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<ABSTRACT>

Th1l7-Associated Cytokine Profile in Cutaneous Lesioof
Behcet's disease

Kyu-Yeop Lee

Department of Medicine, The Graduate School, Yonsei University
(Directed by Professor Dongsik Bang)

Behcet's disease (BD) is a multisystemic chranitammatory disease
with various cutaneous lesions. Studies on thekaytoprofiles in BD have
been performed extensively to clarify the pathogenef BD. Interleukin
(IL)-17 is exclusively produced by a newly iderddi CD4+ T-helper subset
that was recently named Th17. The IL-17 plays arkéy in the regulation of
immune and inflammatory response and the prognmessioautoimmune
diseases. Thl7 cells essentially require both PGRnd IL-6 for
differentiation from naive CD4+ T cells. IL-17 anthl7 are recently
suggested as a new alternative proposal in theogeattesis of the diseases
with immunologic background which is not prejudicénl Thl or Th2.
Therefore, we checked the level of IL-17 and cyteki related to Th17
differentiation in the skin lesions of BD to stutthe role of IL-17 and Th17 in
cutaneous lesions of BD.

In this study, immunohistochemical staining ofinslsections revealed
increased IL-6 expression and TGE-expression in dermis and subcutaneous
layer of BD. However, no statistically significadifference was observed in
IL-17 expression between skin lesions of BD andnradr control skins.
Therefore, this study suggests that localized mgthic mechanism in the
erythema nodosume-like lesions of active BD mayddated with IL-6 related
immune process rather than IL-17 secreted from Jdskbciated immune

reaction.

Key words: Behcget's disease, IL-6, IL-17, T@FTh17
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Th17-Associated Cytokine Profile in Cutaneous Lesio
of Behget's disease

Kyu-Yeop Lee

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Dongsik Bang)

I. INTRODUCTION

The histopathogenesis of Behcet's disease (BDedganmded as chronic
recurrent inflammation which involves multiple onga with various
combinations of mucocutaneous, ocular, musculotMeleardiovascular,
respiratory, gastrointestinal, and neurologic imeohent$”®. Dermatologic
symptoms of BD can be appeared as erythema nodiiseirskin lesions,
folliculitis, pyoderma gangrenosum, erythema midtne and
thrombophlebitid

CD4+ effector T cell have been categorized imto subsets: T helper type
1 (Thl) and Th2. Recently, another subset of Tsahlht produce interleukin
(IL)-17 has been identified and termed Th17 thatighly proinflammatory
and induces severe autoimmunity. Interleukin (IZ)4s a 30- to 35-kDa

homodimeric polypeptide cytokine cloned in 1993 amtbinally named
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cytotoxic T lymphocyte-associated antigen-8 (CTLAd&hd IL-17 actsin
vitro and in vivo as a potent inflammatory cytokfelt has pleiotropic
activities, one of which is to coordinate tissuéltiation by inducing the
expression of pro-inflammatory cytokines (such ds61 and TNF),
chemokines and matrix metalloprotease, which mediasue destructién
IL-17 is also involved in the proliferation, mattiom and chemotaxis of
neutrophild. Th17 cells which produce IL-17 and induce inflaatamy
reaction require both TGF-and IL-6 for differentiation from naive CD4+ T
cell$®. IL-23 is dispensable for this function, but nessey for previously
differentiated Th17 cells’ expansion and sunfvaExpression of IL-17 has
been detected in sera and target tissues of patigith various diseases,
including rheumatoid arthritis, multiple sclerosissystemic lupus
erythematous, Kawasaki disease, familial Meditgeritever and asthrifa'®
The analysis of cytokine mRNA expression withilD Bnucocutaneous
lesions showed a high increase in the expressiohhafcytokines and the
absence of Th2 cytokines, suggesting that BD sk&siohs are probably
related to Thl-mediated immunify However, the cytokine profile studies of
serum of BD patients had showed no consistenclgpadth changes of the
cytokine levels in the serum of BD patients wertensively investigated by
different research groups with different methi8d%(Table 1). For example,
Frasasnito et al. suggested that Thl-type immursporese has major

pathogenetic role in BD with investigation of seruwytokine levels and
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cytokine production by peripheral blood lymphocytesiowever, divergent
cytokine production profile of peripheral blood naoiclear cells from BD
patients of increased secretion of IL-4, IL-10, dbd 3 (Th2 cell response),
almost normal secretion of IL-2, but minimal or id&fnt secretion of
interferon(IFN)y and IL-12 (Th1 cell response) was also repdttddcreased
IL-17 was also reported in the serum of the adiiZepatients’, however, IL-
17 concentration of the skin lesions of BD has néeen measured in the
study until now.

IL-17 and Th17 are recently suggested as a kkyinothe regulation of
immune and inflammatory response, especially teeadies of which clinical
course shows spontaneous remissions and relapsiéer $0 those of various
autoimmune disease and the indicators of immunmore® is not prejudiced
to Thl or Th2. Therefore, we checked the changdk-a#, IL-6, TGF$ in
BD skin lesions with immunohistochemical stainiogstudy cytokine profile
of Th1l7 in cutaneous lesions of BD and comparedhthéth psoriasis and

normal skin tissues.



Table 1. Reported cytokine change in Behget's disea

Cytokine Skin Lesion  Serum Reference
Thl cytokine

IL-2 + [18,24,26]
IL-12 + +, * [17,18,23,24,25,28]
IFN-y + +, - [16,17,18,24,25,27]
TNF-a + + [19,22,23,26,27]
Th2 cytokine

IL-4 + + [16,17,18,24,25]
IL-10 + + [16,17,24,25]
IL-13 + + [16,24,25]

IL-6 + [17,19,23,26]
IL-8 + + [16,19,20,21]
IL-17 + [17]

IL-18 + [17,24]

IL-23 +1 + [28]

TGF$ + [29,30]

+, increased in Behget's disease (BD) or active BDio change; -, decreased

", IL-12 p40
T IL-23 p19



II. MATERIALS

For immunohistochemical staining of skin lesiong studied 5 patients
with BD fulfilling the criteria of the Internatiom&tudy Group for BEF. Two
patients were male, and three patients were ferAdllpatients had clinically
active disease at time of biopsy (more than twaicdl manifestations of BD)
and presented with erythema nodosume-like skin tessigithout treatment for
at least for four weeks. Biopsy specimens were iobta from erythema
nodosum-like skin lesions 2 to 5 days after thepemrance, with a 4-mm
skin biopsy punch after administration of local sthesia (lidocaine with
epinephrine). Specimens were immediately fixed 0f6lbuffered formalin,
dehydrated in ethanol, and embedded in parffinp8jsspecimens of control
groups were obtained from five healthy volunteerd five psoriasis patients

with same procedure.



[ll. METHODS

1. Immunohistochemical staining

Sections were cut from 15 paraffin blocks from 5 BBtients, 5 psoriasis
patients, and 5 normal controls for immunohistodisemn Commercially
available purified monoclonal anti-human IL-6 aotly (R&D systems,
Minneapolis, Minnesota, U.S.A.), purified monoclbrati-human TGH1
antibody (Santa Cruz Biotechnology, Santa Cruzif@aia, U.S.A.), purified
rabbit polyclonal anti-human IL-17 (pl9) antibodySafita Cruz
Biotechnology), and Histostain-DS kit (Zymed Lakor@és, South San
Francisco, California, U.S.A.) were used in immustdthemical staining.
The detailed procedures are as follows. Prioramstg, tissue slides were de-
paraffinized with xylene and re-hydrated in a gchderies of ethanol to
remove embedding media. Then tissue sections wergrgated by boiling in
citrate buffer (pH 6.1) in a microwave (1 minutetlwihigh power and 9
minutes with medium power) and washed and cooleaphosphate buffered
saline (PBS) bath for 10 minute. After washing, 4specific binding was
blocked with serum blocking solution of Histost&d& kit for 10 minutes.
Then, tissue sections were incubated with anti-lluthab antibodies for 12
hours at 4 in a humidified chamber. After incubation with tipeimary
antibody, sections were rinsed with PBS contaird@p% Tween-20 for 2

minutes, 3 times, and treated with biotin conjudatecondary antibody with



10 minutes incubation. After incubation with secarydantibody, sections
were rinsed PBS containing 0.05% Tween-20 for 2uteis, 3 times, reacted
with alkaline phosphate conjugate with 10 minutesubation and rinsed in
the same way. Then we applied substrate-chromogpnnmto each section,
incubated 10 minutes and rinsed with distilled watentaining 0.05%
Tween-20 and stained with hematoxylin for countarréng. Finally
specimens were dehydrated with gradient alcohol »aiehe and mounted
with permanent mounting medium.

Immunohistochemical staining with anti-human Tf@Fantibody and anti-

human IL-17 antibody were performed in the same.way

2. Scoring of staining intensity

Two independent investigators independently reviea# of the sections
without knowledge of which antibody they were sngri Discrepancies in
estimations were reconciled by a concurrent revisiwmg a multi-headed
microscope. The expression of the IL-6, T@E-and IL-17 were blindly
assessed and scored separately in the basal amdbasgl epidermis,
papillary and reticular dermis and subcutaneoudisaue. The quantity of
staining was evaluated using the following arbitranits: 0, no staining; 1,
weak staining; 2, moderate staining; 3, strongqgigi The score was adjusted
for each part of the skin, adding scores of eagbstigator, so that score 6

referred to the maximum within all specimens. Epitl expression was
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defined as the sum of basal and suprabasal sedneseas dermal expression
was the sum of papillary and reticular dermal ssor8core of the

subcutaneous expression was doubled instead siaivio two portion.

3. Statistical analysis

Semiquantitative measures  of IL-6, IL-17, and T@EF-
immunohiscochmical stainings were evaluated siedity. Differences in
arbitrary scores among BD group, psoriasis group mormal group were

compared with ANOVA test.



IV. RESULTS

1. Immunohistochemical staining with anti-IL-6 antibody

To confirm the expression and localization of IL\M@e stained normal
(n=5), erythema nodosum-like BD lesional (n=5), @sdriatic lesional (n=5)
skin paraffin embedded sections with the anti-huria® antibody. The
expression of IL-6 in the epidermis of skin wa®sy in psoriasis, especially
lower portion. However, epidermis of erythema nagodike BD lesional
skin did not show significant difference from nofrhaman skin (Fig. 1A. a,
b, ¢). In papillary dermis, perivascular cells amtammatory cells expressed
this molecule in psoriatic lesional skin (Fig. 1&.f). In contrast, in normal
human skin and in erythema nodosum-like BD lesichat, IL-6 expression
in the dermis was present in only a limited numtifecells (Fig. 1A. d, ). In
the subcutaneous tissue, septal infiltrating inffatory cells showed strong
IL-6 expression in erythema nodosum-like lesion YBElg. 1A. h). However,
normal and psoriatic human skin showed no IL-6 reggion in the
subcutaneous tissue with scant inflammatory cellmfltration (Fig. 1A. g,
i).

The expression of IL-6 in normal, erythema nodosiinBD lesion, and
psoriatic lesion was scored in arbitrary units a@g$ summarized in Fig. 1B.

The expression of IL-6 in the dermis did not diffggnificantly among three
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groups. However, the expression of IL-6 in the epiwls was significantly
stronger in psoriatic lesional skin compared witbhrmal controls and
erythema nodosum-like lesion of BD (p<0.01). Theression of IL-6 in the
subcutaneous tissue was stronger in erythema nodleel lesion of BD

compared with normal controls and psoriatic legjor0.01).
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(B)

Score IL-6

Epi Der SQ

12.0

10.0

8.0

6.0

4.0

2.0

0.0
NL EN Pso NL EN  Pso NL EN Pso

Figure 1. (A) Immunohistochemical staining with anti-human Ilatibody.
(original  magnification,  x100). (B)  Statistical analysis  of
immunohistochemical staining shows significantlygher expression of
epidermis of psoriatic lesional skin and subcutasetayer of erythema
nodosum-like skin lesion of Behget's disease. Valaee mean + SD.
Abbreviations: NL, normal skin; EN, erythema nodwslike lesion BD; Pso,

psoriatic lesion; Epi, epidermis; Der, dermis; S@haitaneous fat.
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2. Immunohistochemical staining with anti-TGF$1 antibody

To confirm the expression and localization of T@E-we stained normal
(n=5), erythema nodosum-like BD lesional (n=5), @sdriatic lesional (n=5)
skin paraffin embedded sections with the anti-hum&f$1 antibody. TGF-
Bl expression in the epidermis of the psoriaticolesi skin was slightly
strong compared with other two groups (Fig. 2Ab,a;). TGFB1 expression
in the dermis of all three groups was scant (Fig. &, e, f). In the
subcutaneous tissue, septal infiltrating inflammatoells showed strong
TGF$1 expression in erythema nodosum-like BD lesiong.(RRA. h).
However, normal and psoriatic human skin in whitteré were scant
inflammatory cellular infiltration showed no TQH- expression in the
subcutaneous tissue (Fig. 2A. g, i).

The expression of TGB1 in normal, erythema nodosum-like BD lesion,
and psoriatic lesion was scored in arbitrary und svas summarized in Fig.
2B. The expression of TGt in the epidermis and in the dermis of psoriatic
lesional skin is slightly stronger than normal hwmskin and erythema
nodosum-like BD lesion, however, there is no diatis significance. The
expression of TGPBL in the subcutaneous fat layer was stronger ithemya
nodosum-like BD lesion compared with normal contob psoriatic lesion

(p<0.01).
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(B)

TGF-B1

Score

Epi Der SQ

14.0

12.0

10.0

8.0

6.0

4.0

2.0

0.0
NL EN Pso NL EN Pso NL EN Pso

Figure 2. (A) Immunohistochemical staining with anti-human T&F-
antibody (original magnification, x100). (B) Staitsl analysis of
immunohistochemical staining shows significantlygh@r expression of
subcutaneous layer of erythema nodosum-like skiloheof Behcget's disease.
Values are mean *= SD. Abbreviations: NL, normalnskeN, erythema
nodosum-like lesion BD; Pso, psoriatic lesion; Epjdermis; Der, dermis;

SQ, subcutaneous fat.
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3. Immunohistochemical staining with anti-1L-17 anibody

To confirm the expression and localization of IL-Wve stained normal
(n=5), erythema nodosum-like BD lesional (n=5), @sdriatic lesional (n=5)
skin paraffin embedded sections with the anti-huriat7 antibody. The
expression of IL-17 in the epidermis of skin wassg in psoriasis, especially
lower portion. But epidermis of erythema nodosuke-IBD lesional skin did
not show significant difference from normal hum&mgFig. 3A. a, b, c). In
papillary dermis, perivascular cells and inflammmataells expressed this
molecule in psoriatic lesional skin (Fig. 3A. ¢, fh contrast, in normal
human skin and in erythema nodosum-like BD lesiskal, IL-17 expression
in the dermis was present in only a limited numtifecells (Fig. 3A. d, ). In
the subcutaneous tissue, septal infiltrating inftatory cells did not show
IL-17 expression in erythema nodosum-like BD lesigtg. 3A. h) and
normal and psoriatic human skin in which there wetant inflammatory
cellular infiltration also showed no IL-17 expressiin the subcutaneous
tissue (Fig. 3A. g, i).

The expression of IL-17 in normal, erythema nodo$itmBD lesion, and
psoriatic lesion was scored in arbitrary unit anasveummarized in Fig. 6.
The expression of IL-17 in the dermis and subcuwasefat layer did not

differ significantly among three groups. Howevédre expression of IL-17 in
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the epidermis was stronger in psoriatic lesion camag with normal control

and erythema nodosum-like BD lesion (p<0.01).
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(B)

Score L

Epi Der SQ

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

0.0

NL EN Pso NL EN Pso NL EN Pso

Figure 3. (A) Immunohistochemical staining with anti-human IL-dmibody
(original  magnification,  x100). (B)  Statistical analysis  of
immunohistochemical staining shows significantlygher expression of
epidermis of psoriatic lesional skin. Erythema rsduo-like skin lesion of
Behcet's disease does not show statistically sgarite. Values are mean +
SD. Abbreviations: NL, normal skin; EN, erythemadasum-like BD lesion;

Pso, psoriatic lesion; Epi, epidermis; Der, derr8iQ, subcutaneous fat.
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V. DISCUSSION

Cytokines play significant role in the immunegesse and inflammation.
Recently helper T cells may differentiate into thifeinctional subsets: Thl
cells, which secrete interferon-gamma (IfF\-IL-2, tumor necrosis factor
(TNF) and promote cell-medicated immunity, Th2 gelhich produce IL-4,
IL-5, IL-10, and IL-13 and promote antibody-medaienmunity, and Th17
cells, recently added group, which produce IL-1RFT IL-6, and IL-22 and
induce tissue inflammation and autoimmuffityDuring the past decade,
cytokines were mainly investigated in sera, biaofjuids (e.g., plasma,
synovial fluid, cerebrospinal fluid), or superndatarmf cultured peripheral
blood mononuclear cells (PBMCs) from patients wigh. Ahmed et al
reported that increased expression of interferadlFTNF-o and IL-12 in
the mucocutaneous lesions of BD, indicating Thwse response and Th2
cytokines (IL-4 , IL-13) were not increas&dHowever, increased expression
of IL-10, a Th2-related cytokine, was observed #mid result is hard to
explain with Thl associated cell-medicated immuaitgt increased IL-23p19
expression was observed in the cutaneous lesioBDgpatients®. Because
increased IL-6, IL-17 and TGF-in sera of BD patients and increased IL-
23p19 expression in the BD skin lesions had beported, we predict that

IL-17 and Th17 may play a role in the BD skin lesio
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IL-6, which was originally identified as a B califferentiation factor, is
now known to be a multifunctional cytokine that ukges the immune
response, hematopoiesis, acute phase responsenfeardmation including
differentiation of Th17 celf§. The overproduction of IL-6 might lead to
abnormal B cell differentiation and antibody protioie in various
autoimmune disease and chronic inflammatory disé&sdncreased IL-6
also had been reported in the serum of BD pati@mtspsoriasis patients, in

the psoriatic lesional skih®

and in the bronchoalveolar lavage and in the
cerebrospinal fluid from BD patieit$’. Our data, significantly stronger IL-6
expression in the epidermis of psoriatic lesion andcutaneous fat layer of
BD skin lesion, is consistent with previous reports

TGFf induces not only accumulation of fibroblasts andtnr but also
modulation of immune response and inhibition of tleglial cellular
proliferation. Variable results had been reportT@F{ expression in the
epidermis of psoriasis and some authors arguedtibagxpression of TGE-
is different according to their isofordid* However, TGFB receptors were
decreased in the epidermis of psoriatic lesiond,ibwas suggested that the
down-regulation of TGH- actions might contribute to the pathogenesis of
psoriasi§2'45. In BD, no difference in the serum T@Feoncentration and
increased TGHB-activity in the synovial fluid compared with norheontrol

were reported*>*® but there have been no report of cutaneous lesiar

data showed strongly increased expression of FGHR- the erythema
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nodosum-like BD lesion. There are possibilities ioimunomodulatory
function of TGFB in chronic inflammatory process and also fibrosis
following active inflammatiofY.

IL-17 did not increase in BD skin lesions in otudy, despite of lesional
elevation of cytokines (IL-6, TGB; IL-23p19) which are known as essential
factors for differentiation, expansion and surviglTh17 cell&*® Because
increased IL-17 expression in the epidermis of ipiorlesions was observed
without non-specific staining, this results is detent with previous reporis
it is hard to assume that materials and methodsnafunohistochemical
staining of this study are not proper. Concentratib IL-23p40 in BD skin
lesion was not increased although increased expresd IL-23p19 was
observed®. It is possible that IL-17 concentration in BDrskésion is related
IL-23p40 concentration rather than IL-23p19 coniian.

Considering our results and known mechanism of inédiated immune
respons&, our data suggests that IL-6 may have a role & ithmune
complex mediated pathology rather than Th17 mediatgnune response in
the erythema nodosume-like lesion of BD. In facgrthare also controversy
whether the serum concentration of IL-17 in BD @atis increase or not
compared with controt§*

In summary, we observed elevated expression of BknR@ TGFB in
erythema nodosum-like lesions of active BD patiemsipared with normal

human skin using immunohistochemical staining withnoclonal antibody.

-23-



However, we could not observe statistically sigmwifit differences of IL-17
expression between BD patients and normal cont@is.the basis of the
results of this study, IL-6 may play a role in thecalized pathogenic
mechanism through immunologic process in the emthenodosum-like
lesions of active BD patients. Further studiesaofér samples may be helpful
for the clarification of the role of IL-17 and Th1i7 the cutaneous lesions of

BD.

-24 -



VI. CONCLUSION

In this study, we performed immunohistochemicainstdor IL-6, TGF$,
and IL-17 on normal skins, erythema nodosum-like Bin lesions and
psoriatic skin lesions. The results were scoredhigstigators and analyzed.
The results are summarized as follows:

1. Increased IL-6 expression was observed in tithema nodosum-like
skin lesions of BD patients and the skin lesionpsdriasis patients in
comparison with normal control skins.

2. Increased TGB-expression was observed in the erythema nodoskan-li
skin lesions of BD patients in comparison with nalmontrol skins and
the skin lesions of psoriasis patients.

3. No difference of IL-17 expression was observadthe erythema
nodosume-like skin lesions of BD patients in comgami with normal
control skins. Increased IL-17 expression in th&lemis of the skin
lesions of psoriatic patients was observed compaitdnormal control

skins and erythema nodosum-like skin lesions offabents.

Therefore, this study suggests that IL-6 may playla in the localized
pathogenic mechanism in the erythema nodosum-gkens of active BD
patients. However, further studies of larger sasyplay be helpful for the

clarification of the role of IL-17 and Th17 in tleataneous lesions of BD.
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