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ABSTRACT

Background: In atopic dermatitis (AD), monocytes, which accumulate in the inflamed skin, are characterized by a
significantly impaired Toll-like receptors (TLR) expression and TLR2-mediated cytokine secretion. However, data on expression
of TLR on monocytes of peripheral blood (PB) in AD are not available.

Objective: To investigate TLR2 and TLR4 expression on PB monocytes during AD exacerbation and to assess the
relationships between TLR expressions with AD clinical severity and with serum interleukin (IL) 4, IL-10, and IL-17a levels.

Methods: The objective Scoring Atopic Dermatitis index, TLR2 and TLR4 expression on CD14� human leukocyte
antigen-DR (HLA-DR�) PB monocytes by flow cytometry, serum IL-4, IL-10, IL-17a (enzyme-linked immunosorbent assay)
and total immunoglobulin E levels were measured at study entry and after 4 months in patients with AD and healthy controls.

Results: Eighty-two patients with AD, 35 women (45.1%) and 47 men (54.9%), mean (standard deviation [SD]) age,
42.2 � 11.5 years, were included. Thirty healthy volunteers served as controls. We observed a significant difference in the levels
of TLR2 expression in the CD14� HLA-DR� PB monocytes of patients with AD (mean [SD], 51.6 � 23.1% and 264 � 118
cells/mm3) at exacerbation (but not at the end of the 4-month postexacerbation period) compared with the healthy control
subjects (mean [SD], 22.3 � 10.6% and 105 � 50 cells/mm3; p � 0.001). TLR4 expression in PB monocytes was significantly
greater in AD (mean [SD], 50.1 � 20.9% and 275 � 114 cells/mm3) than in the healthy subjects (mean [SD], 31.2 �
8.7% and 147 � 41 cells/mm3; p � 0.001) both at exacerbation and at the 4-month postexacerbation period. Significant
correlations between TLR2� (but not TLR4�) PB monocytes and the objective Scoring Atopic Dermatitis index (r � 0.604,
p � 0.001), serum levels of IL-17a and TLR2� PB monocytes (r � 0.416, p � 0.027), and IL-4 and TLR2� PB monocytes
(r � �0.307, p � 0.014) were observed during AD exacerbation.

Conclusion: PB CD14� HLA-DR� TLR2� monocytes might have a role in the skewing of a T-helper 2/T-helper
17–mediated immune response during AD flare.

(Allergy Asthma Proc 36:e140–e145, 2015; doi: 10.2500/aap.2015.36.3901)

Atopic dermatitis (AD) can be exacerbated by micro-
bial infections, and microbial products activate the

innate immune system through interaction with recep-
tors that recognize pathogen-associated molecular pat-
terns.1–3 Although the role of Toll-like receptors (TLR) in
the pathophysiology of AD is not entirely understood,
these receptors were found to be involved in the patho-
genesis and flare-ups of the disease.4 TLR2 and TLR4 are
localized to the cell membrane and recognize lipoteichoic
acid of Gram-positive bacteria and lipopolysaccharide of
Gram-negative bacteria, respectively.5 Staphylococcus au-
reus, which provides potent TLR2 ligands, frequently col-
onizes AD skin.4 TLR2 signals convert transient T-helper

(Th) 2 cell-mediated dermatitis into persistent inflamma-
tion, through interleukin (IL) 4-mediated suppression of
IL-10.6 TLR4 is also implicated in the pathogenesis of
allergic diseases.7,8 For instance, dust-mite allergen Der p
2 induces allergic inflammation in a TLR4-dependent
manner through increased expression of the transcription
factor GATA Binding Protein 3 and production of Th2-
associated cytokines.9

In human skin, TLRs are expressed by many different
cell types.4 In addition to keratinocytes, which express
functional TLRs, there are resident and trafficking im-
mune system cells in the skin that express TLRs, includ-
ing monocytes and/or macrophages.10 In AD, macro-
phages, which accumulate in the inflamed skin, are
characterized by a significantly impaired TLR2 expres-
sion and TLR2-mediated cytokine secretion.11 However,
data on expression of TLR on monocytes and/or macro-
phages of peripheral blood (PB) in AD are not available.

Generally, TLR2 and TLR4 activation can promote an
activation of Th17 cells, which leads to enhanced IL-
17a and IL-22 production.12 Nevertheless, AD is char-
acterized by the reduced skin expression of IL-17a,
which has been postulated to result from the inhibition
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of IL-17a production by the Th2 cytokines.13,14 Re-
cently, Leonardi et al.15 showed that serum IL-17a lev-
els were significantly higher and that serum IL-10 lev-
els were significantly lower in the subjects with AD
than in the healthy controls, with a positive correlation
between the Scoring Atopic Dermatitis (SCORAD) in-
dex and IL-17a, and an inverse correlation between the
SCORAD index and IL-10. Therefore, we studied ex-
pression of TLR2 and TLR4 on PB monocytes of pa-
tients with AD during AD exacerbation and at the
4-month postexacerbation period to assess the relation-
ships between their expressions with clinical severity
of AD and with serum IL-4, IL-10, and IL-17a levels.

MATERIALS AND METHODS

Subjects
The subjects were recruited during the period of 2011

to 2014 from the dermatology dispensary at the Chita
Medical Academy (Chita, Russia). Consecutive pa-
tients with AD, ages between 15 and 40 years, were
enrolled in this study. AD was diagnosed by the crite-
ria of Hanifin and Rajka, with a duration of �1 year.
The disease severity was graded by the objective Se-
verity SCORAD index. The objective SCORAD index
has a range of 0–83 (plus an additional 10 points for
severe disfiguring eczema on the face and hands). An
objective SCORAD score of �15 was classified as mild,
15–40 as moderate, and �40 as severe. The subjective
itch intensity was obtained by the visual analog scale
(ranging from 0 to 10) by the same dermatologist (I.P.).

Exclusion criteria were as follows: any other chronic
disease, acute infection, oral intake of any medications,
ultraviolet therapy conducted �2 months before the
study entry, pregnancy, and lactation. A group of age-
and sex-matched healthy volunteers served as controls.
The study was approved by the ethics committee at the
Chita Medical Academy (Chita, Russia), and all the
participants gave informed consent.

There were two main reasons for choosing subjects
with AD of ages 15–40 years old: (1) in our region, the
prevalence of asthma in children with moderate-to-
severe AD ranges from 25 to 50%, so all our patients
had AD without any other chronic disease; and (2) the
children with AD experience increased rates of infec-
tious, especially during cold seasons in Siberia, there-
fore, we believed that it would be easier to find subjects
with AD and without comorbidities in those ages
15–40 years to eliminate the potential influence of co-
morbidities on laboratory investigations.

The patients with AD were included during exacer-
bation, manifested by flares of eczema at �3 sites or by
generalized skin lesions. Every recruited patient was
assessed at two time points: (1) during the exacerbation
(study entry), and (2) at the 4-month postexacerbation
period, after using emollients, antihistamines, and top-

ical steroids. None of the patients had used oral corti-
costeroids and/or immunomodulatory medications
during the study.

Flow Cytometry for Detection of CD14, TLR2,
TLR4, and HLA-DR Surface Expression

Flow cytometry was applied to freshly isolated
whole-blood samples to investigate the expression lev-
els of CD14, human leukocyte antigen-DR (HLA-DR),
TLR2, and TLR4 on PB monocytes of patients with AD
and of healthy controls. For staining, 100 �L of whole-
blood samples were incubated with the following an-
tihuman antibodies (10 �L per 100 �L of blood) for 15
minutes in the dark at 4°C: Phycoerythrin cyanin 5
labeled anti-CD14 (catalog no. 45–0149-42; eBioscience,
San Diego, CA), antihuman CD282 (TLR2) fluorescein
isothiocyanate (catalog no. 11–9922-42; eBioscience),
antihuman CD284 (TLR4) phycoerythrin (catalog no.
A07765; Beckman Coulter, Miami, FL), anti-HLA
DR–phycoerythrin cyanine 7 (catalog no. A40579;
Beckman Coulter, Miami, FL). Isotype-matched an-
tibody controls were used to detect nonspecific stain-
ing (eBioscience). Consequently, red blood cells were
lysed with lysing solution (fluorescence-activated
cell sorting; BD Biosciences, San Jose, CA) and re-
moved by washing two times with cell wash solution
(fluorescence-activated cell sorting; BD Biosciences).
To compare and evaluate the gating, a control sam-
ple stained with CD14 –phycoerythrin cyanin 5, HLA
DR–phycoerythrin cyanine 7 and mouse immuno-
globulin G2a (IgG2a) isotype control fluorescein iso-
thiocyanate (catalog no. 11– 4724-42; eBioscience),
and mouse IgG2a isotype control phycoerythrin (cat-
alog no. 12– 4724-42; eBioscience) antibodies was
used.

Beckman Coulter FC-500 flow cytometer (two-laser,
six-color configuration) with CXP software (Beckman
Coulter, Fullerton, CA) was used for data acquisi-
tion. Quality control included regular checkups with
Flow-Check Pro Fluorospheres (Beckman Coulter,
Fullerton, CA). Fluorescence compensation was au-
tomatically assessed. Amplifier settings for forward
scatter and side scatter were used in linear mode,
and those for fluorescence channels were used in the
logarithmic mode. The forward scatter area scaling
factor and threshold rate were accordingly adjusted.
The samples stained for CD282, CD284, CD14, and
HLA-DR were acquired by using a forward scatter–
A/side scatter–A gate around the monocyte popula-
tion, with 10,000 gated events recorded. Monocytes
were identified and gated according to their charac-
teristic forward- and side-scatter flow cytometry
profiles, and their expression of CD14 and HLA-DR.
Natural killer cells and neutrophils were excluded
by their lack of HLA-DR expression; B cells were
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excluded by their lack of CD14. The intra- and inter-
assay variability was 1.6% and 4.5%, respectively.
Routinely, a total of 10,000 CD14� monocytes were
read for each sample. All results are expressed either
as percentages of TLR2, TLR4, and HLA-DR� mono-
cytes in the total monocyte population (a threshold
was defined with the isotype control). The represen-
tative results of flow cytometry for CD14, TLR2,
TLR4, and HLA-DR are presented in Fig. 1.

Serum IgE and Cytokines Assays
Serum samples were analyzed for total IgE levels by

using the immunometric assay of the Immulite 2000
system (Diagnostic Products Corporation; Global Sie-
mens Health Care, Erlangen, Germany). Serum IL-4,
IL-10, and IL-17a levels were measured by using en-
zyme-linked immunosorbent assay (Vector-Best, No-
vosibirsk, Russia) according to the manufacturer’s in-
structions.

Statistical Analyses
Results are presented as mean (standard deviation

[SD]). Differences in clinical and laboratory charac-
teristics between the groups were analyzed by using
the Wilcoxon signed rank test for nonparametric
variables, and �2 test or Fisher’s exact test (when
appropriate) for parametric variables. Correlations
between the variables were analyzed by the Pearson
correlation and Spearman rank test, respectively, de-
pending on the distribution of the data. Statistical
significance was defined as a two-sided p value of

�0.05. All statistical analyses were performed by
using the software Statistica 6 (StatSoft, Inc. Tulsa,
OK).

RESULTS

Clinical and Anthropometric Characteristics
The clinical characteristics of the patients and con-

trols are presented in Table 1. The study included 82
patients with AD, 35 women (45.1%) and 47 men
(54.9%), and mean (SD) age, 24.5 � 7.9 years. A group
of 30 healthy volunteers, matched for age and sex
served as controls. The mean (SD) objective SCORAD
score during the exacerbation of AD was 48.8 � 19.4
and during remission was 16.1 � 8.3 (p � 0.01).

TLR2- and TLR4-Surface Expression on CD14�

HLA-DR� PB Monocytes

We observed a significant difference in the mean
(SD) levels of TLR2 expression on the CD14� HLA-
DR� PB monocytes of patients with AD (51.6 � 23.1%,
264 � 118 cells/mm3) at exacerbation (baseline) com-
pared with the healthy control subjects (22.3 � 10.6%;
105 � 50 cells/mm3; p � 0.001). At the 4-month postex-
acerbation period, there was no significant difference
in CD14� CD282� between the study groups (Table 1).

The mean (SD) TLR4 expression on PB monocytes
was significantly greater in AD (50.1 � 20.9% and
275 � 114 cells/mm3) than in the healthy subjects
(31.2 � 8.7% and 147 � 41 cells/mm3; p � 0.001) at
exacerbation. By contrast, we found no significant re-

Figure 1. The representative results of flow cytometry for cluster of differentiation 14 (CD14), Toll-like receptor (TRL) 2, TRL4, and human
leukocyte antigen-DR (HLA-DR).
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duction in the levels of TLR 4 expression on the PB
monocytes at the 4-month postexacerbation period in
subjects with AD (Table 1). There was a statistically
significant strong positive correlation between CD14�

HLA-DR� TLR2� PB monocytes and an objective SCO-
RAD score during AD exacerbation (Fig. 2). No signif-
icant correlation (r � 0.207, p � 0.061) was observed
between CD14� HLA-DR� TLR4� PB monocytes and
objective SCORAD index.

Serum Levels of IL-4, IL-10, and IL-17a

During AD exacerbation, the mean (SD) serum IL-4
(7.2 � 3.5 kU/L) and mean (SD) IL-17a (176.4 � 49.2
pg/mL) levels were significantly higher in patients
with AD than in healthy controls (0.1 � 0.4 kU/L and
71.3 � 24.1 pg/mL, respectively; p � 0.001). There was
no significant difference in mean (SD) serum IL-10
level (0.6 � 0.3 kU/L) between the two groups at AD

Table 1. Demographic and laboratory data of the study population

AD (N � 82) Healthy Controls (N � 30) p

Age, mean (SD), y 24.5 � 7.9 24.9 � 6.2 0.803
Sex (female) no. (%) 37 (45.1) 14 (46.7) 1
Mean (SD) duration of AD, y 17.1 � 11.2 0 �0.001
Body mass index, mean (SD), kg/m2 25.2 � 2.2 25.4 � 1.9 0.684
Objective SCORAD, mean (SD)

Exacerbation (baseline) 48.8 � 19.4 0 �0.001
Mean (SD) 4-mo postexacerbation period 16.1 � 8.3* 0 �0.001

Mean (SD) serum IgE, kU/L
Exacerbation (baseline) 355.6 � 331.2 49.2 � 27.9 �0.001
The 4-mo postexacerbation period 281.5 � 194.7 45.7 � 32.1 �0.001

Mean (SD) monocytes (CD14� HLA-DR�), cells/mm3

Exacerbation (baseline) 549 � 207 471 � 241 0.094
The 4-mo postexacerbation period 524 � 219 462 � 237 0.197

Monocytes/TLR2� (CD14� HLA-DR� CD282�),
mean (SD), %
Exacerbation (baseline) 51.6 � 23.1 22.3 � 10.6 �0.001
The 4-mo postexacerbation period 22.3 � 9.3* 22.2 � 13.1 0.964

Monocytes/TLR2� (CD14� HLA-DR� CD282�),
mean (SD), cells/mm3

Exacerbation (baseline) 264 � 118 105 � 50 �0.001
The 4-mo postexacerbation period 117 � 49* 103 � 61 0.213

Monocytes/TLR4� (CD14� HLA-DR� CD284�),
mean (SD), %
Exacerbation (baseline) 50.1 � 20.9 31.2 � 8.7 �0.001
The 4-mo postexacerbation period 56.7 � 23.7 30.1 � 11.5 �0.001

Monocytes/TLR4� (CD14� HLA-DR� CD284�),
mean (SD), cells/mm3

Exacerbation (baseline) 275 � 114 147 � 41 �0.001
The 4-mo postexacerbation period 297 � 125 139 � 53 �0.001

Serum IL-4, mean (SD), kU/L
Exacerbation (baseline) 7.2 � 3.5 0.1 � 0.4 �0.001
The 4-mo postexacerbation period 0.2 � 0.4* 0.2 � 0.3 1

Serum IL-10, mean (SD), kU/L
Exacerbation (baseline) 0.6 � 0.3 0.7 � 0.5 0.201
The 4-mo postexacerbation period 1.4 � 0.9* 0.8 � 0.5 �0.001

Serum IL-17a, mean (SD), pg/mL
Exacerbation (baseline) 176.4 � 49.2 71.3 � 24.1 �0.001
The 4-mo postexacerbation period 79.1 � 19.4 74.1 � 15.7 0.207

AD � Atopic dermatitis; SD � standard deviation; SCORAD � Scoring Atopic Dermatitis; IgE � immunoglobulin E;
HLA-DR� � human leukocyte antigen-DR; TLR � toll-like receptor; IL � interleukin.
*p � 0.001 (exacerbation vs the 4-mo postexacerbation period time point).
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flare, but, at the 4-month postexacerbation period, the
mean (SD) serum IL-10 level (1.4 � 0.9 kU/L) in the
AD group was higher than in healthy controls (0.8 �
0.5 kU/L; p � 0.001). No statistically significant corre-
lations were observed between the SCORAD index and
serum cytokine levels. There was a significant positive
correlation (r � 0.416, p � 0.027) between serum levels
of IL-17a and a negative correlation (r � �0.307, p �
.014) between serum levels of IL-4 and the CD14�

HLA-DR� TLR2� PB monocytes during AD exacerba-
tion.

DISCUSSION
The present study revealed higher expression of

TLR2 and TLR4 on circulating CD14� HLA-DR�

monocytes of patients with AD compared with healthy
control subjects. The detectable differences in TLR2/
TLR4 surface expression on PB monocytes allowed us
to hypothesize about possible involvement of circulat-
ing monocytes in the pathogenesis of AD.

So far, research of TLRs in AD has mainly focused on
the relationship between the TLR polymorphism and
AD severity.16–19 Previously, monocytes from patients
with AD were shown to have a significant impairment
in the TLR2-mediated production of proinflammatory
cytokines.20 In this study, we observed a strong statis-
tical correlation of TLR2 expression on blood pressure
monocytes with AD clinical severity (measured by the
objective SCORAD score) and the Th17-dominated in-
flammatory profile during AD exacerbation. Although
higher expression on blood pressure monocytes was
found for both TLR2 and TLR4 in AD, there was no

downregulation of TLR4 at the 4-month postexacerba-
tion period in contrast with TLR2.

During AD flares, monocytes sense S. aureus secreted
toxins and contribute to priming of naive T cells into
Th2 cells through activation and overexpression of
TLR2.21,22 Although the upper inflamed dermis in AD
is characterized by massive infiltration of Fc�RI� (high-
affinity IgE receptor, or Fc � RI) monocytes, with high
TLR2 expression levels, these monocytes cannot ade-
quately respond to repeated TLR stimulation (a phe-
nomenon referred to as endotoxin tolerance).20,23 Al-
though we observed higher serum levels of IL-4 and
IL-17a cytokines during AD flare, a positive correlation
was detected only between serum levels of IL-17a and
TLR2 expression on PB monocytes. There is growing
evidence that IL-17a plays an important role in the
pathophysiology of AD, particularly during AD
flares.24 Furthermore, an increase of Th17 cells in the
PB of patients with AD was shown to be positively
correlated with disease severity.24

Certain myeloid-origin antigen presenting cells are
likely to influence immune responses toward those
dominated by the Th17 phenotype.25 In humans, vari-
ous populations of monocytes act at the crossroad of
regulatory T cell–Th17 differentiation, and, although
CD14� HLA-DR� monocytes induce forkhead box P3�

regulatory T cells, CD14� HLA-DR� monocytes induce
a generation of IL-17–secreting Th17 cells when cocul-
tured with autologous CD4� T lymphocytes.26,27 Our
findings can signify that preferential activation of TLR2
rather than TLR4 on CD14� HLA-DR� monocytes are
prone to induce Th17-dominated inflammatory re-
sponses during a flare of AD. The exact mechanism
and biologic relevance of our findings still need to be
elucidated, although it is reasonable to suggest that
TLR2 expression on monocytes can play some role in
immune regulation during AD flares.

Several limitations of our study warrant consider-
ation. First, during 4 months of the study period, pa-
tients with AD were under the influence of several
medications, including topical steroids, antihistamines,
and emollients, although the control subjects were not.
Due to ethical limitations, it was impossible to expose
the healthy control subjects to the same medications.
Therefore, this did not allow us to determine whether
any of these medications may have contributed to the
changes seen in the results of the patients with AD.
Second, it has to be considered that blood monocytes
and serum cytokines levels may not accurately re-
flect the pathophysiologic situation at the site of skin
inflammation. Third, the contributions of PB mono-
cytes and their TLRs to the pathophysiology of AD is
unclear and deserve further investigation. When tak-
ing into consideration the development of new TLR-
targeted immunotherapies of allergic diseases, this
might have great impact on the development of new

Figure 2. Correlation between CD14� HLA-DR� Toll-like recep-
tor 2� peripheral blood monocytes and objective Scoring Atopic
Dermatitis (SCORAD) score during atopic dermatitis
exacerbation.
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pharmaceuticals to act on these receptors and their
associated signaling pathways in AD.
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