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TMT-based proteomic analysis reveals the effects
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Abstract: Chloroquine (CQ) is an antimalarial drug widely used in rheumatic, immunological and infectious diseases.
CQ is also a well-known autophagy inhibitor. It slows the progression of renal injury in patients with rheumatology
diseases. Long-term CQ treatment could also damage podocytes which are highly differentiated cells wrapping the
glomerular capillary to maintain renal filtration. However, the related underlying mechanism remains unclear. The
effects of CQ treatment on podocytes need to be elucidated. Our results showed that CQ diminished cell motility and
disrupted actin cytoskeleton in human podocytes in vitro. Totally 210 up-regulated and 67 down-regulated differen-
tially expressed proteins (DEPs) were identified after CQ treatment in podocytes by using tandem mass tag (TMT)-
labeled quantitative proteomics analysis. Gene Ontology (GO) analysis revealed that proteins mainly functioned
in cell motility, cell adhesion, localization of cells and response to external stimulus. Kyoto Encyclopedia of Genes
and Genomes (KEGG) enrichment showed that DEPs were predominantly associated with lysosome, cell adhesion
molecules (CAMs) and cytokine-cytokine receptor interaction. Protein-protein interaction (PPI) analysis revealed that
syndecan-4 was the core protein in regulating podocyte adhesion among differentially expressed CAMs. Moreover,
activated RhoA, Cdc42 and Racl decreased after CQ treatment. Taken together, our findings suggested that CQ
could alter the stability of podocyte cytoskeleton. Proteomic analysis revealed important molecules for understand-
ing the effects of CQ on human podocytes.
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Introduction on intact actin cytoskeleton. Instability of actin
cytoskeleton contributes to proteinuria.
Podocytes are highly differentiated mesenchy- o ]
mal-like cells which have three different mor- Proteinuria is the most common symptom if
phological and functional parts: cell body, podocytes undergo detachment or foot proce-
major process and foot process. Foot process- sses effacement which is marked with depoly-
es of adjacent podocytes interdigitate and form m'erllzed actin cytoskeletgn (2, 5]. For |.nstance,
the outside layer of renal filtration barrier [1]. minimal change nephrotic syndrome is featur-

The cell body and major process of podocyte ed by heavy proteinuria dge to fO.Ot process
; . . . effacement [6]. To emphasize the importance
rely on microtubules and intermediate fila-

; . of podocyte in glomerular diseases, the term
ments for keeping normal morphology, while of podocytopathy has been created for describ-
foot process is supported by the actin cytoskel- P ytopathy

. ) ing the podocyte-injury related diseases [7].
eton [2]. Foot proces; cqntams highly ordered Podocytopathy could result from medication,
parallel and contractile filamentous actin net-

gene mutation and immunological disorders

work. This actin cytoskeleton is cross-linked [8-10]
and bundled by several proteins such as alpha-
actinin-4 and synaptopodin [3, 4]. The normal CQ is an anti-malarial drug that has multi-

morphology and function of foot process bases ple properties, such as anti-inflammation, anti-
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thrombus and anti-infection. Hence, it is widely
used in rheumatic, immunological and infec-
tious diseases [11]. CQ and its analogues show
beneficial effects in patients with lupus nephri-
tis as they slow the progression of renal injury
and decrease the complications of infection,
hypertension and thrombotic events [12]. Good
safety profile was noted as only a small portion
of patients receiving long-term CQ treatment
has mild or moderate side effects including
ocular toxicity and gastrointestinal manifesta-
tions [13]. Toll-like receptor 3 (TLR3)/IFN-( sig-
naling could be attenuated by CQ in human
mesangial cells [14]. It may partially explain the
efficacy of CQ in lupus nephritis. However, little
is known about the effects of CQ treatment on
human podocytes. To date, only one case
report showed that CQ treatment induces phos-
pholipidosis in podocytes mimicking Fabry dis-
ease as plenty of zebra bodies could be visual-
ized [15]. In addition, CQ is a well-known au-
tophagy inhibitor. It has been reported that
autophagic gene deficient cell presents with
depolymerization of actin cytoskeleton [16]. It
remains unclear whether CQ disrupts the stabil-
ity of podocyte cytoskeleton.

In this study, our data showed that CQ could
diminish cell motility and disrupt actin cytoskel-
eton of human podocytes. We performed TMT-
based quantitative proteomic analysis to iden-
tify differentially expressed proteins (DEPs) in
CQ-treated human podocytes. This study firstly
revealed the impact of CQ treatment on the sta-
bility of podocyte cytoskeleton. It not only helps
to elucidate the pathogenesis of podocytopa-
thy, but may also explain the efficacy and side
effects of CQ in treating rheumatic and immu-
nological diseases.

Materials and methods

Cell culture

Conditionally immortalized human podocytes
AB8/13 were cultured in RPMI 1640+10% fetal
bovine serum (Thermo Fisher Scientific) as
described previously [17]. Cells proliferated at
non-permissive temperature (33°C) with the
addition of Insulin-Transferrin-Selenium (Ther-
mo Fisher Scientific) and differentiated in per-
missive temperature (37°C) for 12 days. Fully
differentiated human podocytes were treated
with Chloroquine (CQ, 25 uM) (Sigma-Aldrich).
The optimum concentration of CQ has been
titrated in our previous studies [18, 19].
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Immunofluorescence analysis

Fully differentiated podocytes with 80% conflu-
ency in 24-well plates were treated with CQ (25
uM) for 24 h and 48 h. 4% paraformaldehyde
was used for fixing podocytes. After blocking
with PBS +2% BSA, F-actin and nucleus were
stained with Alexa Fluor 594 Phalloidin (Ther-
mofisher Scientific) and ProLong Gold Antifade
Reagent with DAPI (Cell signaling Technology)
respectively. Podocytes were visualized under
confocal microscopy (EZ-C1, Nikon Instrument,
Japan). The percentage of podocytes with dis-
rupted cytoskeleton was quantified as the pre-
vious study described [18]. At least 100 cells
were scored in each of six independent experi-
ments.

Migration assay

Fully differentiated podocytes in 6-well plates
were scratched by two strokes with a sterile 0.4
mm 200 pl Gilson style extension length tip.
Then, cells were treated with CQ (25 uM) for 8
h. Two researchers counted the number of
podocytes migrating into the gap independent-
ly as described before [19].

TMT-based quantitative proteomic analysis

Fully differentiated podocytes with 80% conflu-
ency were treated with CQ (25 uM) for 24 h.
Podocytes were lysed in SDT buffer (4% SDS,
100 mM DTT and 150 mM Tris-HCI pH 8.0). The
concentration of supernatant was measured
with BCA Protein Assay Kit (Bio-Rad, USA) after
centrifuging at 14000 g for 40 minutes.
Proteins were purified after repeated ultrafiltra-
tion (Microcon units, 10 kD) with UA buffer (8M
Urea, 150 mM Tris-HCI pH 8.0). 100 ul iodo-
acetamide was used to block reduced cysteine
residues. Then, samples were put in darkness
for 30 min incubation. The filters were washed
with UA buffer three times and TEAB buffer
(100 mM) twice. Eventually, protein suspen-
sions were digested overnight at 37°C by using
4 pg trypsin (Promega) in 40 ul TEAB buffer.
Peptides were collected by filtration. Peptide
content was estimated by UV light spectral den-
sity at 280 nm. Peptide mixture of each sample
(100 pg) was labeled with TMT reagent accord-
ing to the manufacturer’s instructions (Thermo
Fisher Scientific). TMT-labeled digest samples
were fractionated by Pierce high pH reversed-
phase fractionation kit (Thermo scientific)
based on an increasing acetonitrile step-gradi-
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Table 1. The real-time PCR primers of 6 key cell adhesion molecules (CAMs)

Gene name Protein IDs Protein name Sequence Size (bp)

ITGB8 P26012 Integrin beta-8 Forward: 5’ CCAGGAGCCGAAGCTAATT 3’ 190
Reverse: 5’ CGTATGAGCCAAATCCAAGAC 3’

CLDN1 095832 Claudin-1 Forward: 5 GAGGATGGCTGTCATTGGG 3’ 240
Reverse: 5’ GGTGTTGGGTAAGAGGTTGTTT 3’

SDC4 P31431 Syndecan-4 Forward: 5" AGCCAAGTCCCCACCGA 3’ 193
Reverse: 5 CAAAGAGGATGCCCACGAT 3’

CLDN4 014493 Claudin-4 Forward: 5’ CCTCGTCATCATCAGCATCA 3’ 165
Reverse: 5" GACACCGGCACTATCACCAT 3’

VCAM1 P19320  Vascular cell adhesion protein 1 Forward: 5’ TACAACCGTCTTGGTCAGCC 3’ 206
Reverse: 5" TTCCTTCACATAAATAAACCCCA 3’

L1CAM P32004 Neural cell adhesion molecule L1 Forward: 5 TGCGGACAATCAGACGTACA 3’ 147
Reverse: 5’ TTGGCATAGGGGAAGAAGC 3’

GAPDH P04406 GAPDH Forward: 5’ TGGGTGTGAACCATGAGAAGT 3’ 126

Reverse: 5" TGAGTCCTTCCACGATACCAA 3’

ent elution as described before. Peptide mix-
ture was added to a reverse phase trap column
(Thermo Scientific Acclaim PepMap100, 100
um#*2 cm, nanoViper C18) connected to the
C18-reversed phase analytical column (Thermo
Scientific Easy Column, 10 cm long, 75 pum
inner diameter, 3 ym resin) in buffer A (0.1%
Formic acid). It was separated with a 60 min
gradient of 0-50% buffer B (50 min), 50-100%
buffer B (5 min), 100% buffer B (5 min) at a flow
rate of 300 nl/min which was controlled by
IntelliFlow technology. LC-MS/MS analysis was
carried out on a Q Exactive mass spectrometer
(Thermo Scientific) that was linked to Easy
nLC (Proxeon Biosystems, now Thermo Fisher
Scientific). TMT-based quantitative proteomic
analysis was performed in Shanghai Applied
Protein Technology Company (Shanghai, China).

Quantitative real-time PCR

Podocytes were treated with CQ (25 uM) for 12
hours. Total RNA was extracted from podocytes
by using Trizol reagent (Invitrogen, Carlsbad,
CA) and reversely transcribed to single-strand-
ed cDNA with PrimeScript RT Reagent Kit
(Takara Bio, Kyoto, Japan) according to manu-
facture’s instruction. Quantitative real-time
PCR was performed in Step One Plus real-time
PCR system (ABI, Foster, CA, USA) with 2X SG
Fast qPCR Master Mix (High Rox, B639273,
BBI). Detection was done in triplicate. Reaction
was performed at 95°C for 3 min followed by
45 cycles of denaturation at 95°C for 5 s,
annealing at 60°C for 30 s, and extension at
72°C for 30 s. Glyceraldehyde-3-phosphate
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dehydrogenase (GAPDH) was set as an internal
reference. The real-time PCR primers are shown
in Table 1. Relative mRNA expression was cal-
culated by using the 22t method.

RhoA, Cdc42 and Racl G-LISA assay

G-LISA assay kit (Cytoskeleton) was used for
measuring GTP bound (activated) RhoA, Cdc42
and Racl in human podocytes following the
manufacture’s protocols. Fully differentiated
podocytes with 80% confluency were treated
with CQ (25 uM) for 24 h. Cells were harvested
using the lysis buffer containing protein inhibi-
tors and the final protein concentration was
adjusted to 0.8 mg/L. OD values were mea-
sured with the absorbance of 595 nm and rep-
resented the expression of activated RhoA,
Racl and Cdc42.

Statistical analysis and bioinformatics

Data were expressed as mean + SEM. Non
parametric T-test was used for two group’s
comparison and using the Prism 5.0 Software
(GraphPad, San Diego, CA, USA). A p value
<0.05 was considered to be statistically si-
gnificant.

As for bioinformatics in proteome, differential
expressed proteins were defined as the ones
with 1.2 folds up-regulation or 0.83 folds down-
regulation changes (P value <0.05). The protein
sequences were aligned to Gene Ontology (GO)
Consortium database for GO assignment. The
FASTA protein sequences were blasted against
the online Kyoto Encyclopedia of Genes and
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Genomes (KEGG) database (http://geneontolo-
gy.org/) and subsequently mapped to KEGG
pathways. Protein-protein interaction (PPIl) was
retrieved from STRING database (http://string-
db.org/). The results were visualized and ana-
lyzed by using Cytoscape software (http://www.
cytoscape.org/, version 3.2.1). Bioinformatics
was performed by Shanghai Applied Protein
Technology Company (Shanghai, China).

Results

CQ decreased cell motility and disrupted actin
cytoskeleton of human podocytes

In glomerulus, podocyte motility is kept at a
considerable level [20]. It is an essential pro-
cess for cleaning proteins deposit in subpodo-
cyte space which covers around 60% of GBM
[21, 22]. Thus, podocyte motility serves as a
self-cleaning mechanism to ensure the normal
filtration. To test whether CQ affects podocyte
motility, migration assay was performed in the
present study. As shown in Figure 1A-D, the
number of podocytes migrating into the gap
after 8 h CQ treatment decreased significantly.

In our previous study, we found that depolymer-
ization of podocyte actin cytoskeleton caused
by puromycin aminonucleoside was deteriorat-
ed after autophagy inhibition by CQ at 24 h
[48]. For verifying the impact of CQ uniquely on
actin cytoskeleton, we treated podocytes with
CQ for 24 h and 48 h. As shown in Figure 1E-H,
the cortical cytoskeleton was formed in podo-
cytes at 24 h and orderly actin-stress fiber
organization was lost at 48 h. The percentage
of podocytes with disrupted actin cytoskeleton
increased significantly after 24 h CQ treat
ment.

Proteomic analysis identified DEPs in human
podocytes after CQ treatment

Totally 5247 proteins were identified based on
34969 unique peptides by TMT-based prote-
omic analysis. There were 277 DEPs (210 up-re-
gulated and 67 down-regulated) after CQ treat-
ment in podocytes (Supplementary Material-
1). DEPs were categorized into biological pro-
cess, molecular function and cellular compo-
nent according to GO annotation. As showed in
Figure 2, response to external stimulus, cell
motility, localization of cells, biological adhe-
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sion and cell migration were the top 5 biological
processes. In the aspect of molecular function,
most of DEPs were involving in signaling recep-
tor binding. Additionally, majority of proteins
were distributed in cell membrane parts.

To identify the involved signalling pathways, the
DEPs were mapped to KEGG pathways. As
showed in Figure 3 and Table 2, the top 20
enriched KEGG pathways were listed. The top 5
KEGG pathways basing on the number of
involved DEPs were lysosome, proteoglycans in
cancer, cytokine-cytokine receptor interaction,
cell adhesion molecules (CAMs), complement
and coagulation cascades. Since podocyte de-
tachment plays a crucial role in proteinuria dis-
eases, studying the differentially expressed
CAMs helps to understand the efficacy and side
effects of CQ in renal diseases. Twelve CAMs
after CQ treatment are identified as follows:
Integrin beta-8 (1.61 folds), Claudin-1 (1.46
folds), Myelin protein zero-like protein 1 (1.42
folds), Receptor-type tyrosine-protein phospha-
tase F (1.37 folds), Syndecan-4 (1.34 folds),
Claudin-4 (1.28 folds), Intercellular adhesion
molecule 1 (1.25 folds), Receptor-type tyrosine-
protein phosphatase mu (1.24 folds), Vascular
cell adhesion protein 1 (1.23 folds), Tumor
necrosis factor receptor superfamily member 5
(1.21 folds), Neural cell adhesion molecule L1
(1.2 folds) and CD99 antigen (0.79 folds).

To explore the relationship of DEPs in CQ-treated
human podocytes, proteins interaction was
constructed by PPl analysis. There were totally
155 nodes and 862 edges in PPl network.
Totally 6 CAMs were founded in PPl network:
Syndecan-4, Integrin beta-8, Vascular cell
adhesion protein 1, Neural cell adhesion mole-
cule L1, Claudin-1 and Claudin-4. Among these
CAMs, Syndecan-4 was the core protein in reg-
ulating podocyte adhesion (Figure 4).

The expression of 6 key CAMs was verified by
gPCR

For verifying the expression of 6 CAMs (Syn-
decan-4, Integrin beta-8, Vascular cell adhe-
sion protein 1, Neural cell adhesion molecule
L1, Claudin-1 and Claudin-4) which were illus-
trated in PPI, their mRNA expression level was
measured by gPCR. The data were consistent
with that from TMT assay as all of them
increased (Figure 5).
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Figure 1. CQ decreased cell motility and disrupted actin cytoskeleton of human podocyte. (A-D) The number of podocytes migrating into the gap was calculated
for evaluating podocyte mobility. Podocytes were treated with CQ (25 uM) for 8 hours. The representative images were taken under inverted microscope (50x). It
showed that podocyte mobility decreased significantly after CQ treatment. **P<0.01 versus CON, n=6. (E-H) CQ disrupted actin cytoskeleton of podocytes. The corti-
cal cytoskeleton was observed in podocytes after treating with CQ (25 pM) for 24 h and orderly arranged actin-stress fiber disappeared at 48 h. Data of statistical
analysis showed that the percentage of podocytes with disrupted actin cytoskeleton increased significantly. **P<0.01 versus CON, n=6.
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Figure 2. GO annotation of differentially expressed proteins (DEPs) in CQ-treated podocytes. Totally 277 DEPs were

identified after CQ treatment in podocytes. They were categorized into biological process (BP), molecular function

(MF) and cellular component (CC) according to GO annotation. The magnitude of P value was indicated by color

gradient. The number on the top of column was the rich factor (rich factor <1). Top 5 biological processes are re-

sponse to external stimulus, cell motility, localization of cells, biological adhesion and cell migration. In the aspect

of molecular function, most of DEPs were involving in signaling receptor binding. As for cellular component, majority

of proteins were distributed in cell membrane parts.

CQ treatment. As shown in Figure 6, active

RhoA, Racl and CDC42 decreased significantly

in podocytes.

Discussion
Podocytes form the outside layer of renal filtra-
tion barrier. The stability of actin cytoskeleton
architecture in podocyte was crucial for main-
taining normal renal filtration. Proteinuria will
occur if podocytes detach or actin cytoskeleton
undergoes depolymerization. Here we showed
the effects of CQ on human podocytes in vitro.
In addition, TMT-labeled quantitative proteo-
mics approach was used to explore the underly-

Representative active small GTPases de-
creased in CQ-treated human podocytes

The RhoA family of small GTPases regulates
many cellular processes. RhoA, Racl and CD-
C42 are the representative ones and responsi-
ble for maintaining the stability of actin cyto-
skeleton. It has been known that RhoA partici-
pates in the formation of actin stress fibers
[23]. Racl and Cdc42 are responsible for the
formation of lamellipodia and filopodia respec-
tively [24]. To verify whether the actin cytoskel-
eton disassembly is subject to the changes of
these small Rho-GTPases, the active form of
RhoA, Racl and CDC42 were measured after

ing mechanisms.
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Figure 3. Functional enrichment analysis of DEPs. Top 20 enriched KEGG pathways were identified based on the
DEPs in CQ-treated podocytes. The magnitude of P value was indicated by color gradient. The number on the top of

column was the rich factor (rich factor <1).

Our results showed that cell motility decreas-
ed in CQ-treated human podocytes. It is well
known that increased podocyte motility under
harmful stimuli disrupts the normal function of
renal filtration barrier [1]. Hence, CQ treatment
may alleviate podocyte injury by normalizing
cell motility. It may explain why CQ and its ana-
logues show therapeutic effects in lupus ne-
phritis [25]. Moreover, CQ might also strength-
en cell adhesion. TMT-labeled quantitative pro-
teomics analysis showed that 12 differentially
expressed CAMs were involved in cell adhe-
sion. PPI analysis found that 6 of them had at
least one protein-protein interaction. They are
Syndecan-4, Integrin beta-8, Vascular cell ad-
hesion protein 1, Neural cell adhesion molecule
L1, Claudin-1 and Claudin-4. gPCR data of the-
se 6 proteins were consistent with proteomic
results, suggesting that their increased prote-
in expression might be regulated at the tran-
scriptional level. Syndecan-4 is a proteoglycan
receptor and plays a key role in regulating podo-
cyte adhesion and motility. Overexpression of
Syndecan-4 in podocytes reduces RhoA act-
ivity which could decrease the formation of
actin stress fibre and podocyte motility [26].
Syndecan-4 increased after CQ treatment,
suggesting that it may enhance the adhesion
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between podocytes and glomerular basement
membrane, but diminished podocyte motility.
Similarly, the other increased 5 CAMs (Integrin
beta-8, Vascular cell adhesion protein 1, Neu-
ral cell adhesion molecule L1, Claudin-1 and
Claudin-4) could also strengthen cell adhesion
[27-29]. Taken together, the effects of CQ in
podocyte motility and adhesion might be help-
ful in maintaining normal renal filtration.

Actin cytoskeleton of podocytes could be depo-
lymerized after CQ treatment. It may be attrib-
uted to autophagy inhibition [18, 19]. CQ is a
widely used autophagy inhibitor as it suppr-
esses autolysosomal degradation by increas-
ing lysosomal pH [18]. Our data reveals that
lysosome is an important target of CQ treat-
ment in podocytes. There are totally 22 DEPs in
which majority of them participate in intracel-
lular degradation and turnover of proteins. Fur-
thermore, we previously demonstrated that
CQ could inhibit podocyte autophagy after 24 h
treatment [18]. It is well known that autophagy
is a highly conserved catabolic process which
degrades unwanted cellular components to ke-
ep cell homeostasis [30]. Actin cytoskeleton is
required for autophagy induction in starved
cells, as it not only serves as motors for trans-

Am J Transl Res 2020;12(8):4290-4301
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Table 2. The top 20 KEGG pathways enriched from differentially expressed proteins (DEPs) in CQ-treated podocytes

Enriched Top 20 KEGG pathways

Differentially expressed proteins (Protein ID)

Fat digestion and absorption

Fatty acid biosynthesis

Staphylococcus aureus infection
Proteoglycans in cancer

Vitamin digestion and absorption
African trypanosomiasis

Terpenoid backbone biosynthesis
Steroid biosynthesis

Sphingolipid metabolism

Cholesterol metabolism

Other glycan degradation
Glycosphingolipid biosynthesis - globo and isoglobo series
ECM-receptor interaction

Ferroptosis

Malaria

Protein digestion and absorption

Cell adhesion molecules (CAMs)
Complement and coagulation cascades

Lysosome

Cytokine-cytokine receptor interaction

P04114 014495 P02647

060488 095573 P49327

POCOL4 PO0747 PO5362

P00749 Q03405 P0O4004 P08962 P08648 060353 P31431 PO7996 P08581 Q14573 P21333 P61812 075369 PO7711
P04114 PO2647 P41440

P55085 P02647 P69905 P05362 P19320

P04035 Q01581 Q13907 Q03426 P53602

Q15800 Q14534 QOUBM7 P37268 P48449

014495 Q8NHU3 Q16739 Q13510 P06280 P17405

P02649 P04114 PO2749 P01130 P02647 P02656 P61916

P04066 000462 PO7686 PO6865 Q9BTY2

P17050 P06280 PO7686 PO6865

P02458 P26012 P08123 P04004 Q13751 P02452 PO8648 P31431 P07996 Q16787

Q13772 Q15043 P04156 P08195 Q9COK1 P09601 Q658P3 060488 095573

P69905 P60033 PO7996 P05362 P19320 PO8581 P25942 P61812

Q96QD8 P02458 P02461 P08123 P02452 P08195 P54710 Q02388 P08473

P26012 095832 095297 P10586 P31431 014493 P05362 P28827 P19320 P25942 P32004 P14209
POCOL4 PO0750 P12259 PO0747 PO0749 Q03405 P04004 P01023 PO0488 PO0734 P15529

Q15012 Q9NRA2 P08962 P17050 Q13510 P61916 P06280 P0O4066 PO7339 P50897 000462 P17405 P53634 P10619 PO7686 PO7858
PO7711 PO6865 014773 QQUBR2 Q99538 075503

014763 P41273 P36941 P24001 014798 P09341 P50591 P40189 Q99988 000300 QONP84 P25942 P61812
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Figure 4. PPl analysis of DEPs in CQ-treated human podocytes. Totally 156 nodes and 862 edges were established
in PPl network. Six cell adhesion molecules (CAMs) were founded in PPI network and highlighted in red. They are
Syndecan-4, Integrin beta-8, Vascular cell adhesion protein 1, Neural cell adhesion molecule L1, Claudin-1 and
Claudin-4. The node and edge represented DEP, the interaction between two DEP respectively. More edges indi-
cated more protein interactions existed. Abbreviations: Syndecan-4, SDC4. Integrin beta-8, ITGB8. Vascular cell
adhesion protein 1, VCAM1. Neural cell adhesion molecule L1, L1CAM. Claudin-1, CLDN1. Claudin-4, CLDN4.
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Figure 5. The mRNA expression of 6 key CAMs in hu-
man podocytes after CQ treatment. Podocytes were
treated with CQ (25 pM) for 12 hours. The mRNA
expressions of 6 key CAMs in podocytes were mea-
sured by real-time PCR. It showed that mRNA expres-
sions of SDC4, ITGB8, VCAM1, L1CAM, CLDN1 and
CLDN4 were consistent with results from TMT-based
proteomic analysis. n=4.

porting required components but also engages
in membrane invagination to form autophago-
somes [31]. On the other hand, autophagy may
affect the structure of actin cytoskeleton.
Autophagy gene Atg7 deficient fibroblast cells
present with depolymerization of actin cyto-
skeleton [16]. Atg7 or Atgb mutation in kidney
epithelium results in focal segmental glomeru-
loscerosis (FSGS) which presents with foot pro-
cess enfacement in rodent models [32]. Thus,
it suggested that autophagy not only protects
against cell apoptosis but also may safeguard
cell structure.

As for the dynamic regulators of actin cytoskel-
eton, three representative Rho-GTPases (RhoA,
Cdc42 and Racl) have been extensively stud-
ied in recent years [33]. For instance, podocyte-
specific deletion of Cdc42 leads to severe pro-
teinuria due to foot process effacement which
was characterized by actin cytoskeleton depo-
lymerization [34]. Similarly, foot process efface-
ment was also presented in STZ-induced dia-
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betic mice with podocyte-specific deletion of
Rac1 [35]. Our data showed that active RhoA,
Racl and Cdc42 decreased after CQ treat-
ment, suggesting that they might participate in
the disruption of actin cytoskeleton. In addi-
tion, our finding was also consistent with the
migration assay results, as podocyte mobility is
regulated by Rho-GTPases. It is known that
activation of RhoA could promote podocyte
motility, and over-activation or dominant nega-
tive RhoA leads to foot process effacement in
rodent model [36]. Meanwhile, inactivated
Cdc42 and Rac1 reduce cell motility [33]. Thus,
decreased active RhoA, Racl and Cdc42 might
be associated with actin cytoskeleton depoly-
merization and diminished cell motility in
CQ-treated podocytes.

In summary, CQ could alter the stability of
podocyte cytoskeleton. It might alleviate podo-
cyte injury in podocytopathy by enhancing cell
adhesion and diminishing podocyte motility. On
the other hand, it could depolymerize actin
cytoskeleton. Additionally, DEPs after CQ treat-
ment were predominantly associated with lyso-
some, cell adhesion and cytokine-cytokine
receptor interaction. These identified DEPs
may provide new insights into the effects of CQ
on human podocytes. Our findings may explain
the efficacy and side effects of CQ and its ana-
logues in treating rheumatic diseases such as
lupus nephritis. Even though CQ is a recognized
autophagy inhibitor, it is worth verifying wheth-
er it damages actin cytoskeleton by inhibiting
autophagy. Future studies may investigate the
crosstalk between autophagic proteins and
actin cytoskeleton. We will explore the signaling
pathways controlling podocyte motility and
adhesion after CQ treatment. Further investiga-
tion on the role of identified DEPs will allow bet-
ter understanding of the molecular pathways
involved in CQ-treated podocytes.
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Supplementary Material-1

All identified DEPs in human podocytes after CQ treatment. Totally 277 DEPs (210 up-regulated and 67
down-regulated) were identified in podocytes after CQ treatment (25 pM) for 24 hour. The value of CQ/
Control indicated the fold changes of protein after CQ treatment. P<0.05 was considered statistically
significant.



