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Abstract

Glomerular hypertrophy is crucial for podocyte damage and proteinuria. Our previous study
showed that fructose induced podocyte injury. However, the molecular mechanism underlying
podocyte hypertrophy under fructose is unclear. We observed that fructose significantly
initiated the hypertrophy in rat glomeruli and cultured differentiated human podocytes (HPCs).
Consistently, it induced inflammatory response with the down-regulation of zinc-finger
protein tristetraprolin (TTP) and the activation of interleukin-6 (IL-6)/signal transducer and
activator of transcription 3 (STAT3) signaling in these animal and cell models. Subsequently,
high-expression of miR-92a-3p and its target protein cyclin-dependent kinase inhibitor p57
(P57) down-regulation, representing the abnormal proliferation and apoptosis, were observed
in vivo and in vitro. Moreover, fructose increased ketohexokinase-A (KHK-A) in rat glomeruli
and HPCs. Animal-free recombinant human IL-6 , maslinic acid and TTP siRNA were used to
manifest that fructose may decrease TTP to activate IL-6/STAT3 signaling in podocyte
overproliferation and apoptosis, causing podocyte hypertrophy. KHK-A siRNA transfection
further demonstrated that the inactivation of IL-6/STAT3 to relieve podocyte hypertrophy
mediated by inhibiting KHK-A to increase TTP may be a novel strategy for

fructose-associated podocyte injury and proteinuria.

Introduction

The glomerular filtration barrier is constructed by podocytes, fenestrated endothelial
cells and glomerular basement membrane (GBM) (Tian et al., 2014). Glomerular hypertrophy
makes podocytes sensitive to increased glomerular filtration pressure, inducing podocyte
instability in patients with type 2 diabetes and focal segmental glomerulosclerosis (Lemley et
al., 2000; Puelles et al., 2019). Glomerular podocytes, terminal differentiated cells with
limited self-renewal ability, are difficult to repair and regenerate after damage (Mulay et al.,
2013). High fructose diet is reported to increase kidney size in rats (Sénchez-Lozada et al.,
2007). Our previous study showed that high fructose feeding induced glomerular injury with
podocyte apoptosis and inflammation in rats (Wang et al., 2015; Li et al., 2019). However,
whether high fructose causes glomerular and podocyte hypertrophy remains unclear.

Interleukin-6 (IL-6) is a pleiotropic cytokine (Feigerlovaand Battaglia-Hsu, 2017). IL-6
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overexpression and podocyte hypertrophy are observed in adriamycin-induced nephropathy
mice (Mulay et al., 2013). In cultured mouse podocytes, high glucose induces the secretion of
IL-6 with cell hypertrophy and apoptosis (Jo et al., 2016; Shi et al., 2016). Addition of
exogenous recombinant IL-6 is reported to activate signal transducer and activator of
transcription 3 (STAT3) in primary cultured podocytes (Henique et al., 2017). Activation of
IL-6/STAT3 signaling is detected in angiotensin Il-induced hypertrophic cardiomyopathy
mice with cardiac inflammation and hypertrophy (Chen et al., 2019). These observations
indicate that IL-6/STAT3 activation may promote podocyte hypertrophy.

Tristetraprolin (TTP), known as an anti-inflammatory factor, can mediate the degradation
of MRNAs of inflammatory factors (Guo et al., 2020). TTP expression is obviously decreased,
accompanied with elevated IL-6 level in mouse kidney of doxorubicin-induced nephrotic
syndrome (Zhang et al., 2020). Its down-regulation is negatively correlated with IL-6
expression in diabetic patients with proteinuria (Liu et al., 2015).

It is known that ketohexokinase (KHK) promotes fructose catabolism (Hayasaki et al.,
2019). Silence of KHK expression by lentiviral transfection causes significant reduction of
IL-6 production in glucose-exposed human proximal tubular epithelial cells (Lanaspa et al.,
2014). KHK-Ais primarily expressed in kidney (Diggle et al., 2009). Thus, we speculated that
KHK-A dysregulation in respond to fructose exposure may suppress TTP expression to
activate IL-6/STAT3 signaling in podocytes. Of note, microRNA-92a (miR-92a) is one of the
target genes of STAT3 (Henique et al., 2017). Its up-regulation is detected in the podocytes of
rapidly progressive glomerulonephritis patients with 1L-6/STAT3 activation (Henique et al.,
2017). Cyclin-dependent kinase inhibitor p57 (P57) leads to G1 phase cell cycle arrest (Yan et
al., 1997). MiR-92a is overexpressed in the glomeruli of nephrotoxic nephritis mice, and its
down-regulation increases P57 expression and limits podocyte proliferation in primary
podocytes transfected with anti-miR-92a (Henique et al., 2017). Overexpression of
miR-92a-3p increases cell overproliferation in human renal cancer cells (Zeng et al., 2020).
Therefore, the investigation of mechanism of podocyte overproliferation and apoptosis may
provide a deeper insight to IL-6/STAT3 signaling activation in fructose-induced podocyte
hypertrophy.

In this study, we demonstrated that high fructose induced hypertrophy in rat glomeruli
3
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and differentiated human podocytes (HPCs). Meanwhile, the activation of IL-6/STAT3
signaling and down-regulation of TTP was observed in these animal and cell models with
podocyte overproliferation and apoptosis. Interfering with KHK-A could promote TTP
expression to inhibit the activation of IL-6/STAT3 signaling in fructose-exposed HPCs. TTP
low-expression to activate IL-6/STAT3 was sufficient to up-regulate miR-92a-3p,
down-regulate P57 to induce podocyte overproliferation and apoptosis in fructose-induced
podocyte hypertrophy. These results suggested that IL-6/STAT3 signaling activation
exacerbates fructose-induced podocyte hypertrophy by increasing KHK-A to down-regulate

TTP.

Results
High fructose induces glomerular hypertrophy in rats and podocyte hypertrophy in
differentiated HPCs, with podocyte overproliferation and apoptosis

As expected (Wang et al., 2015), glomerular podocyte injury was observed in
fructose-fed rats with the increases of body weight, serum levels of uric acid and creatinine, as
well as urea nitrogen level and proteinuria at week 16th (Table 2, Supplementary Fig. 1). At
week 12th and 16th, the mean size of glomeruli from fructose-fed rats was significantly larger
than that from normal animals (Fig. 1A). Fructose-induced podocyte hypertrophy was also
observed in differentiated HPCs (Fig. 1B). EdU-positive podocytes were increased
remarkably in fructose-exposed differentiated HPCs (Fig. 1C), while K167 -stained podocytes
were also augmented in the glomeruli of fructose-fed rats (Fig. 1D), confirming podocyte
overproliferation. Moreover, fructose increased the proportion of podocytes in S phase (Fig.
1E). Consistently, fructose-induced podocyte apoptosis was detected in differentiated HPCs
by Flow cytometry analysis (Fig. 1F) and rat glomeruli by TUNEL analysis (Fig. 1G). These
results demonstrated that high fructose induced glomerular podocyte hypertrophy, as well as
podocyte overproliferation and apoptosis in these animal and cell models.
High fructose suppresses TTP to activate IL-6/STAT3 signaling in podocyte hypertrophy

In this study, a significant decrease of TTP protein levels was detected in the glomeruli
of fructose-fed rats and fructose-exposed differentiated HPCs (Fig. 2A-B). High fructose

increased IL-6 levels in serum and renal cortex of rats (Fig. 2C), as well as in the culture
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media and lysate of differentiated HPCs (Fig. 2D). IL-6 mRNA levels were increased in
fructose-fed rat glomeruli and fructose-exposed differentiated HPCs (Fig. 2E-F).
InBio-Discover analysis revealed that IL-6 overproduction may probably correlate with
STAT3 signaling activation (Fig. 2G). Besides, fructose significantly increased STAT3
phosphorylation in rat glomeruli (Fig. 2H) and differentiated HPCs (Fig. 21). Furthermore,
exogenous IL-6 incubation increased STAT3 phosphorylation in differentiated podocytes (Fig.
2J-K). Decreased protein levels of nephrin and podocin, as well as podocyte hypertrophy
were also detected in IL-6-treated differentiated HPCs (Fig. 2L-M). Maslinic acid, a
iterpenoid compound with anti-inflammatory effect (Reyes-Zurita et al., 2009), ameliorated
fructose-induced I1L-6 overproduction and STAT3 over-phosphorylation in differentiated
HPCs (Fig. 2N-P). Therefore, the activation IL-6/STAT3 signaling induced by fructose
contributed to podocyte hypertrophy.

Further experiments were done to investigate the correlation between TTP low
expression and IL-6/STAT3 signaling activation in fructose-induced podocyte hypertrophy.
Differentiated HPCs were transfected with TTP siRNA. TTP mRNA and protein levels were
analyzed by gRT-PCR and Western blot to confirm the transfection efficiency (Fig. 3A-B).
TTP siRNA transfection did not further induce IL-6 up-regulation and STAT 3 phosphorylation
in fructose-exposed differentiated HPCs (Fig. 3C-D). Consistently, podocyte hypertrophy
induced by fructose was not aggravated by TTP siRNA transfection (Fig. 3E). These results
demonstrated that high fructose may suppress TTP expression to induce podocyte
hypertrophy by activating IL-6/STAT 3 signaling.

High fructose induces inflammatory response to up-regulate miR-92a-3p and reduces its
target protein P57 expression in podocyte overproliferation and apoptosis

Meanwhile, increased miR-92a-3p mRNA (Fig. 4A-B) and decreased P57 (Fig. 4C-D)
protein levels were detected in the glomeruli of fructose-fed rats and fructose-exposed
differentiated HPCs. MiR-92a is reported to target the end of the coding sequence of P57, its
down-regulation is associated with a high rate of podocyte proliferation (Henique et al., 2017).
TargetScan analysis showed that the potential binding sites of has- and rno- miR-92a-3P
located between 153 and 159 bp, 158 and 164 bp region at the 3°- end of P57 coding sequence,

respectively (Fig. 4E). IL-6 stimulation also increased miR-92a-3p and decreased P57 protein
5
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levels in differentiated HPCs (Fig. 4F-G). Podocyte overproliferation manifested by EdU
immunofluorescence staining and S-phase cell quantification (Fig. 4H-1) as well as podocyte
apoptosis (Fig. 4J) were observed in IL-6-incubated HPCs. TTP siRNA did not further
increase EdU-positive podocytes, the proportion of podocytes in S phase and podocyte
apoptosis in fructose-exposed differentiated HPCs (Fig. 4K-M). These data suggested that
fructose may enhance the IL-6/STAT3 signaling to induce miR-92a-3p up-regulation and P57
reduction in podocyte overproliferation and apoptosis.

Anti-inflammation attenuates fructose-induced podocyte hypertrophy

Maslinic acid abolished fructose-induced high expression of miR-92a-3p and
down-regulation of P57 (Fig. 5A-B) to improve podocyte overproliferation (Fig. 5C-D) and
apoptosis (Fig. 5E). The down-regulation of podocyte nephrin and podocin induced by
fructose was significantly ameliorated by maslinic acid (Fig. 5F). As a result, podocyte
hypertrophy in fructose-exposed HPCs (Fig. 5G) was significantly improved by maslinic acid.
These observations further demonstrated that podocyte hypertrophy induced by fructose could
be alleviated by IL-6 reduction.

High fructose up-regulates KHK-A expression and restrains TTP expression to activate
IL-6/STAT3 signaling in podocyte hypertrophy.

Fructose increased KHK activity in differentiated HPCs with fructose-dependent ATP
depletion (Fig. 6A). In addition, up-regulation of KHK-A protein levels (Fig. 6B-C) were
detected in the glomeruli of fructose-fed rats and fructose-exposed differentiated HPCs. The
correlation between high fructose-induced KHK-A dysregulation and podocyte injury were
analyzed. QRT-PCR and Western blot analysis confirmed the high transfection efficiency of
KHK-A siRNA in differentiated HPCs (Fig. 6D-E). KHK-A siRNA abolished fructose-induced
down-regulation of TTP protein levels, overproduction of IL-6 and phosphorylation of STAT3
in differentiated HPCs (Fig. 6F-H). Immunoprecipitation results revealed an interaction
between KHK-A and TTP (Fig. 61). Furthermore, KHK-A siRNA reduced EdU-positive
podocytes and the proportion of podocytes in S phase in fructose-exposed differentiated HPCs
(Fig. 6J-K). Moreover, KHK-A siRNA improved apoptosis (Fig. 6L) and hypertrophy (Fig.
6M) induced by fructose exposure in differentiated HPCs. These observations showed that

blockage of KHK-A may up-regulate TTP to inhibit the podocyte overproliferation, apoptosis
6
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and hypertrophy via activating of IL-6/STAT3 signaling.

Discussion

High fructose induces kidney enlargement and cell overproliferation of renal cortex in
rats (Sanchez-Lozada et al., 2007; Nakayama et al., 2010), however, the underlying
mechanism remains unclear. In this study, we proved that the activation of IL-6/STAT3
signaling was the central event in high fructose-induced glomerular and podocyte hypertrophy.
And it is firstly manifested that KHK-A-mediated TTP down-regulation negatively regulated
IL-6/STAT3 signaling in podocyte hypertrophy under fructose exposure.

In this work, we observed IL-6/STAT3 signaling activation in hypertrophic glomeruli of
fructose-fed rats and hypertrophic podocyte under fructose exposure. Animal-free
recombinant human IL-6 increased STAT3 phosphorylation and podocyte hypertrophy in
differentiated HPCs, which were consistent with other report in cultured mouse podocytes (Jo
et al., 2016). Maslinic acid is a natural pentacyclic triterpene compound with
anti-inflammatory effect (Lozano-Mena et al., 2014). Maslinic acid is able to inhibit cell
proliferation and STAT3 phosphorylation by down-regulating IL-6 expression in human
gastric cancer cells (Wang et al., 2017). In this study, this compound was found to suppress
IL-6/STAT3 signaling activation, resulting in its attenuation of fructose-induced podocyte
hypertrophy.

TTP has been reported to be a negative regulator of inflammatory cytokine IL-6 (Guo et
al., 2020; Zhang et al., 2020). Its low expression was detected in glomeruli of fructose-fed rats
and fructose-exposed HPCs, which were consistent with that in glomeruli of diabetic kidney
disease patients (Guo et al., 2020). TTP overexpression obviously decreases IL-6 levels in
human proximal tubular epithelial cells (Zhang et al., 2020). Its knockdown enhances
podocyte injury marker claudin-1 expression and inflammatory response (Guo et al., 2020).
Here, TTP siRNA interference did not further activate fructose-induced IL-6/STAT3 signaling
and podocyte hypertrophy in HPCs, showing that the negative regulatory effect of TTP on
IL-6/STAT3 signaling may be sensitive to fructose exposure in podocyte hypertrophy. Thus,
the activation of IL-6/STAT3 signaling by TTP blockage may be an essential hallmark in

fructose-induced podocyte hypertrophy.
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Our previous study showed inflammatory response and apoptosis in glomerular
podocytes of fructose-fed rats (Wang et al., 2015; Li et al., 2019). Podocyte proliferation was
also detected in the glomeruli of fructose-fed rats and fructose-exposed differentiated HPCs.
These observations led us to further explore podocyte proliferation and apoptosis in
fructose-induced I1L-6/STAT3 signaling activation and podocyte hypertrophy. P57, a
cyclin-dependent kinase inhibitor, is reported to be constitutively expressed in mature
podocytes (Nagata et al., 1998; Shankland and Wolf, 2000). Low expression of P57 was also
observed in rat glomeruli and differentiated HPCs under high fructose, which were consistent
with other report in the glomeruli of collapsing glomerulopathy patients with podocyte
overproliferation (Barisoni et al., 2000). Podocyte proliferation is limited in primary cultured
podocytes transfected with anti-miR-92a compared with those cells transfected with anti-miR
control (Henique et al., 2017). We found that high fructose increased miR-92a-3p expression
in rat glomeruli and differentiated HPCs. Based on the analysis from TargetScan in this study,
P57 showed a 3’untranslated region binding sequence of miR-92a-3p, indicating that
miR-92a-3p could directly targeted P57. These data indicated that overexpression of
miR-92a-3p and down-regulation of P57 were closely related to podocyte proliferation and
apoptosis in fructose-induced podocyte hypertrophy.

Furthermore, we showed that animal-free recombinant human IL-6 caused
overexpression of miR-92a-3p and down-regulation of P57, as well as podocyte proliferation
and apoptosis in differentiated HPCs. However, TTP siRNA interference did not further
induce podocyte proliferation and apoptosis in fructose-exposed differentiated HPCs. Of note,
maslinic acid significantly blocked the increased phosphorylation of STAT3, overexpression
of miR-92a-3p and down-regulation of P57 in fructose-exposed differentiated HPCs. As a
result, podocyte overproliferation, apoptosis and hypertrophy induced by fructose were
significantly ameliorated. Therefore, we postulated that the activation of IL-6/STAT3
signaling mediated podocyte proliferation and apoptosis, contributing to fructose-induced
podocyte hypertrophy. Inhibition of IL-6/STAT3 activation may alleviate podocyte
proliferation, apoptosis and hypertrophy.

KHK-A catalyzes fructose to undergo the first catabolic biochemical reaction, and its

dysregulation draws forth the multiple metabolic disturbances induced by high fructose
8
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consumption (Lanaspa et al., 2014). In the adipose tissue from KHK-A/C-KO mice, the
overexpression of monocyte chemoattractant protein-1 and tumor necrosis factor-o induced
by fructose are completely prevented, demonstrating that fructose-induced inflammation is
dependent on KHK-A (Marek et al.,, 2015 Feb). Fructose-induced up-regulation of
intracellular fructose-1-phosphate content is significantly inhibited by KHK siRNA in porcine
renal proximal epithelial cells (Hayasaki et al., 2019). Knockdown of KHK abolishes
fructose-induced monocyte chemoattractant protein-1 overproduction in human proximal
tubular epithelial cells (Cirillo et al., 2009). We observed high KHK-A protein levels in the
glomeruli of fructose-fed rats and fructose-exposed differentiated HPCs. As a result, ATP
depletion induced by fructose was detected in differentiated HPCs. Immunoprecipitation
results revealed that overexpression of KHK-A was closely correlated with low-expression of
TTP in fructose-exposed differentiated HPCs. Furthermore, KHK-A siRNA significantly
ameliorated fructose-induced TTP down-regulation in differentiated HPCs. More importantly,
activation of IL-6/STAT3 signaling, podocyte overproliferation, apoptosis and hypertrophy
induced by fructose were mitigated in differentiated HPCs transfected with KHK-A siRNA.
These observations indicated that fructose-induced podocyte hypertrophy may probably result
from KHK-A overexpression and TTP down-regulation. Consequently, the activation of
IL-6/STAT3 signaling may trigger overproliferation and apoptosis, leading to
fructose-induced podocyte hypertrophy.

In summary, this study demonstrated that high fructose increased KHK-A to trigger TTP
down-regulation, subsequently activate IL-6/STAT3 signaling to increase miR-92a-3p and
decrease its target protein P57 levels, in which, podocyte underwent overproliferation and
apoptosis, finally causing hypertrophy. The inactivation of IL-6/STAT3 signaling by
anti-inflammation may be a novel strategy for the treatment of podocyte hypertrophy in high

fructose-associated kidney diseases.

Materials and Methods
Animals and treatment
All animal experiments were approved by the Institutional Animal Care and Use

Committee of Nanjing University. Male Sprague-Dawley rats (5 weeks old, 200-220 g body
9
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weight) were purchased from the Experimental Animal Center of Zhejiang province
(Hangzhou, China). The animals were housed with water and food ad libitum in a temperature
and humidity controlled room with a 12:12 h light-dark cycle. 12 rats were divided into two
experimental groups: normal group (n = 6) had standard diet and drinking water (available ad
libitum), and fructose-fed group (n = 6) had standard diet and 10% fructose solution in
drinking water (wt/vol, available ad libitum). After 8 weeks, high fructose-fed group still
received 10% fructose in drinking water. Rats in normal group received saline solution for 8
weeks as the control. Body weight was recorded once a week throughout the experiment.

At week 15, each rat was placed in a metabolic cage to collect 24 h urine, respectively.
Urine samples were centrifuged at 3,000 rpm for 10 min at 4 € to remove particulate
contaminants and stored at -80 <€. All efforts were made to minimize animal suffering and
reduce the number of animals used.

Reagents

For animal experiments, fructose was provided from Shandong Xiwang Sager Industry
Co., Ltd. (Binzhou, China). For cell experiments, fructose was purchased from Sigma-Aldrich
Inc. (St. Louis, MO). RPMI-1640 and opti-MEM were purchased from Basal Media
Biotechnology Co., Ltd (Shanghai, China). Lipofectamine 2000, Trizol reagent, Hoechst
33342 (H3570), Alexa Fluor 488 goat anti-rabbit 1gG (A11008) and Alexa Fluor 555 goat
anti-rabbit 1gG (A21428) were purchased from Invitrogen Biotechnology Co., Ltd (Shanghai,
China). Fetal bovine serum (FBS) was purchased from Excell BioCorporation (Wellington,
New Zealand). Recombinant IFN-y, HRP-conjugated mouse anti-lgG (HAF007) and
HRP-conjugated goat anti-lgG (HAF017) were purchased from R&D Systems (Minneapolis,
USA). Urine protein test kit (C035-2-1), creatinine assay kit (C011-2-1), urea assay Kit
(C013-2-1) and uric acid test kit (C012-2-1) were purchased from Jiancheng Biotechnology
Co., Ltd (Nanjing, China). HiScript® 1l One Step gRT-PCR Probe Kit, ChamQ™ SYBR®
gPCR Master Mix (Without ROX), M-MLV (H-) Reverse Transcriptase, dNTPs and RNase
inhibitor were got from Vazyme Biotechnology Co., Ltd (Nanjing, China). Cell lysis RIPA
buffer, 4, 6-diamidino-2-phenylindole (DAPI) staining solution, phenylmethanesulfonyl
fluoride (PMSF), BeyoClick™ EdU Cell Proliferation Kit with Alexa Fluor 488 (C0071S),

Cell Cycle and Apoptosis Analysis Kit (C1052) and ATP Assay Kit (S0026B) were purchased
10
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from Beyotime Biotechnology (Nanjing, China). Pierce™ BCA protein assay kit was
purchased from Thermo Scientific (Schwerte, Germany). Rat IL-6 ELISA kit (YFXER00062)
and human IL-6 ELISA kit (YFXEH00258) were purchased from YIFEIXUE Biotechnology
Co., Ltd (Nanjing, China). Annexin V-PE/7-AAD apoptosis kit was purchased from
FCMACS Biosciences Co., Ltd (Nanjing, China). Rabbit anti-nephrin (ab58968) and Rabbit
anti-NPHS2 (ab50339) were purchased from Abcam (Cambridge, MA, USA). Rabbit ZFP36
antibody (12737-1-AP), anti-B-tubulin (10068-1-AP), Animal-free recombinant human IL-6
(HZ-1019), Immunoprecipitation Kit (PK10007), HRP-conjugated Goat Anti-Mouse 1gG
(SA00001-1) and HRP-conjugated Goat Anti-Rabbit 1gG (SA00001-2) were purchased from
Proteintech Group, Inc. (Chicago, USA). Rabbit anti-P-STAT3 (Tyr705) (D3A7) and Rabbit
anti-STAT3a (D1AS) were purchased from Cell Signaling Technology (Cambridge, USA).
Rabbit KHK Isoform A Antibody (21708) was purchased from Signalway Antibody LLC
(Maryland, USA). Mouse anti-P57 (sc-56341) and Rabbit anti-GAPDH (sc-25778) were
purchased from Santa Cruz Biotechnology Co., Ltd (Santa Cruz, CA, USA). Mouse
anti-Synaptopodin (MAB4919) was purchased from Abnova Corporation (Taipei, Taiwan).
Maslinic acid was purchased from APExBIO Technology LLC (Houston, USA).
Blood and tissue processing

After the animal experiment, rats were anesthetized intraperitoneally using 50 mg/kg
sodium pentobarbital after a 12 h-fast. Blood samples were collected from rat carotid artery
and then centrifuged at 3,000 rpm for 10 min to get the serum. Following blood collection, rat
kidney cortex was cut into equal pieces for glomeruli isolation and histology analyses, as well
as total RN A isolation and protein isolation, respectively. Glomeruli were isolated by a graded
sieving technique using sieves with pore sizes of 250, 150, and 75 pm as described previously
(Wang et al., 2015). Briefly, rat kidney cortex tissues were cut into small pieces and pressed
through 250- and 150-um stainless steel mesh and then thoroughly washed with PBS on
75-um stainless meshes. The rat kidney cortex tissues were fixed with 4% paraformaldehyde.
The serum and glomerulus samples were then stored at -80 <€ for further analyses.
Biochemical analysis

Serum levels of uric acid, creatinine, urea nitrogen and proteinuria were detected by

common commercially available biochemical kits. IL-6 level in the serum and renal cortex of
1
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rat, in the media and lysate of differentiated HPCs was detected by the commercially available
ELISA Kkits. All experimental operations were standardized and in accordance with the
manufacturer's instructions.
Cell culture and treatment

Heat-sensitive human podocyte cell line was obtained from Dr. Zhi-Hong Liu (Research
Institute of Nephrology, Nanjing General Hospital of Nanjing Military Command, Nanjing,
China), which was provided by M. Saleem (University of Bristol, Bristol, United Kingdom)
(Li et al., 2019). The cells were cultivated at the permissive temperature (33 <€) in
RPMI-1640 medium supplemented with 10% fetal bovine serum and recombinant IFN-y.

To induce differentiation, these HPCs were seeded in 6-well plastic culture plates at a
density of 5>10* cells/mL under non-per-missive condition at 37 € for 7 days in the absence
of interferon-y. Cell culture was replaced with fresh medium as appropriate. Differentiated
HPCs were then cultured in RPMI-1640 medium (containing 10% fetal bovine serum)
supplemented with or without 5 mM fructose to detect miR-92a-3p expression and IL-6
MRNA level by gRT-PCR analysis, the protein levels of KHK-A, TTP, P-STAT3, P57,
podocin and nephrin by western blot analysis, P-STAT3 and EDU by immunofluorescence
analysis, podocyte apoptosis and cell cycle by Flow cytometry analysis, podocyte size by
microscopy analysis, respectively. The concentration of fructose was selected based on our
previous studies and other reports (Cirillo et al., 2009; Wang et al., 2015).

Differentiated HPCs were incubated in RPMI-1640 medium (containing 10% fetal
bovine serum) with or without 5mM fructose in the presence or absence of 30 g/mL maslinic
acid or 10 ng/mL animal-free recombinant human IL-6 in 6-well plates for 72 h to assay
P-STAT3, P57, podocin, nephrin levels by Western blot analysis, miR-92a-3p expression by
gRT-PCR, EDU and P-STAT3 by immunofluorescence, podocyte apoptosis and cell cycle by
Flow cytometry, podocyte size by microscopy.

TTP siRNA (Biotend, Shanghai, China), KHK-A siRNA (GenePharma, Shanghai, China)
as well as the respective negative control siRNA were synthesized respectively. The
nucleotide sequences were listed in Table 1. TTP siRNA, KHK-A siRNA as well as the
respective negative control were transiently transfected into the cultured differentiated HPCs

with Lipofectamine 2000, according to the manufacturer’s instructions, respectively. The
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efficiency of transfection was evaluated by measuring TTP and KHK-A mRNA levels at 24 h
by quantitative real-time PCR analysis, as well as TTP and KHK-A protein levels at 48 h by
Western blot analysis, respectively. After 6 h, TTP siRNA or KHK-A siRNA transfected
differentiated HPCs were incubated in RPMI-1640 medium (containing 10% fetal bovine
serum) with or without 5 mM fructose for 72 h to test IL-6 by ELISA, EDU and P-STAT3 by
immunofluorescence, podocyte cell cycle and apoptosis by Flow cytometry, podocyte size by
microscopy, respectively.

In all experiments, total cellular proteins and total RNAs were extracted, respectively.
These samples were stored at -80 € before Western blot or gRT-PCR assay. The protein
concentration was determined by BCA protein assay Kkit.

Immunofluorescence assay

The tested HPCs were washed with PBS for three times and fixed with 4%
paraformaldehyde for 30 min. These cells were blocked with immunostainings blocking
buffer containing 0.5% Triton X-100 for 40 min and washed by PBS. Then, the HPCs were
labeled with primary antibody rabbit against P-STAT3 (1:100) at 4 <€ overnight. P-STAT3
expression was detected with Alexa Fluor 555 goat anti-rabbit (dilution, 1:500) secondary
antibody. The nuclei were counterstained with Hoechst 33342 and coverslip with aqueous
mounting medium. Finally, all samples were examined with a confocal laser scanning
microscope (Lei TCS SP8-MaiTai MP; Leica, Wetzlar, Germany).

Differentiated HPCs, cultured in RPMI-1640 medium (containing 10% fetal bovine
serum) supplemented with or without 5 mM fructose for 72 h in the presence or absence of
maslinic acid, animal-free recombinant human IL-6, transfected with TTP siRNA or KHK-A
siRNA and corresponding controls. These cells were incubated with 10 uM EdU solution for
4 h according to instructions of EdU assay kit. Briefly, cells were fixed, permeabilized and
cultured in click additive solution for 30 min. Then, the cell nucleus was stained with Hoechst
33342 solution. The results were observed and captured using confocal laser scanning
microscope (Lei TCS SP8-MaiTai MP; Leica, Wetzlar, Germany).

Immunohistofluorescence staining was performed to detect the expression of nephrin and
podocin proteins in rat glomeruli. Rat kidney cortex tissues were fixed with 4%

paraformaldehyde, embedded in paraffin, and sectioned transversely. Thin frozen section (10
13
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um) of cortex tissues was blocked for 1 h with immunolstaining blocking bufter. The primary
antibodies against nephrin (1:100), podocin (1:100) and KI67 (1:100) were used for
incubation overnight at 4 <€. After washing with 0.01 M phosphate buffered solution (PBS)
for three times, the sections were incubated with Alexa Fluor 555 goat anti-rabbit (1:500) or
Alexa Fluor 488 goat anti-rabbit (1:500) secondary antibodies for 60 min at room temperature,
and then stained with DAPI for 15 min. Finally, the sections were examined by confocal laser
scanning microscope (Lei TCS SP8-MaiTai MP; Leica, Wetzlar, Germany).
Tunnel assay

Rat renal cortex samples were fixed with 4% paraformaldehyde, embedded in paraffin,
and sectioned transversely. The embedded sections were stained by the TUNEL technique
using an in situ apoptosis detection kit according to the protocol provided by the manufacturer.
Then, the nuclei were counterstained with DAPI. The apoptotic cells with green fluorescence
in rat glomeruli were detected with a confocal laser scanning microscope (Lei TCS
SP8-MaiTai MP; Leica, Wetzlar, Germany).
PAS analysis

Rat renal cortex samples were fixed with 4% paraformaldehyde, embedded in paraffin,
and sectioned transversely. The sections (10 pm) were subjected to PAS staining and were
detected with a confocal laser scanning microscope (Lei TCS SP8-MaiTai MP; Leica, Wetzlar,
Germany).
Podocyte apoptosis and cell cycle analysis

Differentiated HPCs, cultured in RPMI-1640 medium (containing 10% fetal bovine
serum) supplemented with or without 5 mM fructose in the presence or absence of maslinic
acid, animal-free recombinant human IL-6, transfected with TTP SiRNA or KHK-A siRNA
and corresponding controls were harvested after 72 h incubation. Cells were washed with
cold 0.01 M PBS for three times after the digestion with trypsin (without EDTA). The cell
concentration was adjusted to 1x10° cells/mL. Cells were fixed and stained with following the
protocol of Annexin V-PE/7-AAD apoptosis kit or the cell cycle analysis kit. Data was
acquired by FACScan flow cytometer (BD Biosciences, Franklin Lakes, USA) and analyzed
with Flowjo software.

Podocytes morphological analysis
14
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Differentiated HPCs were cultured in RPMI-1640 medium (containing 10% fetal bovine
serum) supplemented with or without 5 mM fructose in the presence or absence of maslinic
acid, animal-free recombinant human IL-6, transfected with TTP siRNA or KHK-A siRNA
and corresponding controls for 72 h. The podocytes size was observed under inverted
microscope (OLYMPUS, Tokyo, Japan) and quantified via ImageJ (version 1.42q, National
Institutes of Health).

KHK activity detection

Differentiated HPCs cultured in RPMI-1640 medium (containing 10% fetal bovine
serum) supplemented with or without 5 mM fructose for 72 h were harvested in PBS. These
cells were broken by ultrasound and then centrifuged at 15,000 rpm for 10 min at 4 <€ to
obtain cell lysate. Cell lysate was quantified to 5 mg/mL by BCA protein assay kit. For KHK
enzyme activity analysis, the enzyme activity detection reaction included 50 pL of 5mg/mL
cell lysate, 50 L of PBS, 50 i of 5 mM ATP, 50 L of 5 mM fructose or ddH ;0 as control.
The reaction mixture was incubated for 2 h at 37 €. After deproteinization with perchloric
acid and potassium hydroxide, the reaction mixture was prepared to detect ATP content by
ATP assay kit according to the protocol provided by the manufacturer (Lanaspa et al., 2014).
Date was evaluated by Luminometer protocol using CLARIOstar (BMG LABTECH,
Aufenburg, Germany). KHK activity was calculated as the ratio between ATP level versus
baseline for each sample and values were compared between normal and fructose vehicle
groups.
gRT-PCR analysis

Total RNA was isolated from rat kidney glomeruli and differentiated HPCs using trizol
reagent according to the manufacturer’s recommendations, respectively. The primers used
were listed in Table 1. These primers were synthesized by Generay Biotechnology Co., Ltd.
(Shanghai, China). The reverse transcription reaction of mMRNA used the HiScript® Il One
Step gRT-PCR Probe Kit. The reverse transcription reaction of miRNAs used the M-MLV (H-)
Reverse Transcriptase. The gRT-PCR analysis was performed in triplicate with ChamQ™
SYBR® gPCR Master Mix (Without ROX) using the CFX96 Real-Time PCR Detection
System (Bio-Rad), respectively. Gene expression was normalized to the level of GAPDH for

MRNA and U6 for miRNA. Relative expressions of target genes were determined by the Ct
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(224" method.
Western blot analysis

Proteins extracted from rat glomeruli and differentiated HPCs were separated by
SDS-PAGE, and the proteins were electrophoretically transferred to polyvinylidene
fluoridemembranes. Nonspecific protein-binding sites were blocked with TBS containing 0.1%
Tween-20 and 5% non-fat milk for 1 h at room temperature, and the blots were incubated with
specific primary antibodies including anti-nephrin (dilution 1:1000), anti-podocin (dilution
1:1000), anti-KHK-A (dilution 1:1000), anti-TTP (dilution 1:1000), anti-P-STAT3 (dilution
1:1000), anti-STAT3 (dilution 1:1000), anti-P57 (dilution 1:500), anti-B-Tubulin (dilution
1:1000) and anti-GAPDH (dilution 1:4000). Blots were incubated overnight at 4 <€, followed
by HRP-conjugated anti-rabbit 1gG antibody (dilution 1:20,000) or HRP-conjugated
anti-mouse 1gG antibody (dilution 1:20,000). Immunoreactive bands were visualized via
enhanced chemiluminescence and quantified via densitometry using ImageJ (version 1.42q,
National Institutes of Health).
Immunoprecipitation analysis

Differentiated HPCs cultured in RPMI-1640 medium (containing 10% fetal bovine
serum) supplemented with or without 5 mM fructose for 72 h were harvested in PBS. These
cells were broken by ultrasound and then centrifuged at 15,000 rpm for 10 min at 4 <€ to
obtain cell lysate. Cell lysate was quantified to 5 mg/mL by BCA protein assay kit. The cell
lysate was followed by Immunoprecipitation Kit according to the protocol provided by the
manufacturer. Then, the samples obtained in the above step were analyzed by Western blot
analysis. Immunoreactive bands were visualized via enhanced chemiluminescence and
quantified via densitometry using ImageJ (version 1.42q, National Institutes of Health).
Statistical analysis

All data were expressed as the mean = SEM. For experiments with more than two
subgroups, statistical comparisons were performed by a one-way analysis of variance,
followed by Dunnett test. For experiments with two subgroups, statistical comparisons were
performed by t tests by unpaired t test. In all statistical comparisons, p < 0.05 was considered
to be significant. Figures were obtained by Graphpad Prizm Program 6.0 software (Graphpad,

San Diego, CA).
16


https://doi.org/10.1101/2020.12.28.424520

bioRxiv preprint doi: https://doi.org/10.1101/2020.12.28.424520; this version posted December 29, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Acknowledgment

We thank Dr. Zhi-Hong Liu (Research Institute of Nephrology, Nanjing General Hospital
of Nanjing Military Command, Nanjing, China) for providing Heat-sensitive human podocyte
cell line. This work was supported by Grant from National Natural Science Foundation of

China (No. 81730105) to Ling-Dong Kong.

Conflict of interest

The authors declare no competing financial interests.

17


https://doi.org/10.1101/2020.12.28.424520

bioRxiv preprint doi: https://doi.org/10.1101/2020.12.28.424520; this version posted December 29, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

References

Barisoni, L., Mokrzycki, M., Sablay, L., Nagata, M., Yamase, H., Mundel, P. (2000). Podocyte
cell cycle regulation and proliferation in collapsing glomerulopathies. Kidney Int 58,
137-143.

Chen, D, Li, Z., Bao, P, Chen, M., Zhang, M., Yan, F., Xu, Y., Ji, C., Hu, X., Sanchis, D.,
Zhang, Y., Ye, J. (2019). Nrf2 deficiency aggravates Angiotensin Il-induced cardiac
injury by increasing hypertrophy and enhancing IL-6/STAT3-dependent inflammation.
Biochim Biophys Acta Mol Basis Dis 1865, 1253-1264.

Cirillo, P.,, Gersch, M. S., Mu, W., Scherer, P. M., Kim, K. M., Gesualdo, L., Henderson, G. N.,
Johnson, R. J., Sautin, Y. Y. (2009). Ketohexokinase-dependent metabolism of fructose
induces proinflammatory mediators in proximal tubular cells. J Am Soc Nephrol 20,
545-553.

Diggle, C. P, Shires, M., Leitch, D., Brooke, D., Carr, I. M., Markham, A. F., Hayward, B. E.,
Asipu, A., Bonthron, D. T. (2009). Ketohexokinase: expression and localization of the
principal fructose-metabolizing enzyme. J Histochem Cytochem 57, 763-774.

Feigerlova E., Battaglia-Hsu, S. F. (2017). IL-6 signaling in diabetic nephropathy: From
pathophysiology to therapeutic perspectives. Cytokine Growth Factor Rev 37, 57-65.

Guo, J., Lei, M., Cheng, F, Liu, Y., Zhou, M., Zheng, W., Zhou, Y., Gong, R., Liu, Z. (2020).
RNA-binding proteins tristetraprolin and human antigen R are novel modulators of
podocyte injury in diabetic kidney disease. Cell Death Dis 11, 413.

Hayasaki, T., Ishimoto, T., Doke, T., Hirayama, A., Soga, T., Furuhashi, K., Kato, N., Kosugi,
T., Tsuboi, N., Lanaspa, M. A., Johnson, R. J., Maruyama, S., Kadomatsu, K. (2019).
Fructose increases the activity of sodium hydrogen exchanger in renal proximal tubules
that is dependent on ketohexokinase. J Nutr Biochem 71, 54-62.

Henique, C., Bolle, G., Loyer, X., Grahammer, F., Dhaun, N., Camus, M., Vernerey, J.,
Guyonnet, L., Gaillard, F., Lazareth, H., Meyer, C., Bensaada, I., Legrés, L., Satoh, T,
Akira, S., Bruneval, P., Dimmeler, S., Tedgui, A., Karras, A., Thervet, E., Nochy, D.,
Huber, T. B., Mesnard, L., Lenoir, O., Tharaux, P. L. (2017). Genetic and
pharmacological inhibition of microRNA-92a maintains podocyte cell cycle quiescence

and limits crescentic glomerulonephritis. Nat Commun 8, 1829.
18


https://doi.org/10.1101/2020.12.28.424520

bioRxiv preprint doi: https://doi.org/10.1101/2020.12.28.424520; this version posted December 29, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Jo, H. A, Kim, J. Y., Yang, S. H., Han, S. S., Joo, K. W,, Kim, Y. S., Kim, D. K. (2016). The
role of local IL6/JAK2/STAT3 signaling in high glucose-induced podocyte hypertrophy.
Kidney Res Clin Pract 35, 212-218.

Lanaspa, M. A., Ishimoto, T., Cicerchi, C., Tamura, Y., Roncal-Jimenez, C. A., Chen, W.,
Tanabe, K., Andres-Hernando, A., Orlicky, D. J., Finol, E., Inaba, S., Li, N., Rivard, C. J.,
Kosugi, T., Sanchez-Lozada, L. G., Petrash, J. M., Sautin, Y. Y., Ejaz, A. A., Kitagawa,
W., Garcia, G. E., Bonthron, D. T., Asipu, A., Diggle, C. P, Rodriguez-lturbe, B.,
Nakagawa, T., Johnson, R. J. (2014). Endogenous fructose production and fructokinase
activation mediate renal injury in diabetic nephropathy. J Am Soc Nephrol 25,
2526-2538.

Lemley, K. V., Blouch, K., Abdullah, I., Boothroyd, D. B., Bennett, P. H., Myers, B. D.,
Nelson, R. G. (2000). Glomerular permselectivity at the onset of nephropathy in type 2
diabetes mellitus. J Am Soc Nephrol 11 (11), 2095-2105.

Li, T. S., Chen, L., Wang, S. C,, Yang, Y. Z., Xu, H. J,, Gu, H. M., Zhao, X. J., Dong, P., Pan,
Y., Shang, Z. Q., Zhang, X. Q., Kong, L. D. (2019). Magnesium isoglycyrrhizinate
ameliorates fructose-induced podocyte apoptosis through downregulation of miR-193a to
increase WT1. Biochem Pharmacol 166, 139-152.

Liu, F, Guo, J.,, Zhang, Q., Liu, D.,, Wen, L., Yang, Y., Yang, L., Liu, Z. (2015). The
Expression of Tristetraprolin and Its Relationship with Urinary Proteins in Patients with
Diabetic Nephropathy. PLoS One 10, e0141471.

Lozano-Mena, G., Sénchez-Gonzdez, M., Juan, M. E., Planas, J. M. (2014). Maslinic acid, a
natural phytoalexin-type triterpene from olives--a promising nutraceutical? Molecules 19,
11538-11559.

Marek, G., Pannu, V., Shanmugham, P., Pancione, B., Mascia, D., Crosson, S., Ishimoto, T.,
Sautin, Y. Y. (2015). Adiponectin resistance and proinflammatory changes in the visceral
adipose tissue induced by fructose consumption via ketohexokinase-dependent pathway.
Diabetes 64, 508-518.

Mulay, S. R., Thomasova, D., Ryu, M., Kulkarni, O. P., Migliorini, A., Bruns, H., Gr&mayr,
R., Lazzeri, E., Lasagni, L., Liapis, H., Romagnani, P., Anders, H. J. (2013). Podocyte

loss involves MDM2-driven mitotic catastrophe. J Pathol 230, 322-335.
19


https://doi.org/10.1101/2020.12.28.424520

bioRxiv preprint doi: https://doi.org/10.1101/2020.12.28.424520; this version posted December 29, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Nagata, M., Nakayama, K., Terada, Y., Hoshi, S., Watanabe, T. (1998). Cell cycle regulation
and differentiation in the human podocyte lineage. Am J Pathol 153, 1511-1520.

Nakayama, T., Kosugi, T., Gersch, M., Connor, T., Sanchez-Lozada, L. G., Lanaspa, M. A.,
Roncal, C., Perez-Pozo, S. E., Johnson, R. J., Nakagawa, T. (2010). Dietary fructose
causes tubulointerstitial injury in the normal rat kidney. Am J Physiol Renal Physiol 298,
F712-F720.

Puelles, V. G., van der Wolde, J. W., Wanner, N., Scheppach, M. W., Cullen-McEwen, L. A,
Bork, T., Lindenmeyer, M. T., Gernhold, L., Wong, M. N., Braun, F., Cohen, C. D., Kett,
M. M., Kuppe, C., Kramann, R., Saritas, T., van Roeyen, C. R., Moeller, M. J., Tribolet,
L., Rebello, R., Sun, Y. B., Li, J., MUler-Newen, G., Hughson, M. D., Hoy, W. E.,
Person, F., Wiech, T., Ricardo, S. D., Kerr, P. G., Denton, K. M., Furic, L., Huber, T. B.,
Nikolic-Paterson, D. J., Bertram, J. F. (2019). mTOR-mediated podocyte hypertrophy
regulates glomerular integrity in mice and humans. JCI Insight 4, e99271.

Reyes-Zurita, F. J., Rufino-Palomares, E. E., Lupi&ez, J. A., Cascante, M. (2009). Maslinic
acid, a natural triterpene from Olea europaea L., induces apoptosis in HT29 human
colon-cancer cells via the mitochondrial apoptotic pathway. Cancer Lett 273, 44-54.

S&nchez-Lozada, L. G., Tapia, E., Jimé&ez, A., Bautista, P., Cristéal, M., Nepomuceno, T.,
Soto, V., Avila-Casado, C., Nakagawa, T., Johnson, R. J., Herrera-Acosta, J., Franco, M.
(2007). Fructose-induced metabolic syndrome is associated with glomerular
hypertension and renal microvascular damage in rats. Am J Physiol Renal Physiol 292,
F423-F429.

Shankland, S. J., Wolf, G. (2000). Cell cycle regulatory proteins in renal disease: role in
hypertrophy, proliferation, and apoptosis. Am J Physiol Renal Physiol 278, F515-F529.

Shi, J. X., Wang, Q. J., Li, H., Huang, Q. (2016). Silencing of USP22 suppresses high
glucose-induced apoptosis, ROS production and inflammation in podocytes. Mol Biosyst
12, 1445-1456.

Tian, X., Kim, J. J., Monkley, S. M., Gotoh, N., Nandez, R., Soda, K., Inoue, K., Balkin, D.
M., Hassan, H., Son, S. H., Lee, Y., Moeckel, G., Calderwood, D. A., Holzman, L. B.,
Critchley, D. R., Zent, R., Reiser, J., Ishibe, S. (2014). Podocyte-associated talinl is

critical for glomerular filtration barrier maintenance. J Clin Invest 124 (3), 1098-1113.
20


https://doi.org/10.1101/2020.12.28.424520

bioRxiv preprint doi: https://doi.org/10.1101/2020.12.28.424520; this version posted December 29, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Wang, D., Tang, S., Zhang, Q. (2017). Maslinic acid suppresses the growth of human gastric
cells by inducing apoptosis via inhibition of the interleukin-6 mediated Janus
kinase/signal transducer and activator of transcription 3 signaling pathway. Oncol Lett 13,
4875-4881.

Wang, W., Ding, X. Q., Gu, T. T, Song, L., Li, J. M., Xue, Q. C., Kong, L. D. (2015).
Pterostilbene and allopurinol reduce fructose-induced podocyte oxidative stress and
inflammation via microRNA-377. Free Radic Biol Med 83, 214-226.

Yan, Y., Frisén, J., Lee, M. H., Massagué€ J., Barbacid, M. (1997). Ablation of the CDK
inhibitor p57Kip2 results in increased apoptosis and delayed differentiation during
mouse development. Genes Dev 11, 973-983.

Zeng, R., Huang, J., Sun, Y., Luo, J. (2020). Cell proliferation is induced in renal cell
carcinoma through miR-92a-3p upregulation by targeting FBXW?7. Oncol Lett 19,
3258-3268.

Zhang, Q., Wu, G., Guo, S., Liu, Y., Liu, Z. (2020). Effects of tristetraprolin on doxorubicin
(adriamycin)-induced experimental kidney injury through inhibiting IL-13/STAT6 signal
pathway. Am J Transl Res 12, 1203-1221.

21


https://doi.org/10.1101/2020.12.28.424520

bioRxiv preprint doi: https://doi.org/10.1101/2020.12.28.424520; this version posted December 29, 2020. The copyright holder for this

preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Table.1. Primer sequences used for miRNAs and gRT-PCR in this study

ID Sense primer (5'->3") Antisense primer (5'->3')
KHK-A TGACCTCCGCCGCTATTCTGT TCACCTGCTCCGATGCGTTCC
IL-6 CTGGCTTGTTCCTCACTACTC ATCATCACTGGTCTTTTGGAG
AAGGTCATCCATGACAACTTTG ACAGTCTTCTGGGTGGCAGTG
GAPDH
GC AT
miR-92a-3p CGGGCTATTGCACTTGTCC CAGCCACAAAAGAGCACAAT
U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT
TTP AAGGGCCACTCCTATCAGC ACTCCCGCCTCGAAGAC
GCGCUACAAGACUGAGCUAdDTd UAGCUCAGUCUUGUAGCGCAT
TTP siRNA T dT
KHK-A GCACCAUCCUAUACUAUGAITd UCAUAGUAUAGGAUGGUGCdT
SIRNA T T
Control UUCUCCGAACGUGUCACGUdTd ACGUGACACGUUCGGAGAAdT

siRNA

T

T
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Table.2. Body weight and renal function damage index in fructose fed rats.

Serum uric acid Serum creatinine  Serum urea
Group Body weight (g)
(umol/L) (umol/L) nitrogen (mmol/L)

Normal 496.33 +100.51 85 +3.24 93.42 7.3 1.99 +0.27

Fru-Vehicle 838.43 +85.82" 124.11+291"" 159.31 +12.01"" 35+0.13""

Quantitative data are presented as mean +=SEM for n = 6 rats per group. ~ p < 0.001 versus
normal animal control group, there were no significant differences in all indicators in

fructose-fed group compared with normal control group.
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Fig.1. Fructose induces glomerular hypertrophy in rats and podocyte hypertrophy in
differentiated HPCs, with podocyte overproliferation and apoptosis in vivo and in vitro.
(A) Periodic acid Schiff (PAS) staining showing development of glomerular lesions after
fructose intake for 0, 4, 8, 12, 16 weeks (scale bar, 20 um, n = 3).

(B) Podocyte size in differentiated HPCs cultured with or without 5 mM fructose for 72 h was
measured respectively (scale bar, 20 pm, n = 3).

(C) Representative immunofluorescence showing increased EDU staining in differentiated
HPCs cultured with or without 5 mM fructose for 72 h (scale bar, 50 um, n = 3).

(D) Representative immunofluorescence showing increased KI67 staining in podocytes of
fructose-fed rat kidney glomeruli (scale bar, 25 um, n = 3).

(E) Flow cytometry analysis of cell cycle in differentiated HPCs cultured with or without 5
mM fructose for 72 h (n = 6), respectively.

(F) Flow cytometry analysis of apoptosis in differentiated HPCs cultured with or without 5
mM fructose for 72 h (n = 6), respectively.

(G) Representative TUNEL staining showing apoptotic cells occurred in the kidney glomeruli
of fructose-fed rats (scale bar, 25 um, n = 3).

All data are expressed as mean +=SEM. ~ p < 0.01, ~ p < 0.001 compared with normal

animal control group or normal cell control.
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Fig.2. Fructose down-regulates TTP protein expression to activate IL-6/STAT3 signaling
in rat kidney glomeruli and fructose-exposed differentiated HPCs.

(A-B) Western blot analysis of TTP protein levels in the kidney glomeruli (16W) of normal
control, fructose vehicle rats or differentiated HPCs cultured with or without 5 mM fructose
for 72 h. Relative protein level of TTP was normalized to -Tubulin (n = 6), respectively.

(C) ELISA analysis of IL-6 levels (n = 6) in serum and renal cortex of rats fed with or without
10% fructose for 16W, respectively.

(D) ELISA analysis of IL-6 levels (n = 6) in culture media and lysate in differentiated HPCs
cultured with or without 5 mM fructose for 72 h, respectively.

(E-F) gRT-PCR analysis of IL-6 levels in the kidney glomeruli (n = 6) of normal control,
fructose vehicle rats or differentiated HPCs (n = 6) cultured with or without 5 mM fructose,
respectively.

(G) The protein-protein interaction of IL-6 and STAT3 was analyzed and visualized by
InBio-Discover.

(H-1) Western blot analysis of P-STAT3 protein levels in the kidney glomeruli (16W) of
normal control, fructose vehicle rats or differentiated HPCs cultured with or without 5 mM
fructose for 72 h. Relative protein level of P-STAT3 was normalized to STAT3 (n = 6),
respectively.

(J) Western blot analysis of P-STAT3 protein levels in differentiated HPCs incubated with or
without 5 mM fructose in the presence or absence of 10 ng/mL recombinant human IL-6 for
72 h. Relative protein level of P-STAT3 was normalized to STAT3 (n = 6), respectively.

(K) Immunofluorescence analysis of P-STAT3 (red) in differentiated HPCs cultured with or
without 5 mM fructose in the presence or absence of 10 ng/mL recombinant human IL-6 for
72 h (scale bar, 50 um, n = 3), respectively.

(L) Western blot analysis of nephrin and podocin protein levels in differentiated HPCs
incubated with or without 5 mM fructose in the presence or absence of 10 ng/mL recombinant
human IL-6 for 72 h. Relative protein levels of nephrin and podocin were normalized to
GAPDH (n = 6), respectively.

(M) Podocyte size in differentiated HPCs cultured with or without 5 mM fructose in the

presence or absence of 10 ng/mL recombinant human IL-6 for 72 h was measured separately
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(scale bar, 20 um, n = 3).

(N) ELISA analysis of IL-6 levels (n = 6) from lysate in differentiated HPCs cultured with or
without 5 mM fructose in the presence or absence of 30 pg/mL maslinic acid for 72 h,
respectively.

(O) Western blot analysis of P-STAT3 protein levels in differentiated HPCs incubated with or
without 5 mM fructose in the presence or absence of 30 pg/mL maslinic acid for 72 h.
Relative protein level of P-STAT3 was normalized to STAT3 (n = 6), respectively.

(P) Immunofluorescence analysis of P-STAT3 (red) in differentiated HPCs cultured with or
without 5 mM fructose in the presence or absence of 30 pg/mL maslinic acid for 72 h (scale
bar, 50 um, n = 3), respectively.

All data are expressed as mean +=SEM. ~ p < 0.05, ~ p <0.01, ~ p < 0.001 compared with
normal animal control group or normal cell control; * p < 0.01, " p < 0.001 compared with

compared with fructose-vehicle animal group or fructose vehicle cell group.
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Fig.3. Down-regulation of TTP expression does not further activate IL-6/STAT3
signaling in fructose-exposed differentiated HPCs.

(A-B) The transfection efficiency of TTP siRNA (100 nM) in differentiated HPCs and control
siRNA was evaluated by gRT-PCR analysis (24 h, n = 6), and Western blot analysis (48 h, n =
6), respectively.

(C) ELISA analysis of IL-6 levels (n = 6) from media and lysate in differentiated HPCs
transfected with TTP siRNA or control siRNA, and then incubated with or without 5 mM
fructose for 72 h, respectively.

(D) Immunofluorescence analysis of P-STAT3 (red) in differentiated HPCs transfected with
TTP siRNA or control siRNA, and then incubated with or without 5 mM fructose for 72 h
(scale bar, 50 um, n = 3), respectively.

(E) Podocyte size in differentiated HPCs transfected with TTP siRNA or control siRNA, and
then incubated with or without 5 mM fructose for 72 h was measured separately (scale bar, 20
um, n = 3).

All data are expressed as mean =SEM. ~ p < 0.01, © p < 0.001 compared with normal

animal control group or normal cell control.
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Fig.4. High fructose induces the activation of IL-6/STAT3 signaling to upregulate
miR-92a-3p and reduced P57 expression in podocyte proliferation and apoptosis.

(A) gRT-PCR analysis of miR-92a-3p levels (16W) in rat kidney glomeruli (n = 6) of normal
control, fructose vehicle, respectively.

(B) gRT-PCR analysis of miR-92a-3p levels (0, 6, 12, 24, 48, 72, 96 h) in differentiated HPCs
(n =6) cultured with or without 5 mM fructose, respectively.

(C-D) Western blot analysis of P57 protein levels in the kidney glomeruli (16W) of normal
control, fructose vehicle rats or differentiated HPCs cultured with or without 5 mM fructose
for 72 h. Relative protein level of P57 was normalized to 3-Tubulin (n = 6), respectively.

(E) Sequence alignment between miR-92a-3p and the binding site of P57 sequence in rat and
human.

(F) gRT-PCR analysis of miR-92a-3p levels (n = 6) in differentiated HPCs incubated with or
without 5 mM fructose in the presence or absence of 10 ng/mL recombinant human IL-6 for
72 h, respectively.

(G) Western blot analysis of P57 protein levels in differentiated HPCs incubated with or
without 5 mM fructose in the presence or absence of 10 ng/mL recombinant human IL-6 for
72 h. Relative protein level of P57 was normalized to B-Tubulin (n = 6), respectively.

(H) Immunofluorescence analysis of EDU (green) in differentiated HPCs cultured with or
without 5 mM fructose in the presence or absence of 10 ng/mL recombinant human IL-6 for
72 h (scale bar, 50 pm, n = 3), respectively.

(1) Flow cytometry analysis of cell cycle in differentiated HPCs cultured with or without 5
mM fructose in the presence or absence of 10 ng/mL recombinant human IL-6 for 72 h (n = 6),
respectively.

(J) Flow cytometry analysis of apoptosis in differentiated HPCs cultured with or without
5mM fructose in the presence or absence of 10 ng/mL recombinant human IL-6 for 72 h (n =
6), respectively.

(K) Immunofluorescence analysis of EDU (green) in differentiated HPCs transfected with
TTP siRNA or its control, and then incubated with or without 5 mM fructose for 72 h (scale
bar, 50 um, n = 3), respectively.

(L) Flow cytometry analysis of cell cycle in differentiated HPCs transfected with TTP siRNA
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or control siRNA, and then incubated with or without 5 mM fructose for 72 h (n = 6),
respectively.
(M) Flow cytometry analysis of apoptosis in differentiated HPCs transfected with TTP siRNA
or control siRNA, and then incubated with or without 5 mM fructose for 72 h (n = 6),
respectively.
All data are expressed as mean +=SEM. " p < 0.05, " p < 0.01, ™" p < 0.001 compared with

normal animal control group or normal cell control.
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Fig.5. Maslinic acid abolishes fructose-induced podocyte proliferation and apoptosis in
differentiated HPCs.

(A) gRT-PCR analysis of miR-92a-3p levels in differentiated HPCs incubated with or without
5 mM fructose in the presence or absence of 30 pg/mL maslinic acid for 72 h (n = 6),
respectively.

(B) Western blot analysis of P57 protein levels in differentiated HPCs incubated with or
without 5 mM fructose in the presence or absence of 30 pg/mL maslinic acid for 72 h.
Relative protein level of P57 was normalized to B-Tubulin (n = 6), respectively.

(C) Immunofluorescence analysis of EDU (green) in differentiated HPCs cultured with or
without 5 mM fructose in the presence or absence of 30 pg/mL maslinic acid for 72 h (scale
bar, 50 um, n = 3), respectively.

(D) Flow cytometry analysis of cell cycle in differentiated HPCs cultured with or without 5
mM fructose in the presence or absence of 30 pg/mL maslinic acid for 72 h (n = 6),
respectively.

(E) Flow cytometry analysis of apoptosis in differentiated HPCs cultured with or without 5
mM fructose in the presence or absence of 30 pg/mL maslinic acid for 72 h (n = 6),
respectively.

(F) Western blot analysis of nephrin and podocin protein levels in differentiated HPCs
incubated with or without 5 mM fructose in the presence or absence of 30 g/mL maslinic
acid for 72 h. Relative protein levels of nephrin and podocin were normalized to GAPDH (n =
6), respectively.

(G) Podocyte size in differentiated HPCs cultured with or without 5 mM fructose in the
presence or absence of 30 pg/mL maslinic acid was measured separately for 72 h (scale bar,
20 um, n=3).

All data are expressed as mean =SEM. ~ p < 0.001 compared with normal animal control
group or normal cell control; # p < 0.01, " p < 0.001 compared with compared with

fructose-vehicle animal group or fructose vehicle cell group.
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Fig.6. Transfection with KHK-A siRNA down-regulates IL-6 levels to alleviate
fructose-induced podocyte proliferation, apoptosis and hypertrophy.

(A) Enzyme activity test of KHK in differentiated HPCs (n = 8) of normal control, fructose
vehicle groups, cultured with or without 5 mM fructose for 72 h, respectively.

(B-C) Western blot analysis of KHK-A protein levels in the kidney glomeruli (16W) of
normal control, fructose vehicle rats or differentiated HPCs cultured with or without 5 mM
fructose for 72 h. Relative protein level of KHK-A was normalized to B-Tubulin (n = 6),
respectively.

(D-E) The transfection efficiency of KHK-A gene silencing in differentiated HPCs transfected
with KHK-A siRNA (50 nM) or control siRNA was evaluated by qRT-PCR analysis (24 h, n =
6), and Western blot analysis (48 h, n = 6), respectively.

(F) Western blot analysis of TTP (n = 6) protein levels in differentiated HPCs transfected with
KHK-A siRNA or control siRNA, and then incubated with or without 5 mM fructose for 72 h,
respectively.

(G) ELISA analysis of IL-6 (n = 6) expression from media and lysate in differentiated HPCs
transfected with KHK-A siRNA or control siRNA, and then incubated with or without 5 mM
fructose for 72 h, respectively.

(H) Immunofluorescence analysis of P-STAT3 (red) in differentiated HPCs transfected with
KHK-A siRNA or control siRNA, and then incubated with or without 5 mM fructose for 72 h,
(scale bar, 50 um, n = 3), respectively.

(1) Immunoprecipitation analysis of KHK-A and TTP protein interaction in differentiated
HPCs incubated with or without 5 mM fructose for 72 h (n = 6).

(J) Immunofluorescence analysis of EDU (green) in differentiated HPCs transfected with
KHK-A siRNA or control siRNA, and then incubated with or without 5 mM fructose for 72 h
(scale bar, 50 um, n = 3), respectively.

(K) Flow cytometry analysis of cell cycle in differentiated HPCs transfected with KHK-A
siRNA or control siRNA, and then incubated with or without 5 mM fructose for 72 h (n = 6),
respectively.

(L) Flow cytometry analysis of apoptosis in differentiated HPCs transfected with KHK-A

siRNA or control siRNA, and then incubated with or without 5 mM fructose for 72 h (n = 6),
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respectively.

(M) Podocyte size in differentiated HPCs transfected with KHK-A siRNA or control siRNA,

and then incubated with or without 5 mM fructose for 72 h was measured separately (scale bar,

20 ym, n=3).

All data are expressed as mean =SEM. ~ p < 0.01, " p < 0.001 compared with normal

animal control group or normal cell control; * p < 0.05, * p < 0.01, " p < 0.001 compared

with compared with fructose-vehicle animal group or fructose vehicle cell group.
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