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Capsule summary: An increased type 2 and in parallel decreased fyde cell immune

response to herpes simplex virus 1 may lead telthieal phenotype of eczema herpeticum.
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To the editor

Atopic dermatitis (AD) is an inflammatory, relapgiskin disorder which affects 15-25% of
children worldwide and persists in adulthood inua 25% of these casé#ébout 3-8% of
AD patients seem to have a disturbance in virahrelece, manifesting severe forms of
molluscum contagiosum, papilloma virus and mostpnently, the generalized cutaneous
infection with herpes simplex virus 1 (HSV1), cdlleczema herpeticum (E+H-5> which
can lead to life threatening complicatidrisThe occurrence of EH is associated with a more
severe AD disease according to disease scoringemgsttotal serum IgE, poly-allergen
sensitization and other measutésAdditionally, not only skin affecting viral diseas but
also respiratory tract infections, such as infleenare more prevalent in AD patients.
Several studies point to a defect in the antiviFdlly response and the skin barrier in AD
patients with a history of EH (ADEH-®)®

In this study, we aimed to characterize virus-dpedi cell responses in patients suffering
from AD with or without history of EH applying s&bf-the-art detection systems, namely
measurements of IL-4 and IfNytokine expression in stimulated T cell lines (JCdirect
ex-vivo enrichment and characterization of virusefic CD4 and CD8 T cells via CD154
(CD40L) or CD137 (4-1BB), respectively, as wellspecific detection of virus-specific CD8
T cells with MHC class | tetramers in combinatioithnintracellular cytokine staining. For a
detailed delineation of material and methods plesese this article’s Online Repository at

www.jacionline.org.

The analysis of the cytokines IL-4 and NFM supernatants of TCL generated in the presence
of HSV1 and Influenza antigens and peptides redealsignificantly reduced antiviral IFN
response of AD patients compared to TCL from hgattbntrols. The significantly reduced
IFNy production by TCL from AD patients grown in theepence of HSV1 protein gD, HSV1
immunodominant peptides or the immunodominant pegtifrom influenza hemagglutinin
(HA) was more pronounced in ADEH+ subjects compdoedD patients without history of
EH. No differences between the groups were obsewlaeh tetanus toxoid was used as a
control antigen under similar experimental congisi@Fig 1,A andB, left). Interestingly, we
found the secretion of the type 2 cytokine IL-4k® significantly elevated in HSV1 gD-
stimulated T cell lines generated from ADEH+ patsecompared to healthy controls (Fig 1,
A andB, right).
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In order to investigate T cells directbx-vivo, we detected the upregulated expression of
CD154 (CD40L) on CD% cells after stimulation for analyzing virus-spexiff cells in
combination with a panel of surface markers toraefl cell subpopulations (Fig EA,and

B). By this, we observed that the HSV1-specific celinbers expressing the surface marker
panel CDACD154 CXCR3 CCR4CCR6CCR10, described as il in literaturd, were not
different from healthy controls. Interestingly, @pounced increase of CB@D154 CXCR3
CCR4'CCR6CCR10polarized cells, mentioned agZ®, in response to HSV1 was displayed
(Fig 1, C). While this effect was consistent among all stinrruADEH+ patients, it was less
pronounced but observable by trend in ADEH- pasi€rtg 1,D, right). The antigen response
to influenza displayed differences in both investisgl subsets. We detected a significantly
reduced frequency of influenza HA-specific CXCRER4CCR6CCR10Ty cells in AD
patients (Fig 1C, left), however, no differences are apparent in the ABgsoups (Fig 1D,
left).

Similar to CD4 T cells, TCR-stimulated CDST cells can be identified by the expression of a
surface marker, namely CD137 (4-1BB) (see FigE&andD).® Further on, cytotoxic T cells
have been subgrouped intg 3ubsets, with J1 expressing CXCR3® T2 expressing CCR4
but not CXCR3F and &17 expressing CCR®” In our hands, differences in the expression
of these markers between patients and controls detected specifically after stimulation
with HSV1 but not after stimulation with influenzatigens (Fig 2A). More precise, in AD
patients significantly less HSV1 gD and HSV1 pepiigpecific cytotoxic T cells expressed
the bona fide Tcl marker panel CD8D137CXCR3'CCR4CCR6 (Fig 2, A, left). This
effect was comparable in ADEH- and ADEH+ subjeé&ig @, B, |eft). More interestingly, an
increase in cells expressing the marker set desbriitr T2 T cells (CD8CD137CXCR3
CCR4 CCR6) was observed in the response of ADEH+ patientdS¥1 peptides compared
to healthy subjects (Fig 2 andB, right).

Furthermore, we applied HSV1-specific MHC class étramers, harboring an
immunodominant peptide from ULZ5.In order to gain adequate cells numbers, these wer
propagatedn vitro for 14d in presence of the respective peptider padhe staining (Fig E2,
A). Detection of cytokines by intracellular stainingvealed that UL25-specific T cells of
healthy subjects respond nearly exclusively witNyFand not with IL-4 production, while
ADEH+ patients bear a substantial amount of T defledian=10.16%+15.11) expressing IL-
4. In parallel, tetramérlFNy" cells were found to be reduced in ADEH+ patientstrend.
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Patients of the ADEH- group displayed an intermiedighenotype: we found slightly less
IFNy and more IL-4 producing specific T cells compatedchealthy individuals (Fig 2C,
exemplary scatter plots see Fig B, Importantly, these findings were observed bydre
also directlyex-vivo withoutin-vitro T cell proliferation (Fig E2C).

Taken together, this is the first study indicatihgt a type 2 response by virus specific T cells
could be part of a complex pathology of EH for thesceptibility of AD patients to HSV1.
Applying different techniques, we were able to shdiferences in the response to viral
antigens between healthy donors and patients sufférom atopic dermatitis. Within the
patient cohort, the largest differences were comsily detectable within the subgroup of
patients with a history of eczema herpeticum. Theeoved type2-skewed phenotype leads to
presumably inappropriate cytokine responses andnteally ineffective expansiof.
Noteworthy, these observed effects were not diewlated to a more severe AD disease
burden, an increased atopic predisposition, ordrigige since the three groups were matched
for age, total IgE, severity of AD (SCORAD) and Sxdsitivity (see Fig E3). Our finding of
elevated type 2 and reduced type 1 T cell immuseaese to HSV1, in parallel with the
discovery of increased IL-4 levels in specific C®lls in patients with AD and in particular
ADEH requires further investigation concerning thadility of viral defense. In summary, we
demonstrate a type 2 immune profile in virus-spedifcells in AD that is more pronounced

in ADEH+ patients which may contribute to a susit®iitly to viral infections.

Sephan Traidl®

Petra Kienlin®
Gabriele Begemann?
Lichen Jing, PhD"
David M. Koelle, MD®
Thomas Werfel, MD?

Lennart M. Roesner, PhD?
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Figures

Fig 1. Cytokine production of T cell lines and polarization analysis of virus-specific Ty
cells. A, T cell lines from AD patients compared to healthgividuals (n=16) were grown in
the presence of antigens as indicated on the x-@yiokines were detected by ELISA in cell
culture supernatants. Only T cell lines are depidteat showed increased antigen-specific
proliferation in re-stimulation testind, AD patients shown in A were differentiated into
ADEH- and ADEH+.C andD, Stimulated CD4 cells were detected by CD154 magnetic
bead enrichment and characterized for CXCR3, CCRXR6 andCCR10.C, AD patients
compared to healthy individual, AD patients were differentiated into ADEH- and
ADEH+.

Fig 2. Polarization of virus-specific T¢ cells and intracellular 1L-4 and | FNy staining of
HSV1 UL25MHC class| tetramer” cells. A andB, Stimulated CD8 cells were detected by
CD137 PE magnetic bead enrichment and charactefiozéeXCR3, CCR4 an@CR6.A, AD
patients compared to healthy individudss.AD patients shown in A were differentiated into
ADEH- and ADEH+.C, Intracellular cytokine staining of healthy, ADElnd ADEH+
donors for IFy and IL-4 in HSV1 UL25 MHC class | tetraniagells.
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