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Abstract: Helper T cell 17 (Th17) being a new cell subset of CD4+T in the body, which is different from Th1 and Th2 cells,
have independent mechanisms of differentiation and developmental regulation. Th17 cells mainly secrete various cytokines
such as IL-17, IL-6 and TNF-α, which induce inflammation. Treg cells are T cells with high expression of CD25 differentiated
by T cells under the action of certain cytokines, namely CD4+CD25+(hi) Foxp3+T cells, which can regulate the immune
response mediated by effector cells and are an important line of defense for human autoimmune. Therefore, Treg cells play an
important role in maintaining immune tolerance of the body. As an important subset of T cells, Treg cells have an inhibitory
effect on inflammation. Its working principle is to selectively inhibit autoreactive T cells and effector T cells so as to maintain
the body's immune balance, and normal quantity and function help the immune system to its antigen stimulation, establishing a
good state of tolerance. The expression of Treg cells increased, can avoid the occurrence of autoimmune diseases. Treg cells
inhibit the differentiation of Th17 cells by down-regulating the expression of IL-23 and IL-17 or by its specific transcription
factor Foxp3; similarly, inhibition of Th17 cell production can promote the development of Treg cells. Both Th17 and Treg
cells are functionally inhibited. Th17 cells promote inflammatory reaction, and Treg cells suppress immune reaction.
Numerous cytokines are involved in regulation. For example, IL-6 and IL-21 can inhibit Foxp3 and promote the expression of
RORγt, thereby inhibiting Treg cells and inducing the differentiation of Th17 cells. In the absence of IL-6 and other
pro-inflammatory factors, TGF-β enhances the inhibitory effect of Foxp3 on RORγt and promotes the growth and development
of Treg cells. The anti-inflammatory factor IL-10 also induces Treg cells to inhibit the reaction of Th17 cells. The effects of
Treg and Th17 cells are normally in a dynamic equilibrium. Once the balance is imbalanced, autoimmune diseases will occur.
This article reviews the differentiation, function and research progress of Th17/Treg cells in autoimmune diseases.
Keywords: Helper T 17 Cell, Regulatory T Cell, Retinoidrelated Orphan Receptors -γt, Forkhead/Winged,
Helix Transcription Factor 3, Autoimmune Diseases

1. Introduction
Th17 cells are a new type of effector CD4+T cells subset
that is different from Th1 and Th2 cells. Characterized by
specific secretion of high levels of interleukin 17 (IL-17), it
is involved in the occurrence and development of
inflammatory responses and autoimmune diseases [1]. As a
kind of immunosuppressive T cell, regulatory T cell (Treg)
plays an antagonistic role with Thl7 cells and plays a

regulatory role in immune inflammatory response, which is a
key factor to maintain peripheral immune tolerance [2]. Loss
or dysfunction of Treg cell can lead to autoimmune damage
of multiple organs or even death. The recent research found
that Retinoidrelated Orphan Receptors (ROR-γt) and
Forkhead/winged helix transcription factor 3 (Foxp3) were
specific transcription factors of Th17 and Treg cells,
respectively and played a very important role in
immunosuppression [3, 4]. The TGF-β signaling pathway
plays an important role in the differentiation of Th17 and
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Treg cells. The balance of th17 and Treg cells plays an
important role in autoimmune tolerance and immune
homeostasis, and has become the research direction of the
occurrence, development and prognosis of immune-related
diseases. The imbalance between Th17 and Treg cells is
closely connected with a variety of immune diseases, such as
autoimmune diseases [3]. Th17 cell and its secreted IL-17
expression and dysfunction are closely related to the
development of autoimmune diseases. The increased
expression of Treg cells avoids the occurrence of
autoimmune diseases.

2. Differentiation and Function of
Th17/Treg Cells
2.1. Differentiation and Function of Th17 Cells
Th17 cell are a new type of effector CD4+T cells subset
which is different from Th1 and Th2 cells, characterized by
specific secretion of high levels of interleukin 17(il-17) [5].
The differentiation of Th17 cells mainly includes three
stages:(1) Induced differentiation: low concentration of
transforming growth factor-β (TGF-β) and interleukin 6, IL-6,
enable CD4+ T cells to differentiate into Th17 cells by
activation the RORγt transcription factor [6]. RORγt is a
Th17 cell-specific transcriptional regulator that requires the
involvement of RORγt regardless of the differentiation of
Th17 cells induced by cytokines in vitro or the Th17
cell-mediated inflammatory response in vivo. In addition,
transcription factors such as RORα, AHR, AP-1, and Batf are
also involved in the differentiation of Th17 cells; (2) In vivo
expansion: CD4+T cells begin to secrete IL-21 after
differentiation into Th17 cells, further promoting their
differentiation and proliferation. TGF-β plays a synergistic
role in the amplification of Th17; (3) Maintenance function:
dendritic cells (DCs) and other antigen-presenting cells (APC)
produce IL-23, which plays a major role in maintaining the
survival and function of Th17 cells. IL-6, IL-21 and IL-23
can also activate the downstream signaling pathway, induce
the expression of IL-23 receptor on the surface of Th17 cells,
and further maintain the function of Th17 cells [7]. The
simultaneous expression of TGF-β and IL-6 can induce the
high expression of RORγt, which differentiates naive CD4+T
cells into Th17 and stimulates the secretion of IL-17,
indicating that the pro-inflammatory cytokines IL-6 and
TGF-β secreted by immune cells are involve in the
differentiation of Th17 cells [8]. Researches have shown that
differentiated mature Th17 cells secrete a variety of
cytokines such as IL-17A, IL-17F, IL-21, IL-22, which are
involve in the development of inflammatory reactions,
infections and autoimmune diseases.
2.2. Differentiation and Function of Treg Cells
Regulatory T cells (Tregs) are a subset of CD4+ T
lymphocytes, which are classified into naturally occurring T
cells (nTreg) and induced T cells (inducedregulatory T celli

Treg) according to the source of Treg cells. The former
migrated to the periphery after thymus maturation,
accounting for 5% to 10% of peripheral blood CD4+T cells.
Immune tolerance is mainly induced by immediate contact
between cells, which is closely related to autoantigen [5]; The
latter is expressed by mature T cells or initial T cells in
peripheral lymphocyte tissues through antigenic action and
induced differentiation through TGF- beta expression of
forhead/winged helix transcription factor (Foxp3), which can
also be transformed by nTreg under certain conditions [9, 10].
The phenotype of Treg cells is CD4+CD25+Foxp3+, which
exerts immunosuppressive effects in immune tolerance and
autoimmune protection by secreting cytokines such as TGF-β,
IL-10 and IL-35 [11]. Treg cells play an important role in the
occurrence and development of autoimmune diseases through
the interaction of many cytokines. The abnormal number and
lack of function of Treg cells [12] are involved in the
development of various autoimmune diseases.

3. Th17 / Treg Cells Imbalance and
Autoimmune Diseases
3.1. Th17 / Treg Cells and Rheumatoid Arthritis
3.1.1. Th17 Cells and Rheumatoid Arthritis
Rheumatoid arthritis (RA) is a common chronic
inflammatory autoimmune disease, which is mainly
manifested by chronic progressive and invasive inflammation
of the synovium of the joint. The pathogenesis of RA may be
bone and cartilage destruction by inflammatory cells,
eventually leading to severe disability and increased
mortality. Animal experiments and clinical researches have
confirmed that Th17 cells are in an unbalanced state during
the occurrence and development of RA. Animal
experiment-collagen-induced arthritis (CIA) found that IL-17
in knee joint organized expression of collagen type Ⅱ
immune mice, which can promote collagen-induced arthritis
and aggravate joint destruction [13]. Th1 cells in mice that
defects IL-23 responded normally, while Th17 cells
developed defects couldn’t significantly inhibited the
development of CIA, which indicated that Th17 cells, rather
than Th1 cells, played a key role in the development,
progression and pathogenesis of RA [14]. It was confirmed
that Th17 cells played an important role in the development
of the CIA mouse model. The absence of IL-17 or the
treatment of CIA with IL-17 monoclonal antibody can
improve joint inflammation in mice, reducing the degree of
joint damage, bone erosion and cartilage destruction. Wang et
al [15] found that a group of Th17-like Tregs in the synovial
fluid and peripheral blood of RA patients, actually was
CD+4CD+25CD+161 Treg, which was named for its similar
properties to the pro-inflammatory subpopulation Th17. It is
suggested that Treg not only has anti-inflammatory effects,
but also can transform into pro-inflammatory Th17 cells and
accelerate the progression of arthritis when the body's
immune disorder is unbalanced. Lee et al [16] reported that
the number of Th17 cells in RA patients was significantly
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higher than that in the control group, and the amount of
synovial fluid was related to the serum IL-17A level and the
severity of joint damage. Blocking IL-17A and TNF-α has a
synergistic effect on inhibiting IL-6 production and collagen
degradation in RA synovial fluid and synovial fluid [17].
Therefore, Th17 cells can be used as a new target for the
treatment of RA.
3.1.2. Treg Cells and Rheumatoid Arthritis
The main function of Treg cells is to mediate immune
tolerance, inhibit autoimmune responses, and thereby slow
the development of arthritis in mice. Numerous cytokines can
affect the inhibitory function of Treg cells. For example,
IL-21 produced by Th17 cells makes effector T cells resistant
to the inhibitory function of Treg cells [18]. The results of
Treg cells in the pathogenesis of RA are still inconsistent.
Van Amelsfort et al found that the proportion of Treg cells in
peripheral blood and synovial fluid of patients with RA
increased, and the synovial fluid was higher than peripheral
blood. Miyara et al [19] reported that there were a large
number of Tregs in RA inflammatory joint tissues. Walter et
al [20] reported that the changes of peripheral blood Treg
cells in patients with chronic RA were not statistically
significant compared with the control group. Flores-Borja F
et al [21-24] found that the number of CD24hiCD38hi Bregs
in peripheral blood of patients with RA was significantly
reduced, and could not inhibit Th17 response, nor could it
promote the differentiation of CD4+T cells into Treg. The
number of patients with Bregs was negatively correlated with
the degree of disease activity. CD24hi CD27+B cells,
IL-10+TIM1+B cells, and IL-10+CD5+CD1dhi B cells were
significantly reduced in peripheral blood of patients with RA.
However, Kim et al [25] found that the number of
IL-10+Bregs in peripheral blood of patients with RA
increased. Kawashiri et al [26] found that the proportion of
Treg cells in active RA patients was lower than that in the
control group, but there was no difference between the
remission phase and the control group, and the Treg cell ratio
was negatively correlated with the DAS28 score. Patients
with RA not only had a reduced number of Treg cells, but
also showed defects in immunosuppressive function.
Ehrenstein et al believed that the number of Treg cells might
be negatively correlated with the severity of RA. Treatment
of RA with monoclonal antibody could increase the number
of Treg cells in peripheral blood of patients. There was no
significant difference in peripheral blood CD4+CD25+iTreg
cells between the RA patients and the control group, but the
synovial fluid CD4+CD25+Treg cells were significantly
increased [27]. Astry et al [28] reported that Foxp 3 was
expressed at low levels in peripheral blood of patients with
RA, while IL-17 was significantly higher than the control
group, leading to inflammation and bone destruction.
Boissier et al [29] found that the number and function of Treg
in peripheral blood of patients with RA were insufficient, and
the treatment with TNF-α antagonists could significantly
increase the number of Treg. Thiolat et al [30] evaluated the
role of the Treg-specific secretory cytokine IL-35 in a mouse
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model of RA by non-viral gene transfer, and found that the
clinical score of arthritis induced by IL-35 gene transfer was
higher than that of empty vector gene transfer induced
arthritis. The clinical score was significantly increased.
Considering the controversy over the value of Treg cells in
RA patients, Wang et al [31] observed changes in Th17/Treg
ratio and found that RA, especially in active patients, had an
increased Th17/Treg ratio, while healthy people had a lower
Th17/Treg ratio. The above findings were inconsistent and
might be due to different stimuli that induce IL-10 secretion
in vitro. Tumor necrosis factor alpha (TNF-α) in RA patients
can inhibit the function of Treg cells by inducing Foxp3
phosphorylation [32], which was the main factor leading to
the impaired function of Treg cells, which made Treg cells
lose their inhibitory function. Therefore, in RA, Treg cells
were not completely effective in inhibiting the inflammatory
response. Although the proliferation and differentiation of
TGF-β in Tregs and Th17 have been well established, the
role of TGF-β in the differentiation of IL-17+Foxp3+T cells
has not been agreed [33-35]. Most believe that Tregs produce
IL-17 dependent on TGF-β [34]. TGF-β inhibitors can reduce
IL-17 production, but can not be eliminated. In the presence
of antigen presenting cells, TGF-β and IL-2 maximize the
level of IL-17+Foxp3+T cells. In mice with Treg cells
missing, symptoms such as arthritis were significantly
aggravated. Adoptive transfer of CD4+CD25+Treg cells to
CIA mice can cure RA. Most experiments have shown that
Treg is involved in the progression of RA, which induces
Treg expansion in vitro, enhances Foxp 3 gene expression,
promotes Treg efficacy, enhances its immunosuppressiveness,
and opens up new ideas for the treatment of RA.
3.2. Th17/ Treg Imbalance and Systemic Lupus
Erythematosus
3.2.1. Th17 Cell and Systemic Lupus Erythematosus
Systemic
lupus
erythematosus
(SLE)
is
a
non-organ-specific autoimmune connective tissue disease.
Most patients have typical butterfly or discoid erythema on
the cheek, It often involved in the heart, kidneys and other
organs. Lupus nephritis (LN) is one of the most serious
clinical manifestations of SLE. The pathogenesis of SLE is
caused by genetic, environmental, estrogen, infection, drugs
and other factors, but the specific pathogenesis is still not
very clear. Animal experiments have shown that the number
of Th17 cells is significantly increased in the SLE mouse
model, and high levels of serum IL-17A are associated with
renal immune complex deposition and complement activation
in the SLE mouse model [36, 37]. Araújo et al [38, 39]
reported that IL-17A expression levels and Th17 cells were
significantly increased in SLE patients, IL-17A mRNA in
activated peripheral blood mononuclear cells (PBMCs) and
IL-17 CD4+ production. The expression of CCR4 and CCR6
receptors in T cells was significantly increased. The
IL-4-producing CD4+T cells and serum/plasma IL-17 and
IL-17A concentrations were positively correlated with the
SLE disease activity index (SLEDAI) [40]. The expression
levels of cytokines such as IL-17, IL-23 and IL-27 mRNA
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associated with Th17 cells in urine sediment were
significantly increased, and IL-17 and RORγt expression
were up-regulated. The expression levels of IL-17A and
IL-23 in glomeruli of LN patients were positively correlated
with SLEDAI and histological activity index [41]. The
expression level of IL-17 in renal biopsy tissues was closely
related to clinical parameters such as hematuria, urine protein
and blood urea nitrogen. It indicated that the number of Th17
cells was closely related to the severity of SLE disease, and
Th17 cells and IL-17A played an important role in the
pathogenesis of SLE.
3.2.2. Treg Cell and Systemic Lupus Erythematosus
The results of Treg cells in the pathogenesis of SLE are
controversial. In most cases, Treg cells in peripheral blood of
SLE patients are significantly reduced, and some people
believe that Treg cells are reduced or functionally impaired.
Chowdary found that co-culture of Treg cells with autologous
effector T cells in SLE patients can attenuate the inhibitory
function of Treg cells, while the inhibitory function of
effector T cells co-cultured with normal people was not
affected, suggesting that the effector T cells in peripheral
blood of SLE patients may have resistance to the inhibition
of Treg cells. There were also researches [42] found that the
proportion of CD25-T cells and CD25-FoxP3+cells in SLE
patients increased, and in vitro experiments confirmed that
these cells were different from conventional Treg cells, and
could not effectively suppress effector T cells. Humrich et al
[43] found that early SLE, IL-2 reduction can promote the
activation of initial T cells, destroy the balance of Treg and
effector T cells, and accelerate the progression of the disease.
Lee et al [44] reported that CD+4CD+25 Treg cells in
peripheral blood of patients with SLE were lower than those
in the control group, and their inhibitory function was also
reduced. Gomez et al [45] believed that Treg had nothing to
do with the pathogenesis of SLE. Its number and function
were not significantly different from the control group, and
for the inhibition of Treg cells, self-effector T cells were
tolerated. Differences in findings may be related to different
stages of SLE disease, drug effects, or ethnic differences. Jia
et al [46] reported that Th17 cells, Th17/Treg and IL-6, IL-17,
IL-23 were higher in the active SLE patients than in the
inactive phase and the control group, and Treg cells and
TGF-β were lower than the inactive phase. In the control
group, the non-active patients had higher Th17 cells,
Th17/Treg and IL-6, IL-17 and IL-23 than the control group,
and Treg cells were lower than the control group. It indicated
that Th17 cells and Treg cells and related cytokines were
involved in the pathogenesis of SLE, and their growth and
decline were related to SLE activity. It was suggested that the
imbalance of Th17/Treg played an important role in the
occurrence and development of SLE.
3.3. Th17 Cells and Psoriasis
Psoriasis, commonly being known as Psoriasis (Ps), is a
chronic immune disorder skin disease characterized by
keratinocyte proliferation and inflammatory cell infiltration.

It often has red, scaly or white patches of skin, dry, itchy or
cracked and other symptoms. Diani et al [47] found that Th1
and Th17-associated cytokines were overexpressed in skin
lesions and plasma of patients with psoriasis, which showed
an increase in IL-23 and Th17 cells producing IL-17A.
Transfer of the IL-17A gene into the CIA model revealed that
the IL-17A gene can induce the expansion of
IL-17RA(+)CD11b(+)Gr1(low) osteoclast precursors [48, 49].
The number of IL-17+CD4+T cells, IL-22+ CD4+T cells and
IL-17 and IL-22 secreted by PBMCs in PBMCs of Ps and
PsA patients were significantly increased [50]. The number
of Th17 cells and IL-17A expression in synovial tissue and
synovial fluid of PsA patients increased significantly, and the
level of IL-17A was significantly correlated with the degree
of joint damage. The level of Th17 marker transcription
factor RORc and the levels of inflammatory factors IL-1β,
IL-6, IL-23 were significantly increased. The number of
Th17 cells was significantly increased, and it was related to
the degree of disease activity, from asymptomatic to skin
lesions. The CD3+, CD4+, and Foxp3+ cells gradually
increased, and the ratio of Treg/CD4+T cells in the lesion site
was much higher than that in the non-lesional site. The
occurrence of Ps and the degree of lesions were associated
with decreased levels of Foxp 3 mRNA. Foxp3+Treg cells
were reduced in advanced lesions, and Treg cells were
significantly elevated in treatment with effective clinical
symptoms [51]. The ratio of Th17, Foxp3+Treg cells and
Th17/Treg cells increased significantly in children with
seizures, and was positively correlated with the degree of
inflammation [52]. Foxp3+Treg cells were reduced in the
lesions of advanced patients, and IL-17A+/Foxp 3+/CD4 +
triple positive cells were present in the lesions of severe
patients, suggesting that the severity of the disease was
negatively correlated with the number of Foxp3+Treg cells.
After receiving infliximab in patients with Ps, the number of
Treg cells was significantly increased and the clinical
symptoms were significantly improved [51]. As a commonly
used drug for the treatment of Ps, vitamin D3 can induce
dendritic cells (DCs) in the epidermis and dermis to
differentiate into different types of Treg cells, maintain
immune tolerance, and relieve clinical symptoms [53].
Therefore, Th17/Treg cell imbalance plays an important role
in the pathogenesis of Ps.
3.4. Th17/Treg Imbalance and Multiple Sclerosis
Multiple sclerosis (MS) is a chronic progressive central
nervous system demyelinating inflammatory autoimmune
disease caused by immune tolerance disorder. It mainly
caused by reactivity CD4+T cells in myelin antigen 2478
itself immune response. Reactive CD8+T cells and B cells
are involved in the immune damage process. Experimental
autoimmune encephalomyelitis (EAE) in mice found that
Th17 cells were important pathogenic factors, and the
blockade of Treg cell function was positively correlated with
the degree of disease progression. Correale et al [54] found
that there were inhibitory B cells in MS patients, and the
isolated B cells can inhibit the proliferation of T cells and the
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production of IFN-γ. The clinical prognosis of MS patients
infected with helminths was better. It is speculated that the
increase of Bregs secreting il-10 may improve the condition
of MS patients infected by worms. Brain biopsy of MS
patients revealed that IL-17A gene was overexpressed and
Th17 cells were significantly increased. The number of Th17
cells in the central nervous system of MS patients was
significantly increased, and Th17 cells can also weaken the
blood-brain barrier and promote the entry of other immune
cells into the central nervous system. Th17 cells were more
likely to pass the blood-brain barrier than Th1 cells, and Treg
cells were reduced and functionally impaired in MS patients.
Knippenberg S et al [55] found. Bregs cells secreting IL-10
in peripheral blood of patients with relapsing remitting
multiple sclerosis (RRMS) were significantly lower than
those in control and remission MS patients. Kleinewietfeld et
al [2] reported that the number and/or function of Treg in MS
patients was abnormal, and the Foxp3 signaling and protein
expression of Treg cells in RRMS patients were abnormal,
leading to a decrease in Treg cell function and promoting
disease. Schubert et al [56] found that after treatment with
IFN-β, regulatory CD19+CD24++CD38++transitional B
cells and IL-10 were significantly increased in peripheral
blood of patients with RRMS. After blocking the signal
transduction pathway of heparin-binding cytokines in
patients, Treg cells were significantly increased, EAE
symptoms were significantly improved, and there was no
adverse reaction. Therefore, considering treatment options
from the perspective of Th17 and Treg cells can provide a
new direction for MS disease. After Grützke et al [57]
treatment
with
fingolimod,
the
number
of
CD38+CD27-CD24+CD5+ Breg cells in peripheral blood
increased significantly, and the function of IL-10 secretion
was also significantly enhanced. Studies have shown that
Th17/Treg imbalance plays an important role in the
pathogenesis of MS, and its changes can be used to judge the
condition, observe the effect and monitor the prognosis.
3.5. Th17/Treg Imbalance and Inflammatory Bowel
Disease
Inflammatory bowel disease (IBD) is a non-specific colonic
inflammation, including Crohn's disease (CD) and ulcerative
colitis (UC). It is a kind of intestinal inflammatory disease
whose etiology and pathogenesis are not very clear. The study
believes that genetic, environmental, microbial and immune
factors play a role in the occurrence and development of CD,
of which immune factors play a key role [58]. Studies have
shown that Th17 and Treg cells play an important role in the
development of CD intestinal inflammation [59]. Mouse
enteritis models and clinical studies have found that IL-23 is
the core virulence factor in the development of spontaneous
enteritis and infection-induced enteritis, and IL-23 receptor
gene variants can reduce the severity of IBD disease. IL-17 is
expressed in the small intestine inflammation site of IBD, and
the accumulation of Th17 cells exists in the lamina propria,
and antigen-presenting cells (APC) can efficiently induce
Th17 cells growing through IL-1β, IL-6 and IL-23.
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IL-17+IFNγ+T cells and IL-17+Foxp3+T cells are present in
the colonic mucosa. The role of Th17 in IBD remains
controversial. Some believe that Th17 cells can mediate
intestinal inflammation by releasing inflammatory factors,
while others believe that Th17 cells have a protective effect on
intestinal mucosa. Chao et al [60] believed that Th17 cells can
mediate chronic inflammation and autoimmune diseases, and
have a relationship with Treg cells. Maul et al found that
CD4+CD25(hi) Fox-p3+T cells with high expression during
IBD activity were lower than inactive. that the proportion of
Treg cells in peripheral blood of patients with active IBD
decreased, and the remission period increased, suggesting that
Treg cells had immunoinflammatory protective effects in the
formation of intestinal inflammation in patients with IBD.
Th17/Treg cell balance was an important factor in maintaining
intestinal immune homeostasis, and its imbalance may be one
of the causes of human IBD. CD animal models have
demonstrated that IL-23R expressed by T cells was essential
for initial T cell proliferation and differentiation into
IL-17A+IFN-γ+pathogenic T cells, and IL-17A+IFN-γ+T cells
promoted intestinal tract The development of inflammation,
defects in the IL-23/Th17 pathway, can improve the condition
of animals [61]. IL-17A also had pro-inflammatory and
anti-inflammatory effects in CD animal models, suggesting
that the role of IL-17A in CD was very complex [62]. Jiang et
al [63] reported that the expression levels of other effector
cytokines (such as IL-21 and IL-22) protein and mRNA in
IL-17A, IL-17F, I L-23 and Th17 cells were significantly
increased in active CD enteritis tissues. Treg cells in UC
patients were also susceptible to polarization to
IL-17-secreting cells, and IL-17+Foxp3+T cells inhibited T
cell activation and stimulate inflammation in the colonic
mucosa [64]. It was suggested that the imbalance of Th17/Treg
was related to the progression of inflammatory bowel disease.
Zhao et al [65] found the proportion of peripheral blood Treg
cells in patients with mild to moderate active CD was
significantly lower than that in the remission phase and the
control group. The proportion of Th17 cells was higher than
that in the remission phase, and the proportion of Th17/Treg
cells was abnormally changed and the inflammatory index
reflecting the CD disease activity was ESR and C. The level of
reactive protein was negatively correlated, suggesting that
Th17/Treg cell imbalance was involved in the development
and progression of CD intestinal inflammation.
3.6. Th17/Treg Imbalance and Primary Sjogren's
Syndrome
Primary sjogren's syndrome (PSS) is a chronic inflammatory
autoimmune disease mainly invading the exocrine glands such
as salivary glands and lacrimal glands. It is one of the most
common diffuse connective tissue diseases in China, which is
characteristic of lymphocyte infiltration. The common
symptoms are obvious dry eyes, and other system damage,
which seriously affects the quality of life of patients. The
pathogenesis of SS is complex. It may be some factors such as
heredity, environment, infection and abnormal sex hormones
acting together on the body, leading to tissue damage caused
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by infiltration of inflammatory mediators, abnormal cellular
immune function, and then developed into SS. Sudzius et al
[66] believed that the imbalance of T cells in peripheral blood
was an important factor in the pathogenesis of SS. Wang et al
[67] found that there were a lot of lymphocyte infiltration and
IL-17 cell expression in the labial gland of SS patients, while
the control group had no lymphocyte infiltration and IL-17
positive expression, suggesting that IL-17 was involved in the
process of SS inflammatory injury. Yu et al [68] reported that
the expression of IL-17, IL-6 and TNF-α in the labial gland of
PSS patients was significantly higher than that in the control
group, suggesting that Th17 cells and their secreted cytokines
play a important role in the pathogenesis and development of
SS. Wang et al [69] found that Th17 cells in SS patients were
significantly higher than the control group, and high Th17
expression was associated with the pathogenesis of SS.
Sumida et al [70] studied the expression of Th17 cells in the
animal model of M3R-/- induced salivary gland dry mice, and
found that Th17 cells and IL-17 were detected in the salivary
glands and serum of mice, indicating IL-17 in SS model mice
rised. The level of IL-17 in the labial gland and peripheral
blood of C57BL/6. NOD-Aec1Aec2 SS mouse model showed
that IL-17 expression was highest at 4 weeks in SS mice, and
IL-17 expression level gradually decreased with mouse growth,
and IL-17 was not found in the labial gland and peripheral
blood of the normal C57BL/6J mouse model. The results were
similar to the expression of IL-17 in the labial gland and
peripheral blood of human SS patients, confirming that the
high expression of Th17 cells was associated with the
pathogenesis of SS. Zhu et al [71] reported that 60 cases of SS
patients with lip gland tissue and serum IL-17 levels were
significantly higher than 30 normal controls. The expression of
Foxp3m RNA in the labial gland tissue decreased. Alunno et al
[72] found that the number of Treg in peripheral blood of
patients with PSS was lower than that of the normal control
group, and the expression of CD+4CD+25 low T cells in the
labial gland was significantly higher than that in peripheral
blood. Inferring the accumulation of Treg in the target organ
inflammation region, which was related to the inhibition of
autoreactive T cells and regulation of local immune response,
may be used as a reverse regulation or negative feedback
mechanism [73]. Zheng et al [74] found that peripheral blood
CD4+CD25+high regulatory T cells were significantly lower
in SS patients than in healthy subjects, suggesting that the
expression of CD4+CD25+high regulatory T cells in
peripheral blood of SS patients was related to the pathogenesis
of SS. Li et al [75] reported that CD4+CD25+Foxp3+ cells in
SS patients were significantly lower than the control group,
indicating that the decrease in the number of Treg cells in
peripheral blood may be involved in the pathogenesis of SS.
The above results indicated that Th17/Treg immune imbalance
is involved in the development of SS.
3.7. Th17/Treg Disorders and Autoimmune Thyroid
Diseases
Autoimmune thyroid diseases (AITD) are the most
common thyroid diseases except iodine deficiency disorders,

and are also common organ-specific autoimmune diseases in
humans. AITD mainly includes diffuse toxic goiter (Graves
disease) and Hashimoto thyroiditis (HT), characterized by
hyperthyroidism and hypothyroidism. The common
characteristic is the deficiency of immune tolerance of
thyroid tissues, which leads to multiple antibody positive and
lymphocyte infiltration. AITD has a complex etiology and
has a similar genetic and immunological basis. Exposure to
environmental causes for a prolonged period of time can
promote disease in people with specific genetic backgrounds.
In the past, the correlations between AITD and Th1/Th2
subpopulations and cytokines were extensively studied. It
was believed that the pathogenesis of AITD was closely
related to Th1 and Th2. With the deepening of research, it
has found that the traditional Th1 and Th2 cell imbalances
can still not well explain the pathogenesis of AITD. Glick et
al [76] found no significant difference in the number of Treg
CD4+T cells in peripheral blood of AITD patients, but the
inhibition ability was lower than that of the control group.
Marazuel et al [77] reported that the number of Treg cells in
peripheral blood of AITD patients was significantly higher
than that of the control group, and its inhibitory function was
significantly decreased. Although the results of Treg cell
numbers in AITD patients were inconsistent, the decline in
the function of Treg cells has been determined, which
suggested that the number of Treg cells changed or decreased
in function to participate in the development of AITD. Wang
et al [78] first simulated the human GD model with female
rhesus monkeys and found that the number of Treg cells
decreased and the ratio of Th17 cells/Treg increased. Kahaly
et al [79] found that the immune suppression function of Treg
cells in peripheral blood of patients with GD was
significantly lower than that of the control group, but the
number of Treg cells was not significantly different from that
of the control group, which suggested that the decreased
function of Treg cells was closely related to the pathogenesis
of GD. Tang et al [80] detection of peripheral blood CD4+
and CD25 in patients with GD+Treg cells also gave the same
results. Peng et al [81] found that the number of Th17 cells in
peripheral blood of patients with newly diagnosed GD was
higher than that of the control group. Mao et al [82] reported
that the number of CD4+CD25+Foxp3+Treg in peripheral
blood of patients with newly diagnosed GD was significantly
decreased, and negatively correlated with TSHR antibody
titer. Klatka et al [83] found that the percentage and absolute
value of peripheral blood Treg increased in adolescent GD
patients treated with methimazole. These studies suggest that
changes in the number and dysfunction of Treg are
associated with the onset and prognosis of GD. Chen [84]
found that the expression levels of IL-17A mRNA and serum
IL-17 in thyroid tissue of patients with HT were significantly
higher than those of the control group, and the HT-low group
was higher than the HT-normal group, while Foxp3 mRNA
expression and IL-10 level were significantly lower than the
control group, but there was no significant difference
between the HT-A low group and the HT-induced normal
group. It was suggested that the immune suppressive function
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of Treg cells in thyroid tissue and peripheral blood of HT
patients decreased, while the Th17 cell response was
enhanced. Th17/Treg immune imbalance may be involved in
the occurrence and development of HT. Zhao [85] found that
patients with Graves disease and HT had elevated
Th17/CD4+T cells in peripheral blood, especially the latter
was more obvious. Therefore, it can be used as one of the
diagnostic basis of AITD, especially for the diagnosis of HT.
There was a significant positive correlation between
Th17/CD4+ T cells and Tg-Ab in HT patients, but no
significant correlation with TPO-Ab. There was no
significant correlation between Th17/CD4+ T cells and
thyroid autoantibodies in patients with Graves disease.
Short-term treatment with levothyroxine tablets and
methimazole failed to alter the number of Th17/CD4+ T cells
and thyroid autoantibodies in peripheral blood of patients
with hypothyroidism in HT and Graves. All in all, Th17/Treg
cell dysregulation was involved in the development of AITD
and played an important role in the pathogenesis of HT and
Graves disease.
3.8. Th17/ Treg Imbalance and Autoimmune Hepatitis
Autoimmune liver disease is an autoimmune disease in
which the liver is the target organ. The pathogenesis is
related to the immune regulation disorder of the body.
Autoimmune hepatitis (AIH), which is mainly caused by
hepatocyte injury, is the most common. Although genetic and
environmental factors play an important role in the
pathogenesis of AIH, the exact mechanism remains unclear
[86]. Zhao et al [87] reported that IL-17+lymphocyte
infiltration (mainly CD4+ phenotype) was significantly
increased in patients with AIH, and the degree of infiltration
was positively correlated with the degree of inflammation
and abnormality of AIH, and Th17 cells and serum IL-17
were significantly higher than the control group, which
indicated that Th17 cell proliferation played a key role in the
pathogenesis of AIH. Ferri et al [88] found that AIH patients
not only reduced the number of Treg cells, but also impaired
function. Longhi et al reported that Treg cells in AIH patients
can be expanded and reconstituted (CD4+CD25-cells), and
their immunosuppressive function and Foxp3 expression
levels were higher than freshly isolated Treg cells. It was
confirmed that CD4+CD25-containing Treg cells produced in
AIH patients contained more IL-17+RORC+cell populations,
and these cells were less effective in inhibiting CD25-cell
proliferation than Treg cells from CD4+CD25+cells. Holder
et al [89] reported that the number of CD4+CD25+Treg cells
was decreased and function was lost in AIH patients, and
IL-17 was highly expressed in hepatic inflammatory cell
infiltration. Peiseler et al [90] found that the ratio of
peripheral blood transcription factors RORγt and Foxp3 in
AIH patients was positively correlated with the degree of
liver lesions, and the treatment of Treg cells was significantly
increased. Therefore, it is speculated that Th17/Treg
imbalance is closely related to the occurrence and
development of AIH.
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4. Conclusion
Autoimmune diseases (AIDs) are polygenic hereditary
diseases caused by interactions among immune, environmental
and genetic factors. Th17 cells induce inflammatory responses
mainly by secreting various cytokines such as IL-17, IL-6 and
TNF-α. Treg cells inhibit autoreactive T cells through a variety
of mechanisms, maintain immune tolerance, and limit immune
damage caused by excessive immune responses. At present,
research on Th17/Treg cells has been widely carried out on a
global scale, and has become a research hotspot especially in
AID. The results show that: (1) Th17/Treg cells are involved in
the AID development of rheumatoid arthritis, systemic lupus
erythematosus, psoriasis, multiple sclerosis, inflammatory
bowel disease, primary dryness syndrome, autoimmune
hepatitis and autoimmune thyroid disease, which provides an
experimental basis for the diagnosis of the disease; (2)
Dynamic monitoring of changes in Th17/Treg during the
disease process is conducive to observing the condition,
evaluating the efficacy, and judging the prognosis; (3) the
regulation of il-17 or il-17R, blocking the inflammatory effect
of il-17, effectively amplifying Treg in vitro, adoptive infusion
of Treg in patients with AID, or induction of CD4+ CD25-treg
into CD4+CD25+ Treg in vivo, provide possible targets for the
treatment of AID and opening up a new approach for the
treatment of AID; (4) Combined with the basic theory of
immunology, through the intervention of Th17/Treg ratio,
inhibiting excessive hyperthyroidism of Th17 cells, or
promoting the role of Treg cells, it provides a theoretical basis
for effective prevention of AID. However, Th17/Treg cells are
subject to the interaction and dose-dependent regulation of
many cytokines and transcription factors, as well as the
interaction and influence of multiple signal transduction
pathways, and influenced by the number of samples, race,
region and different stages of disease, so the results of
Th17/Treg cells in AID are not the same. Therefore, further
in-depth study of Th17/Treg cells in a large sample of AID, or
Metal analysis of relevant data, will contribution to the
diagnosis of disease accuracy, refined treatment, precision
prevention, and important guiding significance of precise
regulation of drug targets, and the meticulous analysis of the
pathogenesis, which can also provide the reliable experimental
data and theoretical basis.
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