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Renal fibrosis (RF) is the common pathological manifestation of virtually all

chronic kidney diseases (CKD) and one of the major causes of end-stage renal

disease (ESRD), but the pathogenesis of which is still unclear. Renal

tubulointerstitial lesions have been identified as a key pathological hallmark of

RF pathology. Renal tubular epithelial cells are the resident cells of the

tubulointerstitium and play an important role in kidney recovery versus renal

fibrosis following injury. Studies in recent years have shown that senescence of

renal tubular epithelial cells can accelerate the progression of renal fibrosis.

Oxidative stress(OS), telomere attrition and DNA damage are the major causes of

renal tubular epithelial cell senescence. Current interventions and therapeutic

strategies for cellular senescence include calorie restriction and routine exercise,

Klotho, senolytics, senostatics, and other related drugs. This paper provides an

overview of the mechanisms and the key signaling pathways including Wnt/b-
catenin/RAS, Nrf2/ARE and STAT-3/NF-kB pathway involved in renal tubular

epithelial cell senescence in RF and therapies targeting renal tubular epithelial

cell senescence future therapeutic potential for RF patients. These findings may

offer promise for the further treatment of RF and CKD.

KEYWORDS

cellular senescence, renal fibrosis, renal tubular epithelial cells, oxidative stress, DNA
damage, inflammation
1 Introduction

CKD is a syndrome of persistent changes in the structure, function or both of the

kidneys and affects the health of the individual. There has been an increase in CKD

prevalence over the past few years, with a global prevalence of nearly 13% (1) and a

prevalence of 10.8% in China (2). The high prevalence, disability and mortality rates of

CKD, as well as the cost of health care, have made it a global public health concern,

especially as the treatment for advanced CKD by renal replacement therapy including
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dialysis and kidney transplantation imposes a significant burden on

patients (3). RF is a hallmark feature of kinds of kidney diseases and

is the ultimate pathway for progressive kidney function, and

improving RF can effectively delay the progression of CKD (4, 5).

The main pathological manifestations of RF are glomerulosclerosis,

fibrosis of the tubular interstitium and sclerosis or blockage of blood

vessels in the kidney, however, the pathogenesis is not fully

understood. Therefore, an in-depth investigation into the

pathogenesis of CKD and RF and the search for safe and effective

drugs for early intervention and treatment can not only solve the

financial and mental burden for patients, but also save more

medical resources and time costs for society. Cellular senescence

occurs when cells are stressed to the point of irreversible cell cycle

arrest. While senescent cells do not undergo cell cycle arrest, they

remain high metabolic activity and secrete large quantities of

cytokines affecting the surrounding microenvironment and

neighboring cells cycle, called senescence-associated secretory

phenotype (SASP). The morphology of senescent cells also differs

from that of living cells; Researchers have observed in vitro cell

cultures that senescent cells have larger and flattened cell bodies,

vacuolated cytoplasm and abnormal organelles compared to healthy

cells (6). Renal tubular epithelial cells are the resident cells of the

renal tubular mesenchyme and are central to kidney recovery versus

renal fibrosis following injury, which play a vital part in a number of

acute and chronic kidney diseases (5, 7, 8). It has been shown that

cellular senescence of renal tubular epithelial cells is a driving factor

in the development of RF, and that delaying it is an effective

measure to inhibit RF and an important strategy to slow down

the progression of CKD (9, 10). There is a close relationship

between renal tubular epithelial cells senescence and RF, and the

onset of cellular senescence can accelerate this process, as this paper

will illustrate.
2 Advances in cellular senescence-
related mechanisms in renal tubular
epithelial cells in RF

Renal cell senescence was initially described in 1992 (11). Apart

from its involvement in physiological renal ageing, senescence also

plays an important part in the progression of CKD and acute kidney

injury (AKI). It has been reported that accumulation of senescence

markers and senescent cells can be detected in several experimental

animal models such as ischemia-reperfusion (IRI) (12), unilateral

ureteral ligation (UUO) (13) and in renal tissues of CKD patients

(14–16). Clinical studies have also shown that accelerated senescent

cells have been observed in the kidneys of patients with CKD in the

early stages and even in the proteinuria phenotype with normal

glomerular filtration rate (16). It is notable that these cells were

mainly renal tubular epithelial cells (13), suggesting that renal

disease develops and progresses in the presence of renal tubular

epithelial cells senescence. In addition, researchers have found that

cellular senescence leads to kidney dysfunction and accelerates the

progression of kidney disease (16, 17). In CKD, as cellular
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senescence occurs, senescent cells lose their ability to grow and

repair while secreting SASP components (10, 18), including pro-

inflammatory factors such as interleukin-1 (IL-1) and interleukin-6

(IL-6), and pro-fibrotic mediators such as transforming growth

factor-b1 (TGF-b1) and matrix metalloproteinases (MMPs). These

SASP factors, on the one hand, promote the cell’s own senescence

and senesce neighboring cells in a paracrine manner. On the other

hand, pro-inflammatory factors can lead to an inflammatory

response and promote the phenotypic transformation of intrinsic

cells, causing them to release a series of toxic factors. These toxic

factors, together with the pro-fibrogenic mediators secreted by

senescent cells, can contribute to Epithelial-mesenchymal

transition(EMT) as well as the proliferation and differentiation of

renal interstitial fibroblasts and their transformation into

myofibroblasts, resulting in an increase in matrix protein

synthesis and a decrease in degradation, and a large amount of

extracellular matrix deposition in the renal parenchyma, destroying

the normal structure of renal tissue, promoting the formation of

fibrous scar, which can facilitate the progression of RF and induce

irreversible structural damage to the kidney and renal hypofunction

or even loss, ultimately leading to renal failure (6, 19). Moreover, the

regenerative capacity of aging kidney cells is significantly reduced,

contributing to maladaptive renal repair, which further expedites

kidney aging and CKD progression, ultimately accounting for RF

(20). Consequently, the accelerated senescence of renal tubular

epithelial cells is a driving factor in the development of RF

(Figure 1), and it is essential to investigate the pathogenesis of

ageing in renal tubular epithelial cells and find the regulators that

target the senescence of tubular epithelial cells to prevent and

control the progression of RF, which can provide valuable

therapeutic targets for treating CKD. This section reviews the

mechanisms of renal tubular epithelial cell senescence in RF.
2.1 Oxidative stress

OS is the driving force responsible for the loss of renal tubules,

glomeruli and endothelial cells, which plays an essential part in the

onset and progression of CKD and aging (21–23). OS occurs when

oxidant compounds are generated in excess of antioxidant defense

mechanisms as a result of external or internal irritants, creating an

imbalance, favoring oxidation, resulting in the infiltration of

neutrophils, the secretion of proteases, and the generation of large

volumes of oxidative intermediates (24). OS is caused by free

radicals and is thought to be a contributing factor to cell

senescence and CKD (25). An extensive range of acute and

chronic kidney diseases involve mitochondrial dysfunction first

and foremost in tubular cells (26–28). Reactive oxygen species

(ROS) are produced by mitochondria when their morphology

changes and their function is lost which will lead to OS and

inflammation, triggering DNA damage (24, 29). OS can cause

accelerated telomere attrition and cellular senescence, and further

exacerbates the progression of RF (30). In this review, we have

focused on the crucial signaling pathways of OS, as below and

in Figure 2.
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2.1.1 Related signaling pathways
2.1.1.1 Wnt/b-catenin/RAS

It is found that Wnt/b-catenin/RAS signaling is essential to

mediate cellular senescence-driven RF and implicated in

mitochondrial dysfunction (27). Wnt/b-catenin signaling is
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involved in organ development and tissue repair and is an

evolutionarily highly conserved signaling pathway which is silent

in normal adult kidneys (31). It is reactivated in different types of

CKD by aberrant activation following renal injury and plays a key

role in subsequent repair or disease progression following multiple

injuries and its abnormal expression is highly correlated with

tubulointerstitial fibrosis (12, 32, 33). Wnt/b‐catenin signaling is a

notable regulatory element of RAS. The Wnt signaling pathway is

activated in the pathological state, causing the disruption of the

downstream b-catenin pathway of degradation and resulting in a

massive upregulation of its expression. As b-catenin accumulates in

large amounts, it undergoes nuclear translocation and enters the

nucleus to activate downstream target genes highly relevant to renal

fibrosis (fibronectin, Snail1, MMP-7, etc.) and various RAS genes

(e.g. Ang, ACE, AT1R), thereby promoting cell proliferation, RAAS

activation, and the occurrence of EMT, contributing to the

pathological accumulation of extracellular matrix, which can lead

to the initiation of RF (32, 34, 35). Consequently, repression of

Wnt/b-catenin enables multiple RAS genes to be blocked

simultaneously. The findings indicate that Wnt/b‐catenin/RAS
signaling pathway plays a crucial role in mitochondrial

dysfunction, which is likely to cause the overproduction of ROS

in the body, triggering the OS and DNA damage, eventually leading

to cellular aging and RF (27). Repression of Wnt/b-catenin can slow

down the progression of RF by better blocking RAS and protecting

mitochondrial function.

2.1.1.2 Nrf2/ARE

The Nuclear factor erythroid 2-related factor 2 (Nrf2)/

antioxidant response element (ARE) signaling pathway is one of

the most essential antioxidant regulatory pathways, playing pivotal

parts in the mediation of the acclimated stress response of cells to

oxidation (36). Nrf2, a redox-sensitive transcription factor encoded

by the gene NFE2L2, is a primary regulator of antioxidant enzymes

that protect the body from OS and inflammation. Heme oxygenase-

1 (HO-1), one of the targets of Nrf2-ARE, is an essential antioxidant

enzyme, which can be involved in antioxidant activities in cells and

tissues and provides a protective shield against renal injury (37).

NAD(P)H: quinone oxidoreductase 1 (NQO1) can suppress the
FIGURE 1

The effect of renal tubular epithelial cell senescence on renal fibrosis. Renal tubular epithelial cells are the main and earliest type of senescent cell to
emerge. Senescent cells can secrete SASP (including pro-fibrotic and pro-inflammatory factors), which further accelerates the senescence of renal
tubular epithelial cells, and the accelerated senescence of tubular epithelial cells drives the development of renal fibrosis.
FIGURE 2

Mechanisms involved in oxidative stress of cellular senescence in
renal fibrosis. Various stimulus can trigger oxidative stress by
activating different pathways to produce ROS in the kidney, thereby
leading to the senescence of renal tubular epithelial cells.
Senescence of tubular epithelial cells promotes EMT and leads to
the SASP, which increases inflammation and pathological
accumulation of extracellular matrix, ultimately resulting in fibrosis
and the development of CKD. CKD, chronic kidney disease; EMT,
epithelial-mesenchymal transition; SASP, senescence-associated
secretory phenotype; ECM, extracellular matrix; ROS, reactive
oxygen species; TGF-b, transforming growth factor b; MCP-1,
monocyte chemoattractant protein-1.
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reductive activity of electrons and decrease the formation of ROS

through its own enzymatic effect, thus increasing the level of NQO1

is associated with a reduced susceptibility to oxidative damage.

Under normal physiological conditions, Nrf2 is anchored in the

cytoplasm to the proteasomal degradation by combining with

Kelch-like ECH-associated protein 1 (Keap1), while Keap1 is

regenerated (38). In response to oxidative damage, Nrf2 separates

from Keap1 and free Nrf2 accumulates in the cytoplasm before

translocating to the nucleus where it binds to the ARE and activates

the transcription of downstream antioxidative enzymes, such as

HO-1, NQO1, superoxide dismutase (SOD), glutathionine S-

transferase (GST), glutathione reductase (GR) and glutamate-

cysteine ligase catalytic subunit (GCLC), to modulate cell redox

balance and reduce the extent of damage (39–41). Recent researches

have revealed that activation of a variety of signaling pathways, for

instance phosphatidylinositide 3-kinases (PI3K)/protein kinase B

(Akt) and mitogen-activated protein kinase (MAPK), could

promote the liberation of Nrf2 from Keap1 as well as its

subsequent translocation to induce the downstream expression of

diverse antioxidant proteases (42, 43). Downregulation of Nrf2/

ARE can accelerate cellular senescence by promoting oxidative

stress, which suggests that drugs targeting Nrf2 signaling can

inhibit cellular senescence. In addition, studies demonstrated that

the NRF2 pathway may be a critical connection between OS and

ferroptosis. The reason why ferroptosis can be attenuated by

suppressing mitochondrial oxidative stress through modulation of

the Nrf2/ARE pathway is that it represses the capability of Nrf2 to

bind ARE within GPX4 and SLC7A11 gene promoters, which in

turn induces transcriptional silencing (44). Ferroptosis is

characterized by intracellular iron accumulation and lipid

peroxidation during cell death, which has been shown the

potential association with CKD (45, 46). The connection between

Nrf2/ARE and kidney diseases has been described in various reports

(25, 37, 47). The lack of Nrf2 can accelerate renal injury in various

models, while enhancing Nrf2 activity in renal tubules can

dramatically reduce the damage associated with AKI and prevent

AKI from progressing to CKD by reducing oxidative stress (48). On

the other hand, activation of Nrf2 also protects against fibrosis. In

mouse models of unilateral ureteral obstruction, it was observed

that Keap1 was downregulated, allowing activation of Nrf2 pathway

thereby preventing the production of ROS and improving fibrosis.

Nevertheless, prolonged obstruction results in a gradual decrease in

nuclear Nrf2, as well as a reduction in antioxidant levels, which

leads to increased oxidative stress, inflammation, fibrosis and

tubular damage (25). In conclusion, targeted modulation of Nrf2/

ARE can ameliorate oxidative damage, in consequence delaying the

aging of renal tubular epithelial cells and inhibiting the process of

fibrosis and CKD.

2.1.1.3 STAT-3/NF-kB
The activation of signal transducer and activator of

transcription-3 (STAT-3)/activated nuclear factor-kB (NF-kB)
signaling pathway has been suggested to be regulatory

mechanisms of inflammatory factors including TNFa and IL-6

and associated with the progression of CKD. It was reported that RF
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reduces renal antioxidant enzyme activation, while oxidative injury

also plays a major role in fibrosis. After kidney injury, ROS

production increases the expression of NF-kB and pro-

inflammatory factors (49, 50) and activates the STAT-3 pathway

(51), while NF-kB and pro-inflammatory cytokines further induce

the production of excessive ROS (52). These processes lead to the

disruption of cellular redox homeostasis and growth of

mitochondrial damage, and stimulate the recruitment of

inflammatory cells and infiltration of interstitial inflammatory

macrophages, and directly augment myofibroblast activation

through increasing the production of TGF-b1, IL-1b, and MCP-1

(53), causing OS and inflammation (54), leading to further damage

to tubular cells and ultimately to the senescence of renal tubular

epithelial cells and RF (55).

2.1.2 Related molecules
MicroRNAs (miRNAs) were first described in Caenorhabditis

elegans1 (56) and are highly conserved among species. MiRNAs

regulate gene expression following transcription and govern

bioprocesses. MiRNAs are integral not only to growth and

homeostas i s , but a l so have a s ignificant impact on

pathophysiology in the kidney (57, 58). A number of miRNAs

have been proven to either kick-start or sustain the cellular reaction

that results in fibrosis (59). Studies demonstrated that miR-21 could

contribute to renal fibrosis by targeting Smad7, which is a negative

regulator of TGF-b1/Smad3 signaling, inducing metabolic

disturbances (58). It is reported that miR-9-5P can prevent the

down-regulation of genes linked to crucial pathways of metabolism,

in particular mitochondrial function, oxidative phosphorylation

(OXPHOS), fatty acid oxidation (FAO) and glycolysis, impede

TGF-b1-induced bioenergetic disorders, reduce the expression of

pro-fibrotic markers in proximal renal tubule cells, and act to delay

tubular epithelial cells senescence and inhibit RF (60). In addition,

overexpression of miR-214 induces apoptosis and disrupts

mitochondrial oxidative phosphorylation in response to a variety

of injuries. The proximal tubule-specific absence of MiR-214

impairs inflammation, apoptosis, fibrosis and mitochondrial

damage (61). Such findings have highlighted the potential of

miRNA as a therapeutic candidate and diagnostic biomarker for

renal tubular epithelial cells senescence and RF.
2.2 Telomeres doctrine

Telomeres are nuclear protein structures located at the ends

of eukaryotic chromosomes that maintain the integrity of the

genome where telomeres prevent DNA damage and provide a

key function in the manipulation of cellular senescence and

physical ageing (62). The dysfunction of telomeres results from

exceedingly short telomeres or altered telomere structure, and

the progressive loss of telomeres contributes to the exposure of

DNA ends, causing activation of DNA damage responses

(DDRs) (63), ultimately culminating in replicative cellular

senescence and chromosomal instability, both of which are

significant markers of senescence (64). Investigations support
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that telomere attrition may have a causal effect on the risk of

CKD and that decompensated renal function may be causative

for accelerating telomere attrition (65).

Disruptor of telomeric silencing 1-like (Dot1L) is situated on

the nucleosome surface (66) which is associated with a number

of biological processes, for instance the regulation of

transcription, DDRs, cell cycle progression and embryonic cell

development (67, 68). It has been found that inhibition of Dot1L

decreases ROS levels, attenuates OS and inhibits RF by reducing

PI3K/AKT signaling (69). In summary, these results have

demonstrated that Dot1L inhibitors could be a prospective

target for treatment in RF
2.3 DNA damages

DNA damage is a hallmark of numerous forms of nephron

damage, activating a series of cell signaling cascades called DDRs

to undergo the restoration of DNA integrity, cell cycle arrest in

G2/M, cell senescence and cell death, which will cause the onset

and progression of RF (70, 71). DNA double-strand breaks (DSBs)

are the most powerful initiators of DDRs, and p53/p21 as well as

p16/p16INK4a-pRB signal pathway are the two major modulators

of these responses (72). It is suggested that targeting DNA damage

and repair might serve as an attractive tactic to safeguard the

kidney in RF and CKD. Cellular communication network factor 2

(CCN2) was detected to exacerbate DNA damage and the

consequent DDR–cellular senescence–fibrosis sequence after

kidney lesions (73, 74). Multiple studies have shown that fatty

acids (FA) especially saturated FA are likely to be responsible for

the induction of the NLRP3 inflammasome via generating ROS,

and more elevated levels of ROS can account for oxidative DNA

damage (75, 76). It is beneficial to protect the renal tubular

epithelial cells from DNA damage by mediating fatty acid

uptake and CCN2 inhibition, thereby inhibiting cellular

senescence and the progression of RF. Nicotinamide

mononucleotide (NMN) has been demonstrated to display

beneficial impacts on attenuating RF by repressing tubular DNA

damage and cellular aging (77), and NMN administration may be

a useful avenue for the prevention or treatment of RF (78).
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2.4 Strategies to improve senescence of
renal tubular epithelial cells

Renal tubular epithelial cell senescence plays an essential role in

the progression of renal fibrosis and CKD. Therefore, strategies to

improve senescence of renal tubular epithelial cells, known as

senescence therapies, are also potential therapies for these

diseases (6). The available interventions for senescence include

non-pharmacological therapies (such as caloric restriction and

routine exercise), Klotho, drugs that selectively eliminate

senescent cells (known as senolytics), drugs that inhibit SASP

(known as senostatics) and other related drugs (Table 1).

2.4.1 Caloric restriction
Caloric restriction (CR), which refers to limiting caloric intake

without causing damage to the body, is recognized as an effective

strategy for maintaining health and prolonging life. CR reduces

the expression of aging markers in kidney, and can also delay

cellular senescence and changes associated with cellular

senescence within kidney, for example glomerulosclerosis,

tubular atrophy and interstitial fibrosis (79). The underlying

mechanisms involve inhibition of insulin-like growth factor-1

(IGF-1) activation, triggering autophagy through modulating

primary metabolic signaling pathways, such as inhibition of

mTOR and activation of SIRT1, AMPK, which can reduce

oxidative damage (80, 99). Recently, it was found that

endogenous hydrogen sulfide (H2S) mediated amino acid

restriction, particularly methionine restriction, and exerted a

positive effect in inhibiting the protein effect of SASP

production in aged kidneys (100, 101). In addition to its

ant ioxidant capac i ty , H2S also s ignificant ly reduces

inflammatory cell infiltration, decreases pro-inflammatory

cytokines such as TNF-a, IL-6, which inhibits progression of

tubular epithelial cells senescence and RF (102–104).

2.4.2 Routine exercise
Routine exercise is a promising lifestyle intervention to slow

down ageing extend life span. The exercise intervention could result

in participants showing measurable declines in BMI, waist

circumference and fat mass, as well as a marked decrease in
TABLE 1 Senotherapeutic approaches.

Senotherapeutic
approach

Type Examples Refs.

Non-pharmacological therapies Lifestyle interventions Caloric Restriction (79, 80)

Routine Exercise (81–84)

Therapeutic Potential Increase of anti-aging protein Klotho
expression

angiotensin II receptor antagonists, PPAR-g agonists, Paricalcitol and
statins

(85–87)

Senolytics selectively remove senescent cells D+Q group, ABT⁃263, FOXO4⁃DRI (88–91)

Senostatics SASP regulators rapamycin, metformin, and resveratrol (92–96)

Other Drugs Inflammation inhabitation NR, NMN, NSAIDs (77, 97,
98)
fro
SASP, senescence-associated secretory phenotype; D+Q group, dasatinib and quercetin.
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biomarkers of cellular ageing (81). There has been evidence that

regular exercise can reduce both ROS and serum AGE levels,

attenuating the oxidative stress caused by ageing (82).

Interestingly, new study reveals that exercise training can enhance

telomerase reverse transcriptase gene expression and telomerase

activity, attenuating attrition of telomere and thereby slowing

cellular ageing (83). Moreover, another study shows that the

combination of melatonin and exercise attenuated metabolic

syndrome and reduced anxiety and depression of type 2 diabetic

rats by modulating insulin resistance, inflammatory cytokines,

mitochondrial biogenesis and ATP levels (84). On the other hand,

a meta-analysis reveals that exercise is beneficial in improve the

blood pressure profile and significantly reduced VO2 levels of

patients with renal failure (105). A latest study also demonstrates

that treadmill exercise seems to be a useful intervention for

inducing improved peripheral circulation. And it suggests that

treadmill exercise should be performed under or near an ambient

temperature of 20°C (106). Therefore, it is necessary to take long-

term and regular exercise to maintain health and slow down the

aging process.

2.4.3 Therapeutic potential of Klotho
The anti-aging protein Klotho, encoded by the anti-aging

gene Klotho, is a single-channel transmembrane protein, mainly

a-Klotho protein, divided into membrane and soluble forms.

Klotho is highly expressed in normal kidneys, especially in the

distal tubules, but oxidative stress, inflammation, angiotensin II,

aldosterone and proteinuria, which are present during organ and

organism aging and various CKD pathologies, can reduce Klotho

expression (107). Klotho is a pleiotropic protein that down-

regulates a variety of cytokines and growth factors, such as

IGF-1, Wnt/b-catenin and TGF-b1, and plays a variety of

biological functions such as regulating cellular senescence,

inhibiting apoptosis, inflammation, oxidative stress and

regulating calcium and phosphorus metabolism (12, 108, 109),

which plays a critical role in delaying renal aging, protecting the

kidney from acute and chronic injury, promoting restoration of

renal function and delaying the progression of RF and CKD (85,

86, 110). Therefore, it is possible to interfere with renal

senescence by upregulating Klotho expression to inhibit RF and

delay CKD progression. Researches has showed that Studies have

shown that many drugs such as angiotensin II receptor

antagonists, PPAR-g agonists, Paricalcitol and statins may

increase endogenous Klotho expression (86, 87). However, to

date, there is insufficient clinical evidence for the effects of these

drugs on Klotho.

2.4.4 Senolytics
Senolytics are a class of drugs that selectively remove

senescent cells, including dasatinib and quercetin (D+Q

group), ABT⁃263, FOXO4⁃DRI, etc. Recent studie has found

that the D+Q group can reduce the expression of senescence

marker proteins such as SA⁃b⁃gal, p16, p21 and inflammatory
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factors such as IL⁃6 and MCP⁃1 in mouse renal tubular epithelial

cells, suggesting that Senolytics could inhibit the progression of

RF by delaying the senescence of renal tubular epithelial cells (9,

88). ABT ⁃263 can inhibit the activity of the anti-apoptotic

proteins B lymphocytoma 2 (BCL ⁃2) and BCL ⁃XL to induce

apoptosis in senescent cells and exerts an anti-aging effect (89,

90). FOXO4 ⁃DRI, a peptide that interferes with the function of

FOXO4 protein, competitively inhibits the binding of FOXO4 to

p53 in senescent cells and induces apoptosis to delay tubular

senescence and renal hypofunction (91). These discoveries

unlock an emerging and encouraging therapeutic route for the

treatment of CKD and its co-morbidities through optionally

targeting senescent cells.

2.4.5 Senostatics
Senostatics are drugs that inhibit the aging phenotype and

reduce SASP secretion while maintaining cell viability (18),

including rapamycin, metformin, and resveratrol. These

compounds can activate autophagy, improve mitochondrial

function and inhibit IL-6, IL-8 and other SASP expression, reduce

OS (92–95), decrease SA-b-gal levels in tubular epithelial cells (96),

thereby delaying the aging of renal tubular epithelial cells and

inhibiting RF.

2.4.6 Other drugs
Other candidate drugs include NR and NMN that are NAD+

precursor supplements, and non-steroidal anti-inflammatory drugs

(NSAIDs), which can inhibit proinflammatory signaling pathways

to reduce inflammation and finally exert an anti-ageing effect (77,

97, 98).
3 Conclusion

Renal tubular epithelial cells senescence is a driver of RF, and

the pathogenesis associated with it includes oxidative stress,

telomere shortening, and DNA damage. These factors interact

and synergistically contribute to the development of cellular

senescence in RTECs. In-depth studies on the molecular

mechanisms of RF associated with senescence in renal tubular

epithelial cells are expected to provide potentially viable

therapeutic ideas for RF, such as caloric restriction, routine

exercise, endogenous Klotho, Senolytics, Senostatics, NAD+

supplementation, NSAIDs (Figure 3).

Although the nephroprotective effects of the above therapies are

hopeful, and many have been studied in animal models and in vitro,

clinical trials of targeted therapeutic strategies are required to assess

their safety and efficacy in patients. Moreover, many inflammatory

and fibrotic factors are also SASP components and their expression

is not adequate to recognize cellular senescence. Given that the

available senescence indices may vary among conditions and

organs, there is a need for highly sensitive and specific non-

invasive methods of detecting senescence (6).In future studies, it
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would be beneficial to search for more therapeutic targets for RF-

related cellular senescence to further facilitate the development and

screening of relevant drugs, which will provide new points for the

prevention and treatment of CKD and RF.
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FIGURE 3

Oxidative stress, telomere attrition and DNA damage caused by stress, chemical or reactive oxygen species (ROS) accumulation are the main
reasons for the senescence of renal tubular epithelial cells. The presence of senescent tubular epithelial cells in the kidney can be detected in the
early stages of CKD. Senescent cells secrete SASP (including pro-fibrotic and pro-inflammatory factors), which further accelerates the senescence of
tubular epithelial cells and drives the progression of RF. Available interventions for senescence include calorie restriction and regular exercise,
Klotho, senolytics, senostatics and other related drugs, which offer promise for the treatment of renal fibrosis and CKD associated with renal tubular
epithelial cell senescence.
frontiersin.org

https://doi.org/10.3389/fendo.2023.1085605
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Zhang et al. 10.3389/fendo.2023.1085605
References
1. Lv J-C, Zhang L-X. Prevalence and disease burden of chronic kidney disease. Adv
Exp Med Biol (2019) 1165:3–15. doi: 10.1007/978-981-13-8871-2_1

2. Zhang L, Wang F, Wang L, Wang W, Liu B, Liu J, et al. Prevalence of chronic
kidney disease in China: A cross-sectional survey. Lancet (2012) 379:815–22. doi:
10.1016/S0140-6736(12)60033-6

3. Thurlow JS, Joshi M, Yan G, Norris KC, Agodoa LY, Yuan CM, et al. Global
epidemiology of end-stage kidney disease and disparities in kidney replacement
therapy. Am J Nephrol (2021) 52:98–107. doi: 10.1159/000514550

4. Ruiz-Ortega M, Rayego-Mateos S, Lamas S, Ortiz A, Rodrigues-Diez RR.
Targeting the progression of chronic kidney disease. Nat Rev Nephrol (2020) 16:269–
88. doi: 10.1038/s41581-019-0248-y

5. Lin Z, Chen A, Cui H, Shang R, Su T, Li X, et al. Renal tubular epithelial cell
necroptosis promotes tubulointerstitial fibrosis in patients with chronic kidney disease.
FASEB J (2022) 36:e22625. doi: 10.1096/fj.202200706RR

6. HuangW, Hickson LJ, Eirin A, Kirkland JL, Lerman LO. Cellular senescence: The
good, the bad and the unknown. Nat Rev Nephrol (2022) 18:611–27. doi: 10.1038/
s41581-022-00601-z

7. Hong S, Healy H, Kassianos AJ. The emerging role of renal tubular epithelial cells
in the immunological pathophysiology of lupus nephritis. Front Immunol (2020)
11:578952. doi: 10.3389/fimmu.2020.578952

8. Lu Y-A, Liao C-T, Raybould R, Talabani B, Grigorieva I, Szomolay B, et al. Single-
nucleus RNA sequencing identifies new classes of proximal tubular epithelial cells in
kidney fibrosis. J Am Soc Nephrol (2021) 32:2501–16. doi: 10.1681/ASN.2020081143

9. Li C, Shen Y, Huang L, Liu C, Wang J. Senolytic therapy ameliorates renal fibrosis
postacute kidney injury by alleviating renal senescence. FASEB J (2021) 35:e21229. doi:
10.1096/fj.202001855RR

10. Wang Y, Wang Y, Yang M, Ma X. Implication of cellular senescence in the
progression of chronic kidney disease and the treatment potencies. BioMed
Pharmacother (2021) 135:111191. doi: 10.1016/j.biopha.2020.111191
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87. Franco ML, Beyerstedt S, Rangel ÉB. Klotho and mesenchymal stem cells: A
review on cell and gene therapy for chronic kidney disease and acute kidney disease.
Pharmaceutics (2021) 14(1):11. doi: 10.3390/pharmaceutics14010011

88. Chen Z, Zhu Y, Lu M, Yu L, Tan S, Ren T. Effects of Rosa roxburghii tratt
glycosides and quercetin on d-galactose-induced aging mice model. J Food Biochem
(2022) 00:e14425. doi: 10.1111/jfbc.14425

89. Jochems F, Thijssen B, De Conti G, Jansen R, Pogacar Z, Groot K, et al. The
cancer SENESCopedia: A delineation of cancer cell senescence. Cell Rep (2021)
36:109441. doi: 10.1016/j.celrep.2021.109441

90. Chang J, Wang Y, Shao L, Laberge R-M, Demaria M, Campisi J, et al. Clearance
of senescent cells by ABT263 rejuvenates aged hematopoietic stem cells in mice. Nat
Med (2016) 22:78–83. doi: 10.1038/nm.4010

91. Baar MP, Brandt RMC, Putavet DA, Klein JDD, Derks KWJ, Bourgeois BRM,
et al. Targeted apoptosis of senescent cells restores tissue homeostasis in response to
chemotoxicity and aging. Cell (2017) 169:132–47. doi: 10.1016/j.cell.2017.02.031

92. Uddin MJ, Farjana M, Moni A, Hossain KS, Hannan MA, Ha H. Prospective
pharmacological potential of resveratrol in delaying kidney aging. Int J Mol Sci (2021)
22(15):8258. doi: 10.3390/ijms22158258

93. Liang D, Li Z, Feng Z, Yuan Z, Dai Y, Wu X, et al. Metformin improves the
senescence of renal tubular epithelial cells in a high-glucose state through E2F1. Front
Pharmacol (2022) 13:926211. doi: 10.3389/fphar.2022.926211

94. Kennedy BK, Lamming DW. The mechanistic target of rapamycin: The grand
ConducTOR of metabolism and aging. Cell Metab (2016) 23:990–1003. doi: 10.1016/
j.cmet.2016.05.009

95. Zhang T, Chi Y, Kang Y, Lu H, Niu H, Liu W, et al. Resveratrol ameliorates
podocyte damage in diabetic mice via SIRT1/PGC-1a mediated attenuation of
mitochondrial oxidative stress. J Cell Physiol (2019) 234:5033–43. doi: 10.1002/
jcp.27306

96. Jiang X, Ruan X-L, Xue Y-X, Yang S, Shi M, Wang L-N. Metformin reduces the
senescence of renal tubular epithelial cells in diabetic nephropathy via the MBNL1/
miR-130a-3p/STAT3 pathway. Oxid Med Cell Longev (2020) 2020:8708236. doi:
10.1155/2020/8708236

97. Cai Z, Zhang Y, Liu S, Liu X. Celecoxib, beyond anti-inflammation, alleviates
tendon-derived stem cell senescence in degenerative rotator cuff tendinopathy. Am J
Sports Med (2022) 50:2488–96. doi: 10.1177/03635465221098133
frontiersin.org

https://doi.org/10.1016/j.jep.2015.06.049
https://doi.org/10.1155/2019/4596368
https://doi.org/10.1155/2019/4596368
https://doi.org/10.1080/13510002.2019.1658377
https://doi.org/10.1016/j.redox.2021.102022
https://doi.org/10.1016/j.redox.2021.102022
https://doi.org/10.1016/j.etap.2021.103625
https://doi.org/10.1016/j.intimp.2019.04.018
https://doi.org/10.1016/j.intimp.2019.04.018
https://doi.org/10.1016/j.lfs.2021.119241
https://doi.org/10.1016/0092-8674(93)90529-Y
https://doi.org/10.1038/ki.2011.448
https://doi.org/10.1038/s41581-022-00608-6
https://doi.org/10.1186/s13075-016-0929-x
https://doi.org/10.1096/fj.201901599RR
https://doi.org/10.1016/j.kint.2018.12.028
https://doi.org/10.2217/epi-2022-0073
https://doi.org/10.2217/epi-2022-0073
https://doi.org/10.1101/gad.1679208
https://doi.org/10.1016/j.arr.2020.101115
https://doi.org/10.1016/j.kint.2021.06.041
https://doi.org/10.1016/S0092-8674(03)00114-4
https://doi.org/10.1158/0008-5472.CAN-16-1663
https://doi.org/10.1073/pnas.2001075117
https://doi.org/10.2147/DDDT.S224909
https://doi.org/10.2147/DDDT.S224909
https://doi.org/10.3389/fphar.2021.735731
https://doi.org/10.1016/j.cmet.2021.04.004
https://doi.org/10.1038/s12276-022-00727-x
https://doi.org/10.3390/antiox10122020
https://doi.org/10.1016/j.kint.2022.06.030
https://doi.org/10.1111/jpi.12690
https://doi.org/10.1111/jpi.12690
https://doi.org/10.1016/j.cellimm.2018.08.006
https://doi.org/10.1111/jcmm.14285
https://doi.org/10.3389/fphys.2021.649547
https://doi.org/10.1016/j.exger.2021.111403
https://doi.org/10.1016/j.mad.2013.11.006
https://doi.org/10.1111/acel.13415
https://doi.org/10.1016/j.exger.2018.08.009
https://doi.org/10.1016/j.exger.2018.08.009
https://doi.org/10.1016/j.arr.2021.101411
https://doi.org/10.5455/jabet.2021.d124
https://doi.org/10.14814/phy2.14696
https://doi.org/10.2215/CJN.02840320
https://doi.org/10.2215/CJN.02840320
https://doi.org/10.3390/pharmaceutics14010011
https://doi.org/10.1111/jfbc.14425
https://doi.org/10.1016/j.celrep.2021.109441
https://doi.org/10.1038/nm.4010
https://doi.org/10.1016/j.cell.2017.02.031
https://doi.org/10.3390/ijms22158258
https://doi.org/10.3389/fphar.2022.926211
https://doi.org/10.1016/j.cmet.2016.05.009
https://doi.org/10.1016/j.cmet.2016.05.009
https://doi.org/10.1002/jcp.27306
https://doi.org/10.1002/jcp.27306
https://doi.org/10.1155/2020/8708236
https://doi.org/10.1177/03635465221098133
https://doi.org/10.3389/fendo.2023.1085605
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Zhang et al. 10.3389/fendo.2023.1085605
98. Cianciulli A, Calvello R, Ruggiero M, Panaro MA. Inflammaging and brain:
Curcumin and its beneficial potential as regulator of microglia activation. Molecules
(2022) 27(2):341. doi: 10.3390/molecules27020341

99. Lee G, Uddin MJ, Kim Y, Ko M, Yu I, Ha H. PGC-1a, a potential therapeutic
target against kidney aging. Aging Cell (2019) 18:e12994. doi: 10.1111/acel.12994

100. Wang S-Y, Wang W-J, Liu J-Q, Song Y-H, Li P, Sun X-F, et al. Methionine
restriction delays senescence and suppresses the senescence-associated secretory
phenotype in the kidney through endogenous hydrogen sulfide. Cell Cycle (2019)
18:1573–87. doi: 10.1080/15384101.2019.1618124

101. Lee HJ, Feliers D, Barnes JL, Oh S, Choudhury GG, Diaz V, et al. Hydrogen
sulfide ameliorates aging-associated changes in the kidney. Geroscience (2018) 40:163–
76. doi: 10.1007/s11357-018-0018-y

102. Pushpakumar S, Kundu S, Weber G, Sen U. Exogenous hydrogen sulfide and
miR-21 antagonism attenuates macrophage-mediated inflammation in ischemia
reperfusion injury of the aged kidney. Geroscience (2021) 43:1349–67. doi: 10.1007/
s11357-020-00299-6

103. Hou C-L, Wang M-J, Sun C, Huang Y, Jin S, Mu X-P, et al. Protective effects of
hydrogen sulfide in the ageing kidney. Oxid Med Cell Longev (2016) 2016:7570489. doi:
10.1155/2016/7570489

104. Lee HJ, Feliers D, Barnes JL, Oh S, Choudhury GG, Diaz V, et al. Correction to:
Hydrogen sulfide ameliorates aging-associated changes in the kidney. Geroscience
(2021) 43:457. doi: 10.1007/s11357-021-00326-0
Frontiers in Endocrinology 10
105. Qiu Z, Zheng K, Zhang H, Feng J, Wang L, Zhou H. Physical exercise and
patients with chronic renal failure: A meta-analysis. BioMed Res Int (2017)
2017:7191826. doi: 10.1155/2017/7191826

106. Wada S, Mahbub MH, Yamaguchi N, Hase R, Nakagami Y, Takahashi H, et al.
Effect of moderate-intensity treadmill exercise under different ambient temperatures on
peripheral circulatory responses in young healthy adults. J Adv Biotechnol Exp Ther
(2023) 6:222. doi: 10.5455/jabet.2023.d120

107. Kanbay M, Demiray A, Afsar B, Covic A, Tapoi L, Ureche C, et al. Role of
klotho in the development of essential hypertension. Hypertension (2021) 77:740–50.
doi: 10.1161/HYPERTENSIONAHA.120.16635

108. He P, Li Z, Yue Z, Gao H, Feng G,Wang P, et al. SIRT3 prevents angiotensin II-
induced renal tubular epithelial-mesenchymal transition by ameliorating oxidative
stress and mitochondrial dysfunction. Mol Cell Endocrinol (2018) 460:1–13. doi:
10.1016/j.mce.2017.04.027

109. Nagasu H, Satoh M, Kuwabara A, Yorimitsu D, Kidokoro K, Nishi Y, et al.
Overexpression of klotho protein modulates uninephrectomy-induced compensatory
renal hypertrophy by suppressing IGF-I signals. Biochem Biophys Res Commun (2011)
407:39–43. doi: 10.1016/j.bbrc.2011.02.089

110. Wei H, Chen L, Li Q, Liang X, Wang K, Zhang Y, et al. CD137L-
macrophage induce lymphatic endothelial cells autophagy to promote
lymphangiogenesis in renal fibrosis. Int J Biol Sci (2022) 18:1171–87. doi:
10.7150/ijbs.66781
frontiersin.org

https://doi.org/10.3390/molecules27020341
https://doi.org/10.1111/acel.12994
https://doi.org/10.1080/15384101.2019.1618124
https://doi.org/10.1007/s11357-018-0018-y
https://doi.org/10.1007/s11357-020-00299-6
https://doi.org/10.1007/s11357-020-00299-6
https://doi.org/10.1155/2016/7570489
https://doi.org/10.1007/s11357-021-00326-0
https://doi.org/10.1155/2017/7191826
https://doi.org/10.5455/jabet.2023.d120
https://doi.org/10.1161/HYPERTENSIONAHA.120.16635
https://doi.org/10.1016/j.mce.2017.04.027
https://doi.org/10.1016/j.bbrc.2011.02.089
https://doi.org/10.7150/ijbs.66781
https://doi.org/10.3389/fendo.2023.1085605
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Cellular senescence of renal tubular epithelial cells in renal fibrosis
	1 Introduction
	2 Advances in cellular senescence-related mechanisms in renal tubular epithelial cells in RF
	2.1 Oxidative stress
	2.1.1 Related signaling pathways
	2.1.1.1 Wnt/β-catenin/RAS
	2.1.1.2 Nrf2/ARE
	2.1.1.3 STAT-3/NF-κB

	2.1.2 Related molecules

	2.2 Telomeres doctrine
	2.3 DNA damages
	2.4 Strategies to improve senescence of renal tubular epithelial cells
	2.4.1 Caloric restriction
	2.4.2 Routine exercise
	2.4.3 Therapeutic potential of Klotho
	2.4.4 Senolytics
	2.4.5 Senostatics
	2.4.6 Other drugs


	3 Conclusion
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


