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Abstract: Renal fibrosis is a hallmark and common outcome of various chronic kidney diseases (CKDs) and manifests pathologically as 
accumulation and deposition of extracellular matrix (ECM) in the kidney. Epithelial-to-mesenchymal transition (EMT) has been shown 
to be an important mechanism involved in renal fibrosis. Cordyceps sinensis, a traditional Chinese medicine, has long been used for the 
treatment of renal fibrosis. As research on the mycelium of C. sinensis progressed, a variety of medicines developed from fermented 
mycelium were used to treat CKD. However, their efficacies and mechanisms have not been fully summarized. In this review, five 
medicines developed from fermented mycelium of C. sinensis are presented. The pharmacodynamic effects of C. sinensis on different 
animal models of renal fibrosis are summarized. The in vitro studies and related mechanisms of C. sinensis on renal cells are detailed. 
Finally, the application and efficacy of these five commercial medicines that meet national standards in different types of CKD are 
summarized. From this review, it can be concluded that C. sinensis can alleviate various causes of renal fibrosis to some extent, and its 
mechanism is related to TGF-β1 dependent signaling, inhibition of inflammation, and improvement of renal function. Further research on 
rigorously designed, large-sample, clinically randomized controlled trial studies and detailed mechanisms should be conducted. 
Keywords: renal fibrosis, Cordyceps sinensis, fermented mycelium products, epithelial-to-mesenchymal transition

Introduction
Renal fibrosis is the hallmark and common outcome of various chronic kidney diseases (CKD), which manifests pathologi
cally as excessive accumulation and deposition of extracellular matrix (ECM) in the kidney.1 The complicated process of renal 
fibrosis consists of four overlapping phases: inflammatory cell infiltration, myofibroblast activation, ECM production, tubular 
atrophy and microvascular rarefaction.2 Renal fibrosis affects almost every part of the kidney tissue and can manifest as 
glomerulosclerosis, tubulointerstitial fibrosis and arteriosclerosis, leading to abnormalities in clinical indicators such as 
creatinine, urea nitrogen and cystatin, and eventually to the development of inevitable renal failure.3,4

Almost all cell types in the kidney are involved in renal fibrosis, including fibroblasts, epithelial cells, endothelial cells, 
inflammatory cells, etc., and there is a dynamic cross-talk and interplay among them.5–7 Briefly, inflammatory cells are 
recruited to the renal interstitial region by the damaged kidney, producing large amounts of pro-inflammatory and pro-fibrotic 
cytokines, which in turn promote fibroblast activation and mesenchymal transdifferentiation, including epithelial-to- 
mesenchymal transition (EMT) and endothelial–mesenchymal transition (EndoMT).8,9 Beyond the above, macrophages 
can also generate macrophage–mesenchymal transition (MMT) per se.10 The end result of the above processes is increased 
expression of alpha smooth muscle actin (α-SMA) and decreased expression of epithelial cell markers such as E-cadherin, 
which eventually manifests as fibrosis pathologically and reduced renal function (Figure 1).
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EMT is a central process in renal interstitial fibrosis, which was confirmed by two landmark studies in 2015.11,12 In 
numerous CKD animal models, inhibition of the EMT programme in transcript levels has been proved to reduce 
interstitial fibrosis, suggesting that improving EMT is crucial for the treatment of renal fibrosis.11–13 Multiple signaling 
pathways are involved in the progression of EMT, among which the intensively studied ones include classical transform
ing growth factor-β1 (TGF-β1)-Smad signaling, Wnt/β-catenin signaling, mitogen-activated protein kinase (MAPK) 
signaling, NF-ĸB signaling, etc.14–17 TGF-β1 signaling is the most studied of the above pathways.

The main therapeutic agents currently available to reverse or inhibit renal fibrosis are angiotensin-converting enzyme 
inhibitors (ACEI) and angiotensin II receptor blockers (ARBs), but the use of these agents is limited by their efficacies and side 
effects.18 Traditional Chinese medicine (TCM) has a long history in the treatment of renal fibrosis, of which C. sinensis is one 
of the most studied drugs.19–22 C. sinensis is a complex of larval corpse and fungal daughter formed by C. sinensis infecting 
larvae of Hepialidae.23 With the intensive research on C. sinensis, its fermented mycelium has been widely used for the 
treatment of CKD. A large number of clinical and animal studies have proved that the mycelium can alleviate renal fibrosis; 
however, its effects on inhibiting EMT are currently limited to being anti-inflammatory and antioxidant.22

Till now, a variety of medicines developed from fermented mycelium of C. sinensis have been widely used in the 
treatment of CKD (Figure 2). It is time to comprehensively evaluate and compare the effectiveness of these medicines in 
alleviating renal fibrosis and their mechanisms, especially around the EMT process. In this paper, we review 

Figure 1 The cross-talk and interplay among cells in renal fibrosis. 
Abbreviations: IL, interleukin; TNF-α, tumor necrosis factor-α; IFN-γ, interferon-γ; EMT, epithelial-to-mesenchymal transition; EndoMT, endothelial–mesenchymal 
transition; MMT, macrophage–mesenchymal transition; α-SMA, α smooth muscle actin; ECM, extra cellular matrix.

Figure 2 Development of isolated fungi from Cordyceps sinensis and medicines from fermented fungi.
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C. sinensis’s pharmacologic action in reducing renal fibrosis by antagonizing EMT based on different pathological 
mechanisms in various animal models (Figure 3). Then, we focus on the role of C. sinensis in the interaction between 
renal parenchymal cells and inflammatory cells (Figure 4). We summarize the mechanism of C. sinensis inhibiting EMT 
(Figure 5). In addition, the clinical effectiveness of these drugs in the treatment of different renal diseases has attracted 
our interest based on their ameliorative effect on EMT (Table 1).

Medicines Developed from Fermented Mycelium of C. sinensis
The industrialization of fermented mycelium of C. sinensis originated from the research of natural C. sinensis. C. sinensis 
is a well-known medicinal mushroom in TCM and is a rare naturally occurring entomopathogenic fungus.41 According to 
the theory of TCM, C. sinensis can tonify the lung and the kidney. Its extracts have effects of nephroprotection, 
hepatoprotection, neuroprotection, and protection against ischemia/reperfusion-induced injury, as well as anti- 
inflammatory and anti-oxidant activities.42 Research on the isolation and culture of C. sinensis began in the late 

Figure 3 In vivo animal studies. 
Abbreviations: SHR, spontaneously hypertensive rats model; AAN, aritolochic acid nephropathy; UUO, unilateral ureteral obstruction; DN, diabetic nephropathy; AKI, 
acute kidney injury; TLR4, toll-like receptors 4; MAPK, mitogen-activated protein kinase; TGF-β1, transforming growth factor-β1; CTGF, connective tissue growth factor; 
SIRT1, sirtuin 1.

Figure 4 In vitro mechanism research. 
Abbreviations: SIRT1, sirtuin 1; TGF-β1, transforming growth factor-β1; CTGF, connective tissue growth factor; MAPK, mitogen-activated protein kinase; α-SMA, α 
smooth muscle actin.
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1970s.43 Till now, 35 Cordyceps species have been reported in the literature to have medicinal properties or to 
isolate bioactive compounds.44

Of these 35 species, five have been developed for clinical application as drugs with national standards: Xinganbao 
capsules developed from Gliocladium roseum, Ningxinbao capsules from Cephalosporium sinensis, Zhiling capsules 
from Mortierella hepiali in 1985, Jinshuibao capsules developed from Paecilomyces hepialid in 1987, and Bailing 
capsules from Hirsutella sinensis in 1988.43 Except for Ningxinbao capsules, the instructions of the other four medicines 

Figure 5 Mechanisms involved in Cordyceps sinensis alleviating renal fibrosis. 
Abbreviations: TLR4, toll-like receptors 4; MAPK, mitogen-activated protein kinase; JNK, c-Jun N-terminal kinase; ERK, extracellular signal-regulated kinase; HGF, human 
hepatocyte growth factor; BMP-7, bone morphogenetic protein 7; TGF-β1, transforming growth factor-β1; TβR1, TGF-β1 binds receptor I; TβR2, TGF-β1 binds receptor II; 
Smad, mothers against decapentaplegic homologue; PAI-1, plasminogen activator inhibitor-1; AP-1, activator protein 1; CTGF, connective tissue growth factor; MMP7, matrix 
metalloproteinase 7; AMPK, adenosine 5’-monophosphate-activated protein kinase; SIRT1, sirtuin 1; EMT, epithelial-to-mesenchymal transition.

Table 1 Clinical Research into Artificially Cultured Cordyceps Sinensis in CKD Treatment

Medicine Diseases Drug Combination Main Results References

Jinshuibao 
capsule

Diabetic nephropathy ACEI/ARBs BUN↓ Scr↓ UTP↓ [24,25]

Aristolochic acid 
nephropathy

Prednisone Scr↓ UTP↓ [26]

Chronic renal failure Ginkgo leaf tablet TNF-α↓ IL-6↓ hs-CRP↓ [27]

Bailing capsule/ 
tablets

Diabetic nephropathy ACEI/ARBs BUN↓ Scr↓ IL-6↓ hs-CRP↓ TNF-α↓ collagen-IV↓ 
laminin↓ TGF-β1↓

[28,29]

Chronic 

glomerulonephritis

ACEI/ARBs/ 

cyclophosphamide

BUN↓ Scr↓ eGFR↑ UTP↓ IL-4↑ TNF-α↓ [30,31]

Chronic renal failure ACEI/ARBs/α-keto acid BUN↓ Scr↓ TGF-β1↓ collagen-IV↓ CTGF↓ TNF-α↓ 
CRP↓

[32,33]

Zhiling capsule Diabetic nephropathy ACEI/ARBs Scr↓ eGFR↑ UTP↓ TNF-α↓ CRP↓ IL-6↓ [34]
Chronic 

glomerulonephritis

ACEI/ARBs BUN↓ Scr↓ eGFR↑ UTP↓ β2-MG↓ MMP-9↓ t-PA↑ 
PAI-1↓

[35]

Chronic renal failure α-keto acid/ACEI/ARBs BUN↓ Scr↓ eGFR↑ IL-6↓ TNF-α↓ CRP↓ [36,37]
Ningxinbao 
capsule

Diabetic nephropathy None UTP↓ transferrin protein↓ [38]

Xinganbao 
capsule

Diabetic nephropathy None UTP↓ plasma lipids↓ [39]
IgA nephropathy ACEI/ARBs UTP↓ [40]

Notes: ↓, downregulate compared with control group; ↑, upregulate compared with control group. 
Abbreviations: CKD, chronic kidney diseases; ACEI, angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor blockers; BUN, blood urea nitrogen; Scr, serum 
creatinine; UTP, urinary total protein; TNF-α, tumor necrosis factor-α; IL, interleukin; hs-CRP, highly sensitive-C reactive protein; TGF-β1, transforming growth factor-β1; eGFR, 
estimated glomerular filtration rate; CTGF, connective tissue growth factor; β2-MG, β2-microglobulin; MMP-9, matrix metalloproteinase 9; t-PA, tissue-type plasminogen 
activator; PAI-1, plasminogen activator inhibitor-1.
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mention that they can be used in the clinical treatment of CKD. Our current review on the research of C. sinensis and 
these medicines on ameliorating renal fibrosis will start from in vivo animal studies.

In vivo Animal Studies
As shown in Figure 3, studies on the effect of C. sinensis and its fermented mycelium products on renal fibrosis include 
multiple animal models, i.e. unilateral ureteral obstruction (UUO), diabetic nephropathy (DN), 5/6 nephrectomy etc. 
Among these animal models, UUO rat model is mostly popular for studies on renal interstitial fibrosis till now.45,46 The 
diabetes-based DN kidney fibrosis model is another well-studied model, followed by the 5/6 nephrectomy model.

Unlike acute kidney injury (AKI), where the inflammatory response is predominant, the pathological mechanisms of 
renal fibrosis in the above animal models are distinctive. The kidneys of animals modeled with UUO tend to show 
increased abundance of pro-fibrotic factors, activation of fibrotic signaling pathways targeting TGF-β, ECM deposition, 
and increased renal EMT. Renal pathological changes in DN include glomerular basement membrane thickening, 
glomerular thylakoid dilatation, etc. Glomerular thickening and sclerosis are associated with renal fibrosis, which is 
mainly associated with the TGF-β1 signaling pathway.

Although different renal fibrosis models have their own characteristics, TGF-β1 plays a crucial role in regulating the 
renal fibrosis, especially in the EMT process. Next, we will discuss the effects of C. sinensis on different animal models, 
centering on the TGF-β1 mediated EMT process.

On the UUO Model
Regulation EMT Process Mainly Mediated by TGF-β1 Signaling
The model of UUO in the rodent is widely used in studying the molecular mechanism and treatment efficacy in renal 
interstitial fibrosis, which simulates progressive renal fibrosis in humans and can present as three processes at the cellular 
level: inflammatory cell infiltration, tubular cell apoptosis and necrosis, and phenotypic transition of resident renal cells, i.e. 
EMT and EndoMT.45 Plasma uremia toxins are not generally increased in the UUO model, because of compensatory 
changes in the contralateral kidney.45 Inhibition of EMT in UUO mice has been shown to reduce renal interstitial fibrosis.47

In Figure 3, we can see the original and extracted solutions of artificially cultured C. sinensis, which include some 
active compounds such as cordycepin and adenosine, all studied using the UUO model, with intervention times ranging 
from 1 to 4 weeks.48,49 The results consistently show that C. sinensis reduces the expression of α-SMA and inhibits the 
production of collagens and fibronectin, resulting in alleviate renal interstitial fibrosis in UUO, mainly through the TGF- 
β1-Smad signaling pathway.48,49 The studies mentioned above focus on C. sinensis inhibiting EMT and thereby 
alleviating renal interstitial fibrosis of UUO, which has also been verified in vitro studies.

Inhibition of Inflammation: Mediation of the Macrophage Phenotype
Studies show that macrophage phenotype plays an important role in the progression of renal fibrosis, and the “classi
cally” activated (M1) macrophage can promote renal inflammation, whereas “alternatively” activated (M2) macrophage 
has the effect of resolving inflammation and repairing injury.50 However, related studies have shown that the effect of 
C. sinensis on M1/M2 polarization during renal injury appears to be complex.

Zheng et al proved that N6-(2-Hydroxyethyl) adenosine, an active ingredient purified from C. sinensis, has a strong 
effect on suppression of inflammation via modulating the NF-κB signaling pathway and rebalancing the M1/M2 
macrophage ratio.49 In this study, N6-(2-Hydroxyethyl) adenosine inhibits the accumulation of M1 in ligated kidneys 
in a dose-dependent manner, while its effects on M2 are complex, manifesting as regulation of IL-10, a marker of M2, 
which increases first and then decreases and tend to be normal ultimately. Taken together, the effects of N6- 
(2-Hydroxyethyl) adenosine on the macrophage phenotype is more inclined to rebalance the M1/M2 ratio to limit 
inflammation. According to related research, M2 macrophages can be divided into M2a, M2b, M2c.51,52 Further studies 
of N6-(2-Hydroxyethyl) adenosine on different M2 subtypes should be distinguished.

As we described before, macrophages themselves can undergo MMT. The MMT process occurring predominantly 
within M2 has been demonstrated in UUO mice, but more validation is lacking. And the study showed that MMT cells 
were a major source of collagen-producing fibroblasts in the UUO kidney, accounting for more than 60% of α-SMA+ 

Journal of Inflammation Research 2023:16                                                                                          https://doi.org/10.2147/JIR.S413374                                                                                                                                                                                                                       

DovePress                                                                                                                       
2821

Dovepress                                                                                                                                                           Zhang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


myofibroblasts.10 Whether C. sinensis reduces renal fibrosis by regulating macrophage phenotypes or reducing MMT 
deserves further research.

On the DN Model
Regulation EMT Process Mediated by Multiple Signaling
The kidney of the DN model manifests as glomerulosclerosis and renal interstitial fibrosis histopathologically, 
exhibiting proliferation of mesangial cells, glomerular hypertrophy, thickening of renal tubule basement membranes, 
and infiltration of inflammatory cells.53,54 Yu et al showed that an extract of C. sinensis could reduce deposition of 
TGF-β1 in glomerular and tubulointerstitium accompanied with elevating deposition of collagen.55 Additionally, 
a nucleoside/nucleobase-rich extract from C. sinensis could significantly attenuate histopathological changes of renal 
tissue in the DN mice, and inhibit EMT to reduce ECM deposition by regulating the p38/ERK signaling pathways.56 

Yang et al demonstrated that C. sinensis polysaccharides can inhibit renal tubular EMT via blocking the TGF-β1/Smad 
signaling pathway.57

Inhibition of Inflammation in the DN Model
As mentioned above, inflammatory cell infiltration can be observed in the DN model during the course of renal fibrosis. 
Yang et al showed that C. sinensis polysaccharides suppress the inflammation response via blocking toll-like receptor 4 
(TLR4)/NF-κB to inhibit renal fibrosis.57

Another study revealed that Ophiocordyceps sinensis antagonized inflammation in DN rats and damaged podocyte 
by inhibiting the activation of nucleotide-binding oligomerization domain-like receptor protein 3 (NLRP3) inflamma
some and improving renal function, but lacks direct indicators of renal fibrosis.58 Given the involvement of 
inflammatory processes in renal fibrosis, C. sinensis targeting inflammatory processes in the treatment of renal 
fibrosis should be a promising research idea, and the associated anti-inflammatory mechanisms need to be further 
validated.

Improvement of Renal Function and Metabolic Syndrome
Unlike other animal models of CKD with pathological changes of renal fibrosis, the DN model involved in this review is 
the result of the combined intervention of a high-fat diet and streptozotocin, which is characterized by both renal 
dysfunction and metabolic syndrome such as obesity, hyperglycemia, and hyperlipidemia.59 Studies have confirmed that 
the effect of C. sinensis in improving renal dysfunction, such as reducing serum creatinine (Scr), blood urea nitrogen 
(BUN) and albuminuria levels, is closely related to its effect on improving DN metabolic syndrome. This may also be 
one of the bases for the improvement of renal fibrosis by C. sinensis.55–57,60

On the 5/6 Nephrectomy Models
Regulation of the EMT Process Mainly Mediated by TGF-β1 Signaling
Pan et al suggested that C. sinensis exerts its antifibrotic effect on the 5/6 nephrectomy model depending on inhibition of 
the TGF-β1-Smad pathway, and can downregulate Smad3 and Smad2 phosphorylation and decrease the TGF-β type 
I receptor (TβRI) and TGF-β type II receptor (TβRII).61 A study published in 2008 showed that Bailing capsules had the 
same effect as natural herbs in reducing renal fibrosis in a 5/6 nephrectomy model by modulating connective tissue 
growth factor (CTGF).62 Zhu et al further demonstrated that C. sinensis extracts could inhibit renal fibrosis by mediating 
the TGF-β1-CTGF pathway.63 Guo et al demonstrated that C. sinensis could improve renal fibrosis in 5/6 nephrectomized 
rats by alleviating mitochondrial damage, and the exact mechanism needs to be further investigated.64

Improvement of Renal Function
The 5/6 nephrectomy animal model of progressive renal failure is generated by removing the right kidney and the left 
upper and lower poles (2/3) of rodents and is characterized by observable elevations in Scr, BUN and proteinuria, and 
renal damage as marked tubulointerstitial fibrosis. The 5/6 nephrectomized rats were treated with artificially cultured 
C. sinensis starting at 7 or 14 days postoperatively and showed significant improvement in renal function compared to the 
non-treated group after 4 to 12 weeks of dosing, including a significant decrease in BUN and Scr.61,63–65
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On the Aristolochic Acid Nephropathy (AAN) Models
Regulation of the EMT Process Mediated by TGF-β1 Signaling
AAN is a disease of progressive interstitial renal fibrosis caused by the use of TCM containing aristolochic acid. Animal 
models of AAN established by the instillation of aristolochic acid can have increased urinary protein excretion and 
decreased creatinine clearance due to kidney damage.66

Studies have confirmed the protective effect of C. sinensis on renal interstitial fibrosis in the AAN model, but the 
mechanism is not well understood. Chai et al demonstrated that C. sinensis could attenuate EMT in AAN models by 
decreasing TGF-β1 expression.67 Xu et al demonstrated that the antagonistic effect of C. sinensis on EMT may be related 
to its inhibitory effect on Snail expression, a downstream target of TGF-β1.66

Improvement of Renal Function
The AAN animal models are characterized by decreased glomerular filtration rate (GFR), and studies have demonstrated 
that artificially cultured C. sinensis significantly increases the level of GFR and decreases urinary protein.66–68

Aristolochic acid-induced kidney injury suggests that herbal medicine is a double-edged sword. While attention 
should be paid to herbal medicine to protect the kidney, attention should also be paid to herbal medicine-induced kidney 
injury. From the safety point of view, it is clear that C. sinensis has an ameliorating effect on renal fibrosis, and overdose 
of C. sinensis cannot further worsen renal fibrosis. Therefore, we believe that the clinical application of C. sinensis and 
its fermented products is safe and reliable.

Other Animal Models
Renal Protection of the AKI Model
The mechanisms of cisplatin-induced AKI are related to oxidative stress, inflammation, hypoxia, and apoptosis. Deng 
et al demonstrated that aqueous and ethanolic extracts of C. sinensis significantly attenuated renal histological changes, 
Scr and BUN production, and renal nitric oxide (NO), tumor necrosis factor-α (TNF-α), interleukin (IL)-1β, and IL-6 
levels in a cisplatin-induced AKI model.69 In addition, the ethanol extract prevented cisplatin-induced kidney injury by 
inhibiting TLR4 expression and NF-κB activation, as well as by significantly increasing the production of antioxidant 
enzymes.69

Renal Protection of the Adenine-Induced CKD Model
In rats with 2% adenine-induced renal tubular interstitial fibrosis, C. sinensis slowed early renal interstitial fibrosis by 
downregulating TGF-β1 expression and upregulating hepatocyte growth factor (HGF) expression.70

Renal Protection of the Spontaneously Hypertensive Rat (SHR) Model
Hypertensive kidney injury is a complication of hypertension, and tubulointerstitial fibrosis is proved to be the main 
pathogenesis. The SHR model with intraperitoneal resveratrol injection exhibited collagen deposition, an increased 
albumin/creatinine ratio, and increased levels of renal injury molecules-1 and β2-MG.71 Cai et al demonstrated that the 
treatment of SHRs with C. sinensis delayed the deposition of renal ECM markers and improved renal function by 
inhibiting autophagic stress, which has been demonstrated in in vitro studies.72

In vitro Studies
Almost all renal resident cells involved in renal fibrosis are illustrated in Figure 4, among which tubular epithelial cells 
and fibroblasts attracted more interesting attention. In vitro studies about C. sinensis treating of renal fibrosis referred to 
macrophage phenotype but not aimed at MMT. In addition, pericyte, endothelial cells could also regenerate and produce 
ECM after injury, thereby potentially contributing to glomerular fibrosis.5 Podocyte injury, which has been induced by 
diabetes, hypertension, etc., can develop into progressive glomerular injury and glomerulosclerosis.5 However, there is 
no relevant research on whether C. sinensis has a protective effect on them.
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On Renal Tubular Epithelial Cells
The use of TGF-β1 in renal tubular epithelial cells is a common experimental tool to mimic the in vitro EMT process. In 
addition, high concentrations of glucose, aristolochic acid, albumin and ACE II can be used to induce the conversion of 
renal tubular epithelial cells to EMT.

C. sinensis polysaccharide inhibited TGF-β1-induced progression of renal tubular epithelial rat cells (NRK-52E cell 
line) to EMT in vitro through the classical TGF-β1-Smad signaling pathway.48,57 C. sinensis also inhibited EMT by 
downregulating Snail expression in proximal renal tubular epithelial cells.66

Studies have shown that the autophagic pathway is positively correlated with antifibrotic effects. C. sinensis reduced 
Ang-II-induced ECM protein expression in NRK-52E cells by inhibiting the silent information regulator T1 (SIRT1) 
signaling pathway.72 Nucleoside/nucleotide-rich extracts of C. sinensis inhibit the EMT process and ECM accumulation 
in human renal cortex proximal tubule epithelial cells (HK-2), which were induced by high glucose through modulation 
of MAPK signaling pathway.56

On Fibroblasts
Fibroblast activation plays an important role in renal interstitial fibrosis. C. sinensis suppresses fibroblast activation by 
regulating TGF-β1-Smad signaling and TGF-β1-CTGF signaling.49,73,74 Zhu et al reported that ergosterol peroxide, 
a major bioactive compound isolated from C. sinensis, attenuated TGF-β1-induced proliferation of renal fibroblasts and 
reduced ECM production via the MAPK pathway. The cell line in this study was a normal rat kidney fibroblast cell line 
(NRK-49F).74

On Macrophages
The initiation of inflammation and the high production of inflammatory factors play an important role in the process of 
renal fibrosis. C. sinensis exerts an inhibitory effect on fibrosis by reducing lipopolysaccharide-induced inflammatory 
cytokine production by RAW264.7 macrophages, which in turn modulates NF-ĸB signaling.49,69

During renal fibrosis, there are complex interactions between kidney-recruited inflammatory cells and renal intrinsic 
cells. They can both undergo mesenchymal transformation into myofibroblasts and secrete ECM.6 Currently, renal 
tubular epithelial cells and renal mesenchymal fibroblasts are more frequently reported, while other cells involved in 
mesenchymal transformation, such as macrophages, pericytes, renal vascular endothelial cells and fibroblasts of other 
origins, are relatively less studied, which may be a direction in the future.

Among these cells, macrophages are involved in the process of renal fibrosis in several ways. First, macrophages play 
a major role in the inflammatory process at the initiation of fibrosis; second, macrophage activation produces a large 
number of inflammatory factors that play an important role in the induction of other cellular transdifferentiation; and 
third, macrophages can be involved in the MMT process induced by their own production of inflammatory factors. The 
role of macrophages in fibrosis is complicated by the fact that they have different phenotypes and can transform 
according to the microenvironment in which they are located. It is currently believed that different phenotypes of 
macrophages can play different roles in promoting/inhibiting fibrosis. The study showed that Cordyceps can inhibit the 
conversion of macrophages to M1 phenotype, and its effect on M2 remains to be further investigated. In addition, recent 
studies have shown that lymphocytes, basophils and other inflammatory cells are also involved in the process of renal 
fibrosis, and there is still a lack of research on the effect of C. sinensis on them.

Mechanism Studies
Many molecular pathways are involved in the progression of EMT in renal fibrosis and, among them, TGF-β1 is a core 
profibrotic cytokine.75,76 Studies on the treatment of renal fibrosis by C. sinensis mainly focused on TGF-β1-dependent 
signaling. The pharmacodynamic effects of C. sinensis in the treatment of renal fibrosis are also mediated through other 
signaling pathways, such as MAPK signaling, SIRT1 signaling, and NF-κB signaling.49,56,71
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TGF-β1 Dependent Signaling
TGF-β1 can exert a profibrotic effect by modulating its downstream molecules though Smads-dependent or non- 
independent signaling. Among them, TGF-β1-Smad signaling is the most classical signaling pathway in renal fibrosis, 
which plays a key role by regulating Smads protein phosphorylation.77 The activated TGF-β1 binds to TβRII and recruits 
TβRI, and then phosphorylates downstream Smad2 and Smad3, which then form an oligomeric complex with Smad4. 
The complex is translocated into the nucleus to regulate the transcription of target genes. Unlike Smad2, 3, and 4, Smad7 
is a repressive Smad that exerts a negative effect on TGF-β1/Smad signaling.14

In 5/6 nephrectomy rats, artificially cultured C. sinensis attenuated renal fibrosis via downregulating TGF-β1, 
TGFβRI, TGFβRII, Smad2, Smad3 and upregulating Smad7.61 Cordycepin, an effective component of C. sinensis, has 
been proved to alleviated renal interstitial fibrosis in vivo and in vitro on UUO mice by suppressing the expression of 
p-Smad2/3 did not mention TGF-β1.48 In vitro studies have demonstrated that C. sinensis polysaccharide can inhibit 
TGF-β1-induced activation of fibroblasts by blocking nuclear translocation and accumulation of activated Smad2/3 
proteins, and upregulating the expression of anti-fibrotic HGF.57 Further in vivo studies should be confirmed.

Bone morphogenetic protein 7 (BMP-7) is a natural TGF-β1 antagonist that acts by inhibiting TGF-β1/Smad3.78 In 
streptozotocin-induced diabetic mice, C. sinensis alone or in combination with telmisartan inhibited the expression of 
TGF-β and α-SMA by upregulating BMP-7.79

CTGF is another downstream target molecule of TGF-β1.80,81 Studies using various animal models of renal fibrosis 
have demonstrated that C. sinensis can downregulate CTGF levels, but the exact mechanism of how TGF-β1 and CTGF 
interact with each other is unknown.63,68,82 Artificial fermented C. sinensis treatment in UUO, DN, and AAN rats 
inhibited the overexpression of TGF-β1 and CTGF, and promoted the plasminogen activator inhibitor-1 (PAI-1) factor 
that antagonizes ECM degradation.68,82,83 Two kinds of C. sinensis extract, total extract and acetic ether extract, decrease 
the depositions of ECM proteins in 5/6 nephrectomy rats and are accompanied by reduced expression of TGF-β1 and 
CTGF.63

Likewise, TGF-β1 can inhibit Snail directly or through downregulating Smads to reduce the production of ECM thus 
alleviating renal fibrosis. It has been proved that C. sinensis could downregulate TGF-β1 and Snail expression in renal 
tissue, antagonize EMT and renal interstitial fibrosis, and improve renal function in AAN rats.66,67 Moreover, C. sinensis 
inhibits TGF-β1-Snail signaling to alleviate renal fibrosis in DN rats.84

Wnt/β-Catenin Signaling
Wnt/β-catenin is an evolutionarily conserved and complex developmental signaling pathway that plays an important role 
in the regulation of renal fibrosis.15 It is relatively silent in normal kidneys but activated after kidney injury. After kidney 
damage, Wnt can bind to membrane receptors and inhibit the degradation of β-catenin, thus keeping the latter in a state of 
continuous activation and exerting an inhibitory effect on kidney fibrosis by activating the transcription of downstream 
target genes.15 Conversely, blocking the Wnt/β-catenin pathway by inhibiting Wnt can promote the development and 
progression of renal fibrosis.85

Only one study has shown that artificially fermented C. sinensis can reduce fibronectin expression in DN rats by 
inhibiting DKK1, the upstream of Wnt, while maintaining stable expression of β-catenin, but there is no mention of the 
effect of C. sinensis on Wnt.86

MAPK Signaling
MAPK signaling, which concludes ERK, p38 and JNK signaling, can regulate cellular activities by phosphorylate 
specific serine and threonine of target protein substrates and its activation is a key modulator in the EMT process.87 Dong 
et al proved that the extracts of C. sinensis inhibit EMT and ECM accumulation by blocking MAPK signaling in DN 
rats.56 This study demonstrated that the high glucose-induced renal tubular epithelial cells and the streptozotocin-induced 
diabetic mice were all accompanied by the activation of p38, ERK, and JNK signaling pathways. C. sinensis treatment 
significantly suppressed the phosphorylation of p38 and ERK MAPK, while JNK phosphorylation was not affected 
in vivo or in vitro. It is well known that the cross-talk between MAPKs and TGF-β signaling plays an important role in 
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renal fibrosis. Another in vitro study proved that ergosterol peroxide, purified from C. sinensis, blocks TGF-β1-induced 
fibroblast-to-myofibroblast transdifferentiaton in a rat kidney fibroblast cell line (NRK-49F) via suppressing phosphor
ylation of the ERK1/2, p38, and JNK pathways.74 The above-mentioned study also demonstrated that ergosterol peroxide 
reduced TGF-β1-induced CTGF expression in fibroblast cells. However, how C. sinensis exerts its antifibrotic effects 
through the MAPK signaling, ie whether TGF-β1 must be dependent, warrants further investigation.

NF-κB Signaling
NF-κB signaling pathways are known to be a major contributor to renal fibrosis.88 In a UUO mouse model, N6- 
(2-Hydroxyethyl) adenosine exerted anti-fibrotic and anti-inflammation effects by suppression of the NF-κB signaling, 
meanwhile inhibiting TGF-β1/Smad signaling.49 A water extract of C. sinensis greatly inhibits the expression of TLR4 
and cisplatin-induced NF-κB activation.69 Another study also demonstrated that C. sinensis polysaccharides, by blocking 
TLR4/NF-κB signaling, could inhibit the inflammatory response and regulate the dysregulation of intestinal microbiota, 
thus exerting beneficial effects on renal tubular interstitial fibrosis in DN rats.57

SIRT1 Signaling
Physiological autophagy is beneficial for maintaining cellular homeostasis, but whether autophagy can improve fibrosis 
has not been well understood. FOXO3a is an important downstream molecule of SIRT1. Cai et al found that C. sinensis 
reduced the accumulation of ECM in the kidney by upregulating the expression of SIRT1/FOXO3a, thereby ameliorating 
renal fibrosis in hypertensive rats.72 Huang et al proved that C. sinensis alleviates SHR renal interstitial fibrosis via the 
SIRT1/p53 pathway, while reducing α-SMA expression in the kidney.71 Deng et al demonstrated that C. sinensis not only 
significantly inhibits inflammation but also has a significant role in increasing the production of SIRT1 and p-AMP- 
activated protein kinases in the renal tissues.69

NLRP3/Caspase-1/IL1β/IL-18 Signaling
The NOD-like receptor family pyrin domain containing 3 (NLRP3) can been activated by TLRs/NF-κB, which then 
promotes the downstream Caspase-1 and proinflammatory factors IL-1β and IL-18.89 Multiple studies have shown that the 
NLRP3 inflammasome and its downstream pyroptosis and inflammation play an important role in the development of renal 
fibrosis.90,91 It has been proved that the expression of NLRP3 and its downstream pyroptosis, which includes caspase-1, IL- 
β and IL-18, upregulate in DN rats and downregulate after being treated with Ophiocordyceps sinensis.58

Clinical Studies
Medicines developed from artificial C. sinensis mycelium have been widely used in the treatment of CKD. According to 
TCM theory, these medicines have an effect on tonifying the kidney and it benefits from its essence. Clinical studies 
showed that the combination of these medicines with western medicines is more effective than the group of western 
medicines alone in improving patients’ GFR.24,26,28 The downside is that the quality of these clinical studies needs to be 
further improved.

There are more clinical reports on the combination of Jinshuibao capsules, Bailing capsules/tablets and Zhiling 
capsules with ACEI/ARBs on DN treatment. These studies show that these combinations are superior to ACEI/ARBs 
alone in improving renal function and reducing proteinuria production in patients.24,25,28,34 Studies have shown that these 
medicines have the effect of reducing serum inflammatory cytokines, such as C-reactive protein (CRP), IL-6, TNF-α, and 
others.27,32,33 Bailing capsule can reduce collagen-IV and laminin levels in DN patients, which are the main components 
of ECM.29 The clinical data of DN patients using Ningxinbao capsule and Xinganbao capsule are mainly focused on the 
early stage of DN, and clinical application is relatively limited.38,39

These medicines are also used in the treatment of chronic glomerulonephritis and chronic renal failure, exerting 
a renoprotective effect through anti-inflammatory effects and reduction of ECM such as collagen and laminin 
production.30,31,36,40 A study showed that Zhiling capsules reduced tissue-type plasminogen activator (t-PA) and PAI- 
1, thereby improving renal function in patients with chronic glomerulonephritis.35 The combination of Zhiling capsules 
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and valsartan for the treatment of CKD can be clinically effective by improving the immune function of patients through 
the regulation of T lymphocytes, which are also involved in EMT.37

The downside is that these clinical trials used only tests of renal function, such as estimated GFR, or proteinuria 
(especially the urine protein/creatinine ratio) as observed endpoints. Some specific biomarkers of the fibrosis process, 
which could be used as primary endpoints for patients to get better, were not addressed in any of these clinical studies. In 
addition, renal biopsy is the gold standard for the detection of renal fibrosis, and most clinical outcomes are not currently 
supported by renal biopsy data.

Renal fibrosis is a common pathway for the progression of all renal diseases, and the renoprotective effect of 
Cordyceps has been recognized by clinicians and confirmed by in vivo and ex vivo studies; therefore, we believe that 
C. sinensis has an anti-nephritic fibrosis effect, but more data are needed to support it.

Conclusion and Perspectives
In conclusion, we believe that C. sinensis has an anti-renal fibrosis effect to a certain extent. Studies using various animal 
models have demonstrated that C. sinensis and its active ingredients improve renal fibrosis by inhibiting EMT and 
reducing ECM via multiple signaling pathways. Among them, inhibition of TGF-β1 production and anti-inflammatory 
effects are the main mechanisms of C. sinensis, with a few studies focusing on the downstream and upstream molecules 
of TGF-β1. Research into infiltration of inflammatory cells and interaction between inflammatory cells and intrinsic cells 
of C. sinensis have not been detailed enough. Although current clinical data support the clinical role of C. sinensis, more 
supporting data are needed on its anti-nephrogenic fibrosis effect due to the limitations of renal biopsy.
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