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Psoriasis is a chronic inflammatory skin disease that is associated with multiple coexisting
conditions. Extensive literature suggests that psoriasis is a T-cell-mediated condition, and
its pathogenesis is related to dysfunction of the immune system. Myeloid-derived
suppressor cells (MDSCs) are a group of heterogeneous myeloid cells that have
suppressive effects on T cells. MDSCs are present at very low levels in healthy
individuals but can substantially expand in tumours or inflammatory conditions. PSORI-
CM02, a Chinese medical formula designed based on the Chinese medicine theory (Blood
Stasis), has been prescribed extensively for psoriasis therapy and shows a stable clinical
effect and safety. This study discusses the mechanisms of MDSCs involved in disease
development and therapeutic progress. Our data provides evidence that monocytic
myeloid-derived suppressor cells (M-MDSCs) play a role in IMQ-induced psoriatic
dermatitis. Functional characterization and correlation analysis indicated that MDSCs
are positively correlated with Th17 cells. PSORI-CM02 alleviated IMQ-induced psoriatic
dermatitis and suppressed the proliferation of Th17 cells via M-MDSC-induced Arg1
upregulation, suggesting M-MDSCs could be a novel therapeutic target for psoriasis, and
PSORI-CM02 exerted its effects via the perturbation of M-MDSCs and Th17 cell crosstalk.
Keywords: Chinese medicine, PSORI-CM02, Th17, MDSCs, psoriasis

INTRODUCTION

Psoriasis is a common skin disease caused by both autoimmune dysfunction and genetic burden. The
worldwide prevalence of psoriasis is estimated at approximately 2%, and the prevalence is in a diverse
range according to regions (Parisi et al., 2013). Patients with psoriasis have been reported to suffer
from elevated rates of various psychopathologies, including depression, anxiety, sexual dysfunction,
poor self-esteem, and even suicidal ideation (Kimball et al., 2005; Kimball et al., 2012).

In the past decade, breakthroughs in the understanding of the pathogenesis of psoriasis have
developed from its histopathologic accelerated cell proliferation of keratinocytes to the pathogenesis
of chronic inflammatory with a dominant IL-23/Th17 axis (Zheng et al., 2007; Ogawa et al., 2018).
The crosstalk within neutrophils, dendritic cells, T cells, and the cytokines released from immune
cells are the central pathogenesis of psoriasis progress (Boehncke and Schon, 2015).

Edited by:
Xiaojuan He,

China Academy of Chinese Medical
Sciences, China

Reviewed by:
Ying Chyi Song,

China Medical University, Taiwan
Xiaojuan Li,

Southern Medical University, China

*Correspondence:
Ling Han

linghan36@163.com
Chuanjian Lu

lcj@gzucm.edu.cn

Specialty section:
This article was submitted to

Ethnopharmacology,
a section of the journal

Frontiers in Pharmacology

Received: 18 May 2020
Accepted: 24 November 2020
Published: 18 January 2021

Citation:
Deng J, Tan S, Liu R, Yu W, Chen H,

Tang N, Han L and Lu C (2021)
Chinese Medicine Formula PSORI-

CM02 Alleviates Psoriatic Dermatitis
via M-MDSCs and Th17 Crosstalk.

Front. Pharmacol. 11:563433.
doi: 10.3389/fphar.2020.563433

Frontiers in Pharmacology | www.frontiersin.org January 2021 | Volume 11 | Article 5634331

ORIGINAL RESEARCH
published: 18 January 2021

doi: 10.3389/fphar.2020.563433

http://crossmark.crossref.org/dialog/?doi=10.3389/fphar.2020.563433&domain=pdf&date_stamp=2021-01-18
https://www.frontiersin.org/articles/10.3389/fphar.2020.563433/full
https://www.frontiersin.org/articles/10.3389/fphar.2020.563433/full
https://www.frontiersin.org/articles/10.3389/fphar.2020.563433/full
https://www.frontiersin.org/articles/10.3389/fphar.2020.563433/full
http://creativecommons.org/licenses/by/4.0/
mailto:linghan36@163.com
mailto:lcj@gzucm.edu.cn
https://doi.org/10.3389/fphar.2020.563433
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org/journals/pharmacology#editorial-board
https://www.frontiersin.org/journals/pharmacology#editorial-board
https://doi.org/10.3389/fphar.2020.563433


However, we still lack a holistic knowledge of the role of the
myeloid cell-derived immune system in psoriasis. Myeloid-
derived suppressor cells (MDSCs) are a heterogeneous
population of activated myeloid precursors and relatively
immature myeloid cells that are associated with various
pathological immune environments (Brandau et al., 2013; Ost
et al., 2016). Most studies have divided MDSCs into two major
subsets: monocytic myeloid-derived suppressor cells (M-MDSCs)
and polymorphonuclear or granulocytic myeloid-derived
suppressor cells (PMN-MDSCs or G-MDSCs). PMN-MDSCs
are similar to neutrophils, whereas M-MDSCs share many
morphological and phenotypic characteristics of monocytes
(Gabrilovich and Nagaraj, 2009; Gabrilovich, 2017).

Recent studies have indicated that the MDSC population
increases in patients with psoriasis (Cao et al., 2016; Soler
et al., 2016). But we still know little about the perturbations of
MDSCs in the immune system of psoriasis patients and its
immune response in the psoriatic therapeutic progress. To
explore how the different subpopulation of MDSCs in
psoriasis patients mediate psoriasis development, we detected
the expansion of MDSCs and its subpopulation PMN-MDSCs
and M-MDSCs in imiquimod (IMQ)-induced murine psoriatic
dermatitis. The results showed that the MDSCs and their
subpopulations were also different between psoriatic dermatitis
mice and the controls.

Recently, series of clinical trials and systematic reviews have
reported that Chinese medicine is effective in treating psoriasis
(May et al., 2012; Deng et al., 2013; 2014; Zhang et al., 2014).
Yinxieling (PSORI-CM) formula is a Chinese herbal medicine
compound preparation with 10 ingredients (Angelica sinensis
(Oliv.) Diels, Paeonia lactiflora Pall., Chloranthus spicatus
(Thunb.) Makino, Prunus mume (Siebold) Siebold and Zucc.,
Rehmannia glutinosa (Gaertn.) DC., Ligusticum striatum DC.,
Lithospermum erythrorhizon Siebold and Zucc., Curcuma
zedoaria (Christm.) Roscoe, Smilax glabra Roxb.,
Glycyrrhcentera glabra L.) for psoriasis. This medicine was
developed by a well-known Chinese Medicine dermatologist
National Medical Master Guo-wei Xuan and formulated
according to traditional Chinese medicine theory. The clinical
practice in these 20 years showed that PSORI-CM formula has
been prescribed extensively for psoriasis therapy and has shown a
stable curative effect on not only relieving symptoms of psoriasis
but also reducing the relapse rate (Cz and Liu, 2006; Han et al.,
2011). To expand the application of Yinxieling, an optimized
formula PSORI-CM02 was developed, composed of only five
ingredients (Curcuma longa L., Paeonia lactiflora Pall., Smilax
glabra Roxb., Prunus mume (Siebold) Siebold and Zucc. and
Sarcandra glabra (Thunb.) Nakai) from the original
Yingxieling. In the theory of Traditional Chinese medicine,
psoriasis is generally associated with three syndromes: blood
stasis, blood heat, and blood dryness. In the acute stage of the
pathogenesis of psoriasis, blood heat is mainly obstructed on the
surface of the lesion. In the chronic stage, qi and blood deficiency
lead to dryness, which obstructs the normal nourishment in the
skin, as well as blood stasis, which prohibits blood flow smoothly
in the skin (Lu et al., 2012). Therefore, the therapeutic principle of
psoriasis is to activate blood circulation and remove blood stasis.

In PSORI-CM02 formula, Curcuma longa L. and Paeonia
lactiflora Pall. help to activate blood circulation, while Smilax
glabra Roxb., Prunus mume (Siebold) Siebold and Zucc. and
Sarcandra glabra (Thunb.) Nakai play the roles of removing
blood stasis. These five ingredients in PSORI-CM02 were found to
have positive correlations with pharmacodynamic indicators by
using computer systematic pharmacological methods and
laboratory experiments (Gu et al., 2018). However, previous
studies of PSORI-CM02 are mostly focused on the role of the
adaptive immune system in psoriasis. One of our previous studies
showed that PSORI-CM02 suppressed allograft rejection by
reducing the proliferation of T cells (Lu et al., 2018), implying
that the mechanism of T-cell suppression needed to be
investigated.

The IMQ-induced mouse model for psoriasiform dermatitis is
one of the most widely used mouse models in recent research
studies on psoriasis, as psoriasis mediated by the IL-23/Th17 axis
can be triggered by this TLR7 agonist (van der Fits et al., 2009).
Considering there are many effective components characterized
by inducing multitarget effects in Chinese Medicine, whether the
myeloid cell is also a target of PSORI-CM02 or not is still
uncertain. Therefore, based on the observation of MDSCs and
their subpopulation in IMQ-induced murine psoriatic dermatitis,
we investigated the effect of PSORI-CM02 on MDSCs in the
psoriatic mouse model.

Currently, various immunosuppressive and promoting
functions of MDSCs on diseases have been reported in the
literature. In this study, we performed the functional analysis
of murine MDSCs in psoriatic dermatitis. We also discussed the
association of MDSCs with T-help cells in psoriasis and the
Chinese medicine formula PSORI-CM02 effects on their
crosstalk. We aimed at providing suggestions for the
contemporary biological characterization of MDSCs and the
mechanism of Chinese medicine on psoriasis.

MATERIALS AND METHODS

Reagents and Antibodies
Reagents were purchased as follows: liberase TM (5401119001)
was purchased from Roche, DNase I (D4263-1VL) was purchased
from Sigma-Aldrich. Cell Staining Buffer (554656), BD
GolgiPlug™ (brefeldin A, 550583), RBC Lysing Buffer (10X
concentrate), Ms CD11B FITC (561688), Ms Gr1 PE (553128),
Ms LY-6G PE (561104), Ms Ly-6C PerCP-Cy™5.5 (560525), Ms
CD16/CD32 PURE (553142) and mouse Th1-Th2-Th17 CBA
KIT (560485) was purchased from BD (United States), Ms Arg1
(A1exF5) APC (17-3697-80) antibody was purchased from
Invitrogen, Arg1 ELISA Kit, TGF-beta1 ELISA Kit, iNOS
ELISA Kit, IL-17A ELISA Kit were purchased from Cusabio
(China). Mouse CD4+ T cell isolation kit II (130-095-248)
were purchased from Miltenyi Biotec. Fetal bovine serum
(FBS) and High-glucose Dulbecco’s modified Eagle’s medium
(DMEM) were purchased from Gibco (United States). Trizol
reagent was purchased from Life (United States). RNeasy fibrous
tissue mini kit was purchased from Qiagen (Germany),
Ms CD45.2 PerCP, Ms CD4 eFluor 660, Ms IL-17A FITC, Ms
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IL-22 APC, First Strand cDNA Synthesis Kit was purchased from
and FastStart Universal SYBR Green Master Mix were purchased
from Thermo (United States). RIPA Buffer was purchased from
Cell Signaling Technology (United States). Imiquimod cream was
obtained from Ming Xin Pharmaceutical Co. LTD. (China),
Vaseline® pure petroleum jelly was purchased from Unilever
(United Kingdom), methotrexate (MTX) was purchased from the
Shanghai Pharmaceutical Group Co. Ltd. (China), PSORI-CM02
was obtained from the Chinese Medicine Hospital of Guangdong
Province (China).

BD FACSAria™ III (BD Biosciences, United States),
ABI7500 Real-Time PCR System (ABI, United States),
NanoDrop 2000C Spectrophotometer (Thermo Scientific,
United States), microscope (Olympus, Japan) and VICTOR™
X5 (PerkinElmer, United States) were used for the analysis.

IMQ-Induced Psoriatic Dermatitis in Mice
BALB/c mice with an equal sex ratio at 6–8 weeks of age with an
average weight of 16–18 g were purchased and transferred from
Guangdong Medical Laboratory Animal Center (Guangdong,
China). All of the mice were settled in a specific pathogen-free
(SPF) animal facility with unlimited access to food and water
and a 12-h daylight, 12-h night cycle. Mice in the IMQ group
received a topical dose of 60 mg imiquimod cream on the shaved
back skin (2 × 3 cm) once per day for seven consecutive days,
and mice in the control group received Vaseline® as vehicle
controls.

A modified Psoriasis Area Severity Index (PASI) score for
measuring the inflammation of psoriatic dermatitis was
recorded every day before painting of the cream. Erythema,
scaling and thickening of back skin were measured based on 0–4
scales (0, none; 1, slight; 2, moderate; 3, marked; and 4, very
marked). Bodyweight was measured daily. At day-8 morning, all
mice were anaesthetised with a ketamine/acepromazine mixture
(ketamine 100 mg/kg, acepromazine 5 mg/kg) and then
weighed, PASI was recorded, and the digital photo was
taken. Then, the mice were sacrificed. Skin tissues were
collected and processed for flow cytometric analysis. The skin
sample was also reserved for histological analysis and gene
expression analysis.

Treatment of Mice
The mice were housed in a stable SPF environment for one week
after purchase. For the experiments, they were allocated
randomly to different groups.

PSORI-CM02 group: 60 mg imiquimod cream painted on the
shaved back skin daily, PSORI-CM02 decoction (5 ml/kg) was
administered orally twice per day. The treatment of PRORI-
CM02 began one week before the IMQ painting and lasted 14
consecutive days. Considering the ethical statement of
Institutional Animal Care and Use Committee of
Guangdong Provincial Academy of Chinese Medical
Sciences, as all of our previous multiple-dose studies
indicated that the treatment with PSORI-CM02 decoction
dose with 2.94 g/kg to the mice was the most effective
(Chen et al., 2017; Wu et al., 2019; Yue et al., 2019; Li

et al., 2020), we prepared the PSORI-CM02 decoction dose
only with 2.94 g/kg in this study to reduce and refine the use of
animals in research.
MTX group: 60 mg imiquimod cream painted on the shaved
back skin daily, MTX 0.65 mg/kg was administered orally twice
per day.
Model group: 60 mg imiquimod cream painted on the shaved
back skin daily, saline was administered orally twice per day.
Control group: Vaseline® painted on the shaved back skin
daily, saline was administered orally twice per day.

Preparation of PSORI-CM02
All the herbs of the PSORI-CM02 formula were pharmacopeia-
grade and purchased from the Department of Pharmacy,
Guangdong Provincial Hospital of Chinese Medicine. Five
herbs are used in the PSORI-CM02 formula: Curcuma longa
L., Paeonia lactiflora Pall., Smilax glabra Roxb., Prunus mume
(Siebold) Siebold and Zucc. and Sarcandra glabra (Thunb.) Nakai,
with a weight ratio of 2:3:5:2:5. The types of specimens used in
this study were deposited in the herbarium in the School of
Chinese Materia Medica, Guangzhou University of Chinese
Medicine (GUCM).

Water extracts were then concentrated and dried with a
rotary evaporator under vacuum. The PSORI-CM02
decoctions were prepared using the following procedures:
herbs were marinated in a pot with filtered water for half an
hour. Then, the pot was heated and kept boiling for 15 mins.
Then, decocting was done for 30 mins with a small fire. The
herbs were decocted twice. The two decoctions were mixed,
filtered using a 75-μm filter and stored in a refrigerator at 4 °C. A
chromatographic fingerprint for quality control and
quantitative analysis of the PSORI-CM02 decoction was
performed and reported in our previous study
(Supplementary Figure S1; Table S1) (Chen et al., 2017; Wu
et al., 2019). All procedures followed the procedures of the
China Pharmacopoeia (2010 Edition).

Single-Cell Preparation From Skin
The skin samples from the mice were cut from the shaved back
region. Skin samples were chopped into small pieces with scissors
and digested with 2 ml of liberase TM (2.5 mg/ml) containing
0.1% DNase I for 90 min at 37 °C. The cell suspensions were
filtered with 40 μm of cell strainer and washed twice with 5 ml of
PBS 1% FBS.

Drainage from the lymph nodes was obtained from the
abdomens of the mice and ground by the frosted surface of
the glass slides. The cell suspensions were filtered with 40 μm of
cell strainer and washed with 2 ml of PBS 1% FBS.

Flow Cytometric Analysis
Immune phenotype characterization of the skin sample was
performed by flow cytometry with a 12-colour setup, based
on the surface staining and intracellular staining method. A 3-
h stimulation of 106 cells/ml suspension at 37 °C with PMA
(25 ng/ml)/ionomycin (1 mg/ml) in the presence of Brefeldin-A
(10 mg/ml) was performed. Before the staining, the cells were
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resuspended in 106 cells/100 μL per well in a 96-well plate with
2 μg/ml of anti-CD16/CD32 diluted in PBS 1% FBS and incubated
at 4 °C for 15 mins to block non-specific binding to Fc receptors.
After the preparation, cells were incubated in the dark at 4 °C for
30 mins for surface staining with the following antibodies: Ms
CD11B FITC, Ms Gr1 PE, Ms LY-6G PE, Ms Ly-6C PerCP-
Cy™5.5. The cells for intracellular staining were also surface
stained with the following antibodies: Ms CD45.2 PerCP, Ms
CD4 eFluor 660. Intracellular staining was performed for the
cells with the following antibodies: Ms IL-17A FITC, Ms IL-22
APC, Ms Arg1 APC. The stained cells were analysed by flow
cytometer BD FACSAria III. Data were analysed by using
FlowJo software (Version.10.0.8, Tree Star Ashland, OR). The
results were represented as the percentage of positive cell
populations.

Skin Biopsy Histological Analysis
The skin biopsies extracted from the mice were fixed in fresh 4%
(w/v) formaldehyde solution for 24 h and then embedded in
paraffin. After paraffin embedding, the slides were stained with
haematoxylin and eosin (H&E).

Real-Time Quantitative PCR (RT-qPCR)
Skin biopsies were stored under liquid nitrogen. On the day of the
RT-qPCR assay, the biopsies were allowed to thaw, and 30 mg of
tissue was homogenized with the aid of a homogenizer in ice-cold
Trizol reagent. mRNA was obtained from the back-skin biopsy of
all mice with the RNeasy fibrous tissue mini-kit. cDNA was
synthesized using the Thermo First Strand cDNA Synthesis Kit.
For the qPCR reaction, complementary DNA (cDNA) was
amplified with FastStart Universal SYBR Green Master Mix.
Quantitative research detection of target nucleic acid
sequences was then performed on the ViiA seven Real-Time
PCR System.

All target genes were normalized with housekeeping gene
GAPDH expression in parallel as the internal control. The
relative expression of target genes was calculated by the
2−ΔΔCT method.

Cytometric Bead Array (CBA) Analysis
Skin biopsies were lyzed with Radio-Immunoprecipitation Assay
(RIPA) lysis buffer. Th1/Th2/Th17 cytokine (IL-2, IL-4, IL-6, IL-
10, IL-17A, TNF and IFN-γ) secretion in the skin and the serum
of mice were detected by cytometric bead array, a flow cytometric
bead-based technology for multiplexed assay, by using the mouse
Th1-Th2-Th17 CBA kit according to the manufacturer’s
technical guidelines and protocols (Morgan et al., 2004). Data
were acquired through flow cytometry BD FACSAria™ III. FCAP
Array software (V4.0, BD Biosciences) was used to calculate the
cytokine levels.

Enzyme-Linked Immunosorbent Assay
(ELISA)
Skin biopsies from the shaved back region were stored under
liquid nitrogen. On the day of the ELISA assay, the biopsies were
thawed, and 20–50 mg of wet tissue was homogenized with the

aid of a homogenizer in ice-cold PBS. The homogenates were
centrifuged for 20 mins at 10,000 x g to remove debris and
insoluble material, and aliquots of the supernatants were
assayed by ELISA. Skin tissue Arg1, TGFβ1, iNOS, IL-13, and
IL-22 levels were measured using the commercial ELISA kits
according to the manufacturer’s instructions. The 96-well plates
were detected using VICTOR™ X multilabel reader at a
wavelength of 450 nm.

Cell Isolation
Whole blood was obtained from the inferior vena cava of
anaesthetised mice and then collected by lepirudin tubes
from the anaesthetised mice. Red Blood Cell (RBC) Lysis
Buffer was used to remove the red blood cells from the blood
samples. The CD4+ T cells were isolated from the sample with
CD4+ T cell isolation kit II according to the manufacturer’s
instruction. To assess the purity, cells were stained with anti-
CD4-eFluor 660 antibody and analysed by flow cytometry. The
purity of CD4+ T cells reached 97% and was acceptable for the
coculture.

MDSCs were isolated from the remaining cells by flow
cytometric sorting. For flow cytometric sorting, 1 × 107

cells/mL suspension cells were stained with anti-CD11b-
FITC, anti-Ly6G-PE and anti-Ly6C -PerCP-Cy™5.5
antibodies for 30 mins on ice in the staining buffer. After
the cells were washed twice with PBS, the cells were then sorted
with BD FACSAria™ III.

CD4+ T Cells and MDSCs Coculture
M-MDSC (1 × 106) or PMN-MDSC were plated at 1 × 106 cells
per well in a 6-well culture plate in RPMI 1640 medium. CD4+

T cells were added toMDSC in the Transwell system. Then, CD4+

T cells were activated with anti-CD3/anti-CD28. The coculture
system was incubated at 37 °C in a humidified incubator and 5%
CO2 atmosphere for 24 h. Then, the culture supernatant was
collected for the enzyme-linked immunosorbent assay.

Statistical Analysis
All data were described as the mean with standard deviation
(SD). Differences between two groups were analysed with
unpaired Student’s t-test (two-tailed, assuming equal
variance). Correlation analysis was performed with the
Spearman method. Correlation heatmap was plotted by R
(Version 3.6.0). All statistical analyses were performed and
presented using GraphPad Prism software (version 6.0 for
windows). Statistically significant difference was indicated
when p < 0.05.

RESULTS

MDSCs Were Elevated in IMQ-Induced
Psoriatic Dermatitis
To explore the role of MDSCs in psoriasis, a mouse model
with skin inflammation was induced by IMQ to mimic
psoriasis (Figure 1A). H&E stained sections of the back
skin of mice treated with 5% IMQ cream showed the
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epidermal thickening due to hyperkeratosis, parakeratosis,
neovascularization and infiltration of immune cells in dermis
and epidermis (Figure 1B). To determine the dysfunction of
MDSCs and its subpopulations in psoriatic dermatitis, we
measured the MDSCs marker levels of CD11b, Gr1, Ly-6G
and Ly-6C in mouse skin samples by using flow cytometry
(Figures 2A,B). The percentages (%) of MDSCs (CD11b+

Gr1+) and M-MDSCs (CD11b+ Ly-6C+) among total cells
significantly increased in the skin samples of IMQ mice.
These results suggested that the MDSCs, especially
M-MDSCs, were involved in the pathological mechanism
of IMQ-induced psoriatic dermatitis.

PSORI-CM02 Alleviated IMQ-Induced
Psoriatic Dermatitis
Mice in different groups showed different effects on the skin
inflammatory symptoms such as the erythema, thickness and
scales. Comparing to the model group, dermatitis in the MTX
group and the PSORI-CM02 group was alleviated significantly
(Figure 1A). H&E stained sections of the back skin of mice in
different groups presented a consistency with skin inflammatory
symptoms. Hyperkeratosis, parakeratosis, neovascularization and
infiltration of immune cells into the dermis and epidermis in the
MTX group and PSORI-CM02 group were lighter than those
parameters in the model group (Figure 1B).

FIGURE 1 | Expansion of MDSCs in IMQ-induced psoriatic dermatitis. (A) Flow cytometry analysis of MDSCs (CD11b+ Gr1+), M-MDSC (CD11b+ Ly6C+) and PMN-
MDSC (CD11b+ Ly6G+) in skin samples. First row: MDSCs (CD11b+ Gr1+), second row: M-MDSC (CD11b+ Ly6C+), third row: PMN-MDSC (CD11b+ Ly6C+). First
column: sample from control group, second column: sample from model (IMQ) group. (B) Percentages of MDSCs, M-MDSC and PMN-MDSC in live cells of skin tissue.
Seven mice per group in MDSC analysis, four mice per group in M-MDSC and PMN-MDSC analysis; *p < 0.05, **p < 0.01.
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The accumulative PASI score of the model group at day 7 was
5.38 ± 1.18, whereas the score was 4.13 ± 0.64 in the MTX group
and 4.33 ± 0.71 in the PSORI-CM02 group (Figure 1C). Body
weights were recorded daily, showing the difference between the
PSORI-CM02 group and other groups of those challenged with
IMQ. PSORI-CM02 treatment alleviated IMQ-caused weight
loss (Figure 1D).

PSORI-CM02 Reduced M-MDSCs in
PsoriaticDermatitis Tissue andLymphNodes
To determine whether PSORI-CM02 treatment was affected via
MDSCs, we evaluated the M-MDSC and PMN-MDSC levels in
skin and lymph node samples of different groups by flow
cytometric analysis (Figures 3A,B). The results showed that
the percentages of M-MDSCs differed among the groups. In

FIGURE 2 | Different treatment caused different effects on IMQ-induced psoriatic dermatitis. (A) Skin inflammatory symptoms in different groups. (B) H&E stained
sections of back skin of mice in different groups. Psoriasis-specific hyperkeratosis, parakeratosis, neovascularization and infiltration of immune cells in dermis and
epidermis were labeled by arrows. (C) Accumulative PASI score based on the erythema, induration, desquamation and percentage of affected area during the dermatitis
progress. n � 8 mice per group (D) Weight loss during the treatments challenged. n � 8 mice per group.
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the PSORI-CM02 group and the MTX group, the percentage of
M-MDSCs was lower than in the model group, not only in skins
but also in lymph nodes (Figure 3C). No differences were
observed in the PMN-MDSCs in skins from different groups.

However, in lymph nodes, MTX can reduce the cell ratio of PMN-
MDSCs (Figure 3D). These results were consistent with the
conclusion in Figure 2 that M-MDSCs but not PMN-MDSCs
played a role in psoriatic dermatitis.

FIGURE 3 | Treatment effects on M-MDSC and PMN-MDSC. (A) Flow cytometric analysis on M-MDSC and PMN-MDSC levels in skin samples of different groups.
First row: M-MDSC (CD11b+ Ly6C+), second row: PMN-MDSC (CD11b+ Ly6C+). (B) Flow cytometric analysis on M-MDSC and PMN-MDSC levels in lymph nodes of
different groups. First row: M-MDSC (CD11b+ Ly6C+), second row: PMN-MDSC (CD11b+ Ly6C+). (C) Percentages of M-MDSC and PMN-MDSC in live cells of skin
samples of different groups. n � 4 mice per group; *p < 0.05, **p < 0.01. (D) Percentages of M-MDSC and PMN-MDSC in live cells of lymph nodes of different
groups. n � 4 mice per group; *p < 0.05.
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PSORI-CM02 Reduced the Inflammatory
Infiltrate in Psoriatic Dermatitis Tissue
To analyse the mechanism of PSORI-CM02 treatment effected on
the psoriatic immune environment, we evaluated the M-MDSC
markers (Arg1, TGFβ1, iNOS, IL-10, and IL-13) and psoriatic
inflammatory cytokines (Th1/Th2/Th17 cytokines) in skin
samples of different groups by CBA, ELISA and RT-qPCR.

The results acquired from different assays are concisely
illustrated in Figure 4.

As expected, at the transcript level, the psoriatic inflammatory
cytokines IL-17 and IL-22 increased in the model group and
decreased notably after MTX and PSORI-CM02 (Figure 4A). At
the protein level, Arg1, IL-10 and IL-22 were significantly
different between model group and control. Only Arg1
changed significantly after treatments (Figures 4B,C).

Given that IL-17 and IL-22 positively related to psoriatic
dermatitis at the mRNA level but not at the protein level
detected by CBA, we examined the IL-17+CD4+ T cells and
IL-22+CD4+ T cells in the skin by flow cytometric analysis
(Figure 5A). The results showed that the percentages of IL-
17+CD4+ T cells and IL-22+CD4+ T cells differed among the
groups. Compared to the control, they were both higher in the
model group. MTX and PSORI-CM02 reduced the percentages of
IL-17+CD4+ T cells and IL-22+CD4+ T cells (Figure 5B). These
results indicated that PSORI-CM02 reduced IL-17 and IL-22
mainly to control the inflammatory infiltrate in psoriatic
dermatitis.

Relationship of MDSCs and Psoriatic
Inflammatory Cytokines
The above results showed that PSORI-CM02 reduced both
M-MDSCs and inflammatory cytokines IL-17 and IL-22.
However, the evidence for the relationship of MDSCs and
psoriatic inflammatory cytokines in vivo was still lacking. To
clarify that point, we performed a correlation analysis on MDSC
levels and inflammatory cytokines. The heatmap depicts the
full-scale statistical analysis using all samples (Figure 6A),
revealing a very strong correlation between M-MDSCs and
IL-17+CD4+ T cells, the same as the IL-22+CD4+ T cells.
PMN-MDSC was positively correlated to IL-17+CD4+ T cells
as well (Figure 6B).

Psoriatic MDSCs Promoted Th17 Cell
Differentiation via Arg1
We screened the gene expression and protein abundance of
MDSCs and psoriasis-related molecules (Figure 4). The
correlation of MDSCs and Th17 was confirmed (Figure 6).
Only Arg1, IL-17, and IL-22 were positive in the above
assays. We then assessed the effect of MDSCs on anti-
CD3/CD28-activated CD4+ T cells in the coculture system.
After the CD4 T cells and MDSCs coculture, the secretions of
Arg1 by M-MDSC or PMN-MDSC obtained from IMQ mice
were higher than the secretions from normal mice,
suggesting that the effect of MDSC subpopulations is
mediated by their secretion of Arg-1. In addition,
M-MDSC obtained from IMQ mice can significantly
promote the secretion of IL-17A by CD4+ T cells
(Figure 7A), implying that M-MDSC from IMQ mice was
much more potent in Th17 cell polarisation via Arg1. When
we compared the secretions of Arg1 by M-MDSC and PMN-
MDSC from different treatments, we found that both MTX
and PSORI-CM02 could significantly reduce the production

FIGURE 4 |MDSCs and psoriasis related functional characterization by
different assays. (A) Genes expression of M-MDSC markers and psoriatic
inflammatory cytokine in different groups, detected by RT-qPCR. n � 5 mice
per group; Compared to model group, *p < 0.05. (B)M-MDSC markers
and psoriasis related inflammatory cytokine secretion in back skin of mice
from different groups, detected by ELISA. n � 5 mice per group; Compared to
model group, *p < 0.05. (C) Th1/Th2/Th17 related inflammatory cytokine
secretion in back skin of mice from different groups, detected by CBA. n � 5
mice per group; Compared to model group, *p < 0.05.
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of Arg1 from M-MDSC but not from PMN-MDSC
(Figures 7B,C).

DISCUSSION

Psoriasis is a chronic inflammatory disease characterized by
erythema, with thickening and scaling of the skin. Its
histopathologic change in the epidemic is abnormal

proliferation and differentiation of keratinocyte (Boehncke,
2015; Boehncke and Schon, 2015). However, the cause of this
histopathologic change remains unknown. Accumulating
evidence indicates that psoriasis is a T-cell-mediated disease
(Gottlieb et al., 1995). The IL-23/Th17 pathway plays a pivotal
role in the progress of psoriasis (Hawkes et al., 2017). The Th17
cell is the key factor in the inflammatory infiltrate, whereas the
development of Th17 is maintained by IL-23, which is secreted
mainly by monocytes and dendritic cells. With the dendritic cell

FIGURE 5 | Expansion of IL-17+ CD4+ T cells and IL-22+ CD4+ T cells in different groups. (A) Flow cytometric analysis on IL-17+ CD4+ T cells and IL-22+ CD4+

T cells in live cells of back skin of mice from different groups. First row: IL-17+ CD4+ T cells, second row: IL-22+ CD4+ T cells. (B) Percentages of IL-17+ CD4+ T cells and
IL-22+ CD4+ T cells in live cells of back skin of mice from different groups. n � 4 mice per group; *p < 0.05, **p < 0.01.
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activation, lymphocytes, neutrophils and monocytes migrate into
the skin. Th17 cells produce inflammatory cytokines, including
IL-17 and IL-22. IL-17 and IL-22 lead to hyperkeratosis and
parakeratosis. TNFα production is induced indirectly by IL-17
and IL-22, which accelerates the inflammatory infiltrate. (Zheng
et al., 2007; Ogawa et al., 2018). In clinical practice, biologics
targeting these cytokines showed credible efficacy on psoriasis,
which proved the importance of the role of the IL-23/Th17 axis in
the aetiology of psoriasis.

Recently, the important biological role of MDSCs has been
investigated. MDSCs are a cluster of heterogeneous cells that
present immunosuppressive to T cell and NK cell function
(Gabrilovich and Nagaraj, 2009; Dar et al., 2020). The
absence of MDSCs caused T cell proliferation, whereas the
accumulation of MDSCs was associated with tuberculosis
(TB) progress and severity (Knaul et al., 2014; Tsiganov
et al., 2014). Myeloid-derived cells have been indicated as an
essential factor in the immune system, particularly in cancer
immunotherapy. Two subtypes of MDSCs have clear roles
that have been established in murine: CD11b+Ly6G-Ly6C+

monocytic MDSCs (M-MDSCs) and CD11b+Ly6G+Ly6C-
polymorphonuclear or granulocytic myeloid-derived suppressor
cells (PMN-MDSCs or G-MDSCs) (Wu and Chiang, 2019).
Generally, PMN-MDSCs make up the majority of the
population of MDSCs. Both M-MDSCs and PMN-MDSCs

have strong immunosuppressive activity, which has been
indicated to contribute to immunosuppression in the tumour
microenvironment and allergic inflammation (Gabrilovich and
Nagaraj, 2009). Meanwhile, both PMN-MDSCs and M-MDSCs
can reverse from being immunosuppressive to
immunostimulatory. The proportion of subpopulations of
MDSCs is highly variable (Ben-Meir et al., 2018). In response
to different conditions or environments, M-MDSCs can
directionally differentiate into dendritic cells or macrophages,
while PMN-MDSCs consist of myeloid progenitors that
differentiate into granulocytes (Kumar et al., 2016).

In recent years, CD14+HLA-DR-/low M-MDSCs have been
reported to suppress T-cell activation (Lauret Marie Joseph et al.,
2020). In psoriatic patient PBMC, M-MDSCs was increased,
compared to the healthy control (Soler et al., 2016; Sun et al.,
2020). In vivo and in vitro assays demonstrated that Treg cells
induced by M-MDSCs in the PBMC of a psoriasis patient
presented suppressive functionality reduction. These results
suggest that M-MDSCs increased in psoriasis with the
impaired suppressive function of effector T-cell expansion.
Our present study also proved that MDSCs, especially
M-MDSCs, were elevated in IMQ-induced psoriatic dermatitis
and lymph nodes.

As Th17 has been found to increase in psoriatic dermatitis,
it would be interesting to understand how MDSCs interact

FIGURE 6 | Relationship of MDSCs with psoriatic inflammatory cytokine. (A) Correlation heatmap between MDSCs and psoriatic inflammatory cytokine in all
samples were analysed using Spearman method. For correlation analysis, ΔCt was used as related gene expression value. Colour bar labelled the different methods/
technologies for acquiring the data. Colour scale (right) indicated the r value. *p < 0.05. (B) Correlations between % CD11b+ Ly6C+ MDSCs and % IL-17+ CD4+ T cells,
% CD11b+ Ly6C+ MDSCs and % IL-22+ CD4+ T cells, % CD11b+ Ly6G+ MDSCs and % IL-17+ CD4+ T cells in all samples were analysed using Spearman’s
coefficient.
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with T cells in the immune environment of psoriasis. The
functions of MDSCs in suppressing T cells, including
producing inducible arginase-1 (Arg1) and inducible nitric
oxide synthase (iNOS), which lead to the nitration of T cell
receptors and chemokines that are essential for T cell
migration, induce T cell apoptosis (Gabrilovich et al.,
2012). IL-10 and TGF-β1 are produced, inhibiting immune
effector cell proliferation and functions (Umansky et al.,
2017). We therefore checked all these molecules in the

present study. However, only Arg1 was significantly
different between IMQ-induced psoriatic dermatitis and
control, and Arg1 was reduced after treatment. The
dynamic changes in Arg1 for different groups strongly
suggested that M-MDSC was involved in the pathogenesis
of psoriasis. However, the functional characterisation
presented that most of the marker molecules of MDSCs
showed negative results. The relationship between MDSCs
and Th17 cells was confirmed by the correlation analysis. Both

FIGURE 7 | MDSCs induced Th17 differentiation. (A) The expression of Arg1, IL-17A and IL-22 in the co-culture supernatant. *p < 0.05. (B) Flow cytometric
analysis on Arg1+ M-MDSC and Arg1+ PMN-MDSC in skin samples of different groups. First row: Arg1+ M-MDSC cells, second row: Arg1+ PMN-MDSC T cells.
(C) Percentages of Arg1+ M-MDSC and Arg1+ PMN-MDSC in different groups. n � 3 in control group and n � 4 in other groups; *p < 0.05, **p < 0.01.
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M-MDSCs and PMN-MDSCs were positively correlated to IL-
17+CD4+ T cells, while M-MDSCs were also associated with
IL-22+CD4+ T cells.

PSORI-CM02 is the Chinese medicine formula formulated
based on the Chinese medicine theory (Blood Stasis). As a
compound formula, PSORI-CM02 exerts its effects via the
combination of the five herbal components. According to our
prior published results, PSORI-CM02 can alleviate psoriatic
dermatitis induced by IMQ in mice, by increasing the
regulatory T cell level (Chen et al., 2017), inducing
autophagy to promote the apoptosis of keratinocytes (Yue
et al., 2019), and regulating the infiltration and polarisation of
macrophages (Li et al., 2020). We found that PSORI-CM02
alleviated IMQ-induced psoriatic dermatitis and suppressed
proliferation of M-MDSCs and Th17 cells. Interestingly,
M-MDSCs-induced Arg1 is confirmed to cause the
suppression of T cell by depletion of the semi-essential
amino acid L-arginine (Bogdan, 2011). MDSCs are reported
to induce the suppressive activity of Th17 cells through the
upregulation of Arg1 (Wu et al., 2016). In our study, the
correlation analysis indicated that MDSCs and Th17 cells
had a strong relationship with each other, suggesting the
existence of crosstalk between MDSCs and Th17 cells in
dermatitis. This crosstalk was involved in the therapeutic
progress of PSORI-CM02. However, the positive correlation
does not mean that the change in MDSCs or Th17 is the cause
of the change in the levels of the other variable. To establish the
relationship between MDSC and Th17 and the regulatory
effects of PRORI-CM02 in the psoriatic dermatitis model,
we assessed the in vitro coculture assay and found that
M-MDSC from IMQ mice was much more potent in Th17
cell polarisation via Arg1. In vivo experiment indicated that
PSORI-CM02 could significantly reduce the production of
Arg1 from M-MDSC, which implied that PSORI-CM02
suppressed proliferation of Th17 cells by targeted
M-MDSC-induced Arg1.

CONCLUSION

Taken together, our data provided evidence that the percentage of
CD11b+ Ly6C+ M-MDSCs was elevated in IMQ-induced
psoriatic dermatitis. Chinese medicine formula PSORI-CM02
alleviated IMQ-induced psoriatic dermatitis and suppressed
proliferation of M-MDSCs and Th17 cells. Moreover, our

study also determined that M-MDSCs were positively
associated with Th17 cell. Psoriatic MDSCs promoted Th17
cell differentiation via Arg1, suggesting that PSORI-CM02
exerted its effects on suppressing Th17 cells by targeted
M-MDSC-induced Arg1.
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