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Abstract

Co-inhibitory receptors serve as crucial regulators of T-cell function, playing a pivotal role in modulating the delicate balance
between immune tolerance and autoimmunity. Initially identified in autoimmune disease models, co-inhibitory receptors, including
CTLA-4, PD-1, TIM-3, and TIGIT, were found to be integral to immune regulation. Their blockade or absence in these models
resulted in the induction or exacerbation of autoimmune diseases. Additionally, scholars have observed that co-inhibitory receptors
on lymphocytes hold the potential to influence the prognosis in the context of chronic inflammation. Consequently, the blocking of
co-suppressor receptors has emerged as a novel therapeutic approach for inhibiting refractory inflammatory diseases, particularly
rheumatoid arthritis. From the standpoint of traditional Chinese medicine (TCM), the treatment of rheumatoid arthritis based on the
“strengthening body resistance (FU Zhéng)” theory can be construed as the regulation of co-suppressor receptors to modulate the
body’s immune function in combating chronic inflammation. This article provides a succinct overview of the role of co-suppressor
receptors in anti-inflammatory processes and explores the research prospects of co-suppressor receptor intervention in the
treatment of rheumatoid arthritis. The exploration integrates the “strengthening body resistance (FU Zhéng)” theory with relevant
Chinese medicine formulations.
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Introduction In the context of rheumatoid arthritis (RA), cell
responses closely correlate with disease development
and prognosis!*. Traditional Chinese medicine (TCM)
emphasizes internal balance and deficiency in the pres-
ence of external factors. Recognizing the role of bal-
anced gi in disease processes, including onset, evolution,
and outcome, TCM employs interventions such as
nourishing ¢i and reinforcing yang to treat refractory
RAPI, These interventions utilize traditional herbal med-
icine, acupuncture, and exercise to modulate immune
responses, demonstrating their efficacy in the preven-
tion and treatment of RA®l, The activation of co-inhib-
itory factors that influence T cell immune composition
is considered a potential intervention strategy. Future
research will integrate the principles of “nourishing
the righteous” with TCM prescriptions to explore the
nuanced role played by T cell co-inhibitory molecules,

T-lymphocytes are pivotal in immune regulation by
overseeing T-cell responses to prevent inappropriate
reactions, including autoimmunity. During T cell devel-
opment, the thymus orchestrates central tolerance mech-
anisms to eliminate self-reactive T cell clones™?. Factors
such as the nuclear factor autoimmune regulator (AIRE),
expressed by medullary thymic epithelial cells, facili-
tate the ectopic expression of tissue-restricted antigens
within the thymus, contributing to the negative regu-
lation of autoreactive T cells. Despite these regulatory
efforts, some autoreactive T cells escape negative regu-
lation and enter peripheral immune compartments due
to the absence of self-tissue antigen expression within
the thymusPl. Consequently, the orchestration of periph-
eral T-cell responses is crucial for preventing excessive
autoimmunity.
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particularly those associated with exhaustion, in the
context of autoimmunity and the therapeutic manage-
ment of RA.

Regulatory impact co-stimulatory and co-inhibitory
receptors on T-cell response

The activation of naive T cells requires stimulation of the
T-cell receptor (TCR) through major histocompatibility
complex-peptide complexes (Signal 1). Additionally,
co-stimulatory receptors (Signal 2) on antigen-presenting
cells (APCs) must be engaged by their corresponding
ligands”#l. Co-stimulatory receptors on T cells, including
both co-stimulatory and co-inhibitory receptors, are cell
surface receptors that modulate signals driven by TCR,
thereby regulating T cell activation. These receptors
are essential to the T cell immune process, directing the
activation, proliferation, and differentiation of T cells,
and influencing their functional fate. The expression of
these receptors and their ligands is meticulously regu-
lated within T cells and the tissue microenvironment.
An illustrative example of a costimulatory pathway is
the CD28:B7 axis. The costimulatory receptor CD28 on
T cells interacts with its ligands B7-1 or B7-2 on acti-
vated APCs, amplifying the TCR signal and resulting in
T cell proliferation and interleukin (IL)-2 production®',
Various costimulatory receptors have been identified,
including ICOS, CD226, OX-40, 4-1BB, and GITR.
Several co-inhibitory receptors, such as CTLA-4, PD-1,
TIM-3, TIGIT, and LAG-3, have also been identified.
Co-inhibitory receptors play pivotal roles in distinct T cell
subsets, delineating them as activated T cells, regulatory
T cells (Tregs), and exhausted T cells. Within activated
T cells, co-inhibitory receptors regulate the contraction
and expansion of T cell populations. Co-inhibitory recep-
tors such as CTLA-4 and PD-1 enhance the suppressive
function of Tregs!'''?l, Recent investigations have high-
lighted the crucial involvement of T-cell exhaustion in
the chronic inflammation observed in RA. However, the
use of targeted co-inhibitory receptors in the treatment
of RA is constrained by the occurrence of adverse events,
such as immune-related adverse events (irAEs), which
resemble autoimmune reactions!'l,

T-cell exhaustion in autoimmune pathogenesis

T cell exhaustion was first identified over two decades
ago when virus-specific CD8* T cells in mice infected
with lymphocytic choriomeningitis virus (LCMYV)
exhibited reduced functionality, characterized by dimin-
ished effector cytokine production and cytolytic activ-
ity During chronic inflammation, the decline in T
cell function follows a hierarchical pattern. Early stages
are marked by the overproduction of IL-6 and reduced
T-cell proliferation!™l. In later stages, exhausted CD8*
T cells lose the ability to produce interferon-y (IFNy)
and TNFa cytokines and show decreased degranula-
tion capacity!’®, Another hallmark of exhausted CD8* T
cells is the impaired maintenance of T-cell memory, reg-
ulated by Foxol expression!'’l. Although T cell exhaus-
tion primarily affects CD8* T cells, CD4* T cells can also
become exhausted and may contribute significantly to
the exhaustion of CD8* T cells!'%11.
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Genomic methodologies such as RNA sequencing
and assays for transposase-accessible chromatin using
high-throughput (ATAC) sequencing have been uti-
lized to investigate the molecular pathways involved
in T cell exhaustion. Unlike studies focusing on T-cell
activation or memory, these approaches help delin-
eate the distinct molecular phenotypes of exhausted T
cells, defining them as a unique state of T-cell differ-
entiation. The molecular changes in exhausted CD8*
T cells include alterations in metabolism, chemok-
ine and chemokine receptor expression, and cytokine
signaling pathways. For example, signaling initiated
by the binding of the inhibitory receptor PD-1 to
its ligand PD-L1 induces T-cell exhaustion. During
chronic phases, inhibiting this pathway combined
with IL-2 therapy can promote proliferation, regulate
cytokine secretion, and reduce inflammation, thereby
delaying CD8* T cell exhaustion!?*?!l, Notably, T cell
exhaustion is associated with the clinical outcomes of
various human autoimmune diseases, including sys-
temic lupus erythematosus (SLE), autoimmune hepati-
tis (AIH), and RA, where it is linked to the regulation
of PD-1 protein transport in persistent inflammatory
conditions?2241,

Novel insight into “strengthening body resistance
(FU Zhéng) theory”: traditional Chinese herbal
interventions targeting co-inhibitory receptorson T
cells in RA—emphasis on CTLA-4, PD-1, TIM-3, and
TIGIT

The identification of receptors such as CTLA-4, PD-1,
TIM-3, TIGIT, and LAG-3 has advanced research tar-
geting common inhibitory receptors and the develop-
ment of innovative immune therapeutic models for
inflammation control. CTLA-4, recognized for its role
in attenuating T cell responses, is expressed by acti-
vated CD4* and CD8* T cells, Tregs, and inflamma-
tory cells during chronic inflammation™!. Abnormal
CTLA-4 expression has been observed on CD4* T
cells, CD25* T cells, and Tregs in patients with RA!?¢I,
This observation has spurred research into TCM for
refractory chronic inflammatory diseases, focusing
on targeting CTLA-4 in TCM prescriptions. Previous
studies have explored Sinomenine Hydrochloride for
mediating CTLA-4 treatment in RA*”l. Animal stud-
ies have shown that oxymatrine mediates the CTLA-4
axis, activates T cell immune mechanisms, and delays
T cell exhaustion®., In the context of an aging society
and the post-COVID era, characterized by refractory
chronic inflammatory diseases, these findings offer
new avenues for personalized and moderate treatment
approaches.

PD-1 was initially identified as a T cell receptor
linked to programmed cell death®®!. Subsequent stud-
ies have revealed its involvement in anti-inflammatory
immune responses. PD-1 ligands, PD-L1, and PD-L2,
are expressed on various inflammatory cells and mod-
ulate immune responses against chronic inflammation.
In prolonged chronic inflammatory states, abnormal
PD-L1 expression stimulates CD8* T cells, promotes T
cell exhaustion, and results in immune dysregulation.
Increased expression of PD-1/PD-L1 in RA is often



Xuetal. ® Volume 4 e Number 3 o 2024

associated with poor prognosis®*3? and T cell exhaus-
tion, corresponding to the concept of “Insufficient righ-
teous Qi, unable to resist pathogenic factors.” This has
prompted the application of TCM interventions target-
ing the PD-L1/PD-1 axis. Astragalus, a representative
Chinese medicine used to reinforce righteous aspects,
has been studied for its targeted regulation of PD-1/
PD-L13), In a mouse study on RA, oxymatrine medi-
ated the PD-1/PD-L1 axis, activated T cell immune
mechanisms, and delayed T cell exhaustion?34, The
positive effects of TCM interventions on delaying T
cell exhaustion and controlling chronic inflammation
highlight the distinctive features of TCM’s theory of
“strengthening body resistance (Fu Zhéng)” in RA
treatment. Research on TCM-mediated PD-L1/PD-1
pathway treatment for chronic inflammation reintro-
duces the “strengthening body resistance (Fu Zhéng)”
anti-cancer theory into RA treatment, demonstrating
the robust internal optimization and evolution of mod-
ern TCM theory.

Clinical evidence has substantiated the involvement
of two common inhibitory receptors, TIM-3 and TIGIT,
in chronic inflammation. TIM-3, due to its distinct
role in regulating type I immune responses, has been
extensively studied for its expression and functional
attributes!®!. TIM-3 exhibits increased expression in
CD8*PD-1T cells, regulating T cell exhaustion!*®,
Clinical observations indicate that TIM-3 significantly
influences RA progression®”. Coordinated modula-
tion of TIM-3 and PD-1 through appropriate Chinese
medicine formulations has shown promising clinical
outcomes. Studies on TCM interventions for RA pro-
gression revealed the efficacy of the Baihu Jiaguizhi
decoction in regulating PD-1 and TIM-3 proteins in the
peripheral blood of patients!®l. The precision targeting
of T cells by TIM-3, regulated by TCM against chronic
inflammation, represents a pioneering avenue, offering
a contemporary medical perspective on the theory of
“supporting the righteous, dispelling obstruction” (Fa
Zhéng Juan Bi).

TIGIT is highly expressed in natural killer (NK)
cells, CD8*T cells, and Tregs within the inflamma-
tory milieu®!. Studies have confirmed TIGIT signal-
ing’s role in inhibiting T cell activation™l. Intriguingly,
most inflammation-infiltrating Tregs express TIGIT
rather than CD8* T cells, contributing to the attenu-
ation of chronic inflammatory development and prop-
agation*!l. Recent investigations suggest that Buzhong
Yiqi pills can modulate memory T cell differentiation
for treating ulcerative colitis. Potential mechanisms
involve blocking anti-TIGIT antibodies, slowing T-cell
overdifferentiation and exhaustion, and regulating
inflammation*?. Concurrently, studies indicate that
combining Jin Gu Lian capsules with anti-rheumatic
drugs may regulate cytokine expression, such as IL-17,
thereby retarding disease progression in RAM. Faced
with refractory RA, the “strengthening body resistance
(Fa Zheéng)” theory centered on delaying T cell exhaus-
tion offers a fresh perspective. Research integrating
“strengthening body resistance” formulations with
T cell exhaustion, a central phenomenon in chronic

292

www.ahmedjournal.com

inflammation, not only enhances the theoretical foun-
dation for controlling RA in TCM but also augments
clinical methodologies.

Conclusion and perspectives: pioneering a new era in
RA treatment through supportive therapies

Immunotherapy, particularly immune checkpoint
blockade, has proven effective in treating various
chronic inflammatory conditions, marking a signifi-
cant shift in therapeutic strategies. However, the con-
siderable autoimmune-like adverse effects associated
with immune checkpoint blockade limit its widespread
application. The increasing use of immune checkpoint
blockade in RA has highlighted the need for new per-
spectives and mechanistic pathways in TCM research
for RA interventions. By understanding the pivotal role
of co-inhibitory receptors in autoimmunity and align-
ing this with TCM’s “strengthening body resistance (Fa
Zheéng)” theories, we can integrate network pharmacol-
ogy of supportive formulations, foundational knowl-
edge of tissue-specific autoimmune responses, and the
molecular dynamics within specific effector T cells to
enhance the investigation into immune checkpoint
blockade mechanisms.

Future studies should consider incorporat-
ing the concept of TCM pharmacogenomics and
using unbiased genomic methodologies to identify
immune-inflammatory-specific targets for immuno-
therapy. This approach heralds a new era in TCM
diagnostic and therapeutic strategies, combining
symptomatology with precision therapy. Notably,
there has been a growing focus on TCM strategies for
supporting and regulating immunity in treating RA
since the advent of anti-cancer supportive therapy the-
ory. Leveraging the synergies between inflammation
and cancer research, a reassessment of immune-re-
lated co-inhibitory molecules combined with support-
ive therapy theory unveils novel pathways for TCM
in managing rheumatic diseases. This represents a
compelling and pioneering exploration paradigm with
immense potential.
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