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Abstract

The dysregulation of the immune system plays a pivotal role in
the pathogenesis and progression of kidney diseases. Abnormal
self-antigen recognition can induce inflammatory processes in the
kidney, which may ultimately result in kidney damage. Given the
paucity of limited therapeutic options for kidney damage mediated
by autoantigens and the immune dysregulation inherent in kidney
diseases, alternative therapies are imperative and expedient. The
accumulative evidence has demonstrated that Traditional Chinese
Medicine (TCM) possess significant anti-inflammatory and immu-
nomodulatory properties, suggesting its potential for addressing im-
mune dysregulation associated with kidney diseases. In this review,
we summarized the recent applications of TCM in regulating immune
dysregulation in kidney diseases, elucidated the underlying mecha-
nisms and identified potential limitations. Hope our review to provide
insights for researchers engaged in this field
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Introduction

Chronic kidney disease (CKD) remains a significant public health
issue concern on a global scale, with a persistently high incidence that
poses a substantial threat to human health. An increasing body of ev-
idence suggests that abnormal regulation of the immune system plays
a crucial role in the pathogenesis and progression of kidney disease.
In addition to the inflammatory and destructive effects of the kidney
inflammation and damage induced by abnormal recognition of auto-
antigens (such as autoimmune-mediated kidney disease and autoim-
mune disease-related kidney injury), several articles have demonstrat-
ed that chronic kidney pathologies, including diabetic nephropathy,
renal fibrosis, ischemia-reperfusion, and drug-related kidney injuries,
are also closely associated with immune dysregulation [1,2]. These
immune regulation mechanisms involved in kidney disease are often
characterized by complex immune responses, including aberrant ac-
tivation of immune cells, an imbalance in cytokine release, and the
deposition of immune complexes. These responses ultimately lead to
ongoing kidney damage and a decline in renal function. However,
immune cells also possess a dual role. Certain regulatory components
of the immune system have the capacity to inhibit renal inflammato-
ry responses, thereby ameliorating kidney damage. This perspective
provides novel new insights into the immunological treatment of kid-
ney diseases [3].

TCM has a long history and substantial clinical experience in the
treatment of autoimmune diseases. Its multi-component and multi-tar-
get characteristics enable it to modulate immune function at various
levels, including both the innate and adaptive immune systems, there-
by restoring immune balance and alleviating immune-mediated tissue
damage. A substantial body of evidence has been conducted on the
immunomodulatory effects of acupuncture, acupoint stimulation, and
herbal treatments for skin diseases, rheumatic diseases, thyroid dis-
orders, and tumors [4-7]. These investigations demonstrate the broad
potential of TCM in regulating immune cell activity, suppressing ex-
cessive immune responses, and modulating inflammatory pathways.
In the field of immunotherapy for kidney diseases, TCM also demon-
strates considerable potential for the therapeutic applications. Numer-
ous clinical trial evidence and basic research evidence have indicated
that TCM can effectively improve symptoms and laboratory param-
eters in patients with immune-related kidney diseases. For example,
commonly used herbal remedies such as Astragalus, Epimedium,
Morinda officinalis, Cordyceps, Hibiscus abelmoschus, and Tripte-
rygium wilfordii have been demonstrated to exert beneficial effects
by regulating immune cells, inhibiting inflammatory responses, and
promoting renal repair. Furthermore, TCM treatment modalities such
as acupuncture and tui na (therapeutic massage) have exhibited poten-
tial protective effects on kidney function by reducing inflammation,
improving renal hemodynamics, and regulating mitochondrial energy
metabolism, thereby restoring immune balance and mitigating pro-
gressive kidney damage [8-10].

As research into the immunomodulatory mechanisms of TCM
deepens and modern biotechnologies are integrated, the role of
TCM in kidney diseases will become increasingly defined. Further
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investigation of the molecular mechanisms underlying TCM’s im-
munomodulatory effects will facilitate to the development of novel
treatment strategies for the prevention and management of kidney dis-
eases. This article aims to systematically summarize the immunomod-
ulatory effects of TCM on various immune-related kidney diseases,
analyze the underling mechanisms and discuss the limitations, hope
to provide a reference for future research and clinical applications.

Relationship between the Immune System and the
Kidneys

The immune system is composed of a variety of cells and mole-
cules, including immune cells, secreted antibodies and cytokines, and
the complement system. The immune system’s activities can be divid-
ed into two categories: innate immunity and adaptive immunity. The
innate immune system is comprised of monocytes, macrophages, nat-
ural killer (NK) cells, and dendritic cells, which collectively serve to
protect the body by directly recognizing and eliminating pathogens,
releasing cytokines, and initiating inflammatory responses. Adaptive
immunity, which is primarily mediated by lymphocytes, involves B
lymphocytes producing specific antibodies in response to particular
antigens, while T lymphocytes eliminate infected cells or modulate
the activities of other immune cells through direct cellular mecha-
nisms [11].

The Activation of adaptive immunity typically necessitates the
involvement of the innate immune system. Macrophages, for exam-
ple, are instrumental in immune surveillance, antigen presentation,
and the maintenance of renal homeostasis. The nature and duration
of the injury in question will determine the specific response of the
macrophages. Macrophages can be observed to exhibit multiple dif-
ferent phenotypes: M1 macrophages are pro-inflammatory and assist
in the clearance of infections; however, they can also exacerbate kid-
ney damage through the promotion of inflammation. In contrast, M2
macrophages possess anti-inflammatory properties that facilitate tis-
sue repair. Nevertheless, the excessive regulation of M2 cells can also
contribute to the worsening of renal fibrosis. In the context of kidney
injury, macrophages have the capacity to directly transform into my-
ofibroblasts, a process known as Macrophage-to-Myofibroblast Tran-
sition (MMT). This process is driven by the TGF-f1-Smad3 signaling
pathway. MMT may represent a crucial point of transition between
the chronic renal inflammation and pathological fibrosis [12].

In addition to their excretory and endocrine functions, the kidneys
also play a significant role in the immune system. The effects of renal
autoimmunity are often the result of antibody deposition or immune
cell infiltration, which target glomeruli, renal tubules, and vascular
structures targets of the autoimmune process [13]. Additionally, the
kidneys contain resident Innate Lymphoid Cells (ILCs), which are
vital components of the immune system and perform crucial functions
within the kidneys. In contrast to conventional traditional T lympho-
cytes, ILCs do not depend on rearranged antigen receptors for acti-
vation; instead, they detect local signals through various receptors.
Based on their functions, ILCs can be categorized into cytotoxic NK
cells and several “helper” ILC subpopulations (such as ILC1, ILC2,
and ILC3). ILC1 resembles Th1 cells and expresses T-bet and IFN-y,
while ILC2, defined by GATA-3 expression, produces Th2 cytokines
IL-13, IL-5, and IL-4, as well as IL-9 and epidermal growth factor
(EGF). ILC3 reflects the function of Th17 cells, which are distin-
guished by the expression of RORyt and AHR, and produces IL-17
and/or IL-22, GM-CSF, and lymphotoxin [14].

The therapeutic approaches in TCM are distilled into eight distinct
methods: “han, tu, xia, he, qing, xiao, wen, and bu.” These correspond
to practices such as inducing promoting sweating, emetics, catharsis,
harmonization, the clearing method (for example, the clearing of heat
and detoxification), elimination, warming, and tonification. In accor-
dance with the syndrome differentiation and treatment as espoused
by TCM, the application of each method in an appropriate manner
has the potential to rectify immune dysregulation. In accordance with
the established treatment guidelines, the same herb or its components
may exert opposing regulatory effects on the immune system, con-
tingent on the disease state, and thus confer benefit to organism. For
example, Astragalus, an herb with known gi-tonifying properties, has
been demonstrated to exert immunomodulatory effects across various
diseases. A study evaluated the impact of Astragalus on Ana-1 mac-
rophages, demonstrating that it elevated heparinase activity in mac-
rophages, facilitated cellular migration, and augmented mRNA levels
and secretion of IL-1B and TNF-a, thereby boosting host defenses
against infection [15]. The main component of Astragalus, astraga-
loside IV (ASI), has been demonstrated to enhance CD45 phospha-
tase activity, stimulate T and B lymphocyte activity, and induce the
expression of various cytokines and chemokines [16]. Conversely, in
another study focused on Myasthenia Gravis (MG), an antibody-me-
diated autoimmune disease, astragaloside IV (ASI) was found to re-
duce levels of Th1 and Th17 cells while enhancing regulatory T cells
(Tregs) and improving gut microbiota, thereby alleviating symptoms
of myasthenia [17]. It can therefore be seen that TCM’s theoretical
framework and pharmacological approaches for achieving coordinat-
ed balance in the immune system have significant potential for further
basic research and clinical translation.

Inflammation Induced by Immune Dysregulation in
the Kidneys and Treatment with TCM

Rapidly Progressive Glomerulonephritis

In the context of autoimmunity, kidney damage primarily mani-
fests as inflammatory kidney diseases. Whether the result of patho-
genic immune responses against renal self-antigens or the renal man-
ifestations of systemic autoimmune diseases, the failure to resolve
Glomerulonephritis (GNs) can result in the progression to Chronic
Kidney Disease (CKD). Nevertheless, some diseases may rapidly ad-
vance to end-stage renal disease, a condition known as rapidly pro-
gressive glomerulonephritis. One such example is anti-glomerular
basement membrane (anti-GBM) disease, where antibody binding
activates the complement system, triggering local inflammatory re-
sponses. The recruitment of inflammatory cells, including neutrophils
and macrophages, to the kidneys, results in the release of cytokines
and enzymes that promote glomerular cell injury and structural dam-
age. This can lead to the formation of crescents and the development
of Autoimmune Crescentic Glomerulonephritis (ACGN), which can
rapidly progress to end-stage renal disease. This condition typically
necessitates a combined treatment approach involving plasma ex-
change and immunosuppressants. Ginsenoside Rgl has been demon-
strated to have a mitigating effect on damage caused by anti-GBM
disease. One study demonstrated that ginsenoside Rgl could reduce
IL-1B-induced podocyte inflammation and apoptosis. The effects
were significantly reversed by inhibitors of ginsenoside Rgl, which
also blocked the inhibitory action of ginsenoside Rgl on the MAPK
pathway [18]. Another study established a mouse model of ACGN
with T lymphocyte dysregulation, demonstrating that intervention
with armepavine, a major bioactive compound from the folium
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nelumbinis, significantly inhibited T cell/macrophage infiltration and
NF-kB activation in the kidneys. Additionally, this intervention re-
sulted in a reduction in serum autoantibody levels, and a decrease
in the levels of pro-inflammatory cytokines (such as IFN-y) in both
serum and renal tissue. Furthermore, this intervention demonstrat-
ed the ability to suppress T/B cell activation and T cell proliferation
within the spleen, reduce glomerular immune deposition, and prevent
crescent formation. Ultimately, this resulted in an improvement in
proteinuria and renal dysfunction. These findings provide a valuable
reference for the combined use of TCM in the treatment of rapidly
progressive glomerular diseases [19].

Chronic Glomerulonephritis

In the treatment of Chronic Glomerulonephritis (CGN), TCM
demonstrates a plethora of therapeutic methods that can also influ-
ence immunoregulatory mechanisms. For example, the Xiao Chai Hu
Decoction (XD), which exemplifies harmonizing methods, has been
demonstrated to restore the balance between Thl and Th2 cells in
CGN patients, reducing the levels of the pro-inflammatory cytokine
IFN-y while increasing the expression of the anti-inflammatory cyto-
kine IL-4. This results in the amelioration of the state of immune dys-
regulation. Furthermore, XD significantly inhibited the abnormal ele-
vation of IL-17 and RANTES (regulated on activation, normal T cell
expressed and secreted), reducing renal inflammation and effectively
decreasing proteinuria [20]. In another study, researchers employed
the utilisation of Qi Teng Xiao Zhuo granules, an elimination method,
in an adriamycin-induced CGN rat model, demonstrating that it im-
proved immune responses by regulating multiple signaling pathways
(such as cytokine receptor interactions and B cell receptor signaling),
influencing immune cell differentiation and activation, and promoting
recovery of renal function [21].

Acteoside (ACT), a principal active component of Rehmannia
leaves, is known in TCM for its considerable nourishing effects. The
results of research indicate that ACT can improve 24-hour urinary
protein and serum creatinine levels in passive Heymann nephritis
(PHN) model rats. Furthermore, ACT has been observed to suppress
the expression of leukocyte CD18, and dose-dependently reduce the
production of TNF-a and IL-6 in macrophages, This suggests that
ACT can exert anti-inflammatory effects and modulating immune
function [22]. Similarly, Yishen Capsule (YSC), which is also a nour-
ishing agent, has been observed to adjust T lymphocyte subsets by
increasing the ratios of CD3, CD4, and CD4/CDS in clinical appli-
cations, enhancing immune tolerance and lowering serum levels of
vascular endothelial growth factor (VEGF), which has been demon-
strated to help alleviate kidney damage and to mitigate chronic glo-
merulosclerosis [23,24].

Autoimmune-Mediated Kidney Diseases

In autoimmune-mediated kidney diseases, the imbalance and sub-
group changes of lymphocyte function represent pivotal pathological
mechanisms. The pathological features of immunoglobulin A ne-
phropathy (IgAN) include the deposition of I[gA immune complexes,
which lead to the proliferation of mesangial cell and an expansion of
matrix. The combined application of artemisinin and hydroxychloro-
quine has demonstrated that treatment results in a reduction in the pro-
portion of Th2 and Th17 cells, while increasing the proportion of Thl
and regulatory T cells (Tregs). This alteration suggests that TCM can
assist in the mitigation of immune-mediated responses by modulating
the ratio of CD4+ T cell subgroups, thereby alleviating renal dam-
age in IgAN [25]. An imbalance in T cell subgroups, particularly the
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Th1/Th2 and Th17/Treg ratios, is closely associated with the occur-
rence and progression of idiopathic membranous nephropathy (IMN).
In some cases of IMN that are unresponsive to hormone or immuno-
suppressant therapy, the administration of TCM has been observed
to result in an increase in CD4+ T cells and IL-2 levels while CD8+
T cells have been observed to decrease. This suggests that TCM can
facilitate the remodeling of T cell subgroups, thereby enhancing the
function of Tregs to combat autoimmune injury [26]. In membranop-
roliferative glomerulonephritis (MsPGN), the abnormal proliferation
of lymphocytes and inflammatory responses are major pathological
features. A compound injection of Hedyotis diffusa (FBI) has been
demonstrated to significantly reduce pathological damage in MsPGN
rats by inhibiting tubular cell proliferation and macrophage infiltra-
tion. This effect is attributed to the main componentof the extract,
quercetin, which modulates the NF-kB signaling pathway, thereby
regulating lymphocyte activity and reducing immune-mediated in-
flammatory responses [27]. In models of lupus nephritis, Sairei-to,
a Japanese herbal remedy, has been demonstrated to inhibit B cell
activation and to improve immune imbalance by enhancing the func-
tion of Th2 cells, demonstrating the ability to regulate the Th1/Th2
balance. Restoring this balance is crucial for suppressing excessive
immune responses [28]. The classic formula Longdan Xiegan Decoc-
tion has been demonstrated to increase the number of CD3+CD4+,
CD3+CD8+, and CD4+CD25+ T cells, while significantly reducing
the levels of IFN-y, TNF-a, and anti-dsDNA antibodies. Consequent-
ly, it has been established as a valuable adjunctive therapy for patient
with Systemic Lupus Erythematosus (SLE) [29]. In the context of
focal segmental glomerulosclerosis (FSGS), Jianpi Qinghua Decoc-
tions have demonstrated regulatory effects on the lymphocyte system,
characterised by a reduction in reducing the CD4+/CD8+ T cell ratio
and the expression of pro-inflammatory factors (such as TNF-a and
IL-6), This has led to an improvement in renal damage associated
with FSGS [30]. The alterations in lymphocyte subgroups in auto-
immune-mediated kidney diseases not only reflect the complexity of
the pathological mechanisms of renal immune dysregulation but also
offer novel insights into clinical treatment. The T cell activation and
differentiation represents an effective strategy for reducing immune
inflammatory responses and improving kidney function. This pro-
vides a theoretical foundation for the use of TCM in the treatment of
autoimmune kidney diseases.

Diabetic Kidney Disease

The pathological mechanisms of Diabetic Kidney Disease (DKD)
are complex, and involve a number of different factors, including
macrophage polarization, lymphocyte dysregulation, and gut mi-
crobiota imbalance. The relative proportions of M1 and M2 macro-
phages, along with the dysregulation of peripheral T cell immune ho-
meostasis in patients with type 2 diabetes mellitus (T2DM), represent
a significant area of research interest with regard to renal inflamma-
tion and injury. It has been demonstrated that T2DM patients who
also have cardiovascular and renal complications display a markedly
diminished degree of specificity and diversity in their T Cell Receptor
(TCR) repertoire, reflecting functional defects of T cells in chronic in-
flammatory responses. This deficiency may result in a weakening of T
cell immune responses to pathogens, thereby exacerbating the inflam-
matory state [31]. The polarization state of macrophages is of partic-
ular importance during the progression of DKD. M1 macrophages
accumulate in the kidneys due to their pro-inflammatory properties,
releasing TNF-a, IL-1f, and IL-6, which further exacerbate local in-
flammation and tissue damage. The release of these factors stimulates
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tubular and glomerular cells, resulting in proteinuria and a decline
in renal function. Conversely, M2 macrophages are responsible for
tissue repair and anti-inflammatory responses; insufficient M2 func-
tion may therefore exacerbate the extent of chronic injury [32]. Fur-
thermore, an imbalance in gut microbiota is regarded as a significant
contributing factor in the progression of DKD. A reduction in gut mi-
crobial diversity can result in the elevated levels of gut-derived toxins
(such as indoxyl sulfate and endogenous lipopolysaccharides), which
activate the gut-kidney axis and enhance Toll-like receptor 4 (TLR4)
signaling, promoting the formation of M1 macrophages. This process
serves to further intensify chronic kidney inflammation. Paeoniflorin
(PF), an effective TCM, has been demonstrated to possess anti-in-
flammatory and immunomodulatory properties. This is achieved by
blocking the TLR2/4 signaling pathways, reducing urinary albumin
excretion rates, and inhibiting macrophage infiltration and activation,
thereby lowering inflammatory responses in DKD [33]. A meta-anal-
ysis demonstrated that PF could mitigate kidney mesangial expansion
and tubular interstitial damage, reduce 24-hour urinary protein ex-
cretion rates, and decrease the expression of inflammatory mediators
(MCP-1, TNF-q, iNOS, and IL-18 mRNA) and downstream immune
factors (P-IRAKI1, TIRF, P-IRF3, MyD88, and NF-kBp-p65). Its
renoprotective effects are associated with the suppression of macro-
phage infiltration and the reduction of inflammatory mediators and
immune modulation [34]. A compound preparation known as Tang-
shen Fang has been found to effectively regulate gut microbiota, re-
store gut ecological imbalance, and reduce levels of indole sulfate
and metabolic endotoxemia/lipopolysaccharide. Its inhibitory effect
of the compound on renal inflammation is related to the suppression
of indole sulfate receptors and TLR4, which in turn inhibits JNK and
NF-«B signaling pathways in the kidneys and improving diabetic kid-
ney damage [35]. The progression of DKD may occur more rapid-
ly as a result of the interplay of multiple factors, including immune
dysregulation. The utilisation of TCM to offers the potential for the
development of new strategies and targets for the treatment of DKD.

Chronic kidney disease

CKD has traditionally been considered to be the result of the pro-
longed progression of various kidney diseases. However, there has
been a recent increase in interest in relationship between CKD and
immune dysregulation has recently garnered increasing attention. In
the initial stages of kidney injury, resident cells respond with stress
signals that release pro-inflammatory cytokines, attracting immune
cell infiltration, particularly the activation of macrophages and T lym-
phocytes. Furthermore, modifications to the renal microenvironment
and the aggregation of uremic toxins can impair lymphocyte func-
tionality, resulting in reduced immune tolerance. T cell subgroups
in patients exhibit significant functional disturbances, including an
imbalance in Th1/Th2 and a reduction in NK/Terg/IFN-y has been
mentioned above, which amplify autoimmune responses. Addition-
ally, recent studies have also discovered a close correlation between
gut microbiota dysbiosis and the immune responses in CKD. The
presence of gut bacteria has been demonstrated to result in the pro-
duction of endotoxins and metabolites that exert a detrimental impact
on systemic immune status, thereby exacerbating renal pathological
changes.

The available evidence suggests that the activity of NK cells is
increased in CKD patients. This is accompanied by a significant
upregulation of related cytokines, including perforin and interfer-
on-y IFN-y, which points to a crucial role for NK cells in the im-
mune response associated with CKD. Shenkang injection (SKI)

has been demonstrated to impede the advancement of renal intersti-
tial fibrosis (RIF) by inhibiting the activation of NK cells, a process
that involves the regulation of the STING/TBK 1/IRF3 signaling path-
way, thereby improving renal function [36]. Huangkui capsules are a
commonly used TCM medications for the treatment of kidney diseas-
es, effectively improving renal function and reducing proteinuria in
patients with chronic kidney disease, diabetic nephropathy, and IgA
nephropathy. The mechanisms of action may include the alleviation
of inflammation and oxidative stress, the enhancement of immune re-
sponses, the protection of tubular epithelial cells, the improvement of
podocyte apoptosis, glomerulosclerosis, and mesangial proliferation,
and the inhibition of renal fibrosis [37]. Cordyceps sinensis also has
been shown to possess immunosuppressive properties. Its lipopeptide
components have been demonstrated to inhibit T and B cell activation
and proliferation, reducing the production of IL-2, IL-10, and TNF-a
in peripheral blood. This may offer new treatment strategies for hy-
perimmune diseases [38]. Fufang Shenhua tablets (SHT) and their ac-
tive component, astragaloside IV (AS-1V), have been demonstrated to
exhibit significant anti-inflammatory and immunomodulatory effects
by inhibiting NF-xB, TLR, and PI3K/AKT signaling pathways. This
further emphasizes the importance of TCM in regulating immune im-
balance in CKD [39]. Gut microbiota dysbiosis is also closely asso-
ciated with immune inflammation in CKD. It appears that dysbiosis,
impaired intestinal barriers, and abnormal intestinal immunity may
serve as mechanisms underlying immune-related CKD, a connection
that has been termed the gut-kidney axis. The use of prebiotics, pro-
biotics, and TCM (such as rhubarb) can facilitate the regulation of gut
ecology, reduce oxidative stress, and enhance the communication be-
tween local immune systems in the gut and the kidneys [40]. Further-
more, research has demonstrated that Huaier (Trametes robiniophila
Murr) has a broad regulatory role in the immune system, exhibiting
broad-spectrum activity on various components of both innate and
adaptive immune systems, including macrophages, dendritic cells,
NK cells, T lymphocytes, and B lymphocytes. Huaier exerts regu-
latory effects on immune responses, encompassing the expression of
damage-associated molecular patterns, the activation and maturation
of immune cells, and the influencing cellular proliferation, differenti-
ation, antibody production, cytokine and chemokine expression, and
intracellular signaling. These effects have been demonstrated to be
beneficial in the context of immune-related kidney diseases [41]. In
clinical research, Qingshen granules have been demonstrated to ef-
fectively downregulate the CD4+/CD8+ T cell ratio, Th17 cell levels,
and NF-«kB activity in patients with chronic renal failure (CRF) with
damp-heat syndrome. This results in the regulation of immune dys-
function and the reduction of inflammatory mediator’s release, which
ultimately improved the renal fibrosis [42]. These studies provide a
comprehensive analysis of the immunomodulatory effects of various
TCM in the context of improving CKD, they suggest that future re-
search should prioritize clinical validation and mechanistic studies in
order to facilitate the wider application of these therapeutic strategies.

Summary and Future Research Directions

This article presents a comprehensive review of the critical role
of TCM in regulating immune dysregulation associated with kidney
diseases, highlighting its multi-target and multi-pathway therapeutic
potential. Multiple studies demonstrate that TCM not only improves
renal function and attenuates inflammatory responses but also effec-
tively restores immune balance, providing robust empirical support
for the use of TCM in in the treatment of kidney diseases.
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