Int J Clin Exp Med 2022;15(4):136-146
www.ijcem.com /ISSN:1940-5901/1JCEM0140813

Original Article
Analysis of immune indices in patients with rheumatoid
arthritis and variations among TCM syndromes

Mifeng Liu®, Yangli Zhang", Wen Gu, Bo Wen, Qin Zhang, Jing Wang, Bei Wang

Beijing Hospital of Traditional Chinese Medicine, Capital Medical University, Beijing 100010, China. *Equal con-
tributors.

Received November 27, 2021; Accepted March 11, 2022; Epub April 15, 2022; Published April 30, 2022

Abstract: Objective: Inflammatory response and autoimmune abnormalities play an important role in the etiology
and development of rheumatoid arthritis (RA). This study sought to explore changes in immune indices among
patients with RA and healthy people, and to elucidate variations among immune indices of different traditional
Chinese medicine (TCM) syndromes of RA, focusing on the differences of autoimmunity and inflammatory response
indicators in RA patients with damp-heat obstruction syndrome (DHOS) and cold-heat complex syndrome (CHCS).
Methods: According to the diagnostic criteria of TCM syndrome differentiation, 68 patients with RA were identified,
including 19 patients with DHOS and 49 patients with CHCS; these and 20 healthy individuals were included in
the study. Biomarkers related to clinical immunity and autoimmunity, including myeloid-derived suppressor cells
(MDSCs) and each phenotypes, Th17 and regulatory T (Treg)-cells, and inflammatory cytokines were examined in
the peripheral blood of all subjects. Results: Autoimmune indicators such as MDSCs, polymorphonuclear MDSCs
(PMN-MDSCs), monocytic MDSCs (MO-MDSCs), Th17 cells, and serum pro-/anti-inflammatory factors were also
significantly increased in RA patients relative to healthy controls (P < 0.01), but the proportion of Treg cells was
decreased (P < 0.05). The proportion of MO-MDSCs in the peripheral blood of RA patients was positively correlated
with the results of ESR, CRP, and complement 3, and negatively correlated with the proportion of Treg cells (P <
0.05). Furthermore, the proportion of MDSCs and PMN-MDSCs were positively correlated with interleukin-6 content
and negatively correlated with Treg cell count (P < 0.05). Separately, ESR, CRP, and MO-MDSCs findings in CHCS-RA
patients were lower relative to those in DHOS-RA patients (P < 0.01). Conclusion: Clinical immune and autoimmune
indices of RA patients were significantly abnormal relative to those of healthy people. DHOS-RA and CHCS-RA ex-
erted different immunological profiles. It is uncertain whether ESR, CRP and MO-MDSCs can be used as important
biomarkers to distinguish DHOS-RA and CHCS-RA, and further research is needed.

Keywords: Rheumatoid arthritis (RA), autoimmune diseases, myeloid-derived suppressor cells (MDSCs), TCM
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Introduction plex interactions among genes, environmental

factors, and the immune system, but the spe-

Rheumatoid arthritis (RA) is a multisystem
inflammatory autoimmune disease character-
ized by chronic inflammation and the progres-
sive destruction of multiple peripheral joints.
The global prevalence of RA is 0.5%-1.0% [1].
Females tend to be more susceptible to RA as
the morbidity of this disease among women is
about three- to five-fold higher than that am-
ong men [2]. Extraarticular manifestations
(EAM) are common in patients with RA. The
10-year and 15-year cumulative incidence of
EAM can reach 40.6% and 53% [3-5]. Modern
medicine believes that RA is caused by com-

cific pathogenesis of RA remains unclear [6].
Numerous studies have suggested that the in-
flammatory response and autoimmune abnor-
malities are involved throughout the course of
RA, with the latter playing an important role in
the occurrence and development of RA. The
immunological processes can occur many ye-
ars before symptoms of joint inflammation, the
so-called pre-RA phase [7]. The etiology of RA
involves an interaction among components of
innate and adaptive immune responses [8].
Myeloid-derived suppressor cells (MDSCs) are
a heterogeneous population of cells mainly
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composed of immature myeloid cells (IMCs)
and myeloid cell progenitors. Under physiologi-
cal conditions, MDSCs rapidly differentiate into
mature granulocytes, macrophages, or dendrit-
ic cells (DCs) and have a remarkable ability
to suppress T-cell responses. However, under
pathological conditions such as cancer, various
infectious diseases, or inflammation, the differ-
entiation of IMCs into mature myeloid cells is
partially blocked, leading to their massive pro-
liferation. MDSCs are generated in the bone
marrow from the myeloid progenitor cells and
then travel through the circulatory system or
migrate into the tissues, accumulating in in-
flammatory sites during some autoimmune dis-
orders, and can be an important factor in the
pathogenesis of these conditions [9]. Various
studies have suggested a pro-/anti-inflammato-
ry role of MDSCs in autoimmune diseases, but
the exact function of MDSCs in this context
remains controversial. MDSCs can accelerate
the progress of arthritis [10] or alleviate dis-
ease advancement [11, 12] due to varying in-
hibition abilities and functional mechanisms of
MDSCs [13]. The specific role of MDSCs and
their subsets in the pathological processes of
immune diseases related to inflammatory au-
toimmune abnormalities is still unknown [11,
13].

RA belongs to the category of arthromyodynia
among traditional Chinese medicines (TCMs).
Arthralgia has been described in detail in
ancient TCM literature. For instance, Su-Wen
Bi-Lun pointed out that pathogenic factors of
RA include wind, cold, heat, and dampness.
Zheng-Zhi Zhun-Sheng recorded that “wind,
damp, cold, and heat are superficial causes of
arthralgia, and deficiency of the kidney plays
the fundamental role in causing RA”. There-
fore, the TCM etiology of RA is mainly attribut-
ed to deficiencies in the amounts of Qi and
blood, external invasions by pathogenic factors
of wind, cold, dampness, and heat. Further-
more, congenital weakness, insufficient healthy
Qi and weakened defense are considered as
inherent reasons. In the case of internal injury,
the body is more vulnerable to attack by exter-
nal wind, cold, damp, heat, and other patho-
genic factors, resulting in blockage of meridi-
ans and collaterals, Qi and blood circulation,
and eventually lead to diseases. Cold is the
most important causative factor of RA, and it
is also a Yin pathogen able to compromise the
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body’s Yang Qi. In the context of deficient
amounts of Qi and blood, cold carries wind to
invade the body and directly attack the sinews
and bones. In addition, damp produced in the
body is combined with external damp, which
together lead to joint obstruction and form
cold-damp obstruction syndrome. The accumu-
lation of cold-dampness converts into heat,
which may result in the syndrome of cold-heat
complex or damp-heat obstruction. Cold or
heat coagulates into phlegm as the disease
persists, which leads to a complex situation of
phlegm stasis obstruction accompanied by the
simultaneous appearance of excess and defi-
ciency syndrome. Based on this theory, many
famous TCM doctors have applied it to the diag-
nosis and classification of RA in combination
with clinical TCM syndrome. Syndrome differen-
tiation-based diagnosis and treatment are uni-
que characteristics of TCM and are the speci-
fic manifestations of individualized treatment
of TCM. As the core of syndrome differentia-
tion-based treatment, the standardization and
objectification of TCM syndromes are key foci
in TCM research. The purpose of this study was
to explore the inherent relationship between
macro- and micro-disease information of RA
and TCM syndromes. RA patients were classi-
fied according to the criteria of TCM syndrome
differentiation, and immune-related indicators
in peripheral blood were tested to elucidate
immunologic differences among RA patients
with damp-heat obstruction syndrome (DHOS)
and patients with cold-heat complex syndrome
(CHCS).

Methods
Inclusion and exclusion criteria of RA

The experimental protocol was organized in
accordance with the guidelines of the Decla-
ration of Helsinki and was approved by the
Medical Ethical Review Board of Beijing Hospi-
tal of TCM affiliated with Capital Medical Uni-
versity (CMU) (ethical approval No. 2016BL-
083-02). The diagnostic criteria of RA used
were based on the 2010 American College
of Rheumatology/European League Against
Rheumatism classification criteria [14]. Sixty-
eight patients with RA were included in this
study, clinically diagnosed with RA at the Bei-
jing Hospital of TCM affiliated with CMU. No
patients received any immunosuppressive ag-
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ents such as glucocorticoids and cytotoxic
drugs within 24 h before blood sampling. Pa-
tients with other rheumatic diseases such as
severe osteoarthritis, spondyloarthritis, or sys-
temic lupus erythematosus; those with serious
illness of the heart, brain, liver, kidney, or he-
matopoietic system; those taking cortisol hor-
mones within one month of the study period;
pregnant or lactating women; and patients with
psychosis, were excluded. Twenty healthy sub-
jects from the Health Examination Center of
Beijing Hospital of TCM affiliated with CMU
were also involved in the study as healthy con-
trols (HCs).

Diagnostic criteria of TCM syndrome differen-
tiation

The syndrome differentiation of DHOS [15]
used referred to the diagnostic standard of
DHOS in the Guideline of Clinical Research of
TCM New Drugs (Trial) promulgated by the
National Medical Products Administration in
2002. The syndrome differentiation of CHCS
[16] used referred to the diagnostic standard
of CHCS in Chinese Rheumatology.

Experimental methods

Analysis of clinical indicators: A total of 4 mL of
peripheral venous blood anticoagulated with
heparin sodium was collected from subjects in
a fasting state and centrifuged to obtain super-
natant. Levels of C-reactive protein (CRP), rheu-
matoid factor (RF); anti-cyclic citrullinated pep-
tide (anti-CCP) antibody; immunoglobulin (Ig) G,
A, M, and E; and complement (C) 3, 4, and 1q
were analyzed by immunoturbidimetry using
the Beckman AU5821 automatic biochemical
analyzer (Beckman Coulter, Brea, CA, USA).
ESR levels were detected using the Monitor-
JPLUS dynamic automatic ESR analyzer (Vital
Diagnostics, Italy). Morning stiffness time, swo-
llen joint count (SJC), and tender joint count
(TJC) were recorded, while the DAS28 score,
clinical disease activity index (CDAI), and sim-
plified disease activity index (SDAI) were cal-
culated.

Frequency and phenotype of MDSCs detected
by flow cytometry (FCM): A total of 4 mL of
peripheral venous blood anticoagulated with
heparin sodium was collected from subjects in
a fasting state. FCM identified the frequency
and phenotype of MDSCs in peripheral blood
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mononuclear cells (PBMCs) within 24 h, using
the following antibodies: mouse anti-human
fluorescent markers CD14-FITC (BD Bioscien-
ces, San Diego, CA, USA), HLA-DR-PerCP (BD
Biosciences), CD11b-APC (Beckman Coulter),
CD33-PE (Beckman Coulter). FCM showed
the distribution of MDSCs (CD33*CD11b* HLA-
DR”"*), PMN-MDSCs (CD33*CD11b*HLA-DR"""
CD14), and MO-MDSCs (CD33*CD11b*HLA-
DR”'"°v CD14"). The acquisition and analysis of
FACS data were performed using a BD FACS
Calibur flow cytometer with the Cell Quest Pro
software (BD Biosciences).

Analysis of Thl7 and Treg cells detected by
FCM: A total of 4 mL of peripheral venous bl-
ood anticoagulated with heparin sodium was
collected from subjects in a fasting state and
incubated with Cell Activation Cocktail (with
Brefeldin A) for five hours, the cells were col-
lected into the flow tube after incubation. For
Th17 cells analysis, stimulated peripheral blood
cells were collected and stained with fluores-
cent markers CD4-FITC and PE-IL-17A antibody
(BD Biosciences). For the analysis of Treg cells,
fresh peripheral blood cells were stained with
FITC-CD4 and APC-CD25 antibodies, fixed and
permeabilized with a Foxp3 staining buffer kit
(BD Biosciences) according to the manufac-
turer’'s instructions, and intracellularly stain-
ed with PE-Foxp3 antibodies. CD4*IL-17* and
CD4*CD25*Foxp3* were the representatives of
Th17 cell and Treg cells, respectively. The ac-
quisitions and analyses of FACS data were per-
formed using a BD FACS Calibur flow cytome-
ter with the Cell Quest Pro software (BD
Biosciences).

Detection of serum cytokines by flow immuno-
fluorescence microspheres: Composite micro-
spheres labeled with monoclonal antibodies
corresponding to different fluoresceins and
serum or standard solution were mixed in a
ratio of 1:1 to establish the total volume of 90
pL in a reaction pore, which was then shaken in
the dark. The sheep anti-human immunoglobu-
lin G labeled with fluorescein was added and
incubated by vibration. Microsphere suspen-
sions were detected by a Luminex 200 Mul-
tifunctional Flow Lattice Instrument according
to the Median Fluorescence Intensity (MFI)
value. Serum levels of interleukin (IL)-2, 4, 6,
10, 17A, and 23; interferon (IFN)-y; and tumor
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Table 1. The results of clinical immune indicators of RA Patients with DHOS and CHCS

Group ESR (g/L) CRP (/L)

RF (IU/mL) anti-CCP (U/mL) 18G (g/L) IgA (g/L)

HCs (n = 20) 12.75 + 2.10 2.68 +2.02
RA patients (n =68)  48.01 + 24.01*%* 38.19 + 22.62**

11.28 + 4.20
208.10 £ 198.79** 125.30 + 172.75%* 12.60 + 3.56 3.10 + 1.39*

10.38 £ 3.20 11.65 +2.27 2.25+0.74

DHOS (n = 19) 55.47 + 28.78** 51.04 + 25.80** 181.11 + 267.41* 131.62 + 207.60 12.42 +4.42 3.29 + 1.08*
CHCS (n =49) 4512 +21.53** A 33.21 +20.74**, A 218.56 + 225.94** 122.23 + 156.38** 12.66 + 3.21 3.02 +1.50
Group 1gM (g/L) IgE (1U/mL) C3 (g/L) c4 (g/L) Clq (mg/L)

HCs (n = 20) 1.07 +0.39 34.72 + 31.08 0.94 +0.12 0.19 £ 0.04 184.68 + 20.94

RA patients (n = 68) 1.62 + 1.29*%* 179.25 + 315.05** 1.19 + 0.23** 0.24 + 0.09** 221.06 + 47.62**

DHOS (n = 19) 1.56 + 0.84 155.71 + 305.35 1.26 + 0.20** 0.22 +0.07 237.55 + 61.48**

CHCS (n = 49) 1.64 + 1.43* 189.07 + 321.35** 1.16 £ 0.24** 0.24 £ 0.09** 214.67 + 39.98**

Note: Compared with HCs, *P < 0.05; **P < 0.01; Compared with DHOS, AP < 0.05. HCs, Healthy Control Group; DHOS, Damp-Heat Obstruction Syndrome; CHCS, Cold
And Heat Complex Syndrome (CHCS); ESR, Erythrocyte Sedimentation Rate; CRP, C-Reactive Protein Level; RF, Rheumatoid Factor; anti-CCP, anti-Cyclic Citrullinated Pep-
tide; 1gG, Immunoglobulin G; IgA, Immunoglobulin A; IgM, Immunoglobulin M; IgE, Immunoglobulin E; C3, Complement 3; C4, Complement 4; C1q, Complement 1q.

necrosis factor (TNF)-a were analyzed by flow
immunofluorescence microspheres.

Statistical method

Data analyses were performed using the SPSS
version 17.0 software program (IBM Corp.,
Armonk, NY, USA). Data are expressed as
means + standard deviation (SD) and analyzed
by one-way analysis of variance (ANOVA) with
the Bonferroni test or Tamhane’s test. Data of
non-normal distribution were analyzed by inde-
pendent multi-sample nonparametric Kruskal-
Wallis rank-sum tests. Differences between
groups were identified as statistically signifi-
cant at two levels: P < 0.05 and P < 0.01.

Results

Clinical evaluation

Based on the criteria of RA diagnosis and TCM
syndrome differentiation, 68 RA patients were
included in the present study, including 19
diagnosed with DHOS and 49 diagnosed with
CHCS. There was no age difference between
RA patients and HCs in this study (P > 0.05).
There were no significant differences in the
course of disease, SJC, TJC, DAS28-ESR,
DAS28-CRP, CDAI, or SDAI among RA patients
with DHOS and CHCS. Serum ESR, CRP, RF, and
anti-CCP antibody values of RA patients were
significantly increased relative to those of the
HCs (P < 0.01). Except for the increase in RF
value, the ESR, CRP level, and anti-CCP anti-
body count of RA patients with CHCS were
lower than those of RA patients with DHOS,
though only the ESR and CRP level results
showed significant differences (P < 0.05). Se-
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rum IgG, IgA, IgM, and IgE and C3, C4, and C1q
values of RA patients were significantly higher
as compared with among the HCs, but there
was no significant difference in the abovemen-
tioned indicators between RA patients with
DHOS and CHCS (Table 1).

Phenotype and frequency analysis of MDSCs

The results of FCM showed the distribution
of MDSCs (CD33"CD11b*HLA-DR”"*"), PMN-
MDSCs (CD33*CD11b*HLA-DR”* CD14Y) and
MO-MDSCs (CD33*CD11b*HLA-DR7°* CD14")
in PBMCs from RA patients and HCs (Figure
1A, 1B). According to cell phenotype and mor-
phological characteristics, MDSCs were divided
into two main subsets including MO-MDSCs
and PMN-MDSCs. As a group of cells express-
ing CD33*CD11b*HLA-DR7°*, MDSCs were
further divided into PMN-MDSCs (CD14°) or
MO-MDSCs (CD14*) according to the expres-
sion of CD14. MDSCs and PMN/MO-MDSCs
subsets of RA patients were significantly higher
as compared with among the HCs (28.67% +
6.36% vs. 20.38% + 5.51%; 28.82% + 8.15%
vs. 20.17% + 5.86%; 0.215% + 0.190% vs.
0.077% + 0.057%) (P < 0.01, Figure 1C, 1D).
Compared with DHOS-RA patients, the de-
crease of MO-MDSCs in CHCS-RA patients was
more significant (0.305% + 0.176% vs. 0.180%
+ 0.185%) (P < 0.05, Figure 1E), while MDSCs
and PMN-MDSCs increased slightly, but there
was no significant difference (P > 0.05).

Expressions of Th17, Treg cells and cytokines

Analysis of FCM for antibody combinations of
CD4, CD25, and Foxp3 was performed (Figure

Int J Clin Exp Med 2022;15(4):136-146
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Figure 1. The results of MDSCs and each phenotype in PBMCs detected by FCM. The frequencies of MDSCs
(CD33*CD11b*HLA-DR”*%), PMN-MDSCs (CD33*CD11b*HLA-DR”** CD14"), and MO-MDSCs (CD33*CD11b*HLA-
DR7°v CD14*) between the HCs and RA patients as well as RA patients with DHOS and CHCS were compared. A.
Representative gating of CD33*CD11b* cells (R2). B. Representative gating of CD33*CD11b*HLA-DR”"** CD14 cells
(R4), of CD33*CD11b*HLA-DR”"* CD14" cells (R5). C. MDSCs frequency (% of all single cells). D. PMN-MDSCs fre-
quency (% of all MDSCs). E. MO-MDSCs frequency (% of all MDSCs). The data shown are presented as means + SD.
*P < 0.05, **P < 0.01, versus HCs; AP < 0.05, versus DHOS.

2A-C). Th17 and Treg cells are important T-cell
subsets that mediate the occurrence of auto-
immune diseases, which emphasizes the bal-
ance between Treg and Th17 cells. Treg cells,
as one of the core members of RA pathoge-
nesis, regulate the inflammatory response of
autoimmune diseases by inhibiting effector
T-cells. Compared with in the HCs, the Th17
cells in peripheral blood cells of RA patients
were significantly increased (0.87% + 0.72% vs.
0.46% + 0.41%) (P < 0.05), while the Treg cells
in peripheral blood cells of RA patients ex-
pressed lower levels (0.58% + 0.46% vs. 1.00%
+ 0.776%; P < 0.05) (Figure 2D, 2E). There were
no significant differences in Th17 and Treg cells
between RA patients with DHOS and CHCS
(0.85% + 0.50% vs. 0.87% + 0.79%; 0.58% +
0.36% vs. 0.64% *+ 0.46%; (P > 0.05). The
Th17/Treg ratio in RA patients was higher than
that in the HCs (1.80 + 1.39 vs. 0.83 + 0.98; P
< 0.01), but there was no significant difference
between the two syndromes (1.85 + 0.96 vs.
1.78 + 1.54; P > 0.05) (Figure 2F).
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Various proinflammatory and anti-inflammatory
cytokines can promote or restrict each other to
form a complex network of cytokines. The lev-
els of proinflammatory factors TNF-«, IL-6,
IL-17A, IL-23, and IFN-y and anti-inflammatory
factors IL-2, IL-4, and IL-10 in serum between
the HCs and RA patients were detected by flow
immunofluorescence microspheres and com-
paratively analyzed (Figure 3A-H). Levels of
serum pro-/anti-inflammatory factors in RA pa-
tients were significantly higher than those of
the HCs, and the increase of proinfammatory
factor IL-23 was the most obvious (60.16% +
23.88% vs. 4.14% + 3.34%; P < 0.01). There
was no significant difference between the ab-
ove cytokines in RA patients with DHOS and
CHCS (P > 0.05).

Correlation of MDSCs and each phenotype
with other variables in the peripheral blood of
RA patients

In order to clarify the correlation between the
proportion of MDSCs with various phenotypes

Int J Clin Exp Med 2022:15(4):136-146
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Figure 2. The results of Th17 and Treg cells in peripheral blood cells of RA patients and HCs detected by FCM. The
results of FCM showed the distribution of Th17 cells (CD4*IL-17*) and Treg cells (CD4*CD25*Foxp3*). The frequen-
cies of Th17 and Treg cells and the ratio of Th17/Treg between the HCs and RA patients, and between the RA
patients with DHOS and CHCS were compared. A. Representative gating of CD4* cells. B. Representative gating of
CD25*FOXP3* of CD4* cells. C. Representative gating of IL-17A* of CD4* cells. D. Th17 cells frequency (% of CD4*
cells). E. Treg cells frequency (% of CD4* cells). F. The Th17/Treg ratio. The data shown are presented as means +

SD. *P < 0.05, **P < 0.01, versus HCs.

and clinical, immune and other autoimmune
indexes of RA patients, a correlation analysis
was performed. There was a positive correla-
tion between the ratio of MO-MDSCs and ESR,
CRP, C3 (r = 0.293, 0.249, and 0.277; P <
0.05); furthermore, the proportion of MDSCs
and PMN-MDSCs were positively correlated
with the level of IL-6 in RA patients (r = 0.253
and 0.257; P < 0.05), while the proportions of
MDSCs and PMN/MO-MDSCs were negatively
correlated with the proportion of Treg cells (r =
-0.310, -0.315, and -0.239; P < 0.05). Never-
theless, no significant correlation was found
between MDSCs and each phenotypes and
age; course of disease; SJC; TJC; DAS28; CDAI;
SDAI; serum IgG, IgA, IgM, and IgE; C4 and
C1q values; and various proinflammatory and
anti-inflammatory cytokines except IL-6 in RA
patients (P > 0.05).

Discussion

In this study, DHOS and CHCS, the two most
common clinical syndromes of RA in TCM, were
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analyzed to explore differences in immunologic
indicators in peripheral blood collected from
RA patients with different TCM syndromes. The
phenotypic and functional characteristics of
MDSCs help to vary the microenvironment un-
der different pathological conditions [17, 18]. In
this study, the proportions of MDSCs and each
phenotype in PBMCs of RA patients with differ-
ent TCM syndromes were detected and com-
pared. Our results showed that the proportions
of MDSCs and each phenotype of RA patients
were higher than those of the HCs. In addition,
the local environment plays an important role
in functional alterations of MDSCs and pheno-
types. The role of MDSCs at the periphery and
center of the lesions is different due to func-
tional changes among MDSCs [19] and the
maturation or composition of immune cells in
different parts. Different phenotypes of MDSCs
maintain the immune homeostasis of autoim-
mune arthritis through different effector mole-
cules and pathways [20]. It is suggested that
the proportions of MDSCs with different pheno-
types are closely related to clinical outcomes.

Int J Clin Exp Med 2022;15(4):136-146
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IL-4 (B), IL-10 (C), IL-6 (D), IL-17A (E), IL-23 (F), IFN-y (G), and TNF-a (H). The data shown are presented as means + SD. *P < 0.05, **P < 0.01, versus HCs.
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The frequency of MDSCs and of each pheno-
types was increased in an RA mouse model,
which was positively [10, 21-23] or negatively
[11, 12] correlated with disease or progressi-
on. The proportion of PMN/MO among MDSCs
subsets varied at different stages of the dis-
ease [20]. MO-MDSCs inhibited the function of
T- and B-cells and the progression of disease
in a collagen-induced arthritis model [24]. The
alteration of the proportions of MDSCs and
MO-MDSCs was one of the risk factors for RA.
MDSCs and MO-MDSCs were positively corre-
lated with DAS28 score and anti-citrullinated
protein antibody (ACPA) [24]. In this study, MD-
SCs and each phenotype were not correlated
with DAS28. The frequency of PMN- and MO-
MDSCs in the spleen of experimental autoim-
mune arthritis model was decreased in the
early stage of disease and but increased in a
later stage, which was probably related to the
formation and function of bone marrow cells in
the process of immune regulation [25]. MDSCs
in RA mice were stimulated by macrophage
colony-stimulating factor and receptor activator
of NF-kappa B ligand and differentiated into
osteoclasts, leading to bone erosion in vitro
[25]. The differentiation of MDSCs into osteo-
clasts depends on NF-kappa B and IL-1 signal-
ing pathways [26, 27].

Antigen-presenting cells, including dendritic
cells, macrophages, and activated B-cells, in-
duce T-cells to differentiate into pathogenic
T-cell subsets (Thd, Th17) under the inflamma-
tory state [28, 29] and lead to the destruction
of joints by secreting cytokines and other me-
diators. B-cells further strengthen the T-cell-
induced inflammation by producing cytokines
and autoantibodies such as RF and ACPA [30,
31]. Thl7 cells play an important role in regu-
lating the progress of autoimmune arthritis.
The activation, expansion, and differentiation
of Th17 cells are regulated by cytokines, such
as the synergistic effect of TGF-B with IL-6 or
IL-21 leads to the differentiation of Th17 cells
[32]. Communication between Th17 and other
cells is achieved through Th17 cells secreting
cytokines including IL-17, 1L-21, IL-22, and IL-23
[32], which can further induce the production
of matrix metalloproteinase and osteoclasts,
consequently promoting the infiltration of in-
flammatory cells in synovium as well as the
destruction of bone and cartilage [33]. IL-17 is
the main cytokine secreted by Th17 cells, whi-
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ch can promote an inflammatory response of
synovium and play an important role in osteo-
clast formation and osteolysis [34, 35]. The
balance between the inducible effect of IL-17
[36] and the inhibitory effect of IFN-y [37] plays
a key role in IL-23-induced osteoclast differen-
tiation. As a multipotent proinflammatory cyto-
kine, IL-6 can stimulate the number of Thl7
cells and the secretion of IL-17, while increased
IL-17 can also induce the production of IL-6,
thus forming a positive feedback loop to ac-
celerate bone destruction [38]. Suppressive
cofactor cytotoxic T-lymphocyte-associated an-
tigen 4 is highly expressed in Treg cells [36] and
binds to CD80/CD86 in effector cells to inhibit
the function of effector cells. Treg cells secrete
inhibitory cytokines, such as IL-10, TGF-B, and
IL-2, which are involved in immune regulation
and the reduction of Treg cells, leading to auto-
immune diseases [39]. The relationship and
restriction between Th17 and Treg cells can be
interchangeable with each other under speci-
fic cytokine microenvironments, and the imbal-
ance in cell number and function between them
is an important causative factor of RA [40, 41].
In this study, Th17 cell count and the Th17/Treg
ratio in RA patients were significantly increas-
ed, while the Treg cell count was decreased.
Inflammatory factors and proinflammatory fac-
tors in RA patients were significantly higher, but
there was no significant difference among RA
with DHOS and CHCS. The proportion of MDSCs
and Th17 cells of RA patients was increased,
but there was no significant correlation bet-
ween them.

Conclusion

Guided by the holistic concept of TCM and the
basic theory of syndrome differentiation-based
treatment, the macro- and micro-disease infor-
mation of RA patients with DHOS and CHCS
was analyzed in this study. Our results showed
that the clinical immune and autoimmune indi-
ces of RA patients were significantly abnormal
relative to those of healthy people. The immune
indexes ESR, CRP, and MO-MDSCs were sig-
nificantly different between RA patients with
DHOS and CHCS. It is uncertain whether ESR,
CRP and MO-MDSCs can be used as important
biomarkers to distinguish DHOS-RA and CHCS-
RA, which needs to be further studied. In future
studies, more RA cases will be collected, and
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multicenter studies should be conducted to
validate the findings observed in this study. In
addition, the role of MDSCs and each pheno-
type in RA patients with DHOS and CHCS and
their related mechanisms must be further
explored.
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