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Abstract The immune system can be the target of many
chemicals, with potentially severe adverse effects on the host’s
health. In the literature, carbamate (CM) pesticides have been
implicated in the increasing prevalence of diseases associated
with alterations of the immune response, such as hypersensi-
tivity reactions, some autoimmune diseases and cancers. CMs
may initiate, facilitate, or exacerbate pathological immune
processes, resulting in immunotoxicity by induction of

mutations in genes coding for immunoregulatory factors and
modifying immune tolerance. In the present study, direct
immunotoxicity, endocrine disruption and inhibition of ester-
ases activities have been introduced as the main mechanisms
of CMs-induced immune dysregulation. Moreover, the evi-
dence on the relationship between CM pesticide exposure,
dysregulation of the immune system and predisposition to
different types of cancers, allergies, autoimmune and infec-
tious diseases is criticized. In addition, in this review, we will
discuss the relationship between immunotoxicity and cancer,
and the advances made toward understanding the basis of
cancer immune evasion.
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Introduction

The immune system of mammalian species is comprised of a
highly complex network of interacting cells that are both
antigen-nonspecific (innate) and antigen-specific (adaptive).
The main role of the immune system is to protect all other
organ systems from invading pathogens, which include infec-
tious agents and malignant cells, and to eliminate senescent or
phenotypically altered cells, such as cancer cells, that are not
performing their appropriate functions.

The merger of immunology and toxicology formally took
place during the mid-1970s. Toxicants can be chemical
agents, for example, pesticides, respectively, which induce
harmful effects. Depending on the dose, a pesticide may range
from being essential (necessary for the maintenance of health)
to being toxic. When this chemical is stated to be toxic, it does
not necessarily mean that it induces the death of cells; a toxic
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effect may not result in cytotoxicity but alteration of cell func-
tion, leading to a detrimental outcome.

Among the most used worldwide pesticides, there are car-
bamate (CM) pesticides (Table 1). This compounds derived
from carbamic acid are probably the insecticides with the wid-
est range of biocide activities. The structure of the biologically
active carbamates is displayed in Fig. 1. In these structures, X
can be oxygen or sulphur, and R1 and R2 are usually organic
radicals, but R1 or R2 may also be hydrogen. When R2 is
hydrogen and R1 is methyl, the carbamate exhibits insecticide
activity; if R1 is an aromatic group, the compounds are used as
herbicides, whilst fungicide activity is present if R1 is a benz-
imidazole moiety. R3 is mostly an organic radical and some-
times a metal. CM pesticides are inhibitors of acetylcholines-
terase (AChE) activity and therefore, are also able to revers-
ibly inhibit neuropathy target esterase. However, carbamates
are not able to Bage^ the inhibited enzyme, and therefore, they
are not inducers of neuropathy (Lotti 1992). The main detox-
ification routes of carbamate insecticides are hydrolysis and
oxidation, the hydrolysis by esterases being a most effective

detoxification route. Although the role of esterases in the car-
bamate detoxification is well understood, there are no in-depth
toxicological and biochemical studies in mammals on interac-
tions between these enzymes and carbamate insecticides
(Lotti 1992; Lotti and Moretto 1999).

Extensive research has focused on investigating carbamate
toxicity. Indeed, in the literature, including PubMed, Scopus
and Google Scholar were searched to identify authentic arti-
cles published in English language during the last 20 years.
The main keywords of the search were Bcarbamate^ in com-
bination with each of the terms Bimmmunotoxic^,
Bimmunotoxicity ,̂ and Bimmune system^. Additional
searches included the terms Binsecticide^, Bherbicide^ and
Bfungicide^ in combination with Bimmune system^ with no
limitation in the type or date of publication. Besides, addition-
al articles were extracted from the reference lists of the found
publications. All publications were growing evidence that in-
dicate that carbamate pesticides also have deleterious effects
on the immune system (Bernier et al. 1995; Cha et al. 2000;
El-Bini Dhouib et al. 2014). Carbamates may potentially play
a role in carcinogenesis of various tissues through reduced
immune surveillance. However, the specific effects of CMs
on immune function remain poorly understood. Therefore, we
considered that further investigation of CM immunotoxicity is
warranted and conducted a PubMed search of CMs exposure
and cancer immune-related effects. Here, we summarize the
known toxicological effects of carbamate pesticides on im-
mune function in laboratory animals, in vitro models and in
humans, and identify possible future research directions to
help close the gaps in knowledge.

Mechanism of action of carbamate pesticides
on immune cells

For a better understanding of immunotoxic risk, the great val-
ue is data addressed to basic mechanisms of action of carba-
mate pesticides on cells of the immune system. Recognition of
cell structures and their components that can be affected may
help to identify specific and sensitive markers of immunotoxic
effects (Table 2). They interfere with metabolism, signal trans-
duction pathways, structural tissue compartments and cellular
structures which pose additional challenges for experimental
as well as clinical studies.

Esterase inhibition

The understanding that carbamates insecticides share the same
mechanism of action achieved by the inhibition of AChE, a
serine hydrolase, and that the serine hydrolase activity is prob-
ably linked to several immune functions gave a clearer picture
of the potential immunotoxicity of these compounds (Fukuto
1990) (Fig. 2).

Table 1 Classification
of some carbamate
pesticides

Type of pesticide Chemical

Insecticides Aldicarb

Aminocarb

Carbofuran

Carbaryl

Methylcarbamate

Methomyl

Herbicides Asulam

Carboxazole

Chlorprocarb

Dichlormate

Fenasulam

Karbutilate

Terbucarb

Fungicides Dithiocarbamates:

Ziram

Urbacide

Thiram

Tecoram

Carbamorph

Azithiram

Fig. 1 Structure of carbamate pesticides
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Banks and Lein (2012) demonstrated that CMs can alter
lymphocytic cholinergic signalling through inhibition of ace-
tylcholinesterase (AChE). Indeed, in acute CM poisoning,
overstimulation of cholinergic receptors by accumulated ace-
tylcholine (Ach) can cause rapid and transient Ca2+ signalling,
up-regulation of c-Fos expression and interleukin (IL)-2-in-
duced signal transduction in Tand B cells as well as triggering

inflammatory responses in macrophages (Banks and Lein
2012). Moreover, CMs can alter esterases activities associated
with the cell membrane of immunocytes (Banks and Lein
2012). This inhibition may lead to structural and functional
changes in immunocyte populations. Modulation of signal
transduction pathways, as the main functional consequence
of esterase inhibition, can inhibit or stimulate activation, pro-
liferation and subsequently effector function of immune cells
(Chambers and Oppenheimer 2004). For example, impaired
neutrophil function (Wang et al. 2010), cytolytic activity of
natural killer cells (Luebke et al. 2001) and functional impair-
ment of dendritic cells and macrophages (Dietert 2008) result
in lead to a T helper 2 (Th2)-biased immunity and/or inappro-
priate chronic inflammatory-related disorders (Dietert 2008).
These in turn may elevate risk of cancers, psychiatric disor-
ders, chronic obstructive pulmonary disease, inflammatory
bowel disease, rheumatoid arthritis, psoriasis and metabolic
syndrome-related conditions.

Oxidative stress

In most cases, the metabolism of pesticides can cause the
generation of toxic metabolites or reactive oxygen species
(ROS) (Lasram et al. 2014) (Fig. 2). These reactive interme-
diates may induce cytolethality through damaging the compo-
nents of the cell, including lipids, proteins and DNA. Further,

Table 2 Summary of specific observations of carbamates-associated
immune-related effects

Majors findings Biological relevance References

↓ nTreg lymphocyte
number and function in
rat model; autoimmune
disease

nTreg cells play critical
role in immune
homeostasis;
alterations could affect
self-recognition or in-
fluence autoimmune
disease

Song et al. 2002

↓ CD4/CD8 T cell ratio in
rat and mice

Indicator of immune
suppression

El-Bini Dhouib
et al. 2014

↓ LC migration to lymph
nodes and subsequent T
cell activation in mice
and Rats

Hypersensitivity reaction Luebke et al.
2001 ;
Fukuyama et
al. 2009

↓Ig M Humoral response Jeon et al. 2001

↓decrease

Carbamate induced Immune alteration

Functionnal

imparaiment of 

immunes cells 

( NK cells, B cells, 

neutrophils)

Oxidative Stress

Direct Immunotoxicity

Inhibition of cholinesterase

Defect in 

humoral and 

cellular immunity

Defect in 

development and 

viability of 

immunocytes

Immunosuppression

Immunosurveillance

imparaiment

Risk of infection 

and cancer

Endrocrine disruption

Dysfonctionnement 

of cholinergic system

Overstimulation of 

cholinergic

receptors

Downregulation of 

cholinergic

receptors

Triggering

inflammatory responses

Triggering anti-

inflammatory responses

Risk of 

psychiatric

disorders

+

inflammation

Risk of infection

+

cancer

Activation or 

suppression 

of androgen

receptors

Using the same

metabolic

pathways with

hormones

Alteration in 

hormones level

released from

hypothalamic–

pituitary–

adrenal axis

Alteration in hormone level and signaling

Disturbing the survival, activation, 

proliferation, differenciation and 

secretion profile of immune cells

Alteration of regulated immune 

responses to microbial antigens or to 

allergens

Risk of infection+cancer+autoimmunity+allergy

Fig. 2 Schematic representation of pathways by which direct immunotoxic effects of carbamate pesticides may lead to immune alteration-related
disorders. ↑ increase
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CM-induced oxidative stress can disturb various parts of cel-
lular signalling and oxidative homeostasis through mediating
redox signalling and depletion of antioxidant reservoirs
(Abdollahi et al. 2004; El-Bini Dhouib et al. 2014).
Additionally, as an alternative mechanism, CM-induced oxi-
dative stress may promote carcinogenic mutations via induc-
tion of DNA damage (Klaunig and Kamendulis 2004).

Induction of free radicals, lipid peroxidation and impaired
antioxidant status by CMs has been widely studied in humans
and animals (Gupta et al. 2001). The studies reported in
manufacturing workers accidentally exposed to CM pesticides
are also similar. Vidyasagar et al. (2004) reported an increase of
MDA level and superoxide dismutase (SOD) activity in human
cases accidentally poisoned by various CMs. Ranjbar et al.
(2002) also reported an increase in MDA levels and reduced
thiols and total antioxidant capacity among manufacturing
workers exposed to different doses of CM pesticides. Thus,
acute and chronic exposure of male rats to different doses of
carbosulfan causes the same changes in the redox status in the
liver, spleen and thymus (El-Bini Dhouib et al. 2014, 2015).

Oxidative stress was reflected by an increase of lipid per-
oxidation (LPO). Indeed, increase of LPO has been demon-
strated after acute and/or chronic exposure to other carbamates
like benomyl and thiram (Banks and Soliman 1997; Cereser et
al. 2001). Yang and Dettbarn (1996) observed a strong corre-
lation between the accumulation of acetylcholine and the ex-
tent of LPO. Also, butyrylcholinesterase (BChE), a cholines-
terase enzyme, decreased in spleen of carbosulfan-treated rats
(El-Bini Dhouib et al. 2014). BChE can be considered as an
endogenous scavenger of anticholinesterase compounds and
detoxifies them before they reach to AChE at physiologically
important target sites. Some important compounds of carba-
mates and organophosphorous pesticides were detoxified by
BChE (Adresi 2003). Increased oxidative stress by CMs
might be a result of cholinergic hyperactivity or might be
due to its direct effect on the production of reactive oxygen
and nitrogen species. The mechanism involved in increased
production of reactive oxygen species was the inhibition of
cytochrome c oxidase (Gupta et al. 2001). It is also reported
that CMs induce nitric oxide synthase, which is implicated in
the overproduction of superoxide anions (Pou et al. 1992).
End products of LPO are believed to be largely responsible
for the cytotoxic effects observed in spleen (Pou et al. 1992;
El-Bini Dhouib et al. 2014). Therefore, carbamates induced
oxidative stress which may contribute to its immunotoxicity
as previously reported (Caroleo et al. 1996; Gao et al. 2015).

Free radicals are known to attack unsaturated fatty acid side
chains of phospholipids, causing a substantial decrease of these
cell membrane components. This effect leads to reduced mem-
brane fluidity (Gao et al. 2015). In physiological conditions, the
process underlying lymphocyte interaction with antigens or
with other cell subsets requires the integrity of cell membrane.
It is possible that free oxygen radicals generated by CM

pesticides could inhibit T cell function via membrane lipid per-
oxidation (Gao et al. 2015). El-Bini Dhouib et al. (2014) dem-
onstrated that in the cell system, treatment of lymphocytes with
carbosulfan induced a profound decrease in their total and re-
duced glutathione (GSH) content in rat spleen. Also, the sus-
ceptibility of T cells to lipid peroxidation may be the result of
lower levels of intracellular antioxidants, such as reduced GSH,
and it is important in lymphocyte activation and proliferation.
Altogether, many data confirm the hypothesis of
immunotoxicity induced by oxidative stress caused by CMs
(Handy et al. 2002; El-Bini Dhouib et al. 2014; Singh et al.
2015). It is clear from these studies that the immune system
may be a sensitive target for CM pesticides for which the exact
molecular target or mechanism of immunotoxicity was oxida-
tive stress. Hence, immunosuppression induced by carbosulfan
and carbofuran may be a consequence of toxic chemical-
induced cholinergic stimulation and its effects on immune cell
function (Jeon et al. 2001). Moreover, CMsmay also act direct-
ly or indirectly on lymphoidal cells, immunoglobulin metabo-
lism, T/B cell macrophage cooperation and macromolecular
biosynthesis responses. Such as, some dithiocarbamates com-
pounds base their immunotoxic potential also on oxidative
stress and on inflammation. Indeed, the expression of nuclear
factor-κB (NF-κB) indicates that this can be the convergence
point of the immune and neuroendocrine pathways.

Endocrine disruption

Endocrine disruption refers to mechanism of toxicity that im-
pairs the ability of cells or the organs to communicate hor-
monally. Because immune system is strictly controlled by
hormones released from various organs, endocrine disruptor
pesticides, such as CM pesticides, can profoundly disturb both
homeostasis and function of immune system (Mostafalou and
Abdollahi 2013; Mokarizadeh et al. 2015). Since hypothalam-
ic–pituitary–adrenal axis (HPA axis), a major part of the neu-
roendocrine system controls reaction to stress and regulates
immune responses, CMs can disturb immune system through
dysregulation of gonadotropin-releasing hormone (GnRH)
biosynthesis in hypothalamus gland (Corsini et al. 2013).
The alteration of immune system may occur directly through
altering GnRH–receptor signalling in immune cells or indi-
rectly by alteration in cortisol secretion from adrenal gland.
In view of the fact that the adrenal gland induces production of
a variety of cytokines, interactions between carbofuran (a car-
bamate pesticide) and HPA axis may result in change in the
cytokine network (Blakley et al. 1999; Zhao et al. 2010;
Mokarizadeh et al. 2015). Moreover, CM pesticide-mediated
immunosuppression may partly attribute to dysregulation of
pituitary gonadotropins (Tanriverdi et al. 2003). Several stud-
ies have demonstrated that activation of steroid and xenobiotic
receptors in immune cells can inhibit the activity of nuclear
factor-κB (NF-κB) as one of the major regulators of
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inflammation and immunity (Guo et al. 2006; Zhou et al.
2006). The knowledge that corticosteroids mediate part of
their anti-inflammatory effect by inhibiting NF-κB activity
through the induction of the rat endogenous inhibitor IκBα
(Guo et al. 2006), and the finding of chemicals inducing
cortico-steroids or corticosteroids-like molecule, as dithiocar-
bamates, suggests that theymay elicit their effect through such
a way (Mayne et al. 2004). With the increasing of molecular
biology, a significant number of chemicals as some dithiocar-
bamates and propanil were found to interfere with signal trans-
duction pathways altering the status and/or functionality of the
immune system (Theus et al. 1993; Mayne et al. 2004). With
the increasing understanding at the molecular level on im-
mune system function, studies on the molecular mechanisms
of action of potential immunotoxic compounds are mandatory
and necessary for a proper risk assessment evaluation (Fig. 2).

Moreover, in the absence of specific IgE and allergen, es-
trogenic signalling of certain CM pesticides on mast cells can
promote releasing of allergic mediators (Narita et al. 2007).
Also, during initiation and development of allergy, such
hyper-reactivity or hypo-reactivity of HPA axis may contrib-
ute to the allergic response (Buske-Kirschbaum 2009).

In the other hand, since the sex hormones play an important
role in the modulation and development of immune responses,
carbamates can disturb the normal function of the immune
system via interference with secretion, metabolism and/or sig-
nalling of these hormones (Meeker 2010).

Experimental animal studies

Gene expression

Living organisms respond at the cellular level to unfavourable
conditions, such as heat or other stressful situations of differ-
ent origins, by a rapid, vigorous and transient acceleration in
the rate of expression of a small number of specific heat
shock/stress genes, resulting in the production of heat shock
proteins (HSPs) after carbaryl exposure (Bierkens et al. 1998;
Harboe and Quayle 1991). HSPs are believed to assist cells to
adapt or survive by a rapid but transient reprogramming of
cellular metabolic activity to protect cells from further oxida-
tive and thermal stress in responsive tissues (Harboe and
Quayle 1991). Potential mechanisms of protection from oxy-
gen free radicals by HSPs include prevention of protein deg-
radation, inhibition of membrane lipid peroxidation or calci-
um intrusion, maintenance of ATP levels and induction of
classical scavengers such as SOD or GSH, which also plays
a role in the induction of HSPs (Freeman and Meredith 1989;
Bierkens et al. 1998). In various animal models, carbamate
pesticides exposure is associated with altered expression of
genes involved in immune response. In lungs of mice exposed
to ethylcarbamate (900 mg/kg) for 14 days, significant

changes were identified in transcripts encoding humoral im-
mune response, antigen binding, TLRs, cytokines, cytokine
receptors and genes involved in cell adhesion and migration
(Fernando et al. 1996). Specifically, down-regulated expres-
sion of genes encoding TLR/IL1R signalling pathway was
identified (Williams et al. 1998).

Based on the study by Sharova et al. (2002), injection of
mice with ethylcarbamate altered the expression of numerous
genes in spleen leukocytes. This was also true for
immunostimulated mice, with comparative up-regulation of
genes involved in cell cycle control. Immune stimulation of
ethylcarbamate-treated animals shifted the coordinate gene
expression in splenic leukocytes, as compared to mice receiv-
ing ethylcarbamate only, a reflection of the up-regulation of 22
genes. Up-regulation of TGFβ3 was associated with the
highest individual contribution coefficient, suggesting the im-
portance of altered expression of the gene for this growth
factor between ethylcarbamate-only and ethylcarbamate +
immunostimulation mice. This is an interesting similarity to
an observation by Sharova et al. (2002) that maternal
immunostimulation significantly increased TGFβ2 mRNA
and reduced birth defects in cyclophosphamide-treated mice.
In this regard, TGFβ2 and TGFβ3 are important regulators of
tightly controlled cellular differentiation and proliferation
events during development (Sharova et al. 2002).

Carcinogenesis induced by CMs

Experimental evidence indicates that CMs alter gene expres-
sion and down-regulation of the antioxidant defence system,
cause adverse effects on the dopamine system and induce
neurotoxicity and carcinogenesis (Bemis et al. 2015). In an
old study conducted by Lawson and Pound (1978), CMs were
shown to induce carcinogenesis in mice. Cheng and Conner
(1982) showed that six different CMs had a striking similarity
in relative potencies for sister chromatid exchange induction
and known tumorigenic potencies.

Underlying mechanisms of CM pesticide-induced cancer
may include DNA damage and oxidative stress. Carbamates,
esters of N-methyl carbamic acid, act by inhibition of AChE.
All carbamates contain ethylene thiourea and produced tu-
mours in the thyroid and at other sites in rodent (Mahajan
et al. 2007a, b). Carbamate derivatives such as carbaryl and
N-nitrosocarbaryl are carcinogens in mice rodents (Bigot-
Lasserre et al. 2003). In addition, CMs increase expression
of P450 1A1, which catalyzes procarcinogen activation. It
also promotes liver tumours via ROS formation. The increase
in ROS is due to CM-induced regulation of glutathione reduc-
tase and other antioxidant enzymes. Also, CMs can interfere
with DNA repair processes and can also cause direct induction
of DNA damage, DNA–protein crosslinking and sister-
chromatid exchanges, which contributes to its toxicity and
carcinogenicity.
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Themutagenic potential of CMpesticides such as propoxur
and carbosulfan was demonstrated to significantly induce the
formation of micronuclei in bone marrow cells of mice at
different dose levels at 24 and 48 h by the intraperitoneal
and oral routes (Giri et al. 2002). In the old study realized by
Lawson and Pound (1978), the tumour initiating potency of
three simple alkyl CMs and mono-N substituted ethyl CMs
was examined in Hall strain mice. Ethyl CM was the most
potent carcinogen for the epidermis, liver and lung, followed
by its N-alkyl derivatives. This result was confirmed by
Agrawal and Mehrotra in 1997. The authors showed that
methyl CM was without effect, but n-propyl and n-butyl were
possible carcinogens. The ethyl esters bound to a greater ex-
tent to DNA in liver and skin than did the methyl, n-propyl
and n-butyl esters, and only this binding persisted (Prado-
Ochoa et al. 2014a, b). In the recent study by Soloneski
et al. (2015), sister chromatid exchange induction by
pirimicarb and zineb, CM pesticides, was examined in
alveolar macrophage, bone marrow and regenerating liver
cells of mice. In general, alveolar macrophage and
regenerating liver cells had higher responses, although not
significantly, than bone marrow. Also, Cheng and Conner
(1982) showed that vinyl CM produced significant increases
in sister chromatid exchange frequencies over a dose range of
10 μmol/kg to 75 μmol/kg. At the highest dose, sister chro-
matid exchange frequencies in extrahepatic tissues of hepatec-
tomized mice were significantly higher than those in intact
mice and in hepatectomized mice, and alveolar macrophage
and regenerating liver cell responses were greater than bone
marrow responses. Vinyl CM was approximately 30 times as
potent a sister chromatid exchange inducer as reported previ-
ously for ethyl CM (Cheng and Conner 1982).

The mutagenic potential of propoxur, a widely used dithio-
carbamate pesticide, has also been studied. Since the restric-
tion of the use of DDT in most industrialized countries, pro-
poxur has been proposed as a replacement for DDT, resulting
in a major increase in the use of propoxur during the past
10 years. However, studies indicate that nitrosopropoxur, the
nitroso derivative of propoxur, is highly mutagenic in
Salmonella typhimurium (Allinson et al. 2012), Escherichia
coli (Dong et al. 2003), Saccharomyces cerevisiae (Azad et al.
2014) and human lymphocytes in vitro (Li et al. 2015).
Propoxur has an effect on induced dominant lethal mutations
in mice (Agrawal 1999) and produces sister chromatid ex-
change and micronuclei formation in human lymphocytes
(Agrawal and Mehrotra 1997). A study by Agrawal and
Mehrotra (1997) further demonstrated the mutagenic potential
of propoxur to significantly induce the formation of
micronuclei in bone marrow cells of mice. Also, single appli-
cation of indole-3-carbinol, a glucobrassicin derivative pres-
ent in cruciferous vegetables, significantly inhibited propoxur-
induced micronuclei formation when it was given at a dose
level of 500 mg/kg body weight 48 h before the single

application of propoxur. Therefore, it seems that propoxur is
mutagenic in these test systems and indole-3-carbinol signif-
icantly inhibits the mutagenicity of propoxur (Agrawal and
Mehrotra 1997).

Carbosulfan is reported to be non-mutagenic in strains TA
97, 98, 100 and 102 of Salmonella typhimurium, but it induces
mitotic aneuploidy in strain D61 M of Saccharomyces
cerevisiae (Wiedenmann et al. 1990). In human lymphocytes,
carbosulfan has been reported to decrease the replication in-
dex and mitotic index in a dose-dependent manner
(Rencüzogullari and Topaktas 1996, 1998; Giri et al. 2002).
So, these studies provide further evidence in support of a
mutagenic potential of carbosulfan, and hence, exposure to
carbosulfan should be restricted.

In addition, the mutagenic and genotoxic effect of
carbosulfan was carried out in fish Channa punctatus using
micronucleus (MN) test and comet assay (Nwani et al. 2010).
In general, significant effects from both concentrations and
time of exposure were observed in exposed fishes. The MN
induction was highest on 96 h at all the concentrations in the
peripheral blood. Similar trend was observed for the DNA
damage measured in terms of the percentage of tail DNA in
the erythrocyte and gill cells. This study confirmed that the
comet andmicronucleus assays are useful tools in determining
potential genotoxicity of water pollutants and might be appro-
priate as a part of monitoring program (Nwani et al. 2010).

Lymphocyte subpopulations

Studies in rats (El-Bini Dhouib et al. 2014), mice (Jeong et al.
1996), rabbit (Capcarova et al. 2010) and catfish (Ibrahim and
Harabawy 2014) show that carbamate pesticides can suppress
the weight, index and/or cellularity of major immunocompe-
tent organs, including spleen and thymus. In chronically ex-
posed mice, reduced CD4+ T cell populations and CD4/CD8
ratio were evident, concurrent with observations in
carbosulfan-exposed rats (Jeong et al. 1996; El-Bini Dhouib
et al. 2014), as well as increased percentage of lymphocytes in
splenic mononuclear cells (El-Bini Dhouib et al. 2014). In
catfish, carbofuran increased atypical lymphocytes and deplet-
ed lymphoid and melano-macrophage populations in head
kidney, a major immunocompetent organ (Monteiro et al.
2006; Ibrahim and Harabawy 2014). Interestingly, a single
intra-tracheal exposure of mice to 0.075, 0.15 and 0.3 mg/kg
of carbofuran markedly decreased peritoneal lymphocyte
counts and splenic T cell, B cell and macrophage numbers
by 58, 61 and 30 %, respectively, without affecting their pro-
portions (Jeon et al. 2001).

Lymphocyte activation

Consistent with epidemiological observations, carbamate pes-
ticides can inhibit lymphocytes production. Chronic carbaryl
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exposure (30 mg/kg) inhibits mitogen-stimulated proliferation
of T splenic cells in rats (Jorsaraei et al. 2014) and in mice
(Rodgers et al. 1986). In addition, subchronic exposure to
carbosulfan alters T cell proliferation in rat spleen (El-Bini
Dhouib et al. 2014). Consequently, decreases have been ob-
served in secretion of IFN-γ, IL-2, IL-6 and IL-12 in mice
(Rodgers et al. 1986) and in rats (El-Bini Dhouib et al. 2014;
Jorsaraei et al. 2014) and BIL-4-like factors^ from HK T cells
in catfish (Pfeiffer et al. 1997). An important consideration
regarding animal studies is that carbamate pesticides concen-
trations administered typically far exceed human exposures,
which may account for differential effects observed.

Humoral and hypersensitivity responses

Carbamate pesticides can inhibit humoral immunity, as evi-
denced by suppressed in vitro primary and/or secondary anti-
body forming cell (AFC) responses of rodent splenocytes
(Medina-De la Garza et al. 2012). IL-2 is a primary target of
this inhibition in mice (Hajoui et al. 1992). Further, carbamate
pesticides suppressed delayed-type hypersensitivity reaction,
a response to cutaneous sensitization, in mice (Medina-De la
Garza et al. 2012), rats (Seth et al. 2002) and chickens
(Singhal et al. 2003).Compared to controls, carbendazim-
exposed sensitized mice demonstrated reduced lymph node
cell proliferation, ear swelling, activated Langerhans cells
(LC) in cervical lymph nodes, peritoneal macrophages and
circulating neutrophils (Singhal et al. 2003), suggesting that
carbamate pesticides inhibits LC migration to lymph nodes
and subsequent T cell activation (Medina-De la Garza et al.
2012).

Immune alterations in carbamates-exposed
on humans

The majority of papers on the clinical immunotoxicity of car-
bamate pesticides described immune alterations in occupa-
tional exposed workers or farmers, and accidentally exposed
humans. In some instances, these alterations were suggested
to be associated with infectious complications.

In workers exposed to CMs, the killing ability of neutro-
phils has been shown to be significantly abrogated, probably
via interference with myeloperoxidase activity (Corsini et al.
2013). A carefully designated epidemiological study conduct-
ed in 23 women chronically exposed to aldicarb-contaminated
groundwater at level of 16.1 ppb showed persistent changes in
the Tcell subset count with a significant increase number of T-
CD8+ cells and a decreased T4/T8 ratio compared to a
matched control group of 27 unexposed women (Fiore et al.
1986). A significant negative correlation between average dai-
ly aldicarb ingestion and T4/T8 ratio values suggested a dose-
dependent effect. In vitro lymphocyte stimulation to Candida

antigen was increased in exposed women, again with a dose–
response effect. However, the values were within the normal
range of variability. In addition, the lack of similar response
with other antigens or mitogens and the small number of test-
ed patients strongly limit the significance of these results.
Overall, it has been suggested that CMs modulate immune
responses through a series of separate mechanisms including
inhibition of serine hydrolases in immune cells, oxidative
damage to immune organs and modulation of signal transduc-
tion pathways in women (Corsini et al. 2013) and in children
(Jones et al. 2014).

In addition, numerous studies have been shown on the
effects of CM pesticides on immune system (Vial 1996).
Moreover, in vivo and in vitro studies have shown that CMs
can affect immune responses including antibody production,
IL-2 production and Tcell proliferation, autoantibody produc-
tion, changes in Th1 and Th2 cytokine production, NK, LAK
and TC cells inhibition via different mechanisms (Li 2007,
2002). On the other hand, systemic poisoning with carbaryl
can result immune suppression, increasing the risk of allergic
responses against allergens such as dust mites coming from
domestic waste due to inappropriate immune responses
(Gholam et al. 2014).

Role of CMs-induced immunosuppression in relationship
to carcinogenicity

The idea that the immune system might recognize and destroy
tumour cells was conceived more than 100 years ago. An
overwhelming amount of data from animal models, together
with compelling data from human patients, indicates that a
functional cancer immunosurveillance process exists that
works to prevent outgrowth of many types of primary and
transplanted tumours (Hanahan and Weinberg 2011). It has
also become clear, however, that the immune system can also
facilitate tumour progression. The recognition that immunity
plays a dual role in the complex interactions between tumours
and the host prompted a refinement of the cancer
immunosurveillance hypothesis into one termed cancer
immunoediting (Dunn et al. 2004). Chemical-induced
immunotoxicity is comprised of three phases; this process is
collectively denoted the three E’s of cancer immunoediting—
elimination, equilibrium and escape:

1. Elimination: cancer immune surveillance
2. Equilibrium: a phase of tumour dormancy where tumour

cells and immunity enter into a dynamic equilibrium that
keeps tumour expansion in check

3. Escape where tumour cells emerge that either display re-
duced immunogenicity or engage a large number of pos-
sible immunosuppressive mechanisms to attenuate antitu-
mor immune responses leading to the appearance of pro-
gressively growing tumours. One can envisage that.
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Factors that tumour exploit to avoid immune responses

Immunosuppression in the tumour induced by carbamate pes-
ticides, mediated by CD4+CD25+ FoxP3+ regulatory T cells
(Tregs), or other types of suppressive cells, seems to be a
major mechanism of tumour immune escape and can be a
crucial hurdle for tumour immunotherapy (Whalen et al.
2003).

It is well established that another fundamental mech-
anism by which tumours evade immune surveillance is
by down-modulating antigen processing machinery af-
fecting essentially the major histocompatibility complex
(MHC) I pathway (Mahajan et al. 2007a, b). Thus, ex-
pression of tumour antigen is down-regulated, which
can lead to enhanced tumour incidence and metastasis
because cytotoxic T lymphocyte (CTL) can no longer
recognize target antigens on the tumour cells (Corsini
et al. 2013).

As alluded to above, tumours can evade immune sur-
veillance by crippling CTL functionality after chronic
exposure to carbofuran via production of several im-
mune suppressive cytokines, either by the cancer cells
or by the noncancerous cells present in the tumour mi-
croenvironment, especially including immune cells and
epithelial cells. TGF-β is a chief mediator of this activ-
ity (Jeon et al. 2001). In addition, tumour necrosis fac-
tor (TNF)-α, IL-1, IL-6, colony-stimulating factor
(CSF)-1, IL-8, IL-10 and IFN-δ can also significantly
contribute to cancer growth (Lind et al. 2004).

On the other hand, tumours are also known to evade im-
mune attack by shifting the balance from Th1 to Th2 (immune
deviation) in a TGF-β and IL-10-dependent manner (Jeon
et al. 2001).

In the end, apoptosis is another fundamental mechanism by
which tumours evade immune surveillance. A number of stud-
ies have shown that cancer cells delete tumour-specific CTLs
through apoptosis (Yoon et al. 2001).

The different factors governing tumour growth and im-
mune evasion strategies are briefly outlined in Fig. 3.

Conclusion, recommendations and future directions

This review summarized the research studies about the
immunotoxicity of carbamate pesticides:

1. In vivo studies depict CMs as an immunomodulator that
could render the host immunocompromised. Such im-
mune alterations could help explain increased risk of in-
fections and several cancers observed in chronically ex-
posed human populations. CMs-mediated alterations of
cellular and humoral immunity reported in animal and
in vitro models generally agree with immunological out-
comes in humans. However, more work is needed to close
the gap between experimental data and risk of human
immunotoxicity.

2. CMs induce immune alteration through altering well-
regulated immune responses to tumour antigens, aller-
gens, self-antigens and microbial antigens that can con-
tribute to predisposition to different types of cancers, al-
lergies, autoimmune and infectious diseases.

3. CMs induce endocrine-disrupting and can provide the
stage for other factors to contribute to the development
or exacerbation of autoimmune diseases. Nonetheless, de-
spite the ability of several CM pesticides to trigger the
development of autoimmune responses, as far as the au-
thors are concerned, few studies have been conducted to
evaluate the possible role of CMs as risk factors for auto-
immune diseases.

4. CMs may contribute to tumorigenesis either through in-
terference with immune surveillance or by innate immune
dysfunction leading to chronic inflammation.
Nonetheless, since CM pesticides can cause cancer
through a number of non-immunologic pathways (such
as: genetic damage), the responsibility of immune dysreg-
ulation in onset of cancers linked to CM pesticides is not
absolute.

5. Oxidative stress is the main mechanism by which CM
pesticides can increase susceptibility to immunotoxicity
and infectious diseases.

6. In spite of many ongoing studies, the exact immune tox-
icity of most pesticides is still unclear. Additionally, more
epidemiological and experimental studies should be con-
ducted to reveal the exact relationship between the level of
exposure and toxic effect.

7. Moreover, inconsistencies in epidemiological findings,
possibly due to differences in dose, sampling, genetic
background and environmental/nutritional factors indi-
cate need for larger participant numbers and diverse eth-
nic populations. Due to differential effects of exposures,
populations having low, intermediate and high exposure
should be evaluated to better understand dose-dependent
relationships. For example, in most immunotoxicity stud-
ies, animals are exposed to a single pesticide, whilst in
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real-life conditions, individuals are contacted with a series
of different chemicals and/or pesticides. Due to the prob-
able synergies or antagonistic effects of chemicals when
they are combined together, the toxicity and the resulting
hazards may be over or differ from their single effects.
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