In addition, at low TGFβ levels,

tumor-associated neutrophils attain their anti-tumor N1

phenotype.25 It is only later, as the tumor progresses and

excretes large amounts of TGFβ, that the reaction turns

into immunosuppressive and tumorigenic one, since at

high TGFβ levels naïve T cells differentiate into immuno-

suppressive regulatory T cells (Treg).22 High TGFβ serum

levels correlate with a poor prognosis of hepatocellular

carcinoma.26 It should be realized that alcohol-related

liver disease (as well as liver disease which is unrelated

to alcohol) progresses from a basically pro-inflammatory

state, characterized by high levels of cytokines such as

IL-1, IL-6, TNFα, increased phagocytosis by mononuclear

cells, and upregulation of HLA-DR and co-stimulatory

molecules expression on monocytes and macrophages, to

a predominately immunosuppressed state expressed by

high levels of cytokines such as IL-10 and TGFβ, impaired

phagocytosis by mononuclear cells and down-regulation of

HLA-DR on monocytes and macrophages. In this

immune-impaired state, neutrophils, B-lymphocytes, and

T-lymphocytes effector activities are hampered. However,

even at this immune-impaired state, a pro-inflammatory

reaction is still highly activated.27 This coexistence

between immune exhaustion (mainly toward endotoxins)

and an increased level of pro-inflammatory cytokines is

also found in hepatocellular carcinoma (HCC).28

A transition from a predominately pro-inflammatory state

in steatosis to immune-suppressed state in HCC is also

reflected by the increase in Treg cells frequency. Mou et al.

reported that Treg percentage evaluated in blood continu-

ously increased from healthy controls to hepatitis B patients

to cirrhosis patients, a change which was correlated with

a decrease in liver function.29 A meta-analysis of 23 studies

demonstrated that Treg cells blood frequency in HCC

patients is significantly higher compared to their frequency

in blood of healthy subjects.30 At the initial stage of a liver

disease, i.e., at steatosis, circulating Tregs frequency is lower

than the values observed in healthy subjects.31 Therefore,

Tregs systemic frequency increases from steatosis to HCC. In

light of the fact that liver disease develops from an inflam-

matory (“low Treg”) phenotype to an immunosuppressed

(“high Treg”) phenotype, and the fact that the risk of HCC

increases with the severity of liver disease,32 it can be con-

cluded that “high Treg” conditions (i.e., an immunosuppres-

sive milieu with high TGFβ levels as a hallmark) drive HCC

development. In line with this, hepatocellular carcinoma

presents an impaired IFNγ production by tumor-associated

antigen-specific CD8+T cells.33 This indicates that HCC is

a specific “high Treg” disease.

Alcohol consumption induces an increase in the sys-

temic level of TGFβ. Mean TGFβ plasma level in patients

with alcohol dependence was more than double the value

observed in healthy subjects.34 Patients with alcohol

dependence and liver pathology demonstrated TGFβ levels

similar to those observed in drinkers without a liver

pathology.34 Hence, alcohol is probably the cause for the

increasing levels of blood TGFβ and not liver disease.

An association between alcohol abuse and malignancies

other than HCC is reported in the literature. The relative risk of

23 different types of cancers as a function of daily alcohol

consumption is presented by Bagnardi et al.35 The relative risk

is positively-, zero-, or negatively-related to alcohol daily

consumption, depending on the specific site of cancer. Out of

21 non-hematologic cancers, the relative risks of 16 were

positively dependent on the daily dose of alcohol consump-

tion, while the relative risks of 5 were not affected by alcohol

consumption. However, the relative risk of Hodgkin’s lym-

phoma and Non-Hodgkin’s lymphoma decreased with the

daily dose of alcohol, in a statistically significant manner.

Taken together, alcohol consumption induces both,

a pro-inflammatory effect and a specific immunodefi-

ciency. Non-hematologic malignancies develop under the

immunosuppressive specific “high Treg” response and as

a result of high TGFβ levels, even though inflammatory

response by unimpaired components of the immune sys-

tem is highly activated concurrently. The relative risks of

most non-hematologic cancers are positively related to the

daily dose of alcohol, while few are unaffected (or only

slightly affected) by alcohol. Outstandingly, the relative

risk of developing lymphoid cancer (Hodgkin’s or non-

Hodgkin’s lymphomas) has a statistically significant

inverse association with the daily dose of alcohol.

Cigarette Smoking
Cigarette smoke contains about 60 carcinogens, and smok-

ing increases cancer risk by increasing the somatic
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mutation load.36 As asserted above, a long-lasting external

insult is expected to induce a pro-inflammatory reaction.

This is indeed the case with cigarette smoking. Cigarette

smoke activates aryl hydrocarbon nuclear receptor in air-

way epithelial cells to overexpress IL-1β, IL-6, and TNFα,

all pro-inflammatory cytokines.37 However, similar to the

effect of alcohol on the liver tissue, the pro-inflammatory

reaction to cigarette smoking not only inflicts local

damage to the lungs but also impairs the function of

certain members of the immune system. Lugade et al.

have demonstrated this dual effect in a mice model, as

part of an effort to investigate the relation between cigar-

ette smoke and bacterial infection.38 In this study, mice

were first exposed to cigarette smoke and then infected

with non-typeable Haemophilus influenzae (NTHI) virus.

As a result, macrophages and neutrophil numbers

increased in mice airways while IL-1b, IL-6, TNF-a, and

IL-17 levels increased in their bronchoalveolar lavage

(BAL) fluid. At the same time, an impaired adaptive

specific immunity against NTHI was observed. Lower

secretion of IL-4 and INF-γ by lung and splenic NTHI-

specific T lymphocytes has been reported. The decreased

secretion was accompanied by a decrease in the number

and frequency of these NTHI-specific T lymphocytes,

compared to air-exposed controls. In addition, NTHI-

specific B cell responses were impaired in the smoke-

exposed mice.38 The impaired T and B lymphocytes

specific function was observed in the lungs, BAL, spleen,

serum, and bone marrow of the mice.38 Indeed, prolonged

smoking history is often associated with an increased pre-

valence of respiratory infections. Ostadkarampour et al.

have reported an increased frequency of a potent suppres-

sor Treg subset and a decreased frequency of Th17 cells in

the BAL of young healthy moderate smokers with normal

lung function, relative to healthy never-smokers.39

Chronic obstructive pulmonary disease (COPD) is

a lung disorder highly associated with cigarette smoking.

About 90% of COPD patients are current smokers or ex-

smokers, and about 50% of lifelong smokers develop

COPD.40 Kalathil et al. reported increased frequencies of

Treg cells, myeloid-derived suppressor cells (MDSC), and

PD-1+ exhausted effector T cells (PD-1 is an immune

checkpoint that promotes self-tolerance to Tregs) in the

blood of COPD patients, compared to healthy controls.41

These findings imply a high suppressive activity by the

adaptive immune system. The last topic is presented in an

excellent review by Bhat et al.42

These observations imply an induction of effector

T cell control by tobacco smoking (a “high Treg” effect).

The observations are supported by an analysis that com-

pares the somatic mutational load in lungs and head and

neck squamous cell carcinomas.43 In this work, Wang

et al. analyzed RNA and DNA sequencing data from

cases studied as part of The Cancer Genome Atlas

(TCGA), as well as two independent gene expression

datasets of lung squamous cell carcinoma (LUSC) and

head and neck squamous cell (HNSC) tumors.43 The

authors pointed to a strong immunosuppressive effect of

smoking on local tumor environment (assessed by evalu-

ating the degree of immune cell infiltration in the tumor

microenvironment), an effect that was observed also in

non-cancerous airway epithelial tissue of smokers and

less in ex-smokers.

Similar to HCC, tumor-specific CD8+T cells cytotoxic

activity is hampered in lung cancer.44 In addition, dendritic

cell function in lung cancer is impaired.45

Collectively, tobacco smoking is a trigger of a “high

Treg” effect (and, at the same time, a trigger of a strong

pro-inflammatory effect). This immunosuppressive effect

hampers the adaptive immune system function.

A meta-analysis of site-specific cancer risks in smokers,

carried out on 216 study reports by Gandini et al., reveals 13

cancer siteswhich are involvedwith smoking. The relative risk

(RR) values for solid tumors in current smokers span from

RR=8.96 for lung cancer, to RR=1.51 for liver cancer.46

Lymphomas do not appear in this meta-analysis. However, in

anothermeta-analysis evaluatingRR forHodgkin’s lymphoma

(HL) and non-Hodgkin’s lymphoma (NHL), the pulled RR

values in ever smokers were 1.05 for NHL and 1.15 for HL.47

These values for HL and NHL are smaller than any

pulled RR value observed for non-hematologic tumors in

Gandini et al.’s meta-analysis.46

Collectively, it may be stated that (a) cigarette smoking

elicits a specific “high Treg” response which impairs the

specific adaptive immune system function, (b) in parallel,

a pro-inflammatory response is elicited as well, and (c) within

smoking population, the risk of any non-hematologic cancer is

higher than the risk of a lymphoid cancer.

“Low Treg” Inflammation
Promotes Both Lymphoid Cancers
and Autoimmune Diseases
The number of tumor-infiltrating foxp3+Treg cells was

found to correlate with an improved prognosis of several
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lymphomas, including follicular lymphoma, germinal cen-

ter-like diffuse large B-cell lymphoma (DLBCL), and

classical Hodgkin’s lymphoma (CHL).48 This is in contrast

with the negative effect on the disease outcomes of Tregs

infiltration into most solid tumors (Ref. [78], see below).

The beneficial effect of Treg tumor infiltration on classical

Hodgkin’s lymphoma (CHL) was supported by another

study demonstrated that low infiltration of foxp3(+) cells

in conjunction with high infiltration of cytotoxic T cells

(TIA-1(+) cells) was a predictor of poor CHL prognosis.49

It should be added that in the first aforementioned study,48

the beneficial effect of tumor-infiltrating Tregs was highly

statistically significant in CHL, but the statistical signifi-

cance was borderline in germinal center-like DLBCL and

follicular lymphoma. In addition, a negative effect (also

a statistical borderline) was observed for non-germinal

center–like DLBCL.

There are three groups of infectious agents that are

etiologically related to non-Hodgkin lymphoma (NHL):

(a) viruses (such as Epstein-Barr virus) that transform

lymphatic cells into lymphoma cells (b) human immuno-

deficiency virus (HIV) that induces a major depletion in

CD4+T lymphocytes, impairing this way the control on

lymphomas development, and (c) agents that increase

NHL risk by an immune-stimulating effect.50 The last

group includes Helicobacter pylori, Campylobacter jejuni,

Chlamydia psittaci, Borrelia afzelii, Hepatitis C virus, and

Plasmodium falciparum.50

The first four members of this group (or bacteria of the

same genus) are “low Treg” agents also involved in auto-

immune diseases.1 As stated above, autoimmune diseases

can be regarded as “low Treg” diseases since most auto-

immune diseases are characterized by an impaired Tregs

function.7 In addition, Campylobacter jejuni induces

a strong pro-inflammatory (“low Treg”) effect in human

host with an overexpression of IFNγ, IL-22, IL-17A.51

Moreover, another “low Treg” bacterial genus, streptococ-

cus, which is involved in rheumatic fever,1 is also asso-

ciated with NHL.52 Cellulitis, a skin infection elicited by

staphylococcus or streptococcus bacteria was found to be

associated with all NHL subtypes, following an analysis of

a large US elderly population database.52 It is of note that

rheumatic heart disease, a complication which affects 50%

of rheumatic fever patients, has a possible autoimmune

etiology.53

Hepatitis C virus (HCV), however, is not known to

elicit a “low Treg” immune response. Instead, it may

induce NHL by a direct effect on B cells. Three theories

supporting this possibility have been proposed.54 Hence,

HCV probably belongs to group (a) aforementioned.

The data regarding the immune response to Plasmodium

falciparum are conflicting with some studies indicating a “low

Treg” response, and other indicating a “high Treg” response.

However, malaria, caused by infection with Plasmodium para-

sites, has been associated with the development of autoimmu-

nity in patients and mouse models.55 It has been shown that

PlasmodiumDNA induces autoimmunity against erythrocytes

by activating a certain population of B cells, which become

major producers of autoantibodies that promote malarial

anemia.56 This association of Plasmodium falciparum with

autoimmunity indicates a “low Treg” signature.

It should be added that a large-scale Scandinavian study

demonstrated a highly statistically significant increased-risk

of Hodgkin lymphoma in people with personal or family

history of certain autoimmune conditions.57

Taken together, all the microbial agents known to induce

lymphoma by modulating the immune response are “low

Treg” agents which are also associated with autoimmune

diseases, “low Treg” conditions by themselves.

The Same Immune-Modulating
Drugs are Effective in the
Treatment of Both Lymphoma and
Autoimmune Diseases
Since both, indolent lymphoma and autoimmune diseases

are “low Treg” diseases, Treg promoters are expected to

be effective in treating both conditions. Here are few

examples:

(a) Corticosteroids (CS): CSwere used for decades as the

mainstay for the treatment of autoimmune diseases.58

As demonstrated by Bereshchenko et al,59 glucocor-

ticoid-induced leucine zipper drives Treg cell prolif-

eration and enhances Treg signaling. Hence, CS are

Treg promoters. Indeed, CS are very effective in the

treatment of lymphoid cancers.60

(b) Vorinostat: Vorinostat is a histone deacetylase inhibi-

tor approved in the US for the treatment of cutaneous

manifestations in patients with cutaneous Tcell lym-

phoma (CTCL). Histone deacetylase inhibitors pro-

mote Treg generation and function.61 It has been

shown that vorinostat ameliorates autoimmune

encephalomyelitis.62 In addition, vorinostat revert

diabetes in the nonobese diabetic (NOD) mouse

model of type 1 diabetes.63 Hence, vorinostat is
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effective in the treatment of both, lymphoma and

autoimmunity.

(c) Sirolimus: Sirolimus inhibits T-cell activation,

by blocking calcium-dependent and calcium-

independent intracellular signal transduction via

the inhibition of mammalian target of rapamycin

(mTOR), a critical kinase for cell cycle progression.

Even though sirolimus selectively depletes effector

T cells, it promotes Treg cells expansion and

activity.64 The drug was found effective in patients

with systemic lupus erythematosus,65 autoimmune

lymphoproliferative syndrome,66 and immune

thrombocytopenia.67 At the same time, improved

survival was observed in lymphoma patient receiv-

ing sirolimus as a prophylaxis for the prevention of

graft versus host disease after allogeneic hemato-

poietic stem-cell transplantation.68

Alcohol Consumption, a “High
Treg” Trigger, Confers Protection
Against Both Lymphoma and
Autoimmune Hypothyroidism
As mentioned above, the risk of lymphoma was found to

be lower in people who regularly drink alcohol, relative to

alcohol abstainers. The protecting effect observed was

positively related to the daily dose of alcohol

consumption.35 Similarly, Carle´ et al. have found that

moderate alcohol consumption confers considerable pro-

tection against development of overt autoimmune

hypothyroidism irrespective of sex and type of alcohol

consumed.69 This finding is not surprising since alcohol

consumption afflicts an increase in TGFβ plasma levels34

(a “high Treg” effect), which is expected to protect against

“low Treg” conditions such as indolent lymphoma and

autoimmune hypothyroidism.

The Very Late Transformation of
Lymphomas from an Indolent
Disease to an Aggressive Disease Is
the Clue for Their Unique Behavior
As delineated above, at early stages of tumor development,

TGFβ controls tumor growth, whereas at advanced stages,

TGFβ acquires a pro-oncogenic and pro-metastatic

role.11,70 A direct interaction between TGFβ and tumor

cells is responsible for this functional switch.

The addition of exogenous TGFβ to cultures of indolent
Ki-1 lymphoma cells suppressed IL-2-dependent cells

mitosis. However, no suppression was observed in a cell

line derived from a case of advanced nodular sclerosis CHL.

This last cell line lacked expression of TGFβ and IL-2

receptors. It was suggested that in this way the tumor evades

suppression by TGFβ.71 Due to the lack of direct tumor

suppression at advanced stage, lymphoma transforms from

a disease, where TGFβ induces an anti-tumor “low Treg”

effect to a disease where TGFβ exerts a pro-tumor “high

Treg” effect. Kadin et al. demonstrated that TGFβ (directly)

inhibits tumor propagation of indolent lymphoma but not of

advanced lymphoma. Cells of indolent type in cutaneous

T cell lymphoma (CTCL) were found to express TGFβRI

and TGFβRII, which rendered indolent CTLC cell line

responsive to TGFβ inhibitory effect. In contrast, receptors

I and II were not detected in advanced CTCL. In accordance

with this observation, cell line of advanced CTLC demon-

strated resistance to TGFβ inhibitory effect.72 It is impor-

tant to note that indolent lymphomas, a disease of a “low

Treg” type, may last for many years.73

On the other hand, some cancers transform very early to

their more resistant type. In lung cancer, for example, this

transformation occurs even at the premalignant stage.74

Similarly, SCC transforms very early. An aggressive SCC

may develop from verrucous carcinoma, a relatively unag-

gressive cancer. Verrucous carcinoma expresses TGFβRII

(TGFβ receptor II) on the membrane of the neoplastic

keratinocytes, which make it vulnerable to the inhibiting

effect of TGFβ. Upon the transformation to the more

aggressive SCC, TGFβRII receptors are relocated into the

cytoplasm where they are protected from TGFβ effect.75 In

addition, canonical TGFβ signaling is mediated by

a number of downstream proteins including Smad family

proteins. Smad4 loss or reduction is a common event even

in the early stage of SCC and Smad4 mainly plays

a suppressive role in SCC progression.11 These events result

in a pro-tumor effect of TGFβ and a “high Treg” character

as soon as aggressive SCC forms and even before. Breast

cancer is another example where the loss of TGFβRII

expression appears at a pre-malignant stage, i.e., at epithe-

lial hyperplastic lesions lacking atypia (EHLA). Moreover,

the percentage loss of TGFβRII expression in epithelial

cells of EHLA positively correlates with the risk of invasive

breast cancer.76

It may be concluded that lymphoma is a type of cancer

where the switch from a “low Treg” into a “high Treg”
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state occurs late. In contrast to other cancers, lymphoma

may dwell in a “low Treg” state for many years.

Checkpoint Inhibitors are Not
Expected to Be Effective in the
Treatment of Indolent Lymphomas
The aforementioned switch in TGFβ direct effect may

explain the efficacy and inefficacy of checkpoint inhibitors

in different types of cancer.

Nivolumab, a PD-1 immune checkpoint inhibitor is

indicated for the treatment of several non-hematologic

cancers as well as for the treatment of relapsed or refrac-

tory classical Hodgkin lymphoma. PD-1 receptor is

a negative regulator of T-cell activity that has been

shown to be involved in the control of T-cell immune

responses. Inhibiting the PD-1 receptor up-regulates

T effector cell responses. Nivolumab (Opdivo®) is there-

fore a pro-inflammatory, anti-cancer, Treg suppressor. In

fact, nivolumab drug label restricts its use to relapsed or

refractory CHL (Opdivo®, summary of product character-

istics, UK), which is a “high Treg” state of the disease.

Drug labels of other PD-1 inhibitors include the same use

restriction. In line with that, immune checkpoint inhibitors

are not indicated in any type of non-Hodgkin lymphoma,

which are all considered “low Treg” cancers, for a long

period of time after they emerge.

Discussion
In a meta-analysis of 76 articles encompassing 17 types of

cancer, and including 15,512 cancer cases, Shang et al. eval-

uated the prognostic value of infiltrating Treg cells in differ-

ent cancer types.77 In cervical cancer, renal cancer,

melanoma, hepatocellular carcinoma, gastric cancer, breast

cancer, and lung cancer, the extent of tumor infiltration by

Treg cells was a statistically significant predictor of unfavor-

able cancer prognosis (P < 0.05). Tumor-infiltrating Tregs

were found predictive of poor prognosis in ovarian cancer as

well, but the statistical power was low.77 A study not included

in this analysis indicates that Tregs infiltration is predictive of

poor prognosis also in esophageal cancer.78 Colorectal and

endometrial cancers are the only cancers in Shang’s meta-

analysis where Tregs tumor infiltration positively correlates

with a statistically significant favorable prognosis. It can be

stated that in the majority of non-hematologic cancers, Tregs

tumor infiltration is a predictor of poor outcomes.

A cancer trigger, whether chemical or pathogen, may

elicit its effect by one of the two ways:

(a) Promoting tumor genesis by inducing DNA damage

which, if misreplicated, leads to an increased burden

of somatic mutations and hence a higher probability

of acquiring “driver” cancer-related mutations.18,19,36

(b) Promoting tumor growth by a direct effect that does

not involve a genetic damage. For example,

through an excessive stimulation of cell receptors,

leading to cell proliferation.54

Considering the direct effect of TGFβ on tumors (i.e.,

the effect that is not mediated by immune response), TGFβ
may repress tumor growth at early stage or promote it at

late stages.11 In contrast, the effect mediated through

TGFβ control of the immune response is generally pro-

cancer,79 and occurs late, as TGFβ accumulates.25 Other

effects on tumor microenvironment are all pro-tumor and

include effect on fibroblasts and effect on extracellular

matrix (leading to epigenetic changes, hypoperfusion,

and hypoxia). In addition, TGFβ affects epithelial–

mesenchymal transition (EMT), a process which induces

metastasis.70 Therefore, the overall effect of TGFβ on

early non-hematologic tumor can be positive, zero, or

negative. The effect on advanced non-hematologic tumor

is expected to be positive (pro-tumor).

Out of 21 non-hematologic cancers reported in alcohol

abusers, the highest relative risk (RR), was observed for

pharynx and oral cavity cancers (case control pooled

RR>5 in heavy drinkers).35 The high risk of oral cavity

cancer may be related to DNA damage following exten-

sive direct exposure of these sites to alcohol. Somatic

mutations were reported in oral cavity cancer specimens,

with TP53 the most mutated gene in early stages of the

disease.80 Mutations in NOTCH1 and PIK3CAwere found

to be associated with worse overall survival.80

The direct anti-tumor effect of TGFβ becomes

impaired at later cancer stages. As explained above,

uniquely to lymphoma (and few other cancers) this

switch occurs relatively late. TGFβ (directly) inhibits

tumor propagation of indolent lymphoma but not of

advanced lymphoma.72 Indolent lymphoma, however,

may last for many years.73 The present work proposes

that in indolent lymphoma, direct inhibition overrides

other effects and induces cancer suppression for a long

period of time. This assumption is supported by: (1) the

lower risk of lymphoma in alcohol consumers relative to

alcohol abstainers,35 (2) the negative dependence of this

risk on the daily dose of alcohol,35 and (3) the favorable

effect of Treg cells intra-tumor infiltration on the
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prognosis of lymphoma.48,49 It is proposed that in (most)

non-hematologic cancers, the opposite effects are

observed because the impairment in TGFβ pathway

occurs early or even at the pre-malignant stage, as seen

in lung cancer, squamous cell carcinoma, and breast

cancer.74–76 Therefore, the risk of most solid cancers

increases with the daily dose of alcohol consumption35

and Treg intratumor infiltration in most solid cancers

correlates with a poor prognosis.77

Urinary bladder cancer is another example where this

transformation occurs relatively late. In bladder cancer,

TGFβ-RI (TGFβ receptor I) reduced expression has been

reported in bladder tumor specimens from patients with

bladder transitional cell carcinoma (the most common

type of bladder cancer). This reduction in TGFβ-RI expres-
sion was statistically significant only for Grade 3 (advanced

stage) bladder cancer patients.81 The authors propose that

the reduction in TGFβ-RI receptor expression in advanced

stage renders bladder carcinoma cells resistant to the direct

suppressive effect of TGFβ on their growth (observed in the
initial stages of the disease).81 This decreased expression

can be regarded as an immune escape mechanism at stage 3.

This means that at Grades 1 and 2, the disease is “low Treg”

and tumor infiltration by Treg cells should correlate with

good prognosis (if estimated before Grade 3). In accordance

with this prediction, a clinical study demonstrated a positive

correlation between Treg tumor infiltration and a better

survival rate in urinary bladder cancer patients.82

In cigarette smoking, lymphoma direct suppression by

TGFβ83 is counteracted by tobacco mutagenic effect43 and

by TGFβ induced immune suppression. The net effect is

a slight increase in the risk of lymphoma in smokers

compared to non-smokers.46 However, due to the long-

lasting effect of direct tumor suppression,73 the risk of

lymphoma, which is estimated over time, is lower than

the risk of any non-hematologic malignancy involved with

cigarette smoking.46

The “high Treg” response to alcohol or cigarette smoke is

dual: a high (specific and systemic) suppressive effect by the

adaptive immune system, accompanied by a high pro-

inflammatory effect mediated by cytokines such as IL-6,

TNFα, IL-1, and IL-17 and by neutrophilic oxidative

stress.27,42 On the other hand, “low Treg” microorganisms

do not present this dual effect since they do not suppress the

adaptive immune system. “Low Treg” bacteria and parasites

induce Th17 rather than Treg differentiation. For example, an

intranasal infection of mice with Group A Streptococcus

induced predominant Th17 differentiation.84 In addition, it

was found that memory or effector CD4+ T cells, produced

following mice nasal priming with S. pyogenes, are not

T-regulatory cells.85

A low Treg activity promotes lymphoma, for the same

reason it promotes autoimmune diseases: low TGFβ levels

do not suppress the antigen (or auto-antigen)-induced adap-

tive response.

Adapting the same rationale, “low Treg” microbes are

expected to slowdown non-hematologic tumor growth

because they promote the pro-inflammatory anti-cancer

response. In fact, Streptococcus pyogenes, a pathogen

involved with NHL, is among several “low Treg” bacteria

that have demonstrated such an anti-tumor activity.1,86

It can be stated that most non-hematologic cancers are

promoted by a “high Treg” immunosuppressive reaction of

cancer-antigen-specific Tregs.38,44,77 At the same time, the

pro-inflammatory arm is activated as well. In this respect,

the conventional conception of cancers promoted by

inflammation is misleading, since the indispensable role

of the immune suppression is ignored.

Of course, inflammation induces cancer. However, with-

out a specific suppression of the immune response, growth

and propagation of cancers would not be promoted. The

simultaneous activity of both, a pro-inflammatory response

and a specific immunosuppressed response is probably the

optimal scenario for cancer (and infection) propagation or

the worth scenario for host wellbeing.

Summary
The present work proposes an application of the binary

classification model of chronic diseases,1 with the aim of

analyzing the interplay between cancer triggers, tumor

growth, and the immune response.

Key Findings
(A) The majority of non-hematologic cancers (most

cancers) demonstrate a specific “high Treg” phe-

notype. Lymphoma, on the other hand, starts as

“low Treg” disease with an unimpaired inflamma-

tory response and transforms into a “high Treg”

phenotype at advanced stages.

(B) “High Treg” triggers (chemicals or microbes that

induce immunodeficiency) promote (most) non-

hematologic cancers.

(C) “High Treg” triggers that promote non-hematologic

cancers either repress lymphoma or marginally pro-

mote it (less than they promote any other cancer).
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(D) “Low Treg” triggers (bacteria or parasites that induce

a pro-inflammatory reaction) promote lymphoma.

(E) “Low Treg” triggers inhibit non-hematologic cancers.

(F) Both lymphoma and autoimmune diseases are “low

Treg” conditions.

(G) The same immune-modulating drugs (Treg promo-

ters) are effective in the treatment of both lym-

phoma and autoimmune diseases.

(H) The same panel of immune-modulating bacteria

and parasites that induce non-Hodgkin lymphomas

are also associated with autoimmune diseases.

The key findings are presented in Figure 1.

A Proposed Explanation of the Key Findings
(A) All cancers start as “low Treg” diseases and trans-

form later into “high Treg”more aggressive diseases.

(B) At its initial “low Treg” state, the tumor is sensitive to

the direct suppressive effect of TGFβ. In addition, the
anti-cancer immune response is not impaired at this

early stage. Therefore, in its initial “low Treg” state,

cancer tumor is more responsive to the treatment.

(C) Later on, as tumor expands and TGFβ accumulates,

some TGFβ pathways are blocked and the tumor

becomes insensitive to the suppressive effect of

TGFβ. Besides, under these high TGFβ levels, the

differentiation of naïve T cells to Treg cells prevails

(over the alternative Th17 differentiation route). At

this “high Treg” state, the anti-cancer immune

response is hampered by Treg’s effect.

(D) Both properties that characterize the “high Treg”

state: the decreased sensitivity of tumor to TGFβ
suppressive effect and the impaired immune

response, promote cancer propagation and spread.

(E) Lymphoma is unique among cancers by the long

period of time (years) it resides in the “low Treg”

indolent state. During this “low Treg” state, lym-

phoma is more responsive to treatment. In addition,

it may be repressed by “high Treg” inflammation

due to the high levels of TGFβ involved with this

inflammation.

Model Predictions
(A) Checkpoint inhibitors are expected to be effective

at all stages of non-hematologic cancers.

(B) Checkpoint inhibitors are expected to be effective

in lymphoma suppression only at advanced stage,

following the development of TGFβ resistance.

Figure 1 TGFβ exerts an anti-tumor effect in early cancer development; however, it evolves into a pro-tumor effect as disease progresses. This functional switch, which may

be regarded as an immune escape mechanism, occurs as TGFβ pathways are hampered with the result of a decreased anti-tumor suppressive effect by TGFβ. Other effects

of TGFβ, such as immunosuppression, EMT, effect on fibroblasts, and effect on extracellular matrix, are all pro-tumor. Early cancer stages correspond to a “low Treg” disease

when immune response is fully active. At advanced cancer stages, specific anti-tumor T cell activity is impaired while other pro-inflammatory components of the immune

system are highly activated. This corresponds to a specific “high Treg” state of the disease. Therefore, cancers evolve from a “low Treg” state where tumor proliferation is

controlled, into a specific “high Treg” state where this control loosens. Lymphoma is unique among cancers by the length of time it may reside at a “low Treg” state (years).

During this indolent low-grade stage, lymphoma treatment is relatively effective. “High Treg” triggers promote “high Treg” states but suppress “low Treg” states. “Low Treg”

triggers promote “low Treg” states but suppress “high Treg” states. For example, alcohol abuse, a “high Treg” trigger, increases the risk of most non-hematologic cancers but

decreases the risk of lymphomas. Similarly, alcohol consumption confers a protection against autoimmune hypothyroidism. On the other hand, the same set of “low Treg”

bacteria and parasites that promotes (indolent) lymphoma also promotes autoimmune diseases, all “low Treg” conditions.

Abbreviation: EMT, epithelial–mesenchymal transition; TGFβ, transforming growth factor-beta; Treg, regulatory T cells.
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Insights Derived from the Etiology of

Alcohol and Tobacco-Related Cancers
(A) Cancer is promoted by a simultaneous engagement

of both a high pro-inflammatory response and

a hampered specific adaptive response.

(B) The immunodeficiency elicited by an antigen is

antigen-specific (i.e., only the specific immune

reaction against a specific antigen is suppressed).

(C) The conventional conception that cancers are pro-

moted by inflammation is misleading since it

ignores the indispensable role of adaptive immu-

nity dysfunction in cancer development.
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