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ARTICLE INFO ABSTRACT

Article history: Background: Measles virus (MV) infection is marked with a skin rash in the acute phase of the disease,
RecerEd .10 N?"ember 2016 which pathogenesis remains poorly understood. Moreover, the association between measles and
Received in revised form 21 December 2016 progression of skin diseases, such as atopic dermatitis (AD), is still elusive.

Accepted 10 January 2017 Objective: We have thus analysed the susceptibility of human keratinocytes to MV infection and explore

the potential relationship between MV vaccination and the pathogenesis the AD.
f\(/‘ley W;’rds", Methods: We performed immunovirological characterisation of MV infection in human keratinocytes and
casies virus then tested the effect of live attenuated measles vaccine on the progression of AD in adult patients, in a

E;ZE;%?ES prospective, double-blind study.

Vaccination Results: We showed that both human primary keratinocytes and the keratinocyte cell line HaCaT express
Atopic dermatitis MV receptors and could be infected by MV. The infection significantly modulated the expression of
Immune response several keratinocyte-produced cytokines, known to be implicated in the pathogenesis of inflammatory

allergic diseases, including AD. We then analysed the relationship between exposure to MV by
vaccination and the progression of AD in 20 adults during six weeks. We found a significant decrease in
CCL26 and thymic stromal lymphopoietin (TSLP) mRNA in biopsies from acute lesions of vaccinated
patients, suggesting MV-induced modulation of skin cytokine expression. Clinical analysis revealed a
transient improvement of SCORAD index in vaccinated compared to placebo-treated patients, two weeks
after vaccination.
Conclusions: Altogether, these results clearly demonstrate that keratinocytes are susceptible to MV
infection, which could consequently modulate their cytokine production, resulting with a beneficial
effect in the progression of AD. This study provides thus a proof of concept for the vaccination therapy in
AD and may open new avenues for the development of novel strategies in the treatment of this allergic
disease.
© 2017 Japanese Society for Investigative Dermatology. Published by Elsevier Ireland Ltd. All rights
reserved.
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1. Introduction

Measles virus (MV) remains the leading vaccine-preventable
cause of child death worldwide [1]. MV is transmitted by
respiratory way and causes a systemic infection, with symptoms
ranging from respiratory infection, fever and skin rash to less
common infections of the nervous system. Patients develop an
immunosuppression, which increases their susceptibility to
secondary infections, responsible for high incidence of
MV-induced mortality [2]. During the incubation period, the virus
replicates in the respiratory tract and then reaches the local
lymphoid tissues. The amplification of the virus in lymph nodes
produces a primary viremia that results in the spread of virus to
multiple lymphoid tissues and other organs, including the
gastrointestinal tract, liver, kidney and skin [3].

Erythematous and maculopapular skin rash is one of the most
characteristic clinical symptoms of measles infection, however, its
immunopathogenesis remains unclear and MV infection of skin is
poorly understood. Although some studies did not detect MV
antigens in affected epidermis [4,5], the others found viral antigens
in epidermal keratinocytes and the surface part of the dermis
within 6days of rash [6], as well as in Koplik’s spots and
noneczematous skin [7,8]. As measles rash appears in the period
when the specific adaptive immunity develops, it has been
considered to be a mark of the anti-viral immune response,
thought to result from skin infiltration by leukocytes, rather than
infection of keratinocytes [2].

MV envelope glycoprotein, hemagglutinin (H) was shown to use
three different cell surface receptors for entry into host cells: CD46
for vaccine MV strains [9,10] and CD150 and nectin-4, for both, wild
type (wt) and vaccine MV strains [11-13]. While CD46 is expressed
ubiquitously, CD150 expression is limited to the hematopoetic
tissues [14]. The expression of the most recently identified
member of MV receptors, nectin-4, has been demonstrated in
different tissues, including human epidermis and hair bulbs [15],
suggesting thus the possibility for the entry of wt MV in the skin
epidermis.

The association between measles and progression of skin
diseases, including atopic dermatitis (AD), is still elusive. AD is a
highly pruritic skin disease affecting 1-3% of adults, with an
increasing incidence in past few decades [16]. MV infection and
vaccination have been associated with AD in children by rather
contradictory results. While some reports described an increase in
the incidence of AD after exposure to measles [17], the others
suggested that natural MV infection could reduce the risk of atopic
diseases [18] and even highly improve symptoms in AD patients
[19,20]. Many immune changes observed during measles also
occur after MV vaccination using a live attenuated virus [21,22].
The measles vaccine induces a predominant Th1 response, with
IFN-vy as the main cytokine produced in vaccinated children [23].
The MV vaccine also induces a transient immunosuppression in
previously vaccinated adults, seropositive for measles, suggesting
that the presence of anti-MV immunity does not interfere with the
immunosuppressive effect of the vaccine [24].

To better understand the potential association between measles
vaccination and infection with the evolution of AD, we performed
here more in-depth analysis of the immunopathogenesis of MV
infection in the skin. We analysed the implication of skin epidermis
in measles and characterized MV infection in human keratinocytes
and then tested the effect of live attenuated measles vaccine on the
progression of AD in adult patients, in a prospective, double-blind
study. We found that MV could infect human keratinocytes and
modulates the production of several cytokines known to be
important in AD pathogenesis. Moreover, MV vaccination of AD
patients was followed by decreased expression of proinflamma-
tory cytokines in their skin biopsies and transient reduction of

clinical scores of skin inflammation. These results provide a
potential link between the immunomodulatory action of MV
infection and the pathogenesis of AD and suggest that measles
vaccination not only does not aggravate immunological param-
eters and clinical signs of AD, but could transiently improve them,
opening thus novel avenues for the development of new
therapeutic strategies in the AD treatment.

2. Material and methods
2.1. Cells and virus

HaCaT [25], Vero-hSLAM [11] and 293-3-46 [26] cells was
grown in DMEM (GIBCO; Invitrogen) supplemented with 10% FCS
and antibiotics. Cells were obtained from CelluloNet (Lyon, France),
and tested before utilization to be mycoplasma-free using
Mycoalert mycoplasma detection kit (Lonza, Switzerland). Primary
human epidermal keratinocytes were obtained from surgical
samples of healthy breast and abdominal skin as described [27]
and cultured to 80% of confluence in Keratinocyte serum-free
medium supplemented with bovine pituitary extract (25 pg/ml)
and recombinant epidermal growth factor (0,25 ng/ml, Invitrogen
Life Technologies, Cergy Pontoise, France).

Recombinant MV IC323wt and vaccine strains, expressing
respectively MV wt or Edmonston H and EGFP [28], were kindly
provided by Dr Y. Yanagi (Kyushu University, Japan). MV ROUVAX
(Pasteur Merieux Connaught France), containing MV Schwarz
strain, was provided by B. Soubeyrand (Aventis Pasteur MSD,
France). Recombinant MV Schwarz strain, expressing EGFP was
generated using pB(+)Mor-EGFP|[6] plasmid, produced by intro-
ducing the EGFP gene sequence into a new transcription unit
located between the H and L genes in the pB(+)MVvac2 plasmid
[29]. Schwarz MV (Mor-EGFP [6]) was rescued in 293-3-46 cells as
previously described [26]. Viral strains were produced on Vero/
hSlam cells and infections were performed at MOI=1. In some
experiments viruses were inactivated exposure to 254nm UV-
irradiation at 4°C during 30 min.

2.1.1. Flow cytometry

Cells were stained for membrane expression with anti-CD150-
PE, and anti-CD46-FITC (BD Pharmingen) or anti-Nectin-4-PE (R&D
Systems) in PBS with 1% BSA for 30 min. Viable cells were acquired
on FACSCalibur 3C cytometer (BD Biosciences, Belgium) and FACS
analysis was performed using CellQuestPro (BD Biosciences)
followed by Flow]o (Tree Star Inc., USA) analysis.

2.1.2. Clinical study

The clinical study was a randomized double-blinded study,
performed between January 2009 and March 2012, at the Clinical
Research Unit of Immunology at Lyon Sud Hospital (Lyon, France).
The study included 20 adult patients (8 women and 12 men),
average age 39,9 years old (SD+ 14years), with moderate AD
SCORAD of at least 15. The primary objective was to analyse the
effect of measles vaccine on AD physiopathology during 6 weeks of
study. Patients did not receive any systemic steroids or other
immune suppressive medication 3 months before and during the
study. The use of local emollients was allowed. The protocol was
approved by the local ethics committee (Comité de Protection des
Personnes de Lyon Sud Est II, N° IRBO0009118) and written
informed consent was obtained from each patient before enrol-
ment. The study was conducted in accordance with the Declaration
of Helsinki Principles and its amendment, and was registered in the
ClincalTrials.gov number (NCT 00820820) and in the European
Clinical Trials Database (EudraCT 2007-007267-25). Study data
were computerized by the Investigation Clinical Centre of the
Hospices Civils de Lyon.
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2.1.3. Anti-measles vaccination and seropositivity test

Patients were randomized using permuted-block algorithm to
receive either placebo composed of physiological serum (N=11)ora
single subcutaneous injection in the upper arm region of commer-
ciallyavailable ROUVAX (N = 9), composed of the attenuated Schwarz
strain, for measles vaccination (>1000 DICC 50, Laboratory Aventis-
Pasteur MSD, Lyon, France). Presence of MV-specific IgG and IgM
antibodies in the serumwas tested before vaccination and two weeks
after, using measles-specific antibodies by commercial ELISA
(Enzygnost Anti-Masern-Virus, DADE Behring).

2.1.4. Severity scoring of AD

The clinical severity of AD was determined using SCORAD [30],
taking into account the total affected skin area, the intensity of skin
lesions and the subjective symptoms including pruritus and sleep
loss, with maximum score 103.

2.1.5. Atopy patch and tuberculin sensitivity test

Delayed type hypersensitivity was measured using atopy patch
and tuberculin sensitivity tests. Atopy patch test was performed
and interpreted according to the International Contact Dermatitis
Group guidelines, as described [31]. Briefly, set of patches
containing following allergens: timothy, wormwood, cat, flour,
date fruits, plantain and D. pteronyssinus, (Stallertest-Stallergéne),
were applied on the dorsal skin of a patient. The response
characterized by an erythematous reaction and induration was
measured by score ranging from 1 (no reaction) to 7 (extreme
reaction). For the tuberculin sensitivity test, Purified Protein
Derivate (Tubertest, Sanofi Pasteur MSD, France) was administrat-
ed intradermaly, on the volar surface of the forearm, using classical
Mantoux technique. The response was characterized 72 h later by
measuring the induration diameter.

2.1.6. Skin biopsies

Four-mm skin biopsies were taken under local anaesthesia
(Xylocaine 1%) from non involved skin and positive atopy patch test
skin, performed on the dorsal skin, on days 0 and 10 after
vaccination. Biopsies were placed in the RNALater solution
(Qiagen, Venlo, Netherlands) and kept at least 24 h at +4 °C, before
being stored at —80°C, until being further processed for the RNA
analysis.

2.2. RNA extraction

RNA was extracted from cells using NucleospinRNA kit
(Machery Nagel) and from skin biopsies using QIAzol kit (Qiagen).
Skin samples were stored in RNAlater (Qiagen) at —80 °C until their
mechanical disruption with QIAzol Lysis Reagent. After the
addition of 200wl of chloroform, the solution was mixed,
incubated for 3 min at rt, centrifuged at 4°C/12000g for 15 min
and supernatants were collected and mixed with 70% ethanol. RNA
was cleaned using RNeasy Mini Kit (Qiagen), including the
additional step with RNase-free DNase (Quiagen) and total RNA
were diluted in 30 .l of RNase-free water and stored at —80°C
before use.

2.2.1. RT-qPCR

RNA (0,5 jug) was reverse-transcribed into cDNA using iScript
cDNA Synthesis Kit (Bio-Rad Laboratories, Berkeley, California,
USA), random hexamer oligonucleotide primers and a T-GRADIENT
PCR thermocycler (Biometra GmbH, Goettingen, Germany). The
cDNA were diluted 1/10 in DNase-free water and stored at —20°C.

Quantitative PCR was performed for all cDNA samples with
FastStart Universal SYBR Green Master (Roche, Basel, Switzerland)
and run on the StepOne Plus Real-Time PCR system (Applied
Biosystems, Foster City, CA, USA), using following cycles: 95°C

10 min, followed with 40 cycles of 95°C for 155, 60 °C for 30 s and
72 °C for 20s. All samples were run in duplicate and results were
obtained with the StepOne™ Software v2.1 (Applied Biosystem:s,).
Quantitative PCR was performed using the following primers:
CCL26 forward: GCCGTCTCAGTCTCATAAAAGGG; CCL26 reverse:
GTATTGGAAGCAGCAGGTCTTGG; TSLP forward: GTATTGGAAG-
CAGCAGGTCTTGG; TSLP reverse: GTCTTACCTACTTTTCTATCCC-
CATTG; TGF-B1 forward: TGGACACCAACTATTGCTTCA; TGF-B1
reverse: GGCAGAAGTTGGCATGGTAG; CCL11 forward: ACCA-
GAGCCTGAGTGTTGC, reverse: ATGCCCTTTGGACTGATAATGAG;
CCL17 forward: CGGGACTACCTGGGACCTC, reverse: CAGTTCAGA-
CAAGGGGATGGG; CCL27 forward: CTCTACCGAAAGCCACTCTCAG,
reverse: GCCAGGTGAAGCACGAAAGC; The results were normalized
using the housekeeping gene glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) using primers: hGAPGH forward: CACC-
CACTCCTCCACCTTTGAC; hGAPGH reverse: GTCCAC-
CACCCTGTTGCTGTAG. Calculations were done using the 2244¢T
model, and according to the MIQE guideline, as described [32].

2.2.2. Statistical analysis

Statistical analyses were performed using the GraphPad Prism
software (GraphPad Software, Inc., La Jolla, USA). Data were
analysed using the Mann-Withney U-rank test or repeated
measures ANOVA, there is no alpha risk adjustment despite the
multiplicity of tests. Differences were considered to be statistically
significant when P < 0,05.

3. Results

3.1. Human keratinocytes express MV receptors and are susceptible to
MV infection

Primary human keratinocytes and the spontaneously immor-
talized human keratinocyte cell line HaCaT, extensively used to
study the epidermal homeostasis and pathophysiology, were
analysed for the expression of the three known MV receptors:
CD150, CD46 and nectin-4 by flow cytometry. While both primary
keratinocytes and HaCaT express nectin-4 and CD46, the expres-
sion of CD150 was not detected (Fig. 1).

Then, we analysed the susceptibility of human keratinocytes to
different MV strains expressing either vaccine or wt MV envelope
glycoprotein H, responsible for the differential receptor binding. To
follow infection daily by immunofluorescence, we used recombinant
viruses expressing EGFP: Schwarz-EGFP (rSchwarz), made from the
vaccine Schwarz strain, 1C323-EGFP-Hwt (IC323-Hwt) produced
from the wt IC323 strain and IC323-EGFP-Hvac (IC323-Hvac) made
from the wt IC323 strain bearing the replacement of the wt H gene
with Schwarz vaccine H gene. While MV strains expressing a vaccine
H protein, interact with CD46, CD150 and nectin-4 receptors, MV
strain expressing wt H protein, can interact only with CD150 and
nectin-4 receptors. All analysed MV strains infected keratinocytes
and induced cytopathic effects, as evidenced by the syncytia
formation (Fig. 2a and b). Interestingly, the production of infectious
viral particles from infected primary keratinocytes was much
higher following the infection with 1C323-Hvac, then with 1C323-
Hwt (Fig. 2¢), possibly resulting from the utilization of both CD46
and nectin-4 receptors by IC323-Hvac for the virus entry, in contrast
to the utilisation of only nectin-4 for IC323-Hwt.

3.2. MV infection modulates cytokine expression in human
keratinocytes

We next investigated the effect of MV infection on cytokine
expression in Kkeratinocytes. HaCaT were infected with MV
Schwarz, contained in ROUVAX vaccine, or incubated with the
UV-irradiated virus and analysed at 6 h and 24 h, when cell layer
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Fig 1. Expression of MV receptors by keratinocytes. The keratinocyte cell line HaCaT an

d primary keratinocytes were analysed for the expression of the three known MV

receptors: nectin-4, CD150 and CD46 by flow cytometry. Filled histograms: non-stained cells, open histogram stained cells. Data from one representative experiment out of 5

performed are presented. Values indicate the percentage of positive cells.

integrity was still preserved. We measured in infected HaCaT cells
by RT-qPCR the expression level of cytokines TSLP, CCL26 and
TGFf3, all known to be produced by keratinocytes and involved in
the pathogenesis of AD. While cytokine profiles remain unchanged
at 6 h post-infection (p.i.), mRNA levels of TSLP and CCL26 were
significantly decreased at 24 h p.i., only when keratinocytes were
exposed to the infectious but not to the UV-treated MV. Finally, in
contrast to the decreased level of TSLP and CCL26, the mRNA level

of TGF-3 was significantly increased in MV-infected keratinocytes
24 h p.i. (Fig. 3).

3.3. Effect of MV vaccination on the skin cellular immune response in
AD patients

As above in vitro studies suggested that in keratinocytes MV
vaccine strain could downregulate the production of cytokines
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Fig. 2. MV infection of keratinocytes. Phase contrast (on the left) and fluorescence
image (on the right) of MV infected HaCaT keratinocytes (a) and primary human
keratinocytes (b) 72h post infection (MOI=1), using either virus expressing a
vaccine or wt H protein: recombinant (r) Schwarz and 1C323-vac or IC323-Hwt,
respectively. Scale bar: 20 wm. (c) Production of infectious viral particles from
primary human keratinocytes, infected at MOI = 1 with either IC323-Hvac or IC323-
Hwt. Viral titers were determined by plaque forming assay at different times post-
infection.

known to play an important role in the AD pathogenesis, we next
performed a clinical assay to explore the potential effect of MV
vaccine in AD in vivo. The study included 20 adult patients with
moderate AD SCORAD, receiving either MV vaccine ROUVAX or
placebo.

As MV infection and vaccination were described to be
associated with a decreased delayed-type hypersensitivity reac-
tion (DTH) [33,21], we analysed DTH response to tuberculin, using
the classical PPD sensitization. In addition, to extend the analysis of
cellular immune response to the other antigens, we performed an
atopy patch test using 7 different allergens. The mean score of
atopy patch test was slightly decreased in patients after vaccina-
tion (Fig. 4a), but the statistical difference was not observed
between the groups (Fig. 4).
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Fig. 3. MV-induced expression of cytokines in human keratinocytes. HaCaT cells
were infected with MV Schwarz (Rouvax, MOI=1) or incubated with the same
amount of UV-inactivated MV or with PBS and analysed for the expression of TSLP,
CCL26 and TGF-3 at 6 h and 24 h post-infection, by RT-qPCR. Results are expressed
as a number of copies/g of RNA extracted from indicated samples, with histograms
presenting mean values & SD from two experiments. Statistical differences were
determined using ANOVA followed by a Bonferroni's post hoc multiple comparison
test (P < 0,05, "P>0.01, "'P<0,001).

3.4. Effect of MV vaccination on the cytokine profile of AD skin

To determine whether MV vaccination could modulate cytokine
production in the human skin, similarly to what we observed in
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keratinocytes in vitro, we analysed the expression of TSLP, CCL26
and TGF-f3, as well as several other cytokines involved in the
pathogenesis of AD: CCL11, CCL17/TARK and CCL27, in skin biopsies
of AD patients involved in the clinical trial. Biopsies were obtained
either from clinically non-involved skin regions or skin lesions
after exposure to atopy patch test in AD patients vaccinated with
ROUVAX or not (placebo). Although no differences were observed
on day 0, levels of TSLP and CCL26 mRNA were significantly lower
in skin lesions obtained 10 days after MV vaccination than in the
placebo group (Fig. 5), suggesting a decrease in the production of
those cytokines in the skin of vaccinated AD patients. Finally, no
changes were observed in the TGF-3 mRNA expression (Fig. 5),
neither in the expression of CCL11, CCL17 and CCL27 (data not
shown).

3.5. Evolution of SCORAD after MV vaccination

To determine whether ROUVAX vaccination may have a clinical
impact on the progression of AD, patients were followed
throughout the study by the evaluation of the clinical severity
score of AD, by SCORAD (Fig. 6). Although the SCORAD was not
statistically different between vaccinated and placebo-treated
patients at the beginning (day 0) and at the end of study (day 42), a
moderate but statistically significant, difference was observed 2
weeks after vaccination. Induction of MV-specific IgG antibodies
was observed in the serum of patients 3 weeks after vaccination
(Supplementary Fig. 1) However, the evolution of SCORAD did not
correlate with the change in serum level of MV-specific antibodies
in patients following vaccination (data not shown). Altogether,
these results suggest some transient improvement of clinical
severity of AD after MV vaccination, which will need to be further
confirmed on higher number of patients.

4. Discussion

Keratinocytes have a key role in innate immunity and the
detection of pathogens, contributing to host defence [34], through
their expression of many pattern-recognition receptors and the
production of a variety of cytokines in response to pathogenic

stimuli [35,36]. Although MV infection is marked with the skin
rash in the acute phase of the disease, MV infection of
keratinocytes has been neglected, mainly due to the known
absence of the MV receptor CD150 expression in this cell type.
However, the recent discovery of nectin-4 as an additional MV
receptor [12,13] and its expression in skin [15] renewed the
interest in analysing the importance of this cell population in MV
pathogenesis. Our study clearly demonstrated that both the human
keratinocyte cell line HaCaT, and primary Kkeratinocytes are
susceptible to the infection with both wt and vaccine MV strains.
These results are in agreement with recent studies showing the
expression of MV antigens in epithelial cells and skin of monkeys
infected either with wt [37,38] or vaccine MV [39,40]. Furthermore,
another morbillivirus close to MV, the canine distemper virus, was
reported to infect primary canine keratinocytes [41]. Our study has
demonstrated that infection of primary keratinocytes with wt MV
resulted only in a low level of production of infectious virus.
Similar results were obtained using human epithelial cells [42],
suggesting that, in contrast to lymphoid cells, the infection of
epithelial cells may have a limited role in MV propagation within
the organism. However, the effect of MV infection on the biology of
those cells has not been studied to date.

Cutaneous homeostasis and anti-microbial defence is main-
tained by a permanent cross-talk between keratinocytes and the
cells of the immune system, through the production of cytokines,
directly implicated in the control of skin barrier [43]. Our results
have demonstrated that MV infection in keratinocytes in vitro
decreases the expression of the proinflammatory cytokines TSLP
and CCL26, and in parallel, strongly increases the immunosup-
pressive TGF-. TSLP has recently been implicated as a key
molecule for initiating allergic inflammation at the epithelial cell-
dendritic cell interface [44] and is highly expressed in keratino-
cytes from patients with AD [45]. CCL26 is involved in the
migration of cells expressing CCR3 in AD [46]. In addition to the
decreased expression of TSLP and CCL26 after in vitro MV infection
of keratinocytes, we also found their reduced expression in
biopsies of lesional skin from AD patients after MV vaccination.
Together, these findings suggest that the MV-induced modulation
of cytokine expression in the skin may participate in the control of
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AD pathogenesis. As the change of cytokine profile was found only
in acute skin lesions and not in non-involved skin, it may be
possible that MV infection does not influence the steady state
cytokine expression, but might affect it following an exposure to
allergens.

The results obtained in this study have shown a transient
improvement of the clinical score of AD patients, two weeks after
MV vaccination. Beneficial effect of MV vaccination on atopic
sensitization was previously observed in the big cohort of children
attending Steiner schools in Europe [47], and measles immuniza-
tion was suggested to have a nonspecific positive effect in the
reduction of mortality in developing countries [48]. Interestingly, a
decrease in mitogen-induced proliferation of lymphoid cells in
infants was also shown two weeks after measles vaccination [22],
suggesting that this period post-vaccination may be optimal to
observe a systemic effect of the vaccine on the immune response.
In agreement with these findings, our previous study has shown
that MV immunization in infants does not aggravate AD and may
improve some immunologic parameters, including decrease in the
serum level of CCL18, chemokine associated with the severity of AD
[49]. In this study the inhibition of the TSLP and CCL26 expression
in the skin biopsies in AD patients 10 days after MV vaccination,
suggests the potential link between decrease in the production of
these highly proinflammatory cytokines and the improvement of
clinical symptoms in AD patients. However, more detailed
mechanisms involved in MV-induced modulation of AD remain
to be elucidated.

We have previously shown that MV proteins could inhibit skin
hypersensitivity response in mice by engagement of CD46 and
through Fcy receptor on dendritic cells [50]. MV receptor CD46
was reported to be involved in the generation of regulatory T cells
[51], a cell population important in AD pathogenesis [52]. Finally,
the engagement of the second MV receptor, the human molecule
CD150, was shown to induce the reversal of human allergic
Th2-type lymphocytes, isolated from skin biopsies of AD patients,
into a Th1 profile [53]. Taken together, these results suggest that
different mechanisms may be implicated in the beneficial effect of
anti-measles vaccination in allergic inflammatory diseases. This
study provides an additional argument of its advantageous effect in
AD, suggesting that MV infection may be directly responsible for
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the down-modulation of skin keratinocyte proinflammatory
profile, which could contribute to systemic effects of MV
vaccination in the control of AD pathogenesis.

Despite the increased prevalence of AD in the last decades [16]
and the extensive study of the disease, the events leading to AD
development and pathogenesis are not fully understood and new
therapeutic approaches are highly desirable. As live attenuated MV
is widely utilized and well-tolerated, future research in this area
and the identification of the immunomodulatory MV proteins
holds promise for the development of the novel treatment
strategies. The obtained results, by providing proof of concept
for the vaccination therapy in AD, may initiate a development of
new therapeutic approaches, innovative and inexpensive and
potentially efficient in the treatment of not only AD, but also the
other allergic inflammatory diseases.
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