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Introduction
Persistent toxic substances include the Stockholm persistent 

organic pollutants (POPs), such as dichlorodiphenyltrichloroethane, 
polychlorinated biphenyls, dioxin/furan and organometallic 
compounds, such as organomercury, organotin, and organolead, 
which all share the same characteristics of being persistent, toxic, 
bioaccumulative, and able to travel long distances through different 
media. Dioxins are representative toxic agents among various POPs 
[1]. 

Dioxins are not a single substance but a large family of halogenated 
aromatic hydrocarbons, which consist of tricyclic aromatic compounds. 
Hydrogen atoms can be substituted by up to eight chlorines, thus leading 
to the development of about 75 isomers. 2,3,7,8- Tetrachlorodibenzo-
p-dioxin (TCDD) with four chlorine atoms in lateral positions is the 
most biologically active isomer and is also the most toxic substance 
known as a representative of dioxins [2] (Figure 1). Dioxins are derived 
as the unexpected by-products of many industrial processes and can 
accumulate in soil, sediments and also food chains with long half-life 
of several years, which has potentially major effects on human health, 
such ascarcinogenicity, teratogenicity, immunotoxicity, hepatotoxicity, 
endocrine disruption and waste syndrome [2,3]. The skin is the largest 
organ in the human body and one of its main functions is to protect 

the body from noxious substances. Environmental pollutants, such 
as TCDD, have profound effects on normal skin physiology and 
pathology, and are related to various skin diseases [4]. In this review, 
we will focus on the effect of TCDD on human skin.

TCDD Induced Skin Lesions
Normally chloracne with acneiform skin lesions is the first 

manifestation after systemic intoxication with TCDD [5]. Chloracne 
was firstly described by von Bettman in 1897 and the term was 
proposed by Herxheimer in 1899 [6]. Most cases of chloracne have 
resulted from occupational and non-occupational exposures, Non-
occupational chloracne mainly result from contaminated industrial 
wastes such as the Seveso accident in Italy [7], and TCDD intoxication 
of Viktor Andriyovych Yushchenko, a former president of Ukraine [8]. 
Clinically chloracne is characterized by non-inflammatory lesions, such 
as pseudo-comedones, nodules and comedone-like cysts. Disseminated 
lesions mostly involve face, chest and back but can also appear on 
the neck, trunk, extremities, genitals, axillary and other skin areas 
with a higher serum concentration of TCDD [5]. The histopathology 
of chloracne is characterized mainly by hyperplasia of epidermis, 
diminish and absence of sebaceous glands. Although the skin lesions 
are historically summarized under the term “chloracne”, they rather 
represent a functional hamartomatous adaptive process to this poison 
exposure [9].Therefore Saurat and Sorg [10] proposed to name TCDD-
induced skin lesions ‘‘metabolizing acquired dioxin-induced skin 
hamartomas’’. The pathogenesis of chloracne is still unclear: It may be 
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Abstract
Dioxins is a compound family among persistent organic pollutants toxics produced by industrial wastes. 

2,3,7,8-Tetrachlorodibenzo -p-dioxin (TCDD) is a typical representative of dioxins, which not only exhibits systemic 
carcinogenicity, teratogenicity, immunotoxicity, hepatotoxicity, endocrine disruption and waste syndrome to humans, but 
also has effects on physiology and pathology of human skin. In general, chloracne is the most sensitive and specific 
marker for a possible dioxin intoxication. Clinically chloracne is an acneiform dermatosis, characterized by an eruption 
of multiple comedone-like cysts involving the face and as well as other areas. Atrophy or absence of sebaceous glands 
and infundibular dilatation or cystic formation of hair follicles could be detected histopathologically. In addition, erythema, 
oedema, decreased sebum secretion with skin xerosis, pigmentation, porphyrinopathy, hirsutism, skin thickening, 
palmoplantar hyperhidrosis and palmoplantar hyperkeratotis of sweat gland origin have also been reported after TCDD 
intoxication. TCDD exhibits various effects on cellular differentiation, inducing melanogenesis and complicated actions 
on skin inflammation and immunity. The aryl hydrocarbon receptor signaling pathway and epidermal stem cells may be 
involved in TCDD activity. No effective treatment of TCDD exists.
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Figure 1: Chemical structure of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD).
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related to the imbalance of epidermal progenitor cells, since chloracne 
appears to be resistant to all tested forms of treatment. The only way to 
control chloracne is to prevent exposure to chloracnegens [5,11].

In addition to the classical lesions mentioned above, exposure to 
TCDD can lead to acute facial erythema, occasionally associated with 
oedema in the beginning of TCDD intoxication, decreased sebum 
secretion and skin xerosis, pigmentation, porphyrinopathy, hirsutism, 
skin thickening, palmoplantar hyperhidrosis and palmoplantar 
hyperkeratosis of sweat gland origin [12-14], which indicates that 
several skin tissues and cells are involved. Since chloracne is not only 
a skin disease but a systemic intoxication, sometimes accompanied by 
systemic symptoms, such as fatigue, anorexia, neuropathy, impotence, 
liver dysfunction, hyperlipemia, anaemia, arthritis, thyromegaly and 
ophthalmitis [1].

Effects of TCDD on Keratinocytes
Hyperplasia of epidermal cells is always observed in chloracne and 

TCDD intoxication. Topical application of TCDD in adult hairless 
mice resulted in hyperkeratinization and induction of dermal cysts, 
whereas inter-follicular epidermis was not affected [15]. Exposure 
of murine fetuses in utero to TCDD led to an accelerated terminal 
differentiation of fetal skin [16]. A survey of 23 cell lines displayed 
no changes in morphology, viability or growth patterns following 
treatment with TCDD [17]. Furthermore, TCDD caused acceleration 
of differentiation of a spontaneously immortalized human keratinocyte 
cell line in a three-dimensional skin equivalent model as determined 
by morphological characterization and by immune histochemistry 
with several differentiation-specific proteins. Neither an influence 
on proliferation nor an induction of apoptosis was observed [18]. 
However, TCDD was found to impair differentiation of normal human 
epidermal keratinocytes in a skin equivalent model [19]. A recent in 
vitro study using normal human epidermal keratinocytes showed 
a TCDD-mediated acceleration of differentiation and enhanced 
expression of several pro-differentiation genes, including filaggrin 
and small proline rich protein 2 [20]. These results indicated that the 
epidermal permeability barrier is also affected. Another study found 
increased ceramides, decreased expression of the glucose transporter 
SLC2A1 and most of the glycolytic transcripts, followed by decreases 
in glycolytic intermediates, which means that TCDD-mediated 
ROS production is a critical step in the mechanism of this chemical 
to accelerate keratinocyte differentiation [21]. In primary cultured 
keratinocytes, TCDD inhibited culture-induced senescence: The 
inhibition of senescence by TCDD could be an important mechanism 
by which it may exert its tumor promoting effects in the skin [22].

Effects of TCDD on Sebaceous Gland Cells and Sweet 
Gland Cells

Clarifying the effects of dioxins on sebaceous glands are especially 
important, since the differentiation of sebocytes is severely affected 
following dioxin exposure in vivo and markedly reduced sebum 
levels with skin xerosis is an important clinical feature of TCDD 
intoxication. TCDD exhibits an inhibitory effect on lipid metabolism 
in laboratory rodents and humans and induces clinically a wasting 
syndrome [23].The use of animal models such as that of the rabbit ear 
[24], meibomian glands of primates [25], and hairless mice has shown 
that miniaturization of sebaceous glands is noted following TCDD 
exposure [17]. The 5-year follow up of Victor Yushchenko, who had 
been exposed to TCDD, has shown a complete and sustained involution 
of sebaceous glands in skin lesions [9]. In cultured SZ95 sebocytes 

and in human skin maintained ex vivo TCDD was found to decrease 
lipogenesis and affect differentiation of human sebaceous gland cells 
by switching the sebaceous into a keratinocyte-like differentiation [26]. 
In addition, eccrine gland is also involved after exposure to TCDD. 
In a patient with chloracne, acral granuloma annulare-like lesionsand 
squamous syringometaplasia of the eccrine glands was observed in the 
immediate vicinity of affected skin [14].

Effects of TCDD on Melanocytes
Although hyperpigmentation is noted in chloracne and TCDD 

intoxication, there is still no knowledge on the pathway of TCDD 
induction of melanogenesis and hyperpigmentation. A study showed 
that exposure of normal human melanocytes to TCDDresults in 
activation of the aryl hydrocarbon receptor (AhR) signaling pathway 
and an AhR-dependent activation of tyrosinase activity, the key 
enzyme of melanogenesis. In accordance with the upregulation of 
tyrosinase activity, total melanin content was also elevated in TCDD-
exposed melanocytes, a proof of TCDD-modulated melanogenesis by 
controlling the expression of melanogenic genes [27].

Effect of TCDD on Skin Immunity and Inflammation
An earlier study showed that long-term exposure to TCDD 

is associated with depressed cell-mediated immunity [28]. This 
finding obtained after longer exposure to TCDD could lead to non-
inflammatory acne-like lesions, but could not explain erythema 
and edema induced in acute intoxication. In TCDD-treated mice, a 
significant decrease in tensile strength and increased population of 
macrophages within the wounded tissue were observed during wound 
healing, which indicates a pro-inflammatory TCDD effect on the 
wounded tissue and disruption of normal healing [29]. Been activated 
by TCDD, AhR induces a long-lasting effect on the human adaptive 
immune system and specifically polarizes CD4+ T cells to produce IL-
22 but no other T cell cytokines, since it is ineffective on T regulatory 
cells [30]. A recent study showed that TCDD exposure exacerbates 
atopic dermatitis-associated inflammation with no increase of IgE 
antibody production [31].

Molecular Mechanisms of TCDD on the Skin
The exact molecular mechanism of TCDD on human skin is 

still unclear. In order to explain the pathogenesis of chloracne, 
Panteleyev and Bickers [5] hypothesized that chloracnegene-induced 
transformation of the pilosebaceous unit is driven by activation and 
accelerated exit of cells from the stem cell compartment coupled with a 
shift from a pilosebaceous differentiation pattern to an epidermal one. 
This may result in imbalance in early multipotent cells commitment 
and their preferential differentiation along an epidermal lineage with 
consequent diminution of sebaceous gland and lower hair follicle 
portion along with prominent epidermal/infundibular hyperplasia and 
hyperkeratinization. 

Most of the effects of TCDD in humans and animals were mediated 
by the AhR signaling pathway, after binding and activation to AhR. 
AhR isa member of the basic-helix-loop-helix period-ARNT-single-
minded family of dimeric transcription factors [32]. It is expressed 
and activated in human keratinocytes and skin fibroblasts as well as 
in human sebaceous glands and human immortalized SZ95 sebocytes 
[4,26,33]. AhR is involved in normal skin formation during fetal 
development as well as in pathological states, such as epidermal 
wound healing and skin carcinogenesis [34], and may be essential in 
stem/progenitor cell homeostasis [35]. TCDD-induced acceleration 
of keratinocyte differentiation [20], abnormal sebaceous gland 
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differentiation [26], and melanogenesis [27] are mediated by AhR. 
Downstream molecular targets of AhR are versatile, including influence 
of classical xenobiotic metabolizing enzymes (such as CYP1A1), 
interleukin-1β, tumor growth factors, c-Myc, epidermal growth factor 
receptors, and B lymphocyte maturation protein 1 (Blimp1). TCCD/
AhR/ARNT/Blimp1 and CYP1A1/c-Myc pathways may very likely be 
the effective signaling pathways for TCDD on skin physiology and skin 
diseases [36].

Perspective
Present studies have shown that persistent toxic substances, such 

as dioxins, have profound effects on human skin physiology and 
pathology, which can become a major health issue under the rapid 
development of modern industry .The interaction of TCDD and skin 
is extremely complicated. Many skin tissues and cells are affected by 
TCDD, which induces the appearance of various skin lesions. The AhR 
signal pathway in the skin may be the link between TCDD and skin 
manifestations. A better understanding of AhR function in the skin 
will provide new knowledge and understanding to the skin biology and 
pathology in the future.
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