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Impact of Metabolic Syndrome on
SVIP and p97/VCP Expression in
Renal Tissue

Metabolik Sendromun Bobrek
Dokusunda SVIP ve p97/VCP
Ekspresyonu Uzerindeki Etkisi

ABSTRACT
Objective

Metabolic syndrome (MetS) is a clinical condition in which a series of metabolic dis-
orders occur together, increasing the risk of cardiovascular diseases and type 2 dia-
betes. p97/VCP is a member of the AAA+ ATPase protein family, which functions in
various intracellular mechanisms. It plays a critical role, particularly in maintaining
proteostasis and ERAD. SVIP is an adaptor protein found on the endoplasmic re-
ticulum membrane. It can bind to p97/VCP and suppress its role in processes such
as ERAD. MetS affects renal tissue through multifaceted mechanisms, increasing
the risk of developing chronic kidney disease. This situation plays a key role in the
development of diabetic nephropathy and hypertensive nephropathy in particular.
Very little is known about the role of p97/VCP and SVIP in the MetS kidney. So, it
is important to study p97/ VCP and SVIP in MetS kidney tissue.

Material and Methods

Hematoxylin Eosin and Azan Trichrome stainings were used to examine the histo-
morphology of rat kidney tissue. The expression of p97/VCP and SVIP in tissue was
investigated using immunohistochemistry.

Results

Both the control and MetS kidney tissue showed signs of p97/VCP and SVIP expres-
sion. Comparing the two experimental groups, the MetS group showed higher SVIP
expression and lower p97/VCP expression than the control group.

Conclusion

Demonstrating the morphological alterations of the kidney in the control and MetS
groups is crucial and histologically significant. Furthermore, SVIP and p97/VCP
expressions in metabolic syndrome are significant for chronic renal disease. These
results represent a significant advancement in our knowledge of the causes and con-
sequences of metabolic syndrome.
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Amag

Metabolik sendrom (MetS), bir dizi metabolik bozuklugun
bir arada ortaya ¢iktig1 ve kardiyovaskiiler hastaliklar ile
tip 2 diyabet riskini artirdigr klinik bir durumdur. p97/
VCP, gesitli hiicre i¢ci mekanizmalarda gorev yapan AAA+
ATPaz protein ailesinin bir iiyesidir. Ozellikle proteostaz
ve ERAD'm siirdiiriilmesinde kritik bir rol oynar. SVIP,
endoplazmik retikulum membraninda bulunan bir adaptor
proteindir. p97/VCP'ye baglanarak ERAD gibi siirecler-
deki roliinii baskilayabilir. MetS, bobrek dokusunu ¢ok
yonlii mekanizmalarla etkileyerek kronik bobrek hastaligi
gelistirme riskini artirir. Bu durum, 6zellikle diyabetik nef-
ropati ve hipertansif nefropati gelisiminde kilit rol oynar.
MetS bobreginde p97/VCP ve SVIP'nin rolii hakkinda ¢ok
az sey bilinmektedir. Bu nedenle, MetS bobrek dokusunda
p97/VCP ve SVIPin incelenmesi 6nemlidir.

Gerec¢ ve Yontemler

Sican bobrek dokusunun histomorfolojisini incelemek
icin Hematoksilen Eozin ve Azan Trikrom boyamalari
kullanildi. Dokudaki p97/VCP ve SVIP ekspresyonlari
immiinohistokimya yaklasimi kullanilarak arastirildi.

Bulgular

Hem kontrol hem de MetS bobrek dokusunda p97/VCP
ve SVIP ekspresyonuna dair bulgular goriildii. iki deney
grubu karsilastirildiginda, MetS grubunun kontrol grubu-
na gore daha yiiksek SVIP ekspresyonuna ve daha diigiikk
p97/VCP ekspresyonuna sahip oldugu bulundu.

Sonuc¢

Kontrol ve MetS gruplarinda bobregin morfolojik degisik-
liklerinin gosterilmesi ¢ok 6nemli ve histolojik olarak an-
lamlidir. Ayrica, metabolik sendromdaki SVIP ve p97/
VCP ekspresyonlart kronik bobrek hastaligi agisindan
o6nemlidir. Bu sonuglar, metabolik sendromun nedenleri
ve sonuglar1 hakkindaki bilgimizde 6nemli bir ilerlemeyi
temsil etmektedir.

Anahtar Kelimeler
Metabolik sendrom, Bébrek, p97/VCP, SVIP
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INTRODUCTION

Metabolic syndrome (MetS) represents a cluster of inter-
related metabolic disorders such as insulin resistance, obe-
sity, hyperglycemia, dyslipidemia, and hypertension (1).
This syndrome has many significant and harmful effects
on renal tissue. MetS causes glomerular hyperfiltration
and glomerular hypertension. In the long term, this leads
to thickening of the glomerular basement membrane and
glomerulosclerosis (2). As a result, the risk of proteinuria
and chronic kidney disease increases. Hyperglycemia trig-
gers oxidative stress and inflammation. Advanced Glyca-
tion End-products (AGEs) accumulate in glomerular and
tubular cells, which increases tissue damage. Insulin re-
sistance causes endothelial dysfunction, which impairs
renal perfusion. Dyslipidemia, characterized by elevated
triglyceride levels and low HDL levels, causes lipid ac-
cumulation in kidney tissue. This condition is known as
"lipotoxicity" and causes cell damage in both glomerular
and tubular cells (3).

Systemic hypertension, which is frequently seen in me-
tabolic syndrome, accelerates glomerular damage by in-
creasing glomerular capillary pressure. Interstitial fibrosis
and nephrosclerosis develop in the long term. Chronic
low-grade inflammation is seen in metabolic syndrome.
This inflammation increases pro-inflammatory cytokines
(TNF-a, IL-6) and pro-fibrotic factors (TGF-p). Intersti-
tial fibrosis and tubular atrophy develop in the kidney tis-
sue (3).

p97/ VCP (Valosin Containing Protein) is a potent enzyme
from the AAA+ ATPase family and is widely distributed
throughout the body, including the kidney. In the kidney,
it is highly expressed in both glomerular and tubular cells
(4). According to Human Protein Atlas data, p97/VCP is
expressed at high protein and RNA levels in both glo-
merular and tubular epithelial cells in the kidney. This
suggests the presence of an active protein quality control
mechanism in the kidney.

p97/VCP plays a critical role in the ER-associated deg-
radation (ERAD) system. It pulls ubiquitinated proteins
from the ER membrane and transports them to the cy-
toplasm. It is tasked with transporting them to the pro-
teasome. Given the high protein synthesis and metabolic
activity of renal tubule cells, this relationship with the
ERAD system is critical (5).

p97/VCP regulates critical cellular processes, including
mitochondrial structure regulation and mitophagy. It also
interacts with the autophagosome-lysosomal system to
regulate autophagosome maturation and lysosomal deg-
radation. Because the tubular epithelium is under a signi-
ficant energy load, these mechanisms are essential for the
clearance of damaged organelles and energy balance (6).
p97/VCP promotes DNA replication, damage repair, and
the cell cycle by attracting ubiquitinated proteins to chro-
matin. This function may be critical for cell health, as the



response to DNA damage is important in kidney cells (5).
p97/VCP is a critical molecule for quality control, energy
balance, and DNA maintenance in kidney cells. Its defi-
ciencies can impair kidney function in various ways and
predispose to pathology.

SVIP (Small VCP Interacting Protein) is a small protein
of ~76 amino acids that binds to the N-terminus (ND1 re-
gion) of p97/VCP and regulates some of its functions. It
attaches to the microsomal/ER membrane through myris-
toylation and palmitoylation, forming complexes with
components of the ERAD (ER-associated protein deg-
radation) machinery, such as p97, Derlinl, and gp78, or
inhibits the formation of these complexes (7). SVIP is a
critical regulator of p97/VCP. While direct data on renal
tissue are limited, its general molecular functions can have
important implications for kidney cells. These functions
become critical under conditions where protein loading,
oxidative stress, and organelle regeneration in renal tubule
cells are crucial.

Furthermore, SVIP may indirectly influence these pro-
cesses through its role as a cofactor in p97/VCP functions,
including DNA repair and mitochondrial quality control.
Autophagy and lysosomal pathways are critical mech-
anisms in the kidney for the removal of damaged orga-
nelles, and SVIP plays a central role at these processes (8).
Cellular energy, DNA damage repair, and stress respon-
ses are also driven by the SVIP-VCP axis. SVIP is a key
molecule in kidney cells that regulates essential protein
and organelle quality control pathways, such as p97/VCP
mediated ERAD and autophagy. Because these pathways
are critical for healthy function, SVIP dysregulation may
contribute to renal cell injury and potential fibrosis and
atrophy.

Because direct kidney-specific studies on p97/SVIP ex-
pression in renal tissue with metabolic syndrome are limi-
ted, our study is important as a fundamental study. Stud-
ying p97/VCP and SVIP proteins in kidney tissue from
metabolic syndrome and control groups is crucial due to
their roles in vital processes such as intracellular protein
quality control, stress response, and autophagy. The le-
vels and distribution of these proteins may change during
pathological processes such as cell damage, inflammation,
and stress caused by metabolic syndrome. Furthermore,
kidney tissue is one of the primary target organs of meta-
bolic syndrome, particularly in the development of diabe-
tic nephropathy and hypertensive nephropathy. Metabo-
lic disorders can lead to consequences such as oxidative
stress, protein accumulation, and fibrosis in kidney cells.
Therefore, the status of systems responsible for protein
quality control, such as p97 and SVIP, helps to understand
the mechanisms of renal dysfunction.
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MATERIAL and METHODS

Animals and Experimental Design
Three-month-old male Wistar Albino rats were provided
by the Ankara Medical Faculty Animal Center. All animal
experiments were approved by the Ankara University Ani-
mal Experimentation Ethics Committee (2025-18-192).
The principles of the Guide for the Care and Use of La-
boratory Animals were followed for all animals used in
the study.

The animals were divided into two groups: the control
group (n=8) and the metabolic syndrome model (MetS,
n=8). The control rats were fed standard food and water.
MetS rats were given drinking water and 32% sucrose for
20 weeks. To validate the model of metabolic syndrome,
body weight (g), blood glucose level (mg/dl), insulin
(ng/ml), triglyceride (mg/dl), Homeostatic model assess-
ment-insulin resistance (HOMA-IR), and HOMA-f scores
were evaluated in each group, as previously documented
in our work (9).

Tissue Processing

In order to create paraffin blocks, kidney tissues were pre-
served in 10% formalin (Merck) throughout the fixation
procedure. Following two to three hours of washing under
running water, the tissue samples used for fixation were
dehydrated by passing them through 75%, 96%, and 100%
ethyl alcohol (Merck) concentrations. Xylole (Sigma-Al-
drich) was used for the transparency process. Using a Lei-
ca microtome, slices of tissue samples fixed in paraffin
(Merck) were cut to a thichness of 4 um.

Histological Analyses

Hemotoxylin and Eosin

Hematoxylin and eosin (HE) staining was performed to
visualize the kidney slices under a light microscope. First,
the tissue slices on the slide were placed in an oven set
to 60°C overnight. They were then immersed in distilled
water after being exposed to xylene for 30 minutes and to
100%, 96%, and 75% ethyl alcohol for 2 minutes each.
They were stained for five minutes with Hematoxylin
(Sigma-Aldrich) and for one minute with Eosin (Sig-
ma-Aldrich). The slides were cleaned with water, then
run through a series of increasing alcohol concentrations
before being stored in xylene and covered with Entellan.

Azan Trichrome (AT)

This staining technique is used to identify collagen fibers,
which appear blue upon staining. This facilitates the di-
agnosis of conditions such as fibrosis, scar tissue, or stro-
mal changes. The tissue sections taken on the slide were
first kept in a 60 °C oven for 1 night. 10 drops of reagent
A (PatoLab) were added to the sections and after waiting
for 30 minutes, they were rinsed in water. 10 drops of re-
agent B were added, and the mixture was incubated for 10
minutes. 10 drops of reagent C were added to the sections
and incubated for 10 minutes. Then, 10 drops of reagent
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D were added and incubated for 30 minutes. At the end
of the period, 10 drops of reagent E were added to the
sections, and the sections were left for 30 minutes. It was
quickly rinsed in distilled water (2-3 seconds) and passed
quickly through the series of increasing alcohol concen-
trations and the procedure was terminated with the closing
process by waiting in xylene.

Immunohistochemical Analysis

For one night, the sections were held in the oven. After
that, they spent fifteen minutes each in three distinct xy-
lene series. For five minutes each, they went through a
variety of decreasing alcohol levels: 100%, 90%, 80%,
and 70%. They were cleaned with distilled water, then
microwaved for 4 minutes at 560 degrees in citric acid.
H202 was added to the slides after they had cooled and
been washed with PBS. Twenty minutes later, PBS was
used to wash them once more. After being thrown onto the
slides, the super block was left for fifteen minutes. After
that, primary antibodies SVIP (1:100, HPA39807, Sig-
ma) and p97/VCP (1:100, ab11433, Abcam) were added
then incubated at +4 for the entire night. The slides were
cleaned with PBS the following day, and then biotinylated
antipolyvolent (PatoLab) was applied and left to stand for
half an hour. Following washing, streptavidin peroxidases
(PatoLab) were dropped and permitted to react for half
an hour. Following the washing procedure, the AEC kit
(PatoLab) was used. Once the response was visible under
a microscope, PBS was used for washing. Mayer's hema-
toxylin was used to stain it in the final step. H-SCORE
analyses were used to assess the p97/VCP and SVIP inten-
sities in accordance with a previously established metho-
dology (10).

Statistical Analysis

The data were assessed using H-Score analysis. Before se-
lecting the statistical test, the distribution of the data was
evaluated using the Shapiro—Wilk normality test toget-
her with visual inspection of Q—Q plots. As the variables
demonstrated normal distribution, immunohistochemistry
scores were compared using the unpaired Student’s t-test,
and values of p < 0.05 were considered statistically signifi-
cant. All statistical analyses were performed using Graph-
Pad Prism 10, and data were presented as mean + standard
error.

| B

RESULTS

Histological Analyses Results

The kidney was damaged as an end organ by MetS; more
substantial effects included decreased glomerular size,
thickened glomerular basal membrane, increased fibrosis,
increased interstitial area, and degraded tubules. When
compared to control kidney tissues, it was demonstrated
that MetS produced unique cellular and structural changes
in the kidney tissue. HE staining results showed that the
normal membrane appearances of both glomerulus and
Bowman’s capsule, and the normal proximal and distal
tubulus which were presenting the main observations in
the control group (Figure 1-Al and A2). Marked degen-
erated corpuscule, fibrosis and increased connective tis-
sue around the blood vessels were detected in the sections
from the MetS group. Additionally, irregularities in both
proximal and distal tubules, cell and cytoplasmic losses,
tubular atrophy as well as irregular dilatations in the tu-
bular liimen, have been observed at MetsS group (Figure
1-B1 and B2).

sections with HE (A1 and A2 control group, B1 and B2 MetS
group. Bar: 100 pm, Star: Glomerulus, Black Arrow: Bowmann
capsule, Multiplication sign: Degradation and irregularities in
both proximal and distal tubule. Blue Arrow: Tubular atrophy.

In azan trichrome (AT) staining, connective tissue stains
blue, and in our study, a significant increase in connective
tissue was observed in the renal tissue of the MetS group.
Compared to the control group, thickening of the Bow-
man’s membrane and increased fibrosis around the tubules
were observed. Furthermore, tubular cell loss, luminal ir-
regularities, and brush border degeneration in proximal
tubules were among the observed (Figure 2).



sections with AT (A1 and A2 control group, Bl and B2 MetS
group. Bar: 100 pum, Star: Glomerulus, Black Arrow: Bowmann
capsule, Green Arrow: Thickened glomerular basal membrane
and increasing interstitial area.

Immunohistochemistry Results
Immunohistochemical analysis demonstrated that p97/
VCP was mainly localized both nuclear and cytoplasmic
regions in control kidney tissue (Figure 3-A1 and A2). The
decreased immunostaining of p97/VCP was detected in the
same localizations at Mets group (Figure 3- B1 and B2).

Figure 3: Localizatio d met-
abolic syndrome kidney (A1 and A2 control group, B1 and B2
MetS group. Bar: 100 um, Asterisk *: Shows an immunopositive
area).

We observed SVIP expression in the control group (Figure 4-A1
and A2). There was an increased SVIP expression in the MetS
group (Figure 4-B1 and B2) compared to the control groups.

Kipel S. et al. PANGRYERSLHP)
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Figure 4: Localization of SVIP in the rat control and metabolic
syndrome kidney (Al and A2 control group, Bl and B2 MetS
group. Bar: 100 um, Asterisk *: Shows an immunopositive area).
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sSviP p97/VCP

Figure 5: H-Score analysis of immunohistochemistry demons-
trated significant differences in p97/VCP expression between
control and Mets groups (A, p=0.038) and differences for SVIP
expression between control and Mets groups (B, p=0.048).

DISCUSSION

The metabolic syndrome (MetS) has long been thought of
as a single integrated disease entity that includes a number
of metabolic disorders, such as insulin resistance, diabe-
tes, abdominal obesity, hyperlipidemia, and hypertension.
As MetS has become more common, our knowledge of its
etiology and pathophysiology has grown. There is signifi-
cant overlap between metabolic, cardiovascular, and renal
problems, according to recent observational and clinical
research (11).

Cardiovascular-Kidney and Metabolic (CKM) Syndrome
is a combined disease condition that was recently pro-
posed by the American Heart Association (AHA). Diabe-
tes affects the cardiovascular and renal systems through
a variety of pathways, and the pathophysiology of CKM
syndrome is complicated. It is thought that CKM works
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by activating the sympathetic and renin-angiotensin-al-
dosterone systems, as well as by causing hyperglycemia,
insulin resistance and lipotoxicity, vascular stiffening, im-
balances in signaling by, among other things, nitric oxide,
prostaglandins, or endothelins, as well as elevated oxida-
tive stress and inflammation (12).

The evolutionarily conserved ATPase p97/VCP is linked
to a number of cellular processes, many of which are asso-
ciated with proteostasis, or protein homeostasis. In gene-
ral, p97/VCP is an ATP-dependent segregase that targets
client proteins for ubiquitin-proteasome system degrada-
tion after removing them from macromolecular complex-
es or membranes. The two ATPase domains that make up
p97's structure are D1 and D2. The energy needed for cli-
ent protein unfolding and dislocation is provided by ATP
hydrolysis in the D2 domain (13).

In the literature searches on p97/VCP protein with me-
tabolic syndrome (MetS), no study focusing directly on
p97/VCP expression in renal tissue has yet been found.
Studies in the literature have shown that p9/VCP is close-
ly associated with cell metabolism and proteostasis, and
that changes in both mRNA and protein expression can be
observed, particularly under nutrient-limited conditions.
This suggests that VCP is an important regulator under
metabolic stress (14). In another study, decreased p97/
VCP expression in rat pancreatic tissue provides indirect
evidence that MetS may affect p97/VCP regulation at the
tissue level (15). Although not a metabolic syndrome
model, proteomic analysis in mice with Meckel syndrome
reported decreased expression of the ATPase p97/VCP in
kidney tissue. Meckel syndrome (MCS) is a rare autoso-
mal recessive genetic disease that affects tissues such as
kidney, brain, and liver. Some of the effects of Meckel
syndrome and metabolic syndrome on the kidney are his-
tologically similar. For example, parenchymal loss and
interstitial fibrosis are observed in both conditions as a
result of damage. Underdeveloped or cystic glomeruli are
observed in MCS, while glomerulosclerosis is observed
in MetS. Although through different mechanisms, glome-
rular function can be impaired in both conditions. MCS
presents with developmental tubular dysplasia, while
MetS presents with tubular atrophy and degeneration. Tu-
bular function is reduced in both. In MCS, tissue destruc-
tion following the genetic defect may involve limited in-
flammation, while in MetS, systemic inflammation plays
a prominent role. In both conditions, apoptosis, oxidative
stress, and mitochondrial dysfunction can be triggered in
kidney cells (16, 17).

Our study demonstrated that p97/VCP expression was
significantly reduced in kidney tissues with a metabolic
syndrome model. This finding demonstrates that p97/VCP
plays critical roles in both metabolic stress and kidney cell
function. p97/VCP is a key component of the ERAD mech-
anism, which is responsible for the removal of misfolded
proteins from the endoplasmic reticulum. It also plays ac-

Bs

tive roles in various cellular processes, such as autophagy,
proteasomal protein degradation, mitochondrial quality
control, and the DNA damage response. In this respect,
p97/VCP plays a central role in maintaining intracellular
homeostasis (18, 19). In metabolic syndrome, oxidative
stress and ER stress pathways are activated, particularly
by high glucose, free fatty acids, and chronic inflamma-
tory signals (20). Protein quality control elements such as
p97/VCP are normally involved in controlling these stress
responses. However, the decrease in p97/VCP expression
seen in this study suggests that cells have limited capa-
city to cope with this stress. This may exacerbate chron-
ic kidney injury in the long term by activating damage
mechanisms, including protein aggregation, mitochondri-
al dysfunction, and tubular cell death (21, 22). Similarly,
the literature has shown that decreased p97 expression has
negative effects on podocyte integrity and accelerates the
development of proteinuria (23). In this context, suppres-
sion of p97/VCP in metabolic syndrome conditions may
also contribute to the weakening of the glomerular filtra-
tion barrier. In light of these findings, decreased p97/VCP
expression may be an early marker or an enabling factor in
the effects of metabolic syndrome on kidney damage. This
is important for the future evaluation of p97/VCP as both a
diagnostic and therapeutic target. For example, alleviating
ER stress or enhancing the autophagic response with p97/
VCP activity-enhancing p97 activity may prevent kidney
tissue damage. However, because overactivation of p97
can lead to cellular side effects, such therapeutic strategies
must be balanced.

SVIP modulates the ERAD system by interacting with
the p97/VCP protein. In ERAD pathways, it regulates the
function of p97/VCP to remove misfolded proteins via
the proteasome. It may prevent p97/VCP from competi-
tively binding to the ER membrane, suggesting that SVIP
may act as an ERAD suppressor (7). According to Human
Protein Atlas data, SVIP shows high protein expression in
the kidney glomeruli and tubules; similarly, at the RNA
level, it shows significant expression in both glomerular
and tubular epithelial cells. This demonstrates a generally
important role for SVIP in kidney function and indicates
high basal expression. While the effects of MetS on the
kidney have been extensively investigated in the litera-
ture, the role of SVIP in these processes has not yet been
elucidated.

This study demonstrated that SVIP protein expression was
significantly increased in tissues modeled with metabolic
syndrome compared to healthy kidney tissues. SVIP is a
protein located in the endoplasmic reticulum and involved
in proteostasis. It is also known to interact with p97/VCP
to modulate cellular processes such as the ER stress res-
ponse and autophagy. Metabolic syndrome is character-
ized by factors such as hyperinsulinemia, hyperglycemia,
dyslipidemia, and chronic inflammation, and these factors
have been shown to induce oxidative stress and ER stress
in kidney tissue. In this context, the increase in SVIP ex-



pression may be considered a compensatory mechanism
in response to cellular stress induced by metabolic syn-
drome. Furthermore, increased SVIP expression can be
interpreted as a response to reduce proteotoxic stress and
maintain cellular homeostasis. However, since SVIP has
also been shown to suppress autophagy in some cases,
whether this increase contributes to degenerative process-
es in kidney cells in the long term should be evaluated in
future studies. Our findings contribute to a better under-
standing of the molecular mechanisms of kidney damage
in metabolic syndrome and suggest that SVIP may be a
potential biomarker or therapeutic target in this process.

CONCLUSION

In conclusion, this study demonstrated decreased p97/
VCP expression in kidney tissue in a metabolic syndrome
model, while increased SVIP expression in the same tis-
sue. These findings suggest that metabolic syndrome may
affect the proteostasis balance in kidney cells and lead to
significant changes in cellular stress responses through the
SVIP-p97/VCP interaction. While the decrease in p97/
VCP may disrupt systems that control protein quality and
compromise cellular functions, the increase in SVIP may
be an adaptive or pathological response to this process.
In this context, the regulatory role of SVIP on p97/VCP
has become an important focus in elucidating the molecu-
lar mechanisms of renal injury caused by metabolic syn-
drome. Our findings suggest that the combined evaluation
of SVIP and p97/VCP may contribute to the understan-
ding of renal dysfunction associated with metabolic syn-
drome and that these proteins may be considered potential
diagnostic or therapeutic targets in the future.

Kipel S. et al. PANGRYERSLHP)

Ethics Committee Approval

This research complies with all the relevant national regu-
lations, institutional policies and is in accordance with the
tenets of the Helsinki Decleration, and has been approved
by the Ankara University Animal Experimentation Ethics
Committee (approval number 2025-18-192).

Informed Consent

Not applicable. This study involved animal subjects only.
All procedures were carried out in accordance with insti-
tutional and national guidelines for the care and use of
laboratory animals. Ethical committee approval details
are provided.

Author Contribution

Concept-S.K.; Design- $.K.; Supervision- $.K., H.N.,
A.B.T.; Materials- $.K.; Data collection- $.K.; Analysis
and interpretation- S.K., H.N., A.B.T.; Literature Search-
S.K; Writing Manuscript- S.K; Critical review- S.K.,
H.N.,AB.T,;

Conflict of Interest
The authors have no conflict of interest to declare.

Financial Disclosure
The authors declared that this study has received no finan-
cial support.

Declaration of AI and Al-assited technologies in the
writng process: ChatGPT (OpenAl) was used only for
literature search and language improvement during the
preparation of the manuscript. All generated outputs were
critically reviewed and verified by the authors, who take
full responsibility for the final content of the manuscript.



—
<
i
(5]
1)
=
Q
="
5
M
o\l
=
\O
(o]
=
(o]
-
3
=
3
~
<

10.

1.

12.

Eckel RH, Grundy SM, Zimmet PZ. The metabol-
ic syndrome. Lancet. 2005;365 (9468):1415-28.

Trujillo J, Chirino YI, Martinez-Tagiiefia N, Pe-
draza-Chaverri J. Renal damage in the metabolic
syndrome (MetSx): Disorders implicated. Eur J
Pharmacol. 2018;818:554-68.

Bhowmik D, Tiwari S. Metabolic syndrome
and chronic kidney disease. Indian J Nephrol.
2008;18(1):1.

Vij N. AAA ATPase p97/VCP: Cellular functions,
disease and therapeutic potential. J Cell Mol Med.
2008;12(6A):2511-8.

Cybulsky AV. Endoplasmic reticulum stress
in proteinuric kidney disease. Kidney Int.
2010;77(3):187-93.

Duann P, Lianos E, Ma J, Lin PH. Autophagy, in-
nate immunity and tissue repair in acute kidney
injury. Int J Mol Sci. 2016;17(5):662.

Nagahama M, Suzuki M, Hamada Y, Hatsuza-
wa K, Tani K, Yamamoto A, Tagaya M. SVIP is
a novel VCP/p97-interacting protein whose ex-
pression causes cell vacuolation. Mol Biol Cell.
2003;14(1):262-73.

Wang Y, Ballar P, Zhong Y, Zhang X, Liu C, Zhang
Y, Fang S. SVIP induces localization of p97/VCP
to the plasma and lysosomal membranes and reg-
ulates autophagy. PLoS One. 2011;6(8):e24478.

Bilginoglu A, Selcuk M, Nakkas H, Turan B.
Pioglitazone provides beneficial effect in met-
abolic syndrome rats via affecting intracellular
Na+ dyshomeostasis. J Bioenerg Biomembr.
2018;50(6):437-45.

Ozsoy A, Cayli S, Sahin C, Ocakli S, Sanci T, Il-
han D. Altered expression of p97/valosin-contain-
ing protein and impaired autophagy in preeclamp-
tic human placenta. Placenta. 2018;67:45-53.

Marassi M, Fadini GP. The cardio-renal-metabol-

ic connection: a review of the evidence. Cardio-
vasc Diabetol. 2023;22:195.

Sebastian A, Padda I, Johal G. Cardiovascu-
lar-kidney-metabolic (CKM) syndrome: A
state-of-the-art review. Curr Probl Cardiol.
2024;49(2):102344.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Ye Y, Tang WK, Zhang T, Xia D. A mighty 'pro-
tein extractor' of the cell: Structure and function
of the p97/CDC48 ATPase. Front Mol Biosci.
2017;4:39.

Parzych K , Saavedra-Garcia P, Valbuena GN,
Al-Sadah HA, Robinson ME, Penfold L, Kuze-
va DM, Ruiz-Tellez A, Loaiza S, Holzmann V,
Caputo V, Johnson DC, Kaiser MF, Karadimitris
A, Lam EW, Chevet E, Feldhahn N, Keun HC,
Auner HW. The coordinated action of VCP/p97
and GCN2 regulates cancer cell metabolism and
proteostasis during nutrient limitation. Cell Mol
Life Sci. 2019;76:3216-31.

Cayli S, Alimogullari E, Piskin I, Bilginoglu A,
Nakkas H. Effect of pioglitazone on the expres-
sion of ubiquitin proteasome system and auto-
phagic proteins in rat pancreas with metabolic
syndrome. J Mol Histol. 2021;52(5):929-42.

Hartill V, Szymanska K, Sharif SM, Wheway G,
Johnson CA. Meckel-Gruber syndrome: An up-
date on diagnosis, clinical management, and re-
search advances. Front Pediatr. 2017;5:244.

Singh K, Kari JA. Metabolic syndrome and chron-
ic kidney disease. Curr Opin Nephrol Hypertens.
2013;22(2):198-203.

Lee Y, Klomp JA, Stalnecker CA, Goodwin CM,
Gao Y, Droby GN, Vaziri C, Bryant KL, Der CJ,
Cox AD. VCP/p97, a pleiotropic protein regula-
tor of the DNA damage response and proteostasis,
is a potential therapeutic target in KRAS-mutant
pancreatic cancer. Genes Cancer. 2023;14:30-49.

Meyer H, Weihl CC. The VCP/p97 system at a
glance: Connecting cellular function to disease
pathogenesis. J Cell Sci. 2014;127(18):3875-83.

Masenga SK, Kabwe L, Chakulya M, Kirabo A.
Mechanism of oxidative stress in metabolic syn-
drome. Int J Mol Sci. 2023;24(9):7898.

Doke T, Susztak K. The multifaceted role of
kidney tubule mitochondrial dysfunction in kid-
ney disease development. Trends Cell Biol.
2022;32(10):841-53.

Cortinovis M, Perico N, Remuzzi G. Tubuloint-
erstitial injury in proteinuric chronic kidney dis-
eases. Front Med (Lausanne). 2024;11:1478697.

Carpi A. Obesity-related glomerulopathy and
podocyte injury: A mini review. Front Biosci
(Elite Ed). 2012;4:1058-70.



