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Abstract

Introduction: Dermatitis herpetiformis (DH) seems to be a chronic immune-mediated inflammatory 
disease of partially known origin. In light of its known biological functions and its involvement in tissue 
pathology in other disease states, particularly in nickel-induced allergic contact dermatitis coexisting 
with DH, it would appear that the central and peripheral response by neutrophils and their mediators 
(e.g. neutrophil elastase – NE) in DH may be partially mediated by interleukin-6 (IL-6).

The aim of the study was to assess the role of IL-6 in DH lesions by examining the relationships 
between IL-6/NE cutaneous expression and levels of serum anti-nonapeptides of gliadin (npG) IgA, 
anti-tissue transglutaminase (tTG) immunoglobulin A (IgA), anti-epidermal transglutaminase (eTG) 
IgA in DH.

Material and methods: In total, 24 DH patients having IgA cutaneous deposition were studied. 
Immunohistochemistry on paraffin-embedded sections with quantitative digital morphometry was used 
to measure the intensity of IL-6 and NE cutaneous expressions. Levels of serum anti-npG IgA, anti-tTG 
IgA and anti-eTG IgA were evaluated with ELISA.

Results: We found no statistically significant correlation between the NE and IL-6 expression in-
tensities. Our results revealed also a lack of correlations between NE/IL-6 expressions and levels of 
anti-npG IgA, anti-tTG IgA, anti-eTG IgA in DH. However, the IL-6 expression level was significantly 
lower than that of NE.

Conclusions: The lack of correlations suggested no substantial interactions between IL-6, NE, 
IgA/npG, IgA/tTG or IgA/eTG in DH. Presented results might indicate the heterogenetic nature of 
DH pathogenesis suggesting further that both autoimmune and autoinflammatory phenomena may be 
involved in DH cutaneous pathology.
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Introduction
Dermatitis herpetiformis (DH) is an autoimmune 

blistering dermatosis with a chronic, intensely itchy, 
polymorphic, vesicle-forming skin manifestation that de-
velops predominantly in young adult or adolescent men 
[1-7]. Dermatitis herpetiformis seems to be a chronic im-
mune-mediated inflammatory disease of only partially 
known origin. Lack of precise identification of a specific 
individual antigen (epidermal transglutaminase – eTG, 
tissue transglutaminase – tTG, nonapeptides of gliadin – 
npG, neoepitopes of gliadin/transglutaminases are com-
monly implicated) [5-8] suggests that DH, being more 
prevalent in men who appear to be less prone to autoimmu-
nity development than women, is unlikely to be a classical 
autoantigen-driven autoimmune disease.

The histology of DH skin lesions demonstrate a pre-
dominantly neutrophilic infiltrate at the dermal-epidermal 
junction (DEJ), which often localizes to the papillary tips. 
The ultrastructural features and biological properties of 
these neutrophils, involving secretion of various proteases 
like neutrophil elastase (NE), suggest that they may play 
an important role in DEJ damaging, leading to blister for-
mation [2, 4]. The involvement of an impaired human IgA 
Fc receptors (FcalphaRs) regulatory system, which may 
cause the activation of neutrophils with subsequent NE 
secretion, is proposed [2, 4]. In light of DH pathogenesis, 
FcalphaRs have been described on neutrophils.

The therapy of DH also indicates the important role 
of inflammatory cells in disease development. Interesting-
ly, dapsone, rapidly improving DH rash (in a matter of 
days), seems to target rather neutrophils (inhibition of their 
chemotaxis and some cytokines release) than T- or B-cell. 
Despite its clinical utility, dapsone intake does not seem to 
affect cutaneous IgA deposition [1, 9, 10].

It is postulated that interleukin-6 (IL-6) plays a major 
role in neutrophil recruitment and function. Interleukin-6 is 
a multifunctional cytokine with both pro- and anti-inflam-
matory properties that may play a regulatory role in the 
immune system [11]. It may be secreted by epidermal cells 
suggesting their function in local cutaneous inflammation 
and autoimmunity. Interleukin-6 and its corresponding re-
ceptor are known to be synthesized by keratinocytes and 
have been proposed to affect the function of dermal in-
flammatory cells [12, 13].

Keratinocyte-derived IL-6 was observed in the relative-
ly late phase of nickel-induced allergic contact dermatitis. 
We identified middle-aged women affected by itchy rash 
with concurrent DH diagnosed with direct immunofluo-
rescence (DIF) and nickel hypersensitivity as suggested 
by epicutaneous patch testing. Thus, IL-6 might be a fac-
tor linking pathogeneses of those illnesses. In light of its 
known biological functions and its involvement in tissue 
pathology in other disease states, particularly in nickel-in-
duced allergic contact dermatitis, it would appear that the 

central and peripheral response by neutrophils in DH may 
be partially mediated by IL-6. It is known that IL-6 could 
also be produced locally within the skin and thus augment 
or control the extent of tissue inflammation.

We designed a study to examine some of these rela-
tionships and interactions, because the precise role of IL-6 
in mediating pathological events of DH has not been elu-
cidated, however a possible mechanism may involve the 
modulation of the functional repertoire of neutrophils and/
or IgA production. Thus, an issue-probing study was done 
to assess the role of IL-6 in DH lesions by examining the 
relationships between IL-6/NE cutaneous expression and 
levels of serum anti-npG IgA, anti-tTG IgA, anti-eTG IgA 
in DH.

Material and methods

Sample collection and tissue specimens

The examined material consisted of lesional skin tis-
sues and sera from the examined group (altogether 24 DH 
patients) before initiation of treatment. All patients had 
various extent of the disease and various disease duration, 
however none of patients was treated for DH before the 
clinical suspicion of DH was confirmed. Patients were di-
agnosed and treated at the Department of Dermatology, 
Poznan University of Medical Sciences in Poland. The 
study was approved by the local Ethics Committee of the 
Poznan University of Medical Sciences, Poland. The inclu-
sion criteria involved:
•	clinical features,
•	typical immunoreactant deposits detected with DIF: the 

diagnosis of DH in each case was made when whichever 
pattern of possible 7 diagnostic patterns of granular IgA 
deposition was detected in DIF [1],

•	histological aspects: conventional hematoxylin and eosin 
staining was performed to further support the diagnoses.

Skin tissues involved paraffin-embedded sections. 
The tissue sections were subject to 4-μm section and then 
mounted on poly-L-lysine coated glass slides.

The serum used in the serological tests was taken at the 
time of hospital admission/ambulatory care.

Validation of proteins by immunohistochemistry

Paraffin-embedded sections were used for immuno-
histochemistry (IHC). Immunohistochemical staining was 
performed using the mouse monoclonal antibody to human 
NE, clone NP57 (Dako, Denmark), mouse monoclonal an-
tibody to human IL-6, clone 10C12 (Leica, United King-
dom) and LSAB+ system HRP visualization kit (Dako, 
Denmark). The sections were washed in xylene (depar-
affinization) and lightly rehydrated with a graded etha-
nol series. The samples were digested with proteinase K.  
Then, the slides were incubated with an appropriate dilu-
tion of antibodies, and, after visualization, washed with 
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PBS, counterstained with hematoxylin, dehydrated with 
an alcohol gradient, treated with xylene, and coverslipped. 
The appropriate IHC procedure controls were performed.

The slides were examined by light microscopy (BX40, 
Olympus, Japan) and digitally photographed to assess the 
intensities of positive immunostaining signals (expression 
intensities). The analysis of IHC staining was conducted 
with a specifically designed in Borland C++ image analy-
sis software: “Analyser 4D” to quantitatively measure the 
stain intensity in percentage of reaction under the magnifi-
cation 200× (NE) as well as 400× and 600× (IL-6).

Immunoenzymatic assay

Five milliliters of blood serum were obtained from 
each individual and anti-eTG/anti-tTG/anti-npG IgA anti-
bodies were evaluated with three commercially available 
ELISAs. The level of circulating serum anti-npG IgA was 
evaluated with Anti-Gliadin (GAF-3X) ELISA (Euroim-
mun, Germany) with the manufacturer’s cut-off value of 
25 RU/ml. The level of circulating serum anti-tTG IgA was 
detected with Anti-tTG ELISA (Euroimmun, Germany) 
with the manufacturer’s cut-off value of 20 RU/ml. The 
level of circulating serum anti-eTG IgA was detected with 
Anti-eTG ELISA (Immundiagnostic, Germany) with the 
manufacturer’s cut-off value of 18 AU/ml. All three tests 
are recommended by producers as useful in DH diagnosis. 
All measurements were made in ELISA plate reader by 
a single operator following the manufacturer’s instructions.

Statistical analysis

Significant differences in expression intensities of IL-6/
NE in the examined group were evaluated by the Wilcox-
on rank-sum test with a significance level of p < 0.05 [14]. 
Correlations between the investigated parameters were de-
termined by the Spearman’s rank correlation coefficient.

All statistical analyses were performed with the use 
of statistical analysis Software Statistica PL 10.0 (StatSoft 
Inc., USA).

Results
Intensity of NE and IL-6 deposits processed with dig-

ital image analysis in representative DH patients lesional 
skin is shown in Figs. 1 and 2, respectively.

The analysis of correlation showed no statistically sig-
nificant correlations between the intensity of cutaneous NE 
expression and the intensity of cutaneous IL-6 expression. 
We revealed also a lack of correlations between IL-6 ex-
pressions and the levels of serum IgA antibodies to eTG, 
tTG, npG in patients with DH. Obtained results are pre-
sented in Table 1.

The IL-6 expression was significantly lower than 
that of NE (the mean of NE was 3.46 percentage of re-
action, the mean of IL-6 was 0.20 percentage of reaction;  

p = 0.0006). The results of calculated difference are shown 
in graphs in Fig. 3.

Discussion
The precise mechanism involved in the stimulation of 

cutaneous lesions in DH is unknown. Probably, neutro-
phils have a pivotal role in mediating pathological inflam-
matory states in DH. However, various studies evaluated 
the participation of T lymphocytes (CD4) [15], antigens 
(eTG, tTG, npG, heat shock proteins 60, 70, and 90) [5-8, 
16] that would lead to the production of cytokines (IL-6), 
which would be responsible for the chemotaxis of neu-
trophils, microabscess formation and development of skin 
lesions.

During allergic or irritant reactions, the expression of 
IL-6 by keratinocytes is significantly enhanced and can be 
considered as one of the mediators of inflammation present 
in allergic reactions [17]. Nickel demonstrated the highest 
immune activation within the common allergens and coex-
istence of nickel-induced contact dermatitis with DH may 
be observed. Thus, the conjunction of nickel hypersensi-
tivity and DH may suggest common signaling pathways. 
Dhingra et al. [18] noted that innate/interferon (IFN)/
Th1-related (including IL-6) and Th-17-related genes were 
commonly induced by nickel. Interleukin-6 as a marker of 
innate immunity was significantly upregulated for most 
allergens [18]. Using gene arrays [18], a higher mRNA 
expression of the IL-6 gene was observed in nickel than 
in other allergen groups. Other unifying data [19] for DH 
and nickel hypersensitivity indicated IL-6 as an important 
modulator of the CAMP gene expression, a gene coding 
the human antibacterial peptide LL-37. A pronounced in-
duction in keratinocytes for LL-37 is noted in both dis-
eases [19]. In fact, this molecule plays a crucial role in 
local and systemic inflammation. Thus, one of the effects 
of IL-6 might be the up-regulation of the CAMP gene that 
was documented in different inflammatory dermatoses: 
nickel contact hypersensitivity and DH.

The ability of IL-6 to induce or augment neutrophils 
activity has been reported by several investigators. More-
over, it was postulated that IL-6 delays neutrophils apop-
tosis, resulting in a larger population of surviving cells 
with a greater collective capacity for proteolytic enzymes 
(e.g. NE) release. Interleukin-6 may stimulate neutrophils 
to produce NE, however our IHC study did not support 
this thesis as we found no correlation between cutaneous 
expression of IL-6 and cutaneous expression of NE. Nev-
ertheless, probably some correlations may be revealed in 
individual cases or between IL-6 and other neutrophil deg-
radation products (e.g. cathepsin G, proteinase 3 measured 
separately or added together).

Probably, pathological responses in DH may be ini-
tiated after cross-linking of cell surface Fc receptors that 
bind the constant portion of IgA (FcalphaR/CD89). Liter-
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Fig. 1. The intensity of cutaneous NE expression. NE deposits in immunohistochemistry in lesional skin in a patient 
with DH (immunoperoxidase staining on paraffin embedded sections, original magnification x200) (A). Intensity of NE 
deposits processed with digital microscopic image analysis superimposed on immunohistochemistry (B). Intensity of 
NE deposits processed with digital microscopic image analysis: 3D (C). Intensity of NE deposits processed with digital 
microscopic image analysis: 2D (D)

A B

C D
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ature data suggest that FcalphaR, through its capacity to 
mediate secretion of IL-6, may play an important role in 
B-cell proliferation and immunoglobulin production. The 
identification of FcalphaR has elucidated the link between 
inflammatory cells and IgA antibodies, which can result in 
a variety of responses, including release of inflammatory 
mediators (e.g. NE) and skin lesion formation. A previ-
ous study indicated elevated levels of IL-6 in sera from 
patients with diseases associated with increased IgA anti-
bodies, suggesting that FcalphaR may be involved in this 
process. Thus, multivalent cross-linking of FcalphaR may 
induce a significant release of IL-6 by inflammatory cells 
(neutrophils). Release of IL-6 by triggering the FcalphaR 
may reveal an additional effector function for neutrophils in 
IgA-mediated inflammatory responses. However, presented 
results are in conflict with this opinion. Our findings are 
expanding/validating the observations of previous investi-
gations and showing insignificant effects of anti-tTG/eTG/
npG IgA on the release of inflammatory mediators in cuta-
neous DH lesions – NE and IL-6. It is in accordance with 
our initial study which revealed that the strength of cor-
relation between the intensity of NE expression in lesional 
skin and the level of serum anti-eTG IgA in DH was low 
and should not be regarded as a moderate relationship [20].

On the other hand, the role of IL-6 in IgA production 
has been demonstrated [21] in mice with targeted disrup-
tion of the gene encoding IL-6. These mice have a pro-
found reduction in the number of IgA producing cells and 
have grossly deficient local antibody responses on mucosal 
challenge. Interestingly, this defect was corrected by IL-6 
gene therapy, demonstrating a critical role for IL-6 in vivo 
in the development of IgA mucosal antibody response.

Our findings suggest no substantial interplays be-
tween IL-6, NE, anti-npG IgA, anti-tTG IgA or anti-eTG 
IgA in DH. Possibly, presented results may indicate the 

Fig. 2. The intensity of cutaneous IL-6 expression. IL-6 deposits in immunohistochemistry in lesional skin in a patient 
with DH (immunoperoxidase staining on paraffin embedded sections, original magnification x600) (A). Intensity of IL-6 
deposits processed with digital microscopic image analysis: 2D (B)

Table 1. No correlations between the intensity of IL-6 
expression (in percentage of reaction) and analyzed pa-
rameters

Intensity of IL-6 expression versus Correlation 
coefficient r

p value

intensity of NE expression 0.2111 0.4501

anti-eTG IgA 0.0626 0.8246

anti-tTg IgA 0.3596 0.1881

anti-npG IgA 0.0787 0.7804

IL-6 – interleukin 6; NE – neutrophil elastase; eTG – epidermal trans- 
glutaminase; tTG – tissue transglutaminase; npG – nonapeptides of gliadin

Fig. 3. The statistically significant difference between the 
intensity of cutaneous NE expression and cutaneous IL-6 
expression (in percentage of reaction) 
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substantial role of neoepitopes in DH pathogenesis, which 
can be involved in examined interactions. However, we 
found a significantly higher NE expression than that of 
IL-6. Moreover, prominent tissue NE expression suggests 
that this is not an epiphenomenal bystander [2, 7] (Fig. 1). 
Thus, we postulated that the intense NE expression does 
indicate this protease as the major mediator of DEJ remod-
eling in DH, whereas a weak IL-6 expression might reflect 
faulty IL-6 signaling in the acute DH. Seemingly, releasing 
of NE at sites of inflammation in active human DH may 
not be primarily associated with IL-6 action. In light of 
this, the involvement of intertwining autoinflammation 
and autoimmunity processes in DH development should 
be considered. However, the crucial issue is the proper un-
derstanding of the differences between these two immuno-
logical mechanisms: they have different ways to chronic 
activation of immune system. Thus, in autoinflammation 
the innate immune system directly causes tissue inflamma-
tion, whereas in autoimmunity the innate immune system, 
with IL-1β participating, activates the adaptive immune 
system which, in turn, is responsible for the inflammato-
ry process [22]. The pure autoinflammation is character-
ized by neutrophilic inflammation, what is consistent with 
predominant neutrophilic infiltration in DH. Excitingly, 
propafenone and interferon alpha can apparently trigger 
DH rash by activating neutrophils [23-26]. It is known that 
interferon α can induce autoimmune-mediated pemphigus 
and there is a time-lag between interferon α usage and DH 
rash development so interferon α might have delayed dual 
action on autoimmunity triggering and neutrophil activa-
tion in DH. Obviously, also iodides exacerbate DH skin 
lesions in a matter of hours probably through the activa-
tion of neutrophils apparently without any autoimmune 
processes [1]. Moreover, DH patients demonstrate skin 
lesions of symmetric distribution in strictly specified loca-
tions prone to continuously repetitive local microtrauma, 
i.e. knees, extensor surfaces of forearms next to elbows 
and gluteal region [1], suggesting the involvement of local 
factors conceivably co-activating autoinflammatory pro-
cess. Furthermore, Dolcino et al. [27] showed an increased 
expression of genes coding for neutrophil-derived proteins 
suggesting autoinflammatory background. On the other 
hand, besides the autoimmune-derived immune response, 
DH has a strong genetic association with HLA DQ2 and/
or DQ8 indicating autoimmune background. Dolcino et 
al. [27] indicated that consistently with the possibly au-
toimmune origin of DH, gene profiling revealed a B- and 
T-cell immune response. A unifying hypothesis for DH 
requires the explanation of some links between mentioned 
two arms of the immune system. One explanation might 
be an uncontrolled innate-related inflammation provoked 
by local microtrauma-derived stimulus or stimuli causing 
adaptive system activation only as a secondary response. 
An overactivated cytokine cascade through IL-6 might ac-
tivate nonspecific and nonpathogenic T-/B-cell responses 

in DH. Yet another possibility is that mainly gut-derived 
autoimmunity and predominantly skin-derived autoinflam-
mation initially developing independently finally combine 
to produce DH rash. In light of this, Hall et al. [28] hypoth-
esized that the presence of mucosal inflammation in the gut 
of DH patients may be crucial in priming both neutrophils 
and cutaneous endothelial cells through the production 
of elevated proinflammatory cytokine levels. Moreover, 
neutrophils, although accepted as primary effector cells 
of inflammation, are usually ignored in their role in later 
stages of immune stimulation. In this context, neutrophil 
activation, cytokine release and antigen presentation may 
link the innate immune system to adaptive responses giv-
ing a broader role to neutrophils than pure ‘autoinflam-
mation’. Dermatitis herpetiformis in this respect requires 
a more critical analysis of neutrophil activation, and DH 
neutrophils may have a different profile compared with 
autoinflammatory disorders. Plausibly, the activation of 
inflammasome as an important component of the innate 
immune response [29], may be critically involved in DH 
inflammation. Thus, further studies on inflammasomes in 
DH would provide new evidence if autoantibodies binding 
represents a secondary autoimmunity or heterogeneity of 
disease with a broad immunopathological spectrum.

Presented results seem to indicate the heterogenetic na-
ture of DH pathogenesis suggesting that both autoimmune 
and autoinflammatory phenomena may be involved in DH 
cutaneous pathology.

These observations may imply that the cutaneous rash-
es lumped together as DH have no uniform pathogenesis: 
in some cases, particularly those connected with the nickel 
hypersensitivity, autoinflammation predominantly under-
lies the disease (IL-6 contributes to this process), whereas 
in other cases autoimmunity is the main pathogenic mech-
anism.

This preliminary hypothesis on the possible dual func-
tions of IL-6 as a molecule that interacts between the im-
mune and inflammatory system, offers a new opportunity 
to study the pathogenesis of autoantibody-mediated cell 
separation and blister formation in the DH skin. Perhaps, 
DH should be added to the growing list of diseases in 
pathogenesis of which autoinflammation is hypothesized 
in recent reviews [29, 30]. It is felt then that research stud-
ies utilizing various experimental approaches are needed 
to resolve this intriguing issue, which might offer novel 
possibilities for the management of DH.

This study was partly funded from the grant of the Pol-
ish Ministry of Science and Higher Education (N N 401 
00 12 39).

A part of this study was accepted for presentation at 
the 44th Annual ESDR Meeting (10-13 September 2014, 
Copenhagen, Denmark): Unrelated cutaneous expressions 
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of interleukin-6 and neutrophil elastase are also unlinked 
to IgA antibodies to gliadin nonapeptides, epidermal and 
tissue transglutaminases in dermatitis herpetiformis (ab-
stract no. 099). J Invest Dermarol 2014; 134 suppl. 2: 
s.17.
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