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Summary
Parthenium dermatitis is a chronic immuno-inflammatory, distressing skin disease, and is 
mediated by activated T-lymphocyte, which is primarily manifested on the exposed sites of the 
face, neck, hand and flexures. Parthenium hysterophorus is ubiquitous, hence it is difficult 
to avoid the aero-allergenic antigen parthenin, responsible for the contact dermatitis. The 
pathogenesis of parthenium dermatitis is characterized by infiltration of T-lymphocytes into 
challenged skin sites, and the development of a cutaneous inflammation due to altered regula-
tory network of pro and anti-inflammatory cytokines. Regulation of inflammatory events per-
petuated by cytokines continues to complicate efforts to analyze both the function of individual 
cytokine and the influence of candidate gene polymorphism on expression and disease severity. 
The genetic polymorphisms in these cytokines are significantly affecting immunological param-
eters and, subsequently, modulation and polarization of immune responses. This review has 
focused mainly on understanding of the mechanisms of genetic susceptibility of cytokine genes 
in this disease and, further, this process is likely to achieve significant advances in the diagnosis 
and management of parthenium dermatitis.    
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Introduction

Parthenium dermatitis is a chronic immuno-inflammatory, dis-
tressing skin disease, and is caused by activated T-lymphocytes 
mediated delayed-type hypersensitivity. The alien weed Parthe-
nium hysterophorus is ubiquitous, and the commonest cause of 
plant-induced airborne contact dermatitis (ABCD) in India (1-
4). The incidence of parthenium contact dermatitis is increasing 
considerably year by year, in India and in other parts of the 
World (5). The parthenium dermatitis reaction is characterized 
by infiltration of T lymphocytes into challenged skin sites, and 
the development of a cutaneous inflammation. Subsequently, 
over its due course, cutaneous infiltration of various type of im-
mune cells leads to an activation of the cellular immune system, 
with T cells and a diverse range of immune-related cytokines 

and chemokines implicated in pathogenesis (6,7). This feature 
continues to complicate efforts to analyze both the function of 
individual cytokines and the influence of cytokine gene poly-
morphism on gene expression and dermatitis condition; hence, 
knowledge of immunogenetics of cytokine genes is of utmost 
importance in this disease. 

Epidemiology

Parthenium dermatitis is an airborne contact dermatitis (ABCD) 
commonly caused by obnoxius weed Parthenium hysterophorus, 
which is responsible for more than 30% of contact dermatitis 
in India. This weed achieved a status of global significance as 
responsible for severe human health issues, such as contact der-
matitis and respiratory distress. Apart from this, this invasive 
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phase if persistent antigen exposure further continues to sen-
sitize (2,19,20). Indeed, this immune response is mediated by 
involvement of a series of cellular and molecular mechanisms. 
Epidermal antigen presenting Langerhans cells, a family of den-
dritic cells and other cutaneous dendritic cells, transports the al-
lergen from the skin to regional lymph nodes, where it presents 
the processed antigen to naïve T-lymphocytes (21). During the 
sensitization phase, contact allergens stimulate epidermal cells 
to synthesize and release pro-inflammatory cytokines, such as 
TNF-α and IL-1, which initiates the activation of LC by ex-
pression of costimulatory, adhesion molecule and chemokine 
receptors. Subsequently, they promote LC migration from the 
site of Ag encounter to the area of T-cell priming in the skin 
(22). Activation of naïve specific T-cell precursors occurs in the 
regional draining lymph node, upon presentation of haptenated 
peptides by cutaneous migrating Langerhans cell. Consequent-
ly, T-cell proliferation and differentiation occurs, with produc-
tion of short-lived effector and long-lived memory T-cells. T-cell 
activation is a highly regulated process, which requires signals 
at the site of ongoing allergic contact dermatitis, and region-
al draining lymph nodes (23-26). Upon contact sensitization 
with antigens, co-stimulatory MHC molecules, like members 
of B7 family (CD80 and CD86), CD40 and other molecules, 
are up-regulated on the surface of cutaneous antigen presenting 
cells (APCs), and keratinocytes that bind with CD28 receptors 
on the T-cell surface. Antigen presentation in the absence of 
costimulatory signals leads to T helper cell clonal anergy, a type 
of immunologic unresponsiveness characterized by reduced cy-
tokine synthesis, a lack of proliferation, and failure to differen-
tiate into effector cells when reencountered with their cognate 
antigen (22,27-28). The mechanism of signal molecules gene 
expression in APC and T-cells is pathologically important in 
amplifying T lymphocyte-mediated inflammation during con-
tact dermatitis. This alteration of surface molecules on APCs 
starts incidentally, after contact with antigen and induces T-cell 
proliferation, cytokine secretion, changes in gene expression, 
and causes pathogenic skin condition (29,30).

Clinical aspects

Most of the airborne contact dermatitis starts from the eyelids, 
primarily, affecting the exposed sites of the face, neck and flex-
ures, that are presented with erythema, blistering and intense 
pruritus, resulting later in skin thickening, hyper pigmentation 
and development of a leonine facies. Possibly, unexposed sites 
may also get involved late in the course of the disease, upon 
antigen sensitization continued specifically. A seasonal variation 
has an important role, which is observed with flaring and aggra-
vated dermatitis in the summer, corresponding to the growing 
season of parthenium plants and remission in winter (31-33). 
Mixed pattern is a combined form of classical and chronic ac-

alien weed is considered to be one of the worst plant species 
for agricultural crops and causes great loss to biodiversity. This 
aggressive weed at its maturity releases ‘parthenin’, an airborne 
antigen to the immediate environment which is a leading cause 
of airborne contact dermatitis in India (3,8,9). This weed has 
infested most of rural and waste fields of urban areas, exhibiting 
the ability to grow prolifically, and in due course invade and 
adapt to new habitats eventually reducing the number of indig-
enous plants (8,10). This invasive weed has now become native 
of more than 20 countries around the World, in five continents 
(3,9). The pathological condition of parthenium dermatitis, 
due to various reasons alters the regulatory network of pro and 
anti-inflammatory cytokines, which leads to cell mediated hy-
persensitivity (6). 

Allergenicity due to Parthenium hysterophorus

The aero-allergen responsible for the contact dermatitis is 
parthenin, which is sesquiterpene lactones in nature, profound-
ly present in the oleoresin fraction of the leaf, stem, flower and 
to some extent in pollen of Parthenium hysterophorus (figure 
1). Sesquiterpene lactones are biologically active plant chemi-
cals identified in many plant families in different geographical 
regions. P. hysterophorus contains parthenin, hymenin, corono-
pilin, hysterophorin and tetraneurin A as major constituents of 
sesquiterpene lactones (11,12,13). Maishi et al. reported that 
parthenin, a pungent glycoside, is a major sesquiterpene lactone 
in P. hysterophorus (14). Parthenin is the major constituent of 
the antigen causing dermatitis in America, Mexico, West Indies 
and India; it is replaced by hymenin as an antigen in south-
ern Bolivia and central Argentina, and in one population from 
Texas. Patients with contact dermatitis to Compositae plants 
can also have cross reaction to sesquiterpene lactone; contain-
ing other non-Compositae plants, however, this cross-reactivi-
ty between sesquiterpene lactones does not follow any specific 
pattern (15,16). Parthenium dermatitis is not reported in some 
parts of America because of the absence of parthenin in these re-
gions, whereas the dermatitis is severe and causes a major health 
challenge in Indian subcontinent, where the plant contains large 
quantity of parthenin antigen (17,18). 

Pathogenesis and mechanism of sensitization 

The kinetics of delayed type-hypersensitivity response remains 
biphasic, and manifests as a contact sensitization phase on initial 
contact with parthenium antigen, and a later elicitation phase. 
Parthenium dermatitis is an allergen specific-inflammatory dis-
ease, in which parthenium antigen, upon contact sensitization 
to exposed site of skin, leads to a cell-mediated hypersensitivity 
immune response, that first induces a refractory phase where 
probably there is no response, and a subsequent induction 
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Parthenium hysterophorus is ubiquitous, hence it is difficult to 
avoid the aero-allergens; the only option is to reduce the quantity 
of antigen exposure to which patient is already exposed. Exposure 
to sunlight is also distressing to the parthenium patients, as it ex-
aggerates the disease. Covering of exposed parts of skin and using 
sunscreen lotions that may serve as barrier creams, can slow down 
the penetration of the antigens into the sensitized skin (45).

Immune responses in parthenium dermatitis 

Parthenium dermatitis is better known as an immuno-modula-
tory dermatitis, which upon contact sensitization with antigen 
leads to a cell mediated immune response with the kinetics of 
sensitization, and an elicitation phase followed by stimulation of 
naïve T cells. Furthermore, during the sensitization phase, con-
tact allergens stimulate epidermal cells to synthesize and release 
pro-inflammatory cytokines such as TNF- α and IL-1, which 
in turn promote Langerhans cells migration from the skin. The 
challenged skin sites reaction serves as a repository for prolifer-
ation of activated T-lymphocytes, that eventually produce effec-
tors and memory cells which lead to development of cutaneous 
inflammation, and endows with rapid and specific responses 
upon re-exposure of sensitized antigens (20,46,47). The mech-
anism of pathogenesis involves a complex, intricate regulatory 
network of inflammation mediators, T regulatory and pro and 
anti-inflammatory cytokines released by various immune mod-
ulator cells (48). In normal condition, these cytokines cross reg-
ulate each other, and a balance exists between these modulatory 
molecules (49). Depending upon the kind of allergen encounter 
and cytokine milieu, polarization of naïve T-helper cells hap-
pens in direction of TH1, TH17 or TH2 cells type immune 
responses (50,51,30). During the entire inflammatory reaction, 
cytokines released by various immune cells function as commu-
nicators between different cells. Altogether, the type of immune 
response is determined and directed by all the existing factors 
after antigen sensitization (52,53). 
T reg cells contribute to the control of allergen-specific immune 
responses through multiple mechanisms: suppression of anti-
gen-presenting cells that support the generation of TH1 and 
TH2 effector cells, and remodeling of resident tissue cells. Im-
mune system dysregulation and T helper cells play a key role 
in eliciting and maintaining inflammation in the skin during 
contact sensitization with antigen. Mechanism of enhancing 
skin inflammation by aero-antigen includes expansion and mi-
gration of skin-homing T cells, and inhibition of T reg cell im-
munosuppressive function (54). 

Cytokine profiling in parthenium dermatitis 

The immune response is regulated by a highly complex and 
intricate network of control elements; a dynamic balance ex-

tinic dermatitis, which manifests as scattered infiltrated scaly 
papules over exposed site. Classical pattern of dermatitis chang-
es to photodermatitis and photosensitive pruritic lichenified 
eruption, which presents with discrete, violaceous papules and 
plaques which develops after many years without seasonal varia-
tion (34). Exacerbation of parthenium dermatitis occurs mainly 
in summer and rainy seasons because of profuse growth of weed 
parthenium plants, and is prevalent in winter season in southern 
India during the months of September, October and November, 
which is maybe due to the increased growth of parthenium fol-
lowing the North-East monsoon showers, as reported by Laksh-
mi C. (35,36). The skin of the upper eyelids, the retro-auricular 
and submental areas, which are spared in photodermatitis, are 
involved in parthenium dermatitis. The dermatitis can become 
generalized to produce an erythroderma (37). In a recent study, 
parthenium dermatitis severity scores (PDSS) is found to be a 
useful tool in determining the severity of the disease, and may 
be used by clinicians for appropriate scoring of the clinical se-
verity of parthenium dermatitis and monitoring the disease 
response to therapy. The severity of parthenium-induced der-
matitis in sensitized patients depends on the degree of contact 
hypersensitivity at that time, quantity of antigen, and areas in 
contact with the patients (38). The effect of seasonal variation 
also plays an important role on degree of contact hypersensitiv-
ity, as the sensitivity to parthenium allergen increases more in 
summer than winter (39).

Treatment and management 

It has been established that corticosteroids are the mainstay of 
recommended treatment in the parthenium induced contact 
dermatitis, especially in severe cases. Topical steroids can be 
used for mild to moderate disease, while severe / extensive der-
matitis will require systemic steroids (19,35). Azathioprine acts 
as an inflammatory cell inhibitor, corticosteroid-sparing agent, 
has an immunosuppressive and anti-inflammatory effect, and 
plays an important role in management of chronic parthenium 
dermatitis, as reported by Verma KK et al. (2006) (40,41). 
Azathioprine or other adjuvants like methotrexate or cyclosporine 
can be used in maintenance doses, and suppress the delayed type 
hypersensitivity reaction. Along with medication, protection can 
be given by covering the exposed parts, removal of the patient 
from the contaminated environment, desensitization methods. 
Although, complete allergens avoidance from the environment is 
almost impossible for sensitized patients (42-44). Cyclosporine is 
also an immunosuppressive with potent anti-inflammatory prop-
erties, and has been reported to be effective in the severe condi-
tion of parthenium dermatitis. It produces a swift response, and 
also spares from the side effects of systemic corticosteroid treat-
ment. It suppresses the delayed hypersensitivity reaction, as well 
as the late phase reaction of type I hypersensitivity (35). 
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levels. The genetic polymorphisms in these cytokine genes are 
significantly affecting parameters, which influence the inter-in-
dividual differences in cytokine levels and determine the balance 
between these, and direct the kind of human immune response. 
In many diseases, these polymorphic cytokine gene regions have 
been found as susceptibility factors (61,62). 
In a recently published study, we have analyzed IFN-γ (+) 874 
A > T and IL-10 (-) 1082 G > A and (-) 819 C > T single 
nucleotide polymorphisms in parthenium dermatitis cases vs. 
control subjects. The study showed that the IFN-γ (+) 874 
A > T SNP genetically does not justify the high serum levels 
of IFN-γ in parthenium dermatitis patients in comparison to 
healthy controls, whereas the lower producing genotypes due to 
IL-10 (-) 1082 G > A and (-) 819 C > T SNPs remain in step 
with the prevalence of low serum IL-10 in parthenium patients, 
and these genotypes genetically predispose to this disease. The 
intermediate IL-10 producing genotypes due to these SNPs in 
IL-10 gene, provide resistance to the carriers of these genotypes 
for not developing the disease (7,63) (table I).
In earlier reports, altered levels of TNF- α have been found in-
volved in pathogenesis of psoriasis. There are numerous poly-
morphisms found in TNF-α promoter region, which might 
modulate TNF-α expression. The single nucleotide polymor-
phism at position (-) 308 G/A has been found to be a functional 
and genetic predisposition to various diseases, like liver cirrho-
sis, rheumatoid arthritis, inflammatory bowel disease, etc. This 
polymorphism has also been reported in asthma and other aller-
gic diseases like occupational chronic irritant contact dermatitis 
(CICD) and psoriasis (64-66). 
The prevalence of high TH1 cytokines (IFN-γ, IL-2, pro- in-
flammatory IL-6, IL-8, IL-17, TNF-α) and declined levels of 
TH2 cytokines (IL-10) and T reg cytokine (TGF-β1) reported 
by Akhtar et al., suggests that an insufficient amount of anti-in-
flammatory and immunosuppressive cytokines might unable to 
downregulate the TH1 cytokines. Thereby, their levels might 
remain high in patients (2). Khatri et al. (2013) found that the 
SNPs IFN-γ (+) 874 A > T and TNF-α (-) 308 G > A are not as-
sociated with the disease. Therefore, high serum levels of IFN-γ 
and TNF-α in patients are not genetically in step with the stud-
ied SNPs in these genes (67). The alleles at both the loci did not 
lead to any association with the disease, but the low IL-10 pro-
ducing genotypes such as AA and TT, created a 2.01 and 3.45 
times higher risk respectively for patients for developing the 
parthenium dermatitis, whereas the intermediate IL-10 produc-
ing GA and CT genotypes at these loci provided 54% and 67% 
resistance respectively to the individuals for not developing the 
disease. The low TGF-β1 producing genotypes CC at this locus 
were prevalent in parthenium patients compared to controls, 
but upon statistical comparison the p-value remained little far 
from value of significance. In conclusion, concordance between 

ists between proinflammatory cytokines and anti-inflammatory 
components (48,55). Polarization of T-helper (TH) lympho-
cytes into functional TH1 and TH2 subsets is one of the main 
factors that determine the direction of the balance between 
pro- and anti-inflammatory cytokines (50,56). A number of 
cytokines, known collectively as pro-inflammatory cytokines 
because they accelerate inflammation, also regulate inflamma-
tory reactions, either directly or by their ability to induce the 
synthesis of cellular adhesion molecules or other cytokines in 
certain cell types. Regulation of T-cell activation by the anti-in-
flammatory cytokines is a crucial early control element in the 
process of inflammation of skin (51,57). Our previous studies 
on parthenium dermatitis showed elevated circulating levels of 
proinflammatory cytokines such as IFN-γ, IL-2, TNF-α, IL-
6, IL-8, IL-17, and lower levels of anti-inflammatory cytokines 
such as IL-10 and TGF-β in patients compared with controls, 
Akhtar et al. (2010). This suggests that the lower circulating 
level of IL-10 and TGF-β (an anti-inflammatory and immuno-
suppressive cytokine) might be insufficient to counter- regulate 
the proinflammatory signals which lead to a hypersensitivity 
immune response (2,4). 

Immuno-genetics of cytokine genes polymorphisms

There are a number of factors which affect the levels of cytokine 
production among different individuals. These include gene 
transcription stability, post translation modification, protein 
intracellular stability, and the export of cytokine to the extra-
cellular environment. Besides this, the genetic polymorphism of 
these cytokine genes in gene regulatory and protein coding re-
gions majorly affects cytokine production in different individu-
als (7,58). The pathogenesis of parthenium dermatitis is consid-
ered to be an immunologically mediated process. Due to various 
reasons, altered regulatory network of pro and anti-inflamma-
tory cytokines leads to cell mediated hypersensitivity. Regula-
tion of inflammation events perpetuated by cytokines acts in a 
highly complex coordinated network, in which they induce or 
repress their own synthesis as well as that of other cytokines and 
cytokine receptors. This feature continues to complicate efforts 
to analyze both the function of individual cytokines and the 
influence of cytokine gene polymorphism on gene expression 
and disease (59,60). 
Based on various parameters, previous reports suggested that 
parthenium dermatitis pathogenesis involves cell-mediated hy-
persensitivity immune response, and happens due to imbalance 
in various pro and anti- inflammatory and T reg cell cytokines. 
Among the number of risk factors leading to allergy, the inter-
action of genetics of an individual with environment is one of 
the affecting significant parameters. The functional genetic al-
terations in structure of these cytokine genes are among a num-
ber of factors which influence the variation in systemic cytokine 
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of TNF-α (-) 308 G > A polymorphism was found in patho-
genesis / susceptibility associated to parthenium dermatitis, even 
with high level of TNF-α. A thorough prospective analysis in a 
higher number of subjects is required to understand the role of 

low TGF-β1 producing CC genotypes along with low serum 
levels of TGF-β1, suggested the association of this locus with 
the disease, which needs further validation in larger sample size.

Conclusions

Several studies to date have been reported to analyze the influ-
ence of gene polymorphisms on various cytokine gene expression 
and disease conditions. Cytokines are communicating molecules 
between cells of immune system, and express a critical role in po-
larization, amplification and modulation of immune responses, 
and determine which effector mechanisms are to be employed in 
response to immune challenge. Our studies on parthenium der-
matitis suggest the prevalence of high serum IFN-γ in patients, 
but the IFN-γ (+) 874 A > T transition genetically does not con-
tribute to the parthenium dermatitis. The small sample size may 
be one of the limitations, and a larger cohort study may provide 
conclusive association of genetic predisposition of IFN gene. In 
contrast, low IL-10-producing genotypes in patients is associat-
ed with a high prevalence due to IL-10 (-) 1082 G > A, and (-) 
819 C > T polymorphisms. The concerned IL-10 genotypes at 
these loci show a strong genetic predisposition to parthenium 
dermatitis in Indian cohort, and function as risk factors. Mostly, 
healthy individuals possessed intermediate IL-10 producing GA 
and CT genotypes with a statistically significant difference from 
dermatitis patients. In our recent study, no genetic endowment 

Table I - Cytokine and their genetic polymorphism studies in parthenium dermatitis.

Source and related 
parameter 

Significance
patients vs. control

References

TH1 type cytokine
IL-2, IFN-γ

significantly increased compared to control

Akhtar N et al. (2010) Contact Dermatitis
TH17 type cytokine
IL-17

significantly increased compared to control

TH2 type cytokine
IL-4, IL-10

only IL-10 significantly decreased

Akhtar N et al. (2010) Clin Chem Acta
T reg type cytokine
TGF-β

significantly decreased

IL-6, IL-8, TNF-α significantly increased compared to control Akhtar N et al. (2010) Contact Dermatitis

Genetic polymorphism Risk assessment 

IFN-γ (+) 874 A > T no association
Khatri R et al. (2011) BJD 

IL-10 (-) 1082 G > A and (-) 819 C > T 2.01 and 3.45 times more risk

TNF-α (-) 308 G > A no association Khatri R et al. (2014) IJD

TGF-β1 (-) 509 C > T associated unpublished

IL-4 (-) 590 C > T no association unpublished

Figure 1 - Parthenium hysterophorus. A, leaves; B, mature plant; 
C, flowers; and D, chemical structure of parthenin antigen. Figure 
from our published paper.
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TNF- α genetic variation in pathogenesis of parthenium disease. 
The reports in this review suggest that even though IFN-γ and 
TNF-α gene polymorphisms are not associated with partheni-
um dermatitis, genotyping marker in disease condition is con-
sidered to be potentially important. Thus, this review enlightens 
the important role of immunogenetics in parthenium derma-
titis. Further continued advances in molecular genetics and in 
high-throughput of genotyping of cytokine genes are likely to 
achieve significant advances in the diagnosis and management of 
parthenium dermatitis.
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