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Expression of interleukin-17 in lesions
of erythema multiforme may indicate
a role for T helper 17 cells
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Abstract

Introduction: The aim of this study was to evaluate levels of interleukin (IL)-2, IL-6, IL-8, IL-10,
IL-17A and interferon y (IFN-y) in the serum of patients with erythema multiforme (EM) and to search
for the presence of IL-17-expressing cells in lesional samples of EM.

Material and methods: A total of 32 patients (22 females and 10 males) diagnosed with EM of the
minor or major type were included in the study. Levels of IL-2, IL-6, IL-8, IL-10, IL-17A and IFN-y in
the serum were determined and compared with healthy controls. Biopsy specimens were stained with
haematoxylin and eosin (HE) and monoclonal antibodies to CD4, CD8 and IL-17 for immunohisto-
chemical examination.

Results: IL-2, 6, 8 and 17A were significantly higher in the patient group (p = 0.016, p = 0.001,
p = 0.004, p = 0.006, respectively) and levels of IL-10 were significantly lower than in the control group
(p = 0.046). The cellular infiltrate in lesions of EM was composed mainly of CD4+ T lymphocytes. The

presence of IL-17-expressing cells, at proportion of 5 to 50%, was observed in the infiltrate.
Conclusions: The demonstration of IL-17-expressing cells in lesions of EM in this study has brought
forth the assumption that Th17 cells may be involved in the pathogenesis of EM.
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Introduction

Erythema multiforme (EM) is an acute self-limiting
mucocutaneous disorder thought to be a reaction to an
infection or drug. It is characterized by a polymorphous
eruption [1]. The classic presentation is named EM minor
and is often preceded by herpes infections [2]. Histopatho-
logical findings of EM include liquefactive degeneration of
the basal epidermal cells, necrotic keratinocytes, and lym-
phocyte exocytosis. Subepidermal clefts and vesiculation
may develop secondary to extensive basal cell vacuolar
degeneration in some cases. A lichenoid pattern consisting
of a mild to moderate lymphohistiocytic infiltrate may be
seen at the dermo-epidermal junction. A dermal infiltrate
typically shows lymphohistiocytic infiltrate surrounding
the superficial and mid-dermal vessels. Numerous apop-
totic keratinocytes are seen scattered at various levels
throughout the epidermis. Erythema multiforme is consid-
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ered a prototype of interface dermatitis and a model lesion
for acute inflammation with mononuclear cells [3-5].
Erythema multiforme has been established as a disease
caused by lymphocytes as the predominant effector cells.
The number of CD8+ cells have been described to be more
numerous in the epidermis, whereas the number of CD4+
cells have been described to be more numerous in the der-
mis. An increase in the number of Langerhans cells has
also been reported [6]. The generation of auto-reactive T
cells that target the epidermis plays an important role in the
pathogenesis of EM. The stimulus in this process is thought
to be the expression of HSV DNA fragments in the skin
[7]. Presumably, viral DNA and proteins ingested by macro-
phages at HSV lesion sites undergo fragmentation and pro-
cessing for presentation to T cells with HSV memory. HSV
DNA encoding the viral DNA polymerase (Pol) is deposited
on the skin by circulating CD34+ hematopoietic progenitor
cells [8], which transport it from the site of the original HSV
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lesion, and then it is expressed. Activated T cells are recruit-
ed to the skin at sites of Pol expression, directly or indirectly
resulting in the generation of an inflammatory cascade [9].
These are mainly CD4+ T cells characterized by a T helper
type 1 (Thl) response, which promotes the expression of
IFN-y and transforming growth factor § (TGF-B) [10, 11].
Erythema multiforme, to a lesser extent, may be drug-in-
duced. Although clinically similar, histopathologically, the
inflammatory response in this scenario consists primarily
of non-T and CD8+ T cells [6] and the expression of tumor
necrosis factor oo (TNF-a) [10].

Since the description of a distinct subset of T cells, T helper
type 17 lymphocytes (Th17), substantial evidence has emerged
on their involvement in various autoimmune diseases.

In this study, we aimed to determine the serum cyto-
kine profile of patients with EM. We assumed the presence
of a Th1 cytokine profile but in addition we aimed to de-
termine serum IL-17A levels and search for the presence
of IL-17A-secreting cells in lesional samples.

Material and methods

Patients

This study was conducted at the Dicle University Fac-
ulty of Medicine and Diyarbakir Training and Research
Hospital Dermatology clinics on patients diagnosed with
erythema multiforme, either of the minor or the major sub-
type, from March 2012 to January 2013. The patients’ le-
sions were biopsied and blood samples were obtained from
the patients and from healthy control subjects. Informed
consent was obtained from the subjects participating in the
study. Approval of the Ethics Committee of Dicle Uni-
versity was obtained and the study was performed in ac-
cordance with the ethical standards laid down in the 1964
Declaration of Helsinki and its later amendments. Erythe-
ma multiforme with mucosal involvement was classified as
erythema multiforme major and in the absence of mucosal
disease, the disease was classified as EM minor [3]. All
patients had active disease at the time of sample collection.

Blood samples

Venous blood samples were obtained and immediate-
ly centrifuged. Serums were kept at —80°C until laboratory
testing. The serum interleukin (IL)-2, IL-6, IL-8, interferon y
(IFN-y) (Invitrogen, Camarillo, CA), IL-10 (Invitrogen,
Frederick, MD, CA) and IL-17A (Biosource Europe S. A.
Belgium) levels were determined using the enzyme-linked
immunosorbent assay method according to the manufactur-
er’s protocols. Serum samples from 29 age- and sex-matched
healthy controls were obtained and used for comparison.

Histopathology

Biopsy samples were obtained using 4 mm punch biop-
sy blades. The non-necrotic peripheral areas of the lesions
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were sampled, avoiding the central necrotic or bullous
parts of the lesions.

The punch biopsy materials were fixed in 10% for-
malin solution for 24 hours. After biopsy material from
each patient was processed by routine histological tissue
preparation, all specimens were embedded in wax. 4 um
sections of tissue were transferred from paraffin-embedded
blocks to four positively charged slides one of which was
stained with HE. The other three were stained with CD4
(sc-7219, Santa Cruz Biotechnology), CDS8 (C8/144B, Cell
Marque) and IL-17 (sc-7927, Santa Cruz Biotechnology)
antibodies using an automated immunohistochemical stain-
ing device (Ventana Benchmark XT). Samples of human
tonsillar tissue and normal skin were used as positive and
negative controls, respectively. All samples were reviewed
by the same pathologist using a light microscope (Nicon
Eclipse 80i) and the results were reported as the percentage
of stained cells among the inflammatory infiltrate.

Statistical methods

Statistical analyses were performed using SPSS 15.0.
Mann Whitney U test was used for the analysis of the
data. Correlation analyses were done using Spearman’s
correlation analysis. A p value < 0.05 was considered to
be significant.

Results

Patients

A total of 32 patients (22 females and 10 males) diag-
nosed with EM of the minor or major type were included
in the study. 29 patients had EM minor and three patients
had EM major. The patients’ mean age was 30.56 £2.59
(range 14-72). Blood samples were obtained from 23 pa-
tients and biopsy samples were obtained from 30 patients.

The mean duration of the lesions was 5.73 days. Elev-
en patients reported that this was their first attack. The rest
had had previous attacks. Twenty-two patients had a pre-
ceding attack of herpes infection of mean 12.91 days ago.
A mean duration of 7.95 days had passed from the onset of
herpes to the onset of EM. Five patients reported sun ex-
posure before the attack of EM. Two patients linked their
lesions to the preceding upper respiratory tract infection
and use of medicine. The three patients with EM major and
two patients with EM minor were treated with systemic
steroids. The rest were treated with topical steroids.

Blood samples

The mean age of the patients who donated blood sam-
ples was 30.59 +£12.40 (range 14-62).

The controls’ mean age was 29.97 £2.43 (range 18-70)
and the difference between the two groups was not statis-
tically significant (p = 0.561). The patient group consisted
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Table 1. Mean values of the measured cytokines (mean + SD, pg/ml)

Parameter IL-2 IL-6 IL-8 IL-10 IL-17A IFN-y
Patients 13.65 £3.00 28.29 +6.81 2.05 +£0.36 100.43 +48.54 49.96 +13.43 12.95 £3.44
Controls 11.97 £2.73 25.76 £3.72 1.82 £0.19 126.93 +49.96 42.76 £19.14 11.99 £2.65
p 0.016 0.001 0.004 0.046 0.006 0.214

in the epidermis with moderate lymphocytic infiltration in
the superficial dermis (HE, magnification 200x)

Fig. 2. A majority of lymphocytes are stained with CD4
(magnification 200x)

Fig. 3. Staining with CD8 is seen in fewer lymphocytes
(magnification 200x)

Fig. 4. IL-17 expression is seen among cells of the dermal
infiltrate (magnification 200x)

of 15 females and eight males and the control group con-
sisted of 20 females and nine males.

Mean cytokine values of the patients and controls and
p values are shown in the Table 1. Levels of IL-2, IL-6,
IL-8, and IL-17A were significantly higher and IL-10 was
significantly lower in the patient group. Levels of IFN-y
were not different among the patients and the controls.
There was an inverse correlation between levels of IL-17A
and IFN-y (r =-0.413 and p = 0.045) and IL-10 and IFN-y
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(r=-0.511 and p = 0.013) in the patient group. There
was an inverse correlation between duration of the lesions
and levels of IL-10 (r = -0.441 and p = 0.045). Levels
of the measured cytokines were not significantly different
between patients with and without recurrent lesions.

Histopathology

Hematoxylin and eosin staining demonstrated typical
histopathologic findings of EM in all specimens (Fig. 1).
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The most frequently observed findings were (in a decreas-
ing order) the presence of a lichenoid reaction, vacuolar
changes, lymphocyte infiltration in the superficial dermis,
epidermal lymphocytes, subepidermal clefts and apoptotic
cells. There was a band-like and perivascular infiltration of
lymphocytes in the superficial dermis.

On IHC, 50-90% (mean 73.5%) of the lymphocytes in
the samples were stained with CD4, 10-50% (mean 26.5%)
were stained with CDS8. Interleukin 17-expressing cells
were observed in all samples, with their proportions in the
infiltrate being 5-15% (with the exception of one case with
50% staining, mean 9.33%) (Figs. 2-4).

Discussion

The results of this study indicate that levels of IL-2, 6,
8 and 17A were significantly higher in the patient group
compared to the control group and levels of IL-10 were
significantly lower than in the control group. The presence
of a CD4+ T lymphocyte predominance in lesional tissue
was observed. In addition, 5 to 50% of cells in the infiltrate
were found to express IL-17.

Increased serum IL-2 is in agreement with the expected
Th1 cytokine profile in EM. IL-2 promotes the proliferation
of T cells and is among the main Th1 cytokines [12]. It has
previously been demonstrated to be increased in the serum
of patients with EM [13]. Interferon vy, one of the major Th1
cytokines, was not elevated in the sera of the patient group
in our study. IL-10 is a cytokine involved in the develop-
ment of regulatory T cells and also is an effector of Th2
responses [12]. One study has reported that its levels were
increased in EM [14] but our results have turned out the
opposite. The increased serum IL-6 and IL-8 levels lead us
to think that the localized lesions of EM may be accom-
panied by a systemic reaction involving a whole array of
cytokines, besides those of the Th1 type. Patients with EM
minor predominated our patient profile, with the exception
of three who had EM major. Statistically, it was not possi-
ble to make a comparison between these two types, but the
results of the patients were again significant compared to the
controls when the cases with EM major were excluded. The
increase in serum levels of IL-17A might indicate an active
Th17 response in EM. Increased IL-6 is also supportive of
this, since IL-6, along with increased TGF-f3, promotes de-
velopment of the Th17 cell line [15].

It has previously been established that EM is a Thl
cytokine-dominant reaction in which CD4+ T lymphocytes
predominate [6]. CD4+ T lymphocytes were the majority
of the inflammatory infiltrate in our patients, with lesser
numbers of CD8+ cells. The characteristics of the infil-
trate and cytokine milieu in SJS/TEN are different than
EM and will not be discussed in this paper. The Th1-relat-
ed cytokines IFN-y and IL-2 were found to be expressed
lesional specimens of EM, whereas TNF-a has been found
to be weakly expressed [16]. According to our knowledge,
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this is the first demonstration of the presence of IL-17-ex-
pressing cells in lesional samples of EM. The exact nature
of these cells is yet to be determined. Interleukin 17A is
among the main secretory products of Th17 cells, but other
cell types such as y3-T cells, CD8+ T cells, eosinophils,
neutrophils and monocytes may also produce the cytokine
[17]. We were not able to determine the exact nature of
the cells expressing IL-17 in our study, but the possibility
of them being Th17 cells is exciting enough to ponder on
a wide array of possibilities.

The discovery of Th17 cells has damaged the ortho-
dox view of the Th1/Th2 paradigm in immunology and it
appears that this cell line is distinct from the mentioned
subtypes of T helper cells. Although it is distinct, this cell
line does not exist as the sole predominator of pathogenic T
lymphocytes in a disease, but may be a cause, or the result
of the ongoing process and co-exist with other T cell pop-
ulations. In fact, Th17 cells and their cytokines may be im-
portant regulators of innate and adaptive immune responses
in many Th1 and/or Th2-mediated diseases [18]. Th17 cells
produce a group of cytokines including IL-17A, IL-17F,
IL-21, IL-22, TNF-a, and IFN-y, in addition to IL-26 and
chemokine ligand (CCL) 20 [19]. Interleukin 17 is import-
ant in the commencement and maintenance of autoimmune
reactions and in production of proinflammatory cytokines,
matrix metalloproteinases, neutrophils and eosinophils
[20]. Either the presence of lesional IL-17-secreting cells
or Th17-related serum cytokines has been demonstrated in
various autoimmune and/or inflammatory diseases, such
as psoriasis [21, 22], psoriatic arthritis [23], palmoplantar
pustulosis [24], Behcet’s disease [25], bullous pemphigoid
[26], pemphigus vulgaris [26], systemic sclerosis [27] and
vitiligo [28]. Besides their proposed proinflammatory role
in various diseases, the Th17 cell line is crucial in protection
against bacterial and fungal pathogens and is thought to be
a part of host defences at the epithelial surfaces and potent
in the recruitment of neutrophils [29, 30]. Their role in EM
remains to be elucidated, though. A recent study has shown
the presence of IL-17-secreting CD4+ lymphocytes in sera
and blister fluid of patients with SJS/TEN and EM major.
They reported that the proportion of IL-17-secreting CD4+
cells in the serum of SJS/TEN was higher than the controls.
Although the difference was not significant when patients
with EM major were compared to the controls, the number
of patients in this study is quite few [31].

Th17 cells are activated CD4* T cells. The orphan
nuclear receptor RORyt, a key transcription factor which
induces the transcription of genes encoding IL-17A and IL-
17F in nadve CD4* T helper cells. IL-6 and TGF-J are the
cytokines known to induce this cell line [15]. It has been
reported that HSV type 1 and type 2 are potent inducers
of IL-6, and this phenomenon is augmented in the pres-
ence of IFN-y [32]. Transforming growth factor 3 is ex-
pressed in lesions of EM [10]. Thus, the possibility comes
to mind that Th17 may be formed de novo in EM. On the
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other hand, it has become clear that the Th17 lineage is not
a single distinct lineage, but rather encompasses several T
lymphocytes which all produce IL-17A, but possess varied
effector functions. In fact, not all IL-17-producing T lym-
phocytes are pathogenic [19]. T-lymphocytes which are
IFN-y + and IL-17+ originate from IL-17-producing Th17
cells, and are closely associated with pathogenicity [33]. It
has previously been stated that C. albicans and S. aureus
prime Th17 cells produce either IFN-y or IL-10 by elicit-
ing different cytokines [34]. Interleukin 1§ and IL-2 are
pro- and anti-inflammatory regulators of TH17 cells both
at priming and in the effector phase [34]. Interleukin 1§ is
a cytokine released from keratinocytes and has previously
been linked to inflammatory skin disease. Th17 cells pos-
sess its receptors and secrete cytokines in response [35].
Instead of de novo formation, Th17 cells may be trans-
formed into the more pathogenic IFN-y-secreting types in
EM. Although the differentiation of nadve CD4+ T cells
has been viewed as an irreversible event and it is generally
believed that fully differentiated Th1 cells have little or
no plasticity to be redirected to become Th17 cells, it has
been demonstrated that HSV-specific Thl clones were still
capable of producing IL-17 upon superantigen stimulation
[36]. It might be possible that HSV-specific Thl cells may
be triggered by superantigen stimulation to produce IL-17.
The IL-17-expressing cells in our samples may be of this
type. A study supporting this idea has shown that superan-
tigenic S. aureus stimulates IL-17 production from CD4+
T cells of adults with memory phenotypes but not from
nadve CD4+ T cell phenotypes [37].

The association of HSV and Th17 cells has been stud-
ied in detail by Suryawanshi ef al. in a study in which they
studied a mouse model of corneal herpes infection lead-
ing to stromal keratitis, a chronic inflammatory reaction
of the cornea to infection by herpes. Their data demon-
strated that Th1 cells mainly initiate and orchestrate the
lesions during the early stages, followed by the later entry
of Th17 cells when the disease was at peak. The late entry
of Th17 cells was partly explained by the delayed upregu-
lation of IL-6 and TGF-f, cytokines responsible for Th17
generation, as well as CCL20 expression in the cornea,
a chemokine responsible for the migration of Th17 cells at
the site of inflammation [38]. The authors commented that
the body might sense the chronic persistence of antigen
in HSV infections and as the need arises for stronger and
more pathogenic immune response for the removal of such
persistent antigen, the production of IL-17-producing cells
or Th17 cells may be stimulated. This theory might explain
the frequently detected presence of Th17 cells in autoim-
mune diseases and might be put to use in the pathogen-
esis of EM, where the chronic persistence of HSV DNA
may presumably trigger a diversion of the Thl responses
to a Th17 direction. It is not known whether IL-17A is
increased in the serum in between attacks in patients with
recurrent EM, or whether the latent HSV infection itself is

374

the trigger for the production of Th17 cells and IL-17A.
In addition, the presence of other cytokines of the Th17
cell line, i.e. IL-21, 22 and 23 has not been investigated
in EM. The presence of Th17 in an assisting role or an
auto-reactive and possibly damaging (i.e. severe recurrent
EM major) role is yet to be determined. The elucidation of
the role of the Th17 axis in EM may shed light on the HSV
and immune system interaction. A role for the Th17 axis in
EM also brings to mind the possible therapeutic use of in-
hibitors of IL-17 and/or IL-23 in severe or recurrent cases
of EM. At present, phase II and/or III trials of IL-17 inhib-
itors such as secukinumab, ixekizumab and brodalumab in
the treatment of various diseases such as psoriasis, rheu-
matoid arthritis and Crohn’s disease are being conducted.
The effectiveness of these agents in the treatment of EM
may be investigated [39].

The administration of small interfering RNA to mice
with BD led to a decrease in the previously increased
levels of IL-6 and improvement in BD symptoms. The
serum levels of IL-17 also decreased (though the differ-
ence was not significant) and Foxp3+ regulatory T cells
(Tregs) in these mice were more numerous compared to
those in which IL-6 had not been inhibited [40]. Tregs,
yet another cell line of the CD4+ T cell lineage, are a crit-
ical cell line in prevention of immune responses directed
against self-antigens. It is known that Tregs efficiently
suppress the effector functions of Th17 cells and it has
been suggested that Treg-based therapies will be effective
for Th17-mediated pathologies [19, 41]. It is necessary to
question the role of Tregs and a possible deficiency in their
responses in EM.

A limitation of this study was that serum cytokine lev-
els were not reassessed after remission of lesions. Another
limitation was that the exact nature of the IL-17A-secreting
cells in the infiltrate could not be determined.

Conclusions

The discovery of specific cell types involved in EM
and their links to HSV may advance our knowledge on
important links between HSV and the immune system. As
more knowledge on the subject is attained, novel therapies
targeting key steps may be developed.
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