Clinical, Cosmetic and Investigational Dermatology

Dove

ORIGINAL RESEARCH

Increased Frequency of Circulating Classical
Monocytes in Patients with Rosacea

Cuie Gao(®'

Lan Ge'

Dewei Chen?

Mengjie Zhang?

Li Zhao®

Wenying Liu'

Shuguang Chen'

Juan Wang'

Cunjian Zhou'

Xingwang Zhao'

Shifei Li'

Zhigiang Song'

Jian Li'

'Department of Dermatology, Southwest
Hospital, Army Medical University,
Chongging, 400038, People’s Republic of
China; ?Department of Pathophysiology,

Army Medical University, Chonggqing,
400038, People’s Republic of China

Correspondence: Jian Li; Zhigiang Song
Department of Dermatology, Southwest
Hospital, Army Medical University,
Chongging, 400038, People’s Republic of
China

Tel +86 23 68754290

Fax +86 23 68755290

Email leejian860@ 126.com;
drsongzq@hotmail.com

Purpose: Monocyte subsets, including classical, intermediate and non-classical monocytes,
are involved in the pathogenesis of inflammatory or autoimmune diseases. The pathogenic
role of monocytes in the peripheral blood mononuclear cells (PBMCs) of patients with
rosacea remains unclear. This study aimed to assess frequencies of monocyte subsets in
PBMCs from rosacea patients before and after clinical treatment.

Patients and Methods: We applied flow cytometry to examine frequencies of monocyte
subsets in 116 patients with rosacea, while patients with 26 systemic lupus erythematosus
(SLE), 28 acne and 42 normal healthy subjects without skin problems (HC) were recruited as
controls. Expression of C—C chemokine receptor 2 (CCR2) on monocytes and plasma levels
of CC-chemokine ligand 2 (CCL2), high mobility group box-1 (HMGB-1), interleukin-1 beta
(IL-1pB) and tumor necrosis factor alpha (TNF-a) were measured in HC and rosacea patients
before and after treatment.

Results: The frequency of classical monocytes, but not intermediate or non-classical
monocytes, was higher in rosacea as compared with HC, which decreased after treatment.
Frequencies of monocyte subsets showed no gender difference, while increased with age in
patients but not in HC. Frequencies of classical monocytes in patients with erythematote-
langiectatic rosacea (ETR) and ETR-papulopustular rosacea (PPR) overlap were significantly
higher than HC or patients with only PPR or phymatous rosacea (PhR). There was
a significant higher expression of CCR2 in classical monocytes, with higher plasma levels
of CCL2, HMGB-1, IL-1f and TNF-a in patients than in HC, which all significantly
decreased after treatment.

Conclusion: Our data indicated a possible association between abnormal classical mono-
cytes frequencies and rosacea.
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Introduction
Rosacea is a chronic inflammatory skin disease that affects 0.09-22.41% of the
general population,’ with the prevalence rate estimated to be 3.48% in China.” The
disease is conventionally classified into four main subtypes, including erythemato-
telangiectatic rosacea (ETR), papulopustular rosacea (PPR), phymatous rosacea
(PhR), and ocular rosacea, with great overlaps and varied courses.®* The diverse
clinical presentations of rosacea severely affect the aesthetic appearance and mental
health of patients, causing significant impairment in the quality of life.’

The pathogenesis of rosacea remains incompletely elucidated. Evidences show
that abnormal immune responses, especially the innate immunity and neurovascular
In human, circulating

disorders, may be related to the pathophysiology.®’
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monocytes are a group of innate immune cells that arise
from hematopoietic stem cell precursors in the bone mar-
row, and eventually migrate into inflammatory sites where
further mature to exert multiple functions, including home-
ostasis, immune defense and tissue repair.®° Monocytes
were found to contribute to the pathogenesis of certain

112,04

diseases, such as rheumatoid arthritis,lo asthma
multiple sclerosis."?

Circulating monocytes are a heterogeneous population,
and can be divided into three subsets based on the expression
of CD14 and CD16: classical (CD14""CD16 ), intermediate
(CD147"CD16"), and non-classical (CD14"CD16"") mono-
cytes. Classical monocytes are the major subset and account
for ~85% of circulating monocytes,”'* which express high
levels of chemokine receptor CCR2."> They migrate into
inflammatory sites through interactions between CCR2 and
its ligand CCL2,'® and contribute to the release of damage-
associated molecular patterns (DAMPs),'” such as HMGB-1

. 18,19
protein,

which can bind multiple receptors to induce the
recruitment of inflammatory cells and initiate a series of
cascade reactions to release inflammatory cytokines like IL-
1p and TNF-0.>** In CCR2 knockout mice, decreased
monocyte recruitment and proinflammatory cytokines levels
(such as IL-1B, TNF-a) were found in inflammatory sites,
indicating the role of CCR2 in the targeted migration of
monocytes.”>** The pathogenic role of circulating mono-
cytes and their subsets in rosacea remains poorly understood.

The current study was aimed to explore the potential
role of monocytes dysregulation in rosacea, as compared
to SLE, acne and healthy controls (HC) without skin
problems. The concentrations of CCL2, HMGB-1, IL-1
and TNF-a in the plasma of rosacea patients and HC were
also evaluated.

Patients and Methods
Participants and Blood Sampling

A total of 116 patients diagnosed with rosacea were
recruited in the Southwest Hospital of the Army Medical
University, Chongqing, China in 2019. The clinical diagno-
sis of rosacea subtypes was made according to the classifica-
tion system of the National Rosacea Society.”> Samples of
26 stable SLE patients (SLE disease activity index, SLEDAI
< 4), 28 moderate acne patients and 42 healthy individuals
(HC) without skin problems individuals were investigated.
Diagnosis of SLE was based on the criteria of the American
College of Rheumatology.”® Evaluation of the types and
severity of acne was implemented in accordance with

Chinese guidelines.”” Among 116 rosacea patients, 18 sub-
jects received carvedilol 5 mg twice a day for one month and
blood sample was checked again. Evaluation of rosacea was
based on the Investigator’s Global Assessment (IGA) and
Clinical Erythema Assessment (CEA) scores before and
after treatment.”® The study was conducted in accordance
with the Declaration of Helsinki and approved by the Ethics
Committee of Southwest Hospital (Approval number
KY201969). All study participants agreed to participate in
the study and signed an informed consent.

Peripheral blood samples from the participants were
obtained and collected into vacuum tubes anticoagulated
with EDTA-K2. PBMCs were prepared using density gra-
dient centrifugation by laying blood samples on the Ficoll
(TBD, Tianjin, China). Plasma samples were separated
and stored at —80°C until used for enzyme-linked immu-
nosorbent assays (ELISA).

Flow Cytometry

Isolated human PBMCs were stained with antibodies obtained
from BioLegend (San Diego, CA, USA): CD3 (PerCP/
Cyanine5.5), CD19 (PerCP/Cyanine5.5), CD20 (PerCP/
Cyanine5.5), CD56 (PerCP/Cyanine5.5), CD66b (PerCP/
Cyanine5.5), HLA-DR (PE/Cyanine7), CD14 (FITC), CD16
(Brilliant Violet 510™), CCR2 (APC). Flow cytometry was
performed with Navios Flow Cytometer (Beckman Coulter,
Miami, USA) and data were analyzed using Navios Software
version 1.3. Total Lin (CD3, CD19, CD20, CD56 and
CD66b) HLA-DR " cells were gated by the forward/side scat-
ter showing Lin/HLA-DR expression patterns. Circulating
classical monocytes (CD14""CD16"), intermediate mono-
cytes (CDI14'CD16") and non-classical monocytes
(CD14°CD16™") were gated from Lin HLA-DR" cells based
on expression levels of CD14 and CDI16. Specific gating
strategies to identify circulating monocyte subsets and CCR2
expression in different subsets were shown in Figure S1.

Enzyme-Linked Immunosorbent Assays

(ELISA)

Plasma levels of CCL2 (Dakewe, Beijing, China), HMGB-
1 (Elabscience, Wuhan, China), IL-1p (Elabscience) and
TNF-o (Elabscience) were measured using ELISAs
according to instructions of the manufacturers.

Statistical Analysis
GraphPad Prism version 5 (GraphPad Software, San Diego,
CA, USA) and SPSS version 17.0 (SPSS Inc., Chicago, IL,

https:

1630

Dove!

Clinical, Cosmetic and Investigational Dermatology 2021:14


https://www.dovepress.com/get_supplementary_file.php?f=336194.docx
https://www.dovepress.com
https://www.dovepress.com

Dove

Gao et al

USA) were used to analyze relevant experimental data.
Results were expressed as mean + standard error of the
mean (SEM). The unpaired Student’s #-test and paired
Student’s #-test were used to compare the two groups, and
before and after treatment of the treated group, respectively.
p < 0.05 was considered as statistically significant.

Results
Frequencies of Monocyte Subsets in 3

Inflammatory Diseases
Frequencies of circulating classical or intermediate mono-
cytes were higher in SLE (p < 0.001 or p = 0.0465) and
acne (p < 0.001 or p = 0.0036) patients than those in HC,
while the frequency of non-classical monocytes signifi-
cantly reduced (p < 0.001) (Figure 1). The frequency of
classical monocytes was higher in rosacea patients than in
HC (p < 0.001), with no significant difference in inter-
mediate or non-classical monocytes (Figure 1).
Compared with SLE, frequencies of classical and non-
classical monocytes decreased (p = 0.0028) and increased
(p < 0.001) in the rosacea patients, respectively. There are
no difference in intermediate monocytes (Figure 1).
Compared with acne, the frequency of non-classical
monocytes increased (p = 0.0101) in patients with rosacea,
without difference in classical or intermediate monocytes

(Figure 1).

Effects of Gender, Age and Subtypes on
Frequencies of Monocyte Subsets in

Rosacea Patients

A total of 116 patients (24 males, 92 females; average age,
29.85 + 10.28 years) with rosacea were enrolled in this
study. Among them, there were 51 cases with ETR, 19

cases with PPR, 17 cases with PhR and 29 cases with ETR
+ PPR. In addition, 42 healthy controls without any skin
problem individuals (20 males, 22 females; average age,
30.07 + 9.46 years) were also selected as controls. Specific
demographic and clinical data of rosacea patients and HC
are summarized in Tables 1 and 2.

Frequencies of classical monocytes were higher in both
male (p = 0.0232) and female (p < 0.001) patients than in HC,
without gender difference (Figure 2A). No significant differ-
ence was observed in the frequencies of intermediate or non-
classical monocytes in patients with rosacea compared with
HC, independent of the gender grouping (Figure S2A and B).
Frequencies of monocyte subsets did not change with age in
HC (Figures 2C, S2E and F), but increased with age in rosacea
patients (classical, intermediate and nonclassical, p = 0.024,
0.007 and 0.000, respectively) (Figures 2D, S2G and H).

The frequencies of classical monocytes were significantly
higher in subtypes ETR (p = 0.0015 or 0.0056) and ETR
+PPR (p =0.0010 or 0.0042) than those in PPR or PhR, while
no difference between ETR and ETR+PPR or between PPR
and PhR (Figure 2B). There were no significant difference in
the frequencies of intermediate and non-classical monocytes
in all the subtypes except that frequencies of intermediate
monocytes in ETR (p = 0.0069) and ETR+PPR (p = 0.01)
were higher than those in PhR (Figure S2C and D).

Frequencies of Monocyte Subsets,
Expression of CCR2 in Subsets and
Plasma Levels of HMGB-I, CCL2, IL-18
and TNF-a Before and After Treatment in

Rosacea Patients
After treatment with carvedilol, IGA score of rosacea patients
decreased from 1.56 + 0.36 to 0.67 + 0.18 (p = 0.0355) and
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Figure | Frequencies of circulating classical (A), intermediate (B) and non-classical (C) monocytes among PBMCs in rosacea, systemic lupus erythematosus (SLE) and acne
patients and healthy controls (HC). Each plot represented individual subject. (*p < 0.05, **p < 0.01, ***p < 0.001, "*p > 0.05).
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Table | Demographics Characteristics of Patients with Rosacea and Healthy Controls (HC)

HC Rosacea
Male Female Overall Male Female Overall

Age category, n (%)

<249 7 (35) 6 (27.27) 13 (30.95) 3 (12.5) 14 (15.22) 43 (14.66)

25-34.9 9 (45) 9 (40.91) 18 (42.86) Il (45.83) 38 (41.3) 37 (42.24)

235 4 (20) 7 (31.82) Il (26.19) 4 (16.67) 20 (21.74) 36 (20.69)

Total 20 (47.62) 22 (52.38) 42 (100) 24 (20.69) 92 (79.31) 116 (100)
Age

Mean (SD), years 28.9 (8.57) 31.14 (10.28) 30.07 (9.46) 30.33 (10.83) 29.73 (10.19) 29.85 (10.28)
Age category, mean (SD), years

<249 20.86 (2.85) 19.83 (3.97) 20.38 (3.31) 21.11 (2.47) 19.79 (2.23) 20.07 (2.32)

25-34.9 29.33 (3.04) 29.44 (3.54) 29.39 (3.20) 28.13 (3.36) 28.31 (2.48) 28.27 (2.64)

235 42 (6.33) 43 (6.61) 42.64 (6.30) 44.71 (7.30) 42.67 (5.76) 43.05 (6.02)

Abbreviations: HC, healthy control; SD, STDEV; n, number.

Table 2 Demographics and Clinical Characteristics of Patients
with Different Subtypes of Rosacea

Male Female Overall
Subtype, n (%)
ETR 3 (12.5) 48 (52.17) 51 (43.97)
PPR 6 (25) 13 (14.13) 19 (16.38)
PhR 9 (37.5) 8 (8.7) 17 (14.66)
ETR+PPR 6 (25) 23 (25) 29 (25)
Subtype age,
mean (SD), years
ETR 31.67 (15.04) | 31.21 (10.83) | 31.24 (10.92)
PPR 32 (15.87) 24.69 (9.5) 27 (11.93)
PhR 30 (9.66) 28.88 (10.75) | 29.47 (9.87)
ETR+PPR 28.5 (6.28) 30.61 (8.98) 30.17 (8.43)

Abbreviations: ETR, erythematotelangiectatic rosacea; PPR, papulopustular rosa-
cea; PhR, phymatous rosacea; ETR+PPR, erythematotelangiectatic overlapping
papulopustular rosacea; SD, STDEV; n, number.

CEA score decreased from 2.33 + 0.18 to 1.11 £ 0.11 (p <
0.001). In addition, the frequency of classical monocytes
decreased significantly (p < 0.001), without difference in
intermediate or non-classical monocytes (Figure 3).

Before treatment, the expression of CCR2 in classical
(p <0.001) or intermediate (p < 0.001) monocytes, but not
in non-classical monocytes, were higher in rosacea
than 4A, S3A and B).
Expression of CCR2 in classical monocytes significantly

patients in HC (Figures
decreased after treatment (p = 0.034), without significant
difference observed in the intermediate or non-classical
monocytes (Figures 4B, S3C and D).

The plasma levels of CCL2 (p = 0.0023), HMGB-1
(p = 0.001), IL-1B (p =0.0393) and TNF-a (p = 0.0069)

were significantly higher in rosacea patients than those in
HC (Figure SA-D), which all decreased after treatment (p
<0.001, p=0.0003, p<0.001 and p = 0.010, respectively)
(Figure SE-H).

Discussion

Monocytes are heterogeneous cells in their function, which
can be divided into classical, intermediate and non-
classical monocytes. The classical monocytes are recruited
to inflammatory sites and play a regulatory role in inflam-
The
inflammatory properties, especially in patients with acute

mation. intermediate monocytes show  pro-
inflammation. The non-classical monocytes are considered
a group of patrolling monocytes to maintain vascular
homeostasis.>”*® In the current study, alterations in the
frequencies of monocyte subsets were demonstrated in
three inflammatory diseases (SLE, acne and rosacea) as
compared with healthy controls, but differentiation
between them was noted.

Our findings of imbalance in classical but not in inter-
mediate or non-classical monocytes supported the clinical
observation that the inflammation in rosacea is mostly
chronic. Imbalance in classical monocytes may affect the
process of differentiation of intermediate and non-classical
monocytes or monocyte-derived dendritic cells, which sub-
sequently exert impact on the adaptive immune response,”'>
the potential role of classical monocytes in the initiation and
progression of rosacea was supported by our results.

In study of alterations in human immunity with age,** >°
most studies have focused on the role of acquired immune

cells such as T and B cells in aging,%f38 but the
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Figure 3 Comparisons of circulating classical (A), intermediate (B) and non-classical (C) monocytes before and after treatment in patients with rosacea. Each plot
represented an individual subject before (left) and after (right) treatment. Significance between two groups was indicated by p value (***p < 0.001, "*p > 0.05).

inflammageing phenomenon in monocytes and macrophages
also contributes to immunosenescence.”*>* Our results sup-
ported previous reports that frequencies of monocyte subsets
did not change with age in HC.**** On the other hand,
increase of different monocyte subsets with age in rosacea
patients indicated that the occurrence of rosacea might par-

tially be associated with immunosenescence.

Neurogenic inflammation in controlling vascular
response was proposed to involve the pathophysiology of
rosacea, which may reflect the clinical features of flushing,
erythema, and induction of leukocyte infiltration.*'** On
the other hand, it has been demonstrated that immune
mechanisms including classical monocytes are associated

with arterial hypertension and atherosclerosis related to
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vascular inflammation.*** Our results provided further
evidence that circulating classical monocytes were more
closely associated with ETR and ETR overlapping PPR
than PPR alone in rosacea. In addition, our results showed
that IGA and CEA scores and the frequency of classical
monocytes and expression of CCR2 on their surface of
patients with rosacea decreased after treatment with

carvedilol, which also supported the report that carvedilol
may be an effective treatment mean for rosacea, especially
flushing and erythema.*>

Finally, our results indicated that increase of CCL2 in
plasma might promote the recruitment of CCR2" mono-
cytes to inflammatory skin, leading to the release of

damage-associated molecular patterns and inflammatory
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cytokines HMGB-1, IL-1B and TNF-q, as demonstrated in
the current study. Our findings supported the report on the
increased expression of CCR2 and its ligand CCL2 in
rosacea skin.*’

There are several limitations in the current study: (1) lack
of dynamic study in the same individuals with different
diseases under examination, (2) small number of healthy
controls and patients treated with carvedilol, respectively,
(3) lack of placebo control group in carvedilol treatment, (4)
detection of circulating monocyte subsets and their expres-
sion of cell surface marker cannot truly reflect the situ facial
conditions, (5) the current classification of clinical subtypes
shows varying overlaps and dynamic changes, while PPR
alone without ETR remains a debating entity, and PhR is
usually accompanied by ETR.*

Conclusion

In conclusion, this study provided primary findings about
the frequencies in circulating monocyte subsets and
expression of cell surface marker (CCR2) in rosacea
patients. Their operation in situ remains to be determined.
Further studies are required to explore their pathogenic
role in and causative association with the disease.
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DAMP, damage-
associated molecular pattern; SLEDAI, SLE disease activ-
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