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Mesenchymal Stem Cells Ameliorate Fibrosis by
Enhancing Autophagy via Inhibiting Galectin-3/Akt/mTOR
Pathway and by Alleviating the EMT via Inhibiting
Galectin-3/Akt/GSK3 3 /Snail Pathway in NRK-52E Fibrosis
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Background and Objectives: Epithelial-Mesenchymal transition (EMT) is one of the origins of myofibroblasts in renal
interstitial fibrosis. Mesenchymal stem cells (MSCs) alleviating EMT has been proved, but the concrete mechanism
is unclear. To explore the mechanism, serum-free MSCs conditioned medium (SF-MSCs-CM) was used to treat rat
renal tubular epithelial cells NRK-52E) fibrosis induced by transforming growth factor- 51 (TGF- 8 1) which amelio-
rated EMT.

Methods and Results: Galectin-3 knockdown (Gal-3 KD) and overexpression (Gal-3 OE) lentiviral vectors were estab-
lished and transfected into NRK-52E. NRK-52E fibrosis model was induced by TGF-A31 and treated with the
SF-MSCs-CM for 24 h after modelling. Fibrosis and autophagy related indexes were detected by western blot and
immunocytochemistry. In model group, the expressions of «@-smooth muscle actin (a-SMA), fibronectin (FN),
Galectin-3, Snail, Kim-1, and the ratios of P-Akt/Akt, P-GSK3 8/GSK3 /3, P-PI3K/PI3K, P-mTOR/mTOR,
TIMP1/MMP9, and LC3B-II/I were obviously increased, and E-Cadherin (E-cad) and P62 decreased significantly com-
pared with control group. SF-MSCs-CM showed an opposite trend after treatment compared with model group. Whether
in Gal-3 KD or Gal-3 OE NRK-52E cells, SF-MSCs-CM also showed similar trends. However, the effects of anti-fibrosis
and enhanced autophagy in Gal-3 KD cells were more obvious than those in Gal-3 OE cells.

Conclusions: SF-MSCs-CM probably alleviated the EMT via inhibiting Galectin-3/Akt/GSK3 8/Snail pathway.
Meanwhile, Gal-3 KD possibly enhanced autophagy via inhibiting Galectin-3/Akt/mTOR pathway, which synergistically
ameliorated renal fibrosis. Targeting galectin-3 may be a potential target for the treatment of renal fibrosis.
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Introduction

Chronic kidney disease (CKD) and renal fibrosis, which
affect half of adults over the age of 70 and 10% of the
world’s population, are an important public health problem.
The main pathological feature of renal fibrosis is a large
number of activated myofibroblasts, and the excessive syn-
thesis and secretion of extracellular matrix (ECM) is de-
posited in the renal interstitium, which leading to struc-
tural damage, impairment of renal function, and even-
tually end-stage renal disease (1). It has been recognized
that TGF- /51 is still regarded as the master regulator of
fibrosis. TGF- 81 mediated EMT is an outstanding mech-
anism in the progression of fibrosis, which is often used
to establish renal fibrosis iz vitro (2). Hyperactivated my-
ofibroblasts are an important source of excessive ECM
production. Notwithstanding, there exists controversy about
the sources of myofibroblasts and their contribution to fib-
rosis, recent studies suggested that resident fibroblasts and
EMT are the two major sources of myofibroblasts in renal
interstitial fibrosis (3).

It has been an important direction in the treatment of
renal fibrosis to search for effective targets. Clinically, an-
giotensin-converting enzyme inhibitors (ACEIs) or angio-
tensin receptor blockers (ARBs) have been the mainstay
of therapy for CKD for more than 20 years. While ACEIs
and ARBs slow the progression of renal disease, they do
not halt this progress (4). There are still no agents beyond
ACEIs and ARBs approved to treat renal fibrosis in clin-
ical practice. A great deal of evidences showed that stem
cells have notable therapeutic effects in acute and chronic
kidney diseases. Among them, MSCs are considered the
most promising therapeutic tool due to their capacity of
self-renewal, multilineage differentiation, immunomodulat-
ion, and have attracted great attention in regenerative
medicine. MSCs-based therapy has been proved to amelio-
rate renal fibrosis with effectiveness and safety in various
CKD diseases and emerged as a promising way for an-
ti-fibrosis in the latest 10 years (5). At present, it is still
recognized that plenty of cytokines secreted by MSCs is
the main factor of their anti-fibrotic effects in acute and
chronic kidney diseases. However, the concrete mecha-
nism of MSCs for inhibiting EMT has not been fully
elucidated.

To date, there is still a lack of effective treatment specif-
ically targeting to renal fibrosis. However, Prakoura et al.
(6) and Liu and Zhuang (4) summarized five novel media-
tors of renal fibrosis with the potential to constitute future
therapeutic targets against kidney disease: galectin-3, dis-
coidin domain receptor 1 (DDCI), periostin, connexin 43,
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and cannabinoid receptor 1 (CBl). Among them, ga-
lectin-3 is a new anti-fibrotic target of our interest. We
attempted to elucidate the regulation of galectin-3 in
MSCs with renal fibrosis induced by TGF-31.

Autophagy is a highly conserved metabolic process that
involves in the breakdown of intracellular proteins and or-
ganelles mediated by lysosomes (7). Basic autophagy in re-
nal cells is essential for maintaining the internal environ-
ment, structure and renal function. Under stress, autoph-
agy is changed as part of the adaptive response of renal
cells, and this process is strictly regulated by signaling
pathways that regulate autophagy flow (8). Some studies
have shown that autophagy has a pro-fibrotic effect and
participates in the activation of renal fibroblasts in a uni-
lateral ureteral obstruction (UUQO) mouse model (9, 10).
More experiments i vivo and vitro have confirmed that
induction of autophagy leads to inhibition of EMT, which
in turn inhibits fibrosis (11, 12). However, there are still
questions about whether autophagy has a protective or
pathological role in renal fibrosis, as well as the exact
mechanisms of the autophagy response, which require fur-
ther research to gain insight into the regulation of renal
autophagy and contribute to the discovery of novel ther-
apeutic strategies (13).

Materials and Methods

MSCs primary isolation, culture, identification, and
SF-MSCs-CM preparation

MSCs were derived from rat bone marrow that obtained
from the femur and tibia of healthy male Sprague-Dawley
rats (120~150 g). These cells were maintained in low glu-
cose Dulbecco’s modified Eagle’s medium (DMEM) con-
taining 10% fetal bovine serum (FBS) (Gibco, Invitrogen,
New York, USA), 2.5 mM L-glutamine, and pen-
icillin/streptomycin (Gibco, Invitrogen, New York, USA)
in a 5% CO; incubator at 37°C. When these reached 90%
confluence, MSCs were harvested using 0.25% tryp-
sin-EDTA (Thermo Fisher Scientific, Waltham, MA,
USA). MSCs were subcultured at the ratio of 1 : 3. To
identify MSCs, MSCs (passage 3) were collected and wash-
ed with sterile saline to achieve a single cell suspension
for analysis. The cells were incubated with the following
antibodies against surface antigens (Abcam, UK): CD90-
FITC (ab226, Abcam), CD29-PE/Cy7 (ab95622, Abcam), CD45-
APC (17-0461-82, ThermoFisher Scientific) and CDI106-PE
(ab223981, Abcam). Finally, MSCs were washed and re-
suspended in 0.5 ml of PBS for analysis using a BD
FACSCalibur flow cytometer and Cell Quest software (BD
Biosciences, San Jose, CA, USA). When MSCs reached
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70% at passage 3, the cells were washed with phosphate
buffered saline for three time, and cultured with DMEM
without serum and antibiotics for 48 h. Collect the free se-
rum MSCs supernatant, centrifuge it at 2,000 rpm for 10 min
and remove cellular debris by using a 0.22 x#m disposable
filter, and then store it at —80°C till use. All animal cares
and experimental procedures involved in this study have
been approved by the Animal Ethics Committee (AEC) of
the Southwest Medical University (No. SWMU201803147).

NRK-52E cell culture and treatment

Normal rat renal tubular epithelial cells (NRK-52E)
were purchased from the Beina Chuanglian Biotechnology
Research Institute (BNBIO, Beijing, China) and cultured
in DMEM containing low-glucose (Gibco/Life Technologies,
Grand Island, NY) supplemented with 10% FBS (Gibco/
Life Technologies). Cells that reached 80% confluent were
used for the next experiments. The experiment was div-
ided into five groups: (1) Normal group, (2) TGF-51
group, (3) TGF- 81+ SF-MSCs-CM group, (4) TGF-51+
SF-DMEM (serum-free DMEM) group, and (5) SF-MSCs-
CM group. The TGF- 31 group was treated with recombi-
nant human TGF- 81 (15 ng/ml, PeproTech, Rocky Hill,
NJ, USA) for 72 h. SF-MSCs-CM or SF-DMEM was add-
ed to the dishes for 24 h and 48 h at the end of TGF-/51
treatment in TGF- 51+ SF-MSCs-CM group and TGF- 8
1+SF-DMEM group. The SF-MSCs-CM group was only
treated with conditioned medium for 24 h and 48 h. The
cells were cultured and treated in a 6 cm dish, and the
volume of DMEM and SF-MSCS-CM were both 4 ml in
each dish.

Establishment of Gal-3 KD and Gal-3 OE NRK-52E
cells

To explore the role of galectin-3 gene in SF-MSCs-CM
against TGF- 8 1-induced NRK-52E fibrosis, Gal-3 KD or
Gal-3 OE lentiviral vector was transfected into NRK-52E
cells, the empty vector transfected cells were used as con-
trol (Syngentech, Beijing, China). Western blot confirmed
the expression of galectin-3 protein. NRK-52E cells trans-
fected were seeded into 6 cm sterile dishes and divided
into three groups: control group (Control), galectin-3
knockdown group (Gal-3 KD), and galectin-3 over-
expression group (Gal-3 OE). Every group was divided in-
to five subgroups: (1) Normal group, (2) TGF-£1 group,
(3) TGF- 81+SF-MSCs-CM group, (4) TGF- 51+SF-DMEM
group, and (5) SF-MSCs-CM group. The TGF- /41 group was
treated with recombinant human TGF- 81 (15 ng/ml, Pepro-
Tech, Rocky Hill, NJ, USA) for 72 h. SF-MSCs-CM or SF-
DMEM was added to the dishes for 24 h or 48 h at the

end of TGF-A1 treatment in TGF-/1+SF-MSCs-CM
group and TGF- /A 1+SF-DMEM group. The SF-MSCs-
CM group was only treated with conditioned medium for
24 h or 48 h. Western blot was used to analyze cell lysates.

Immunocytochemical staining of cell slides
NRK-52E cells were seeded into 24-well sterile plates
with cell slides and stained to detect E-Cadherin (1 : 50,
Cell Signaling, USA) and a-SMA (1 : 100, Proteintech,
USA) by immunocytochemistry according to the manu-
facturers’s manual (Solarbio Life Sciences, Beijing, China).

Western blot

Total proteins were extracted on ice using RIPA (Beyotime,
China) lysis buffer containing 1 mM PMSF. Collect the
supernatants after centrifugation at 15,000 rpm at a 4C
for 15 min. The concentration of protein was quantified
by a BCA assay kit. The protein samples were loaded in
10% SDS-PAGE gels and transferred onto the PVDF
membrane (Millipore, USA). The membrane was in-
cubated overnight at 4°C after blocking with 5% skim
milk. The following antibodies are used: GAPDH (1 :
30,000, Proteintech, USA), a-SMA (1 : 4,000, Proteintech,
USA), Galectin-3 (1 : 3,000, Cell Signaling, USA), GSK3 8
(1 : 1,000, Cell Signaling, USA), Phospho-GSK3 S8 (Ser9)
(1 : 1,000, Cell Signaling, USA), Snail (C15D3) (1 : 1,000,
Cell Signaling, USA), Akt (pan) (1 : 1,000, Cell Signaling,
USA), Phospho-Akt (Ser473) (1 : 1,000, Cell Signaling,
USA), Fibronectin (1 : 1,000, Abcam, UK), E-Cadherin
(1 : 1,000, Abcam, UK), MMP9 (1 : 1,000, Abcam, UK),
TIMPI1 (1 : 1,000, Cell Signaling, USA), Kim-1 (1 : 1,000,
SAB, USA), PI3K (1 : 1,000, Abmart, China), Phospho-
PI3K (1 : 1,000, Abmart, China), mTOR (1 : 1,000, Abmart,
China), Phospho-mTOR (1 : 1,000, Abmart, China), LC3B
(1 : 1,000, Abmart, China), and P62 (1 : 1,000, Abmart,
China) antibodies. The membranes were incubated with
horseradish peroxidase (HRP)-conjugated goat-anti rabbit
or mouse antibodies for 1 hour and reacted with chem-
iluminescence HRP substrate (Solarbio, China). The
ChemiScope 6000 Exp imaging system (CliNX, Shanghai,
China) was used to display the protein bands. NIH Image
J software was used for quantitative analysis of protein
bands.

Statistical analysis

All data were biologically replicated three times. The
data were presented as meanz*standard deviation. Statistical
analysis was performed using one-way or two ANOVA
(GraphPad Software, San Diego, CA, USA) followed by
the Bonferroni or Tukey post hoc testing to analyze differ-



ences between groups. p<0.05 were considered statisti-
cally significant.

Results

Isolation, culture, and identification of MSCs

Bone marrow-derived MSCs showed a typical spindle-
shaped appearance. Flow cytometric analysis revealed that
MSCs showed high expression levels of CD29 and CD90
and low expression levels of CD106 and CD45 (Fig. 1).
The results confirmed the presence of a MSC phenotype.

Effects of SF-MSCs-CM on TGF- 8 -induced NRK-52E
fibrosis at different time points

To select an appropriate time for observing the effects
of SF-MSCs-CM on alleviating fibrosis changes and cyto-
kine depletion in conditioned medium, two time points
(24 h and 48 h) were set up, respectively. TGF-£81 sig-
nificantly increased the expressions of Gal-3 and @-SMA
compared with the normal group. SF-MSCs-CM treatment
for 24 h notably decreased the expressions of Gal-3 and
@-SMA after TGF-81 treatment, SF-DMEM medium
treatment significantly upregulated these indexes com-
pared with the TGF- 81+ SF-MSCs-CM group. However,
these indexes presented an upward trend comparing
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SF-MSCs-CM treatment for 48 h with SF-MSCs-CM treat-
ment for 24 h after TGF- 81 treatment, which probably
attributed to the exhaustion of the cytokines secreted by
MSCs (Fig. 2).

SF-MSCs-CM ameliorated /n vitro fibrosis in NRK-52E
cells induced by TGF- 31

To explore the regulation of Gal-3 in SF-MSCs-CM with
NRK-52E fibrosis induced by TGF-/£A1 in vitro, western
blot was used to detect the fibrosis related proteins. The
resulted showed that TGF- 81 surely upregulated the ex-
pressions of @-SMA, FN, Kim-1, Gal-3, and Snail, and the
ratios of TIMP1/MMP9, P-Akt/Akt, P-GSK3 42/GSK3 3,
P-PI3K/PI3K, and P-mTOR/mTOR compared with the
normal group. Meanwhile, SF-MSCs-CM treatment for 24
h notably reduced the above proteins or ratios, but E-
Cadherin showed the opposite trend. Compared with
TGF- 51+ SF-MSCs-CM group, these indexes were mark-
edly upregulated in TGF-81+SF-DMEM group, espe-
cially when the expression level of @-SMA was higher
than that in TGF- 31 group (Fig. 3).

Effects of SF-MSCs-CM on TGF- 31-induced NRK-52E
cell autophagy at different time points
To observe the effect of SF-MSCs-CM on autophagy in
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Fig. 1. Identification of rat bone marrow-derived MSCs. The appearance of bone marrow-derived

MSCs is a typical spindle shape.

Immunophenotypic characterization of MSCs was detected by flow cytometry. MSCs related markers were positive for CD29 and CD90

and were negative for CD106 and CD45.
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Fig. 2. Effects of SF-MSCs-CM on TGF- 8-induced NRK-52E fibrosis at different time points. (A) The expression of @-SMA and Gal-3 in
NRK-52E cells induced by TGF-81 was detected by Western Blot after SF-MSCs-CM treatment. (B) Quantification of a-SMA. (O)
Quantification of Gal-3. Results were normalized relative to the expression of GAPDH. N=3 (per group). Data are presented as mean +SD
and analyzed by two-way ANOVA followed by Tukey post hoc testing. *p<0.05, vs. control group, *p<0.05, vs. TGF- 81+ SF-MSCs-CM
(24 h) group, .p< 0.05, vs. TGF- 3 1+SF-MSCs-CM (48 h) group, “p<0.05, vs. TGF-81 +SF-DMEM (24 h) group, ’p<0.05, vs. TGF-£ 1+

SF-DMEM (48 h) group.

anti-fibrosis process, two time points were set, respec-
tively, 24 h and 48 h. Up-regulation of the ratio of LC3B-
II/T induced by TGF-/A1 was accompanied by down-
regulation of P62 compared with the normal group, but
the trend was even more pronounced in TGF-81+
SF-MSCs-CM group which SF-MSCs-CM treatment for
24 h compared with the TGF-£1 group, DMEM medium
treatment with no serum significantly down-regulate the
ratio of LC3B-II/I, meanwhile up-regulated the expression
of P62 compared with the TGF- 81+ SF-MSCs-CM group.
However, the ratio of LC3B-II/T of TGF- 51-+SF-MSCs-CM
group treatmented for 48 h has a downward trend accom-
panied with an upward trend of P62 compared with that
of TGF-81+SF-MSCs-CM group treatmented for 24 h
(Fig. 4.

SF-MSCs-CM probably protected NRK-52E from
TGF- 31-induced fibrosis in vitro by inhibiting
Gal-3/Akt/GSK3 2 /Snail signaling pathway

To verify whether galectin-3 gene involved in SF-MSCs-
CM against TGF- 81 induced NRK-52E fibrosis and the
possible mechanism, the lentiviral vector was used to
knock down and overexpress galectin-3 gene in NRK-52E
cells, the efficiency of transfection of galectin-3 gene was
verified by western blot (Fig. SA~C). To make the com-

parison of anti-fibrotic effect of SF-MSCs-CM between
Gal-3 KD and Gal-3 OE cells, the expression of @-SMA,
galectin-3 and E-cad was proved to be no statistical differ-
ence in the normal group, Gal-3 KD control group and
Gal-3 OE control group (Fig. SD).

In the Gal-3 KD group, TGF- 81 significantly increased
the expressions or the ratios of @-SMA, TIMP1/MMP9,
FN, Kim-1, Gal-3, P-Akt/Akt, P-GSK3 3/GSK3 £, and
Snail compared with the normal group, and decreased the
expression of E-cad. SF-MSCs-CM treatment significantly
downregulated these indexes more clearly than SF-DMEM
treatment after TGF- 81 treatment, except the expression
of E-cad, which was upregulated. In the Gal-3 OE group,
the indexes presented similar trends to those in the Gal-3
KD group, but higher than those of the same subgroups
in the Gal-3 KD group (Fig. 6).

Immunocytochemical staining of cell slides revealed
that Gal-3 KD reduced the expression of @-SMA and in-
creased the expression of E-Cadherin in NRK-52E cells,
but an opposite trend appeared in Gal-3 OE. TGF- /41
clearly increased the expression of @-SMA and decreased
the expression of E-Cadherin in Gal-3 OE cell, which was
more than in Gal-3 KD cells. The treatment of SF-MSCs-CM
after TGF- A1 treatment reduced the expression of «-
SMA and raised the expression of E-Cadherin in both
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Fig. 3. Effects of SF-MSCs-CM on TGF- £ 1-induced NRK-52E cell fibrosis. Compared with TGF-/4 1 group, these fibrosis related indicators
were notably downregulated in TGF- 8 1+SF-MSCs-CM group. Results were normalized relative to the expression of GAPDH. N=3 (per
group). Data are presented as mean+SD and analyzed by two-way ANOVA followed by Tukey post hoc testing. *p<0.05, vs. control
group, *p<0.05, vs. TGF-31+SF-MSCs-CM group, “p<0.05, vs. TGF-81-+SF-DMEM group, ®p<0.05, vs. SF-MSCs-CM group.

Gal-3 KD cells and Gal-3 OE cells, but more obvious in
Gal-3 KD cells than in Gal-3 OE cells. SF-DMEM treat-
ment also downregulated the expression of «-SMA, worse
than TGF- A1+ SF-MSCs-CM group (Fig. 7).

SF-MSCs-CM probably protected NRK-52E from
TGF- 31-induced fibrosis /in vitro by strengthening
autophagy via inhibiting Galectin-3/Akt/mTOR
signaling pathway

Whether in Gal-3 KD cells or in Gal-3 OE cells, TGF- 41
increased the ratios of P-PI3K/P-PI3K, P-Akt/Akt, P-mTOR/



58 International Journal of Stem Cells 2023;16:52-65

TGF-B1 (15 ng/mL 72 h) - + + + + + - -
SF-MSCs-CM - — 24h 48h — — 24h 48h
SF-DMEM — - - — 24h 48h — -
LC3B- | [ e S - 16 KD
LC3B- I " - =S = 1a KD
GAPDH S s sy S ta S s s | 36 KD
P62 M SR S e e Wee s W | 62 KD
GAPDH | s s s s s s e e | 36 KD
A s LC3B-II/l B s P62
&
T —— .
=10 E 1.0 _# a ~
2 3 = B
8 0
S o0s § 05

0.0

TGF-B1 (15 ng/mL 72 h)
SF-MSCs-CM
SF-DMEM

-+ ++ + + - -

24h 48h — — 24h 48h
— — — — 2h48h— —

0.0

TGF-B1 (15 ng/mL 72 h)
SF-MSCs-CM
SF-DMEM

-+ ++ + + - -
24h 48h — — 24h 48h
24h 48h — —

Fig. 4. Effects of SF-MSCs-CM on TGF- 8 1-induced NRK-52E cell autophagy at different time points. SF-MSCs-CM treatment upregulated
the ratio of LC3B-II/I compared with the TGF-/ 1 group, accompanied by down-regulation of P62, SF-DMEM treatment after TGF-/3 1 treat-
ment significantly downregulate the ratio of LC3B-II/l meanwhile upregulated the expression of P62 compared with the TGF-£1+
SF-MSCs-CM group. However, the ratio of LC3B-II/I of SF-MSCs-CM treatment for 48 h after TGF- /41 treatment could have a downward
trend compared with 24 h, P62 does the opposite. (A) Quantification of LC3B- II/l. (B) Quantification of P62. Results were normalized
relative to the expression of GAPDH. N=3 (per group). Data are presented as mean+SD and analyzed by two-way ANOVA followed
by Tukey post hoc testing. *p<0.05, vs. normal group, p<0.05, vs. TGF- 8 1+SF-MSCs-CM group (24 h), .p<0.05, vs. SF-MSCs-CM
group (48 h), “p<0.05, vs. TGF- 8 1-+SF-DMEM group (24 h), ’p<0.05, vs. TGF- 81-+SF-DMEM group (48 h), ¥p<0.05, vs. SF-MSCs-CM

group (24 h).

mTOR, and LC3B-II/I compared with the blank group, and
were clearly decreased after SF-MSCs-CM treatment, ex-
cept LC3B-II/1, while the expression of P62 showed the
opposite trend. However, the ratios of the above indicators
showed more significant decreases in Gal-3 KD cells than
those in Gal-3 OE cells, except LC3B-1I/1. P62 was down-
regulated more surely in Gal-3 KD cells than that in Gal-3
OE. SF-DMEM treatment after TGF- 81 treatment also
decreased the ratios of the above indexes, but less than
those in TGF- /A 1+SF-MSCs- CM group, especially in
Gal-3 OE cells (Fig. 8).

Discussion

Effects of MSCs on the fibrosis in liver, heart, and lung
diseases have been widely demonstrated (14-16). MSCs-based
therapy is a promising therapeutic strategy for acute and
chronic kidney disease (17), and have antifibrosis effects
and safeties in acute kidney injury and chronic kidney dis-
eases (18-20). However, the exact mechanisms of MSCs-based
therapies remain unclear. At present, numerous studies
have shown that the exogenous treatment of MSCs or
MSCs-conditioned medium can significantly reduce renal
tubulointerstitial fibrosis by mainly secreting cytokines via

paracrine effects, decrease peritubular capillary injury,
and prevent epithelial-mesenchymal transition in vari-
ously chronic kidney injury models (21-23). Our results
were consistent with these studies, showing the down-
regulation of «@-SMA, galectin-3, TIMP1/MMP9, FN,
Kim-1, Snail, and upregulation of E-Cadherin. These find-
ings suggest that SF-MSCs-CM has anti-fibrotic properties
and may be an effective therapy for preventing the pro-
gression of renal fibrosis.

Meantime, in the TGF-31+SF-MSCs-CM group, we
found that the expression of @-SMA decreased at 24 h,
and then increased at 48 h, but less than that in TGF- 51
group, which probably attributed to the cytokines ex-
haustion of the conditional medium from MSCs, serum
starvation (or unsuitable growing conditions), and autoph-
agy regulation. Different literatures have reported that the
different degree of fibrosis model induced by TGF- 41 in
oitro is due to cell types, TGF-81 concentration, in-
duction time, and preconditioning of serum starvation.
Most studies reported that in vitro, fibrosis model was in-
duced by 10 ng/ml TGF- 51 treatment for 48 h or 5 ng/ml
TGF- /1 treatment for 72 h. But we treated NRK-52E cells
with TGF- 581 at a concentration of 15 ng/ml for 72 h,
which probably resulted in excessive fibrosis. During 24 h
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treatment with SF-MSCs-CM, the concentration of cyto-
kines, exosomes, or microvesicles derived from MSCs in
the medium stayed at a high level, and NRK-52E cells
could also tolerate a short-term serum deficiency, which
showed good antifibrotic effects. But with the extension
of treatment time, these levels decreased rapidly, and cells
couldn’t tolerate serum deficiency for longer time, which
maybe result in the above results. Meantime, SF-MSCs-CM
was not suitable for the growth conditions of NRK-52E

due to longer serum starvation. These results also in-
dicated that the conditional medium of MSCs alone was
not enough to reverse fibrosis in vitro in the short term.
So, as the cells were kept in serum-free medium for longer
time and the nutrients of SF-MSCS-CM were consumed,
fibrosis tended to return, and even become more severe.
On the other hand, this study also showed that with the
extension of SF-MSCs-CM intervention time, autophagy
gradually decreased. Autophagy could been triggered by
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serum starvation (24). Inhibition of autophagy can attenu-
ate tunicamycin-induced fibrosis and apoptosis in HK-2
(25), but also reported that Drpl-regulated PARK2-depen-
dent mitophagy activation protects against renal fibrosis in
unilateral ureteral obstruction (26). Kimura et al. (27)
confirmed that autophagy has a certain antagonistic effect
on energy metabolism disorders and abnormal redox
reactions. These implied that under different conditions,
the regulation of autophagy did affect the fibrosis process,
although it is still controversial. Our results showed that

SF-MSCs-CM treatment for 24 h could alleviate fibrosis
by activating the autophagy, but deteriorate by inhibiting
the autophagy after SF-MSCs-CM treatment for 48 h (Fig.
2, 4), which implied that autophagy inhibition could ex-
acerbate fibrosis in this study. This may be another reason
for the above results.

To explore the possible mechanisms of SF-MSCs-CM
against renal fibrosis in NRK-52E induced by TGF-£1,
on the one hand, SF-MSCs-CM downregulated the ratios
of P-Akt/Akt, P-GSK3 4 /GSK3 3, which leaded to re-
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ducing the downstream key EMT transcription factor,
Snail, inhibiting EMT which is one of the main sources
of myofibroblasts, eventually alleviating the fibrosis. And
that, the inhibiting the EMT of SF-MSCs-CM was related
to the reduction of Galectin-3. On the other hand,
SF-MSCs-CM downregulated the ratios of P-PI3K/PI3K,
P-Akt/Akt, and P-mTOR/mTOR, and then enhanced the
ratio of LC3BII/I accompanied by the decrease of P62,
which implied that SF-MSCs-CM maybe ameliorate
NRK-52E fibrosis by strengthening the autophagy via in-
hibiting PI3K/Akt/mTOR signaling pathway. Likewise,
the enhancing the autophagy of SF-MSCs-CM was related
to the decrease of Galectin-3. As reported in some refer-
ences, the PI3K/Akt/mTOR signaling pathway has an in-
hibitory effect on autophagy (28, 29). Autophagy is a cel-
lular biological process in which cytoplasmic components
are degraded in lysosomes to maintain homeostasis and
energy production. Increasing evidence suggests that au-
tophagy activity is necessary for homeostasis, survival,
physiological function of renal cells, and plays a role in
preventing renal fibrosis (30-32). Our results also in-
dicated that enhanced autophagy helped to weaken the de-
gree of fibrosis, which was consistent with the reported.

TGF-B1
+SF-DMEM  SF-MSCs-CM

[

e

Fig. 7. Immunocytochemical stain-
ing of E-Cadherin and @-SMA in
Gal-3 KD and Gal-3 OE NRK-52E
cells. Gal-3 KD reduced the expre-
ssion of @-SMA and increased the
expression of E-Cadherin in NRK-52E
cells, but an opposite trend appea-
red in Gal-3 OE. TGF-31 indeed in-
creased the expression of @-SMA
and decreased the expression of E-
Cadherin in Gal-3 OE cell, which
was more than in Gal-3 KD cells.
The treatment of SF-MSCs-CM after
TGF-$1 treatment reduced the ex-
pression of @-SMA and raised the
expression of E-Cadherin in both
Gal-3 KD cells and Gal-3 OE cells,
but more obvious in Gal-3 KD cells
than in Gal-3 OE cells. SF-DMEM
treatment also downregulated the
expression of @-SMA, worse than
SF-MSCs-CM group. Bar=100 #m.

The data preliminarily suggested that SF-MSCs-CM can
indeed enhance autophagy through Gal-3 knockdown,
probably resulting from the deactivation of PI3K/Akt/mTOR
signaling pathway. How galectin-3 knockdown regulates
the activation of autophagy still needs further research.

Our study showed that galectin-3 knockdown was asso-
ciated with either EMT inhibition or enhanced autophagy.
Galectin is a superfamily of animal lectins, widely dis-
tributed in various cells, such as activated myofibroblasts,
macrophages, epithelial cells, etc. It is characterized by its
ability to bind B -galactoside, which is evolutionarily con-
served and has a carbohydrate recognition domain (CRD)
of about 130 amino acids. In mammals, 15 members of
the galactose lectin family have been discovered, but ga-
lectin-3 is the only chimeric type of galectin in vertebrates.
In the kidney, Gal-3 is involved in nephrogenesis and a
variety of kidney diseases (33). Located mainly in the cy-
toplasm, galectin-3 can be shuttled into the nucleus or se-
creted to the cell surface, and can be detected in biological
fluids including serum and urine. Gal-3 has the following
three functions: 1) During growth and development, Gal-3
promotes cell migration by regulating intercellular adhe-
sion and cell matrix adhesion; 2) Gal-3 promotes the acti-
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Fig. 8. Expression of autophagy related proteins. (A~F), Whether in Gal-3 KD cells or in Gal-3 OE cells, SF-MSCs-CM treatment

enhanced autophagy and simultaneously reduced fibrosis after TGF- 81 treatment. SF-DMEM treatment also appear the similar phenomenon,
but less than those in TGF- 8 1+SF-MSCs-CM group, especially in Gal-3 OE cells. Results were normalized relative to the expression of
GAPDH. N=3 (per group). Data are presented as mean+SD and analyzed by two-way ANOVA followed by Tukey post hoc testing. *p
<0.05, vs. control group, *p<0.05, vs. TGF-81+SF-MSCs-CM group, “p<0.05, vs. TGF-81 +SF-DMEM group, .p<0.05, Vs.
SF-MSCs-CM group; compared Gal-3 KD NRK-52E cells with Gal-3 OE NRK-52E cells, *p<0.05, vs. normal group, ®p<0.05, vs. TGF- 1
group, “p<0.05, vs. TGF-41+SF-MSCs -CM group, ’p<0.05, vs. TGF- 8 1+SF-DMEM group, “p<0.05, vs. SF-MSCs-CM group.

vation of macrophages and fibrocytes, leading to tissue fib-
rosis and scar formation, thus causing organ fibrosis and
dysfunction; 3) Gal-3 can promote the EMT and further
participate in the pathological changes of tissue fibrosis
(34). Galectin-3 expression has been reported in a large
number of literatures in fibrosis diseases of the heart, liv-
er, and kidney (35-37). Some of the literature suggests that
galectin-3 has also been proposed as a diagnostic or prog-
nostic biomarker for certain types of heart disease, kidney
disease, and cancer (34, 38). Galectin-3 has the potential
to be a valuable anti-fibrotic target.

Numerous studies have shown that the therapeutic ef-
fect of MSCs in treating various diseases mainly depended
on their cytokine secretion and immune regulation, rather
than their ability to differentiate into specific cells (39,
40). The conditioned medium of mesenchymal stem cell
contains a variety of growth factors, cytokines, chemo-
kines, microvesicles, and exosomes (41, 42). In addition,

the exosomes or extracellular vesicles derived from MSCs
medium contain a variety of substances, such as proteins,
lipids and DNA, which play important roles in fibrosis
resistance. Multiple animal models demonstrated that
MSCs medium improved acute renal function injury
(AKI) induced by cisplatin, glycerin, gentamicin, or ische-
mia-reperfusion injury (43-45). The exosomes derived
from bone marrow-derived MSCs (BM-MSC-Ex) could in-
hibit TGF- £ 1-induced EMT in HK-2 cells, and may in-
volve autophagy activation of BM-MSC-Ex (46). Wang et
al. (47) observed that miRNA-LET7C in human bone
marrow-derived MSCs exosomes down-regulated the ex-
pression of type I collagen, MMP9, ¢-SMA and TGF- 51
and their receptors in UUO mouse kidney and NRK-52E
cells. Shi et al. (48) found that extracellular vesicles de-
rived from rat bone marrow stem cells could partly inhibit
RhoA/ROCK pathway and reduce renal fibrosis. The
above literatures indicated that conditioned medium de-



rived from MSCs may also exert antifibrotic roles by exo-
somes or microvesicles, and maybe involve autophagy acti-
vation of BM-MSC-Ex. However, whether the cytokines,
exosomes, or microvesicles secreted by MSCs interact with
galectin-3, and how galectin-3 regulates the autophagy in
the fibrosis process need further study.

In conclusion, SF-MSCs-CM could decrease the ex-
pression of Galectin-3 in TGF- 8 1-induced NRK-52E in
vitro fibrosis. The mechanism probably involved in attenu-
ating EMT by inhibiting Galectin-3/Akt/GSK3 3 /Snail
signaling pathway, and enhancing autophagy by inhibiting
Galectin-3/PI3K/Akt/mTOR pathway.
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