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Livin is involved in TGF-p1-induced renal tubular
epithelial-mesenchymal transition through IncRNA-ATB
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Background: Renal interstitial fibrosis is accepted as a crucial component of chronic kidney diseases (CKD).
Epithelial-mesenchymal transition (EMT) is an important factor contributing to renal interstitial fibrosis.
Livin, due to its ability to induce EMT, is an important regulator of many types of tumors and might also be
involved in human renal tubular EMT.

Methods: We confirmed that Livin and IncRNA-ATB could aggravate EMT i vivo and in vitro, IncRNA-
ATB could be suppressed by the silencing of Livin whereas Livin expression was nearly stable when IncRNA-
ATB was overexpressed or knocked out.

Results: Livin was upregulated in vivo and in vitro at the similar rate as the occurrence of EM'T, which
could be relieved when Livin was silenced. LncRNA-ATB, which is another important regulator of EMT,
was also found highly expressed during this process. The silencing of IncRNA-ATB could lessen the severity
of EMT, and the overexpression of IncRNA-ATB could aggravate EMT without affecting the expression of
Livin.

Conclusions: Livin promotes EMT through the regulation of IncRNA-ATB. The silencing of Livin might

be an effective targeted therapy for renal fibrosis.
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Introduction

It is well-known that renal interstitial fibrosis is an
important factor that contributes to end-stage renal failure
(ESRD). Furthermore, epithelial-mesenchymal transition
(EMT) is accepted as a crucial process of renal interstitial
fibrosis. EM'T is characterized by morphological changes
to mesenchymal phenotypes, loss of epithelial markers,
acquisition of interstitial markers, and enhanced invasive
or transfer abilities (1,2). EMT can destroy the junction
between tubular epithelial cells (TECs), increase the

extracellular matrix secretion, and lead to the migration
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of epithelial cells (3). These morphological and functional
changes cause TECs to become more mesenchymal, in
addition to promoting and sustaining inflammation, fibrosis,
and chronic tissue damage (4,5). Thus, investigating the
regulators of EMT is important for managing renal fibrosis
and will provide possible targeted therapies. Among the
cytokines related to the EMT process, TGF-B1 is the most
important and major inducer of EMT (6,7).

Livin/BIRC7 was first noticed in melanoma and
identified as the seventh member of the inhibitor of
apoptosis protein (IAP) family (8). Livin inhibits apoptosis
by combining caspase 3, 7, 9 with its BIR structural domain
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and RING domain to control the cascading activation
reaction. Livin has stronger anti-apoptotic effect because
of its two subunits (o and B) compared with the other IAP
members (9). Apart from its anti-apoptosis effects, studies
have found that Livin is involved in the development,
progression, and drug resistance of various human tumors
through the activation of EMT (10,11). Thus, we followed
a bold assumption that Livin might be involved in the EM'T
of human renal tubular cells and examined the regulatory
mechanism in detail.

Long non-coding RNAs (IncRNA) are RNAs without
a protein-coding capacity which are longer than 200
nucleotides (12). LncRNA activated by TGF-p are called
IncRNA-ATB which has been found to promote EMT
in colon cancer (13), renal cell carcinoma (14), and breast
cancer (15). Our most definite knowledge concerning the
mechanism of IncRNA-ATB involved in EMT is that
IncRNA-ATB can act as a competing endogenous RNA
(ceRNA) for miRINAs and interfere with their inhibition of
EMT (16).

The purpose of this study is to verify our hypothesis that
Livin is involved in regulating EMT. To achieve this aim,
we constructed the EM'T model in vivo and vitro and found
that this resulted in high expression levels of Livin. As Livin
is nearly undetectable in normal differentiated tissues, it can
be an effective targeted gene therapy for renal fibrosis.

Methods
Amnimals and unilateral ureteral obstruction (UUQO) model

Male Sprague Dawley rats (3—4 weeks, 100-150 g) were
provided by (Beijing Vital River Laboratory Animal
Technology Co., Ltd). A total of 16 rats were randomly
divided into 2 groups (n=8 in sham group; n=8 in UUO
group). Rats were housed on a constant 12 hours light-
dark cycle and fed freely. After adaptive feeding for
one week, the rats in UUO group were anesthetized by
intraperitoneal injection of 10% chloral hydrate, the left
ureter was ligated and cut near the renal hilum, then closed
the abdominal cavity. In sham group, we just dissociated
the left ureter, then closed the abdominal cavity. After
continued feeding for 14 days, we took the blood samples
for Scr and BUN tests. Then all the rats were euthanized,
parts of renal tissues were fixed with 4% paraformaldehyde
for immunohistochemistry and parts of renal tissues were
stored in liquid nitrogen for qPCR.
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Immunobhistochemistry

2-3 pm sections were dewaxing and hydration treated.
After blocked by goat serum for 30 min, the sections
were incubated with anti-Livin at 1:100, anti-E-cadherin
at 1:100, anti-a-SMA at 1:100, anti-Vimentin at 1:100
overnight. The kidney sections were then incubated with
secondary antibodies for 20 min in dark room followed by

Hematoxylin staining slightly. Images of the sections were
captured with a Nikon DS-Ri2.

Cell culture and treatment

Human renal TEC line (HK2 cells) was purchased from
the China Center for Type Culture Collection (CCTCC,
Wuhan, China). Cells were cultured in DMEM-F12
medium (Hyclone), adding 10% FBS (Gibco, USA). When
the cells reached about 70-80% confluence, they were
starved in serum-free medium overnight, then stimulated
with 0, 1, 2, 5, 10 ng/mL TGF-B1 (CST). Then the cells
were cultured in an atmosphere of 5% CO2 at 37 °C for
different time intervals (0, 24, 48, 72 h). We observed the
morphology changes under the phase contrast microscope

(OLYMPUS AX70, Japan).

Quantitative PCR

Total RNA (tissues or cells) was isolated by TRIzol
reagent (Invitrogen/Life Technologies, USA) from cells,
cDNA was synthesized by reverse transcription reagents
(Promega, Beijing, China). According to the products
manual, qQPCR was performed using Roche LightCycler480
with SYBR-Green I Mix (Promega. Beijing, China).
Each experiment was repeated for three times and the
27 method was used to calculate the relative expression
of RNAs. The sequences of primers were as follows: a-SMA,
sense 5'-CGGGACATCAAGGAGAAACT-3', antisense
5'-CCATCAGGCAACTCGTAACTCT-3". Vimentin
(VIM), sense 5'-ACAGGCTTTAGCGAGTTATT-3',
antisense 5'-AAGAGGCGAACGAGGG-3'". E-cadherin,
sense 5'-CCGCCATCGCTTACA-3'", antisense
5'-GGCACCTGACCCTTGTA-3". Livin, sense
5'-CGCCGTGTCCATCGTCTTTGT-3', antisense
5'-ACACAGTCCAGAACAGGCAGAG-3'". LncRNA-
ATB, sense 5'-ACAAGCTGTGCAGTCTCAGG-3',
antisense 5'-CTAGGCCCAAAGACAATGGA-3'. 18s
RNA, sense 5'-AATAGCCTTTGCCATCAC-3', antisense
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Tablel Renal function in sham-operated rats and UUO rats

Groups Numbers Scr (umol/L) BUN (mmol/L)
Sham 8 36.90+4.55 4.39+1.66
uuo 8 125.82+25.21* 41.13+£5.12**

**P<0.01 compared with sham-operated rats. UUO, unilateral
ureteral obstruction.

5'-CGTTCCACCTCATCCTC-3".

Western blot analysis

HK2 cells were lysed by RIPA lysis buffer (Beyotime,
Shanghai, China) with protease inhibitors. Protein was
extracted by centrifugation at 12,000 g for 10 min at
4 °C, and the concentration was measured by the BCA
protein assay kit (Beyotime, Shanghai, China). Samples
were boiled for 5 min, and equal amounts of protein
were separated by 10% SDS-PAGE and transferred onto
PVDF membranes. The membranes were incubated
overnight at 4 °C with the indicated primary antibody
Livin (CST, MA, USA); a-SMA (CST), 1:1,000; vimentin
(CST), 1:1,000; E-cadherin (CST), 1:1,000. The
membranes were washed by TBST buffer and incubated
for 1 h at 37 °C with secondary antibodies (CST), 1:5,000.
The density of bands was analyzed by Image ], and
GAPDH (Wanleibio, China) was used as an endogenous
reference in all WB processes.

Transwell assay

Cell migration ability was assessed by 24-well 8.0 pm
Transwell chamber (Corning, NY, USA). The cells were
cultured to 5x10* after being starved with serum-free
medium for 24 h and were seeded into the upper chambers
(about 2x10* each chamber). Meanwhile, serum-free
medium was added to the upper chambers, and complete
medium was added to the lower chambers. The chambers
were placed in a 5% CO, incubator at 37 °C for 24 h.
After the cells were removed from the upper chamber,
the migrated cells were fixed on the bottom surface of the
membrane with 4% paraformaldehyde for 30 min. The
cells were then stained with 0.1% crystal violet. Images
of five random fields were taken by inverted microscopy
(Olympus, Tokyo, Japan). Five random fields were chosen
for cell counting, and the rates of cellular migration were
normalized by that of the control group. Each migration
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experiment was conducted in triplicate.

Immunofluorescence

Cells were cultured on coverslips in 6-well plates. Initially,
cells were fixed with 4% formaldehyde and permeabilized
with 0.1% Triton X-100 for 30 min at room temperature.
After fixation, cells were incubated with the primary
antibodies at 4 °C overnight. After washing three times in
PBS, the cells were incubated with a FITC-conjugated
secondary antibody in a dark room for 30 min. Finally, cells
were counterstained with DAPI to distinguish the cellular
nuclei and visualized using a fluorescence microscope

(Olympus, Tokyo, Japan).

Cell transfection

Small interfering RNAs that targeted Livin (si-Livin) were
designed and synthesized by Sigma-Aldrich (Shanghai,
China). A plasmid that was designed to overexpress the
full-length IncRNA-ATB and small interfering RNAs
that targeted IncRNA-ATB (si-ATB) were constructed by
Genechem (Shanghai, China). HK, cells were transfected
by lipofectamine 3000 (Thermo Fisher Scientific, MA,
USA) according to the manufacturer’s instructions. Cell
transfection lasted for 24 h, and the effect of gene knockout
and overexpression were verified by qPCR and/or WB.
If necessary, the remaining transfected cells which were
treated together had testing continued after verifying the
silence effect.

Statistical analysis

Data were presented as mean + SD. Difference between
the two groups was analyzed using the Student’s #-test. All
P values were two-tailed and were considered significant
if P<0.05. Data were analyzed using SPSS 16.0 software
package.

Results
Livin was involved in renal fibrosis in vivo

First, we built a renal fibrosis model by UUO. Compared
with the sham group, the rats in the UUO group
had higher levels of Scr and BUN (P<0.01; Table I).
Immunohistochemistry staining showed that in the sham
group, E-cadherin was highly expressed in renal tubular
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epithelium while there was a significantly lower level
of expression of E-cadherin in the UUO group. The
expression of a-SMA and vimentin, which are interstitial
markers, were lower in the sham group and higher in the
UUO group. Meanwhile, the immunohistochemistry tests
showed that Livin had low levels of expression in the sham
group. However, in the UUO group, Livin was highly
expressed in the cytoplasm of renal TECs and in part of
the nuclei (Figure 1A4). From qPCR results, we also found
that the mRNA levels of a-SMA, vimentin and Livin were
elevated (P<0.01). The mRNA level of E-cadherin was
lower in the UUO group (P<0.05; Figure 1B).

TGF-f1 induced EMT in HK2 cells

First, we used different concentrations of TGF-B1 (0, 1, 2,
5, 10 ng/mL) to induce EMT at different time intervals (0,
24, 48 and 72 h). TGF-p1-induced morphological changes
were time and TGF-B1 concentration dependent to a
certain degree. The control HK2 cells were epithelium-
like; they were round or oval and connected closely. When
EMT was induced by TGF-p1, HK2 cells become larger
and elongated, disassociating from surrounding epithelial
cells. We found that at 48 h, the 2 ng/mL group showed
notable morphological changes (Figure 2A).

As shown in Figure 2B, the epithelial marker E-cadherin
was downregulated while the mesenchymal markers, a-SMA
and vimentin, were upregulated after treatment with
2 ng/mL TGF-B1. The relative mRNA expression of these
markers followed similar trends as determined by qPCR
(Figure 2C). Simultaneously, the immunofluorescence
results were also in agreement with the above-mentioned
findings. In the control group, E-cadherin was expressed
in the membrane continuously while a-SMA and vimentin
were expressed at low levels. After treatment with 2 ng/mL
TGF-B1 for 48 h, E-cadherin expression was reduced
while a-SMA and vimentin expression were increased
(Figure 2D). The transwell assay showed that the migratory
activity also increased in the TGF-Bl-treated group
(P<0.01; Figure 2E). These results suggested that the cells
treated with TGF-B1 lost their epithelial characteristics
and acquired mesenchymal cell properties. Taken together,
these findings support the notion that TGF-p1 successfully
induced EMT.

Livin is involved in EMT induced by TGF-f1 in HK2 cells
Furthermore, HK2 cells were treated with TGF-p1
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at different concentrations for 48 h. Using these cells,
we discovered that the protein expression of Livin was
significantly increased in the 2 ng/mL TGF-B1 group
(Figure 34). Immunofluorescence results also showed
that Livin was upregulated in the cytoplasm and nucleus
after treatment with TGF-p1 (Figure 3B). The qPCR
results showed that the mRNA expression in the 2 ng/mL
TGF-B1 group was the highest (P<0.01; Figure 3C). Thus,
we hypothesized that Livin might be involved in human
renal epithelial EMT. To confirm this hypothesis, we chose
2 ng/mL TGF-B1 to treat HK?2 cells for 48 h.

Silencing of Livin alleviated TGF-f1-induced EMT in
HK?2 cells

To further study the role of Livin in TGF-B1-induced
EMT in HK2 cells, we designed a siRNA to knock out
Livin. The efficiency of gene silencing was verified through
qPCR and Western blot. We found that si-Livinl was
the most effective silencer and could block about 80%
of the mRNA expression of Livin (Figure 44). WB also
showed that Livin was significantly suppressed by siRNA1
(Figure 4B). The control group (con) included HK2 cells
transfected with control siRNA. Compared with the con
+ TGF-B1 group, E-cadherin protein in the si-Livin +
TGF-B1 group was downregulated while a-SMA and
vimentin were upregulated (Figure 4C). The mRNA levels
of E-cadherin, a-SMA, and vimentin were consistent with
the WB results (P<0.05; Figure 4D). Immunofluorescence
results also proved that the si-Livin + TGF-B1 group
showed higher E-cadherin protein expression and lower
a-SMA and Vimentin protein expression (Figure 4E). The
transwell assay showed that lower levels of Livin could
weaken the migratory ability of HK2 cells, with a significant
difference in the number of cells (P<0.01; Figure 4F).
Generally speaking, the silencing of Livin could effectively
suppress EMT induced by TGF-p1.

Livin stimulated TGF-f1-induced EMT by the regulation
of IncRNA-ATB

As an important regulator of EMT, IncRNA-ATB was
shown to promote tumor growth and metastasis. In our
research, qQPCR showed that the relative mRNA expression
of IncRNA-ATB was significantly increased both iz vive
and wvitro, which indicated that IncRNA-ATB could be
stimulated by TGF-B1 and in UUO model (Figure 5A,B).
These results proved that IncRNA-ATB was involved in
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Figure 1 Livin highly expressed in UUO model. (A) Immunohistochemistry analysis of E-cadherin, a-SMA, Vimentin and Livin expression,
magnification 200x. Compared with sham-operated group, E-cadherin expression was decreased in renal epithelial cells membranes, a-SMA,
Vimentin and Livin were significantly highly expressed in cytoplasm and part of nucleus in UUO group. (B) qPCR showed that the relative
expression of E-cadherin was downregulated, a-SMA, Vimentin and Livin were upregulated in UUO group. *P<0.05, **P<0.01, compared
to sham group. UUO, unilateral ureteral obstruction.
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Figure 3 Livin was involved in TGF-B1 induced EMT. (A) WB showed that Livin expression was increased after HK2 cells were treated

by TGF-B1 especially in 2 ng/mL group; (B) immunofluorescence indicated that Livin was highly expressed in cytoplasm and nucleus; (C)

qPCR showed that the relative mRNA expression of Livin was highest in 2 ng/mL group, *P<0.05 compared to 0 ng/mL group. EMT,

epithelial-mesenchymal transition; TGF-B1, transforming growth factor beta 1.

EMT in human renal epithelial cells.

To further investigate the role of IncRNA-ATB in TGF-
Bl-induced EMT, we transfected a siRNA of IncRNA-ATB
to silence its expression, and transfected plasmid GV219-
ATB to overexpress IncRNA-ATB. The qPCR results
confirmed that IncRNA-ATB was effectively depleted or
overexpressed (Figure 5C,D). The cells were divided into
three groups: cells transfected with the vector marked as the
control group, the group with overexpression of IncRINA-
ATB marked as ATB-OE and the si-ATB treated with
TGF-B1 group. WB showed that in the ATB-OE group,
E-cadherin was downregulated while 0-SMA and vimentin
were upregulated compared to the control group. Thus, we
concluded that the overexpression of IncRNA-ATB could
induce EMT in dependent of TGF-B1. Furthermore, we
found that there were only slight differences in the protein
levels of E-cadherin, a-SMA, and vimentin between the
control group and si-ATB + TGF-B1 group (Figure SE).
This proved that the silencing of IncRNA-ATB could
relieve EMT induced by TGF-B1 to a significant extent.
The qPCR results also confirmed this conclusion at the
transcriptional level (Figure 5F).

© Annals of Translational Medicine. All rights reserved.

We found that Livin and IncRNA-ATB were all
stimulators in the process of EMT in vitro, and thus, we
wanted to examine the potential relationship between
Livin and IncRNA-ATB in TGF-Bl-induced EMT. When
Livin was depleted, the expression of IncRNA-ATB was
dramatically suppressed (Figure 5G), which suggested that
the expression of IncRNA-ATB was regulated by Livin.
We presumed that Livin might be the upstream regulator
of IncRNA-ATB. Furthermore, we transfected siRNA
and GV219-ATB to silence and overexpress IncRNA-
ATB before measuring the level of expression of Livin.
The expression of Livin was barely affected no matter
IncRNA-ATB was overexpressed or depleted (Figure SH,I).
Consequently, we concluded that Livin stimulated TGF-
Bl-induced EMT by regulating IncRNA-ATB.

Discussion

Chronic kidney diseases (CKD) can be caused by many
diseases, including urinary obstruction, transplants, immune
disorder and inflammation (17). However, interstitial
fibrosis is a common stage in CKD. Nowadays, the inner

Ann Transl Med 2019;7(18):463 | http://dx.doi.org/10.21037/atm.2019.08.29
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mechanisms that induce renal interstitial fibrosis are still
focuses of intense researches and there are no specific
therapies to cure renal fibrosis. Previous studies showed
that EMT was important for renal fibrosis both in vive
and in vitro. However, by the fate tracing technique, it was
demonstrated that epithelial cells could not directly convert
into myofibroblasts (18). Thus, there were fierce debates
on the roles of EMT in renal fibrogenesis. However,
studies also show that EMT is important in renal fibrosis
and inhibiting EMT can slow down renal fibrosis, in spite
of epithelial cells are unable to convert into myofibroblast
directly (5). For example, according to the study from
Nieto, by inhibiting the Snaill-induced partial EMT in
renal fibrosis, they reduced the inflammatory and fibrotic
cytokines, such as TGF-B1, and prevent the generation
of myofibroblasts and the development of fibrosis (19).
As a result, the concept of “partial EMT” was proposed.
EMT may relieve renal fibrosis in the following aspects.
First, EMT can impact the function of TECs by reducing
the expression of proteins with absorption and secretion
activities. Second, EMT can cause cell-cycle arrest at the
G2 phase, thus impairing the cells’ ability to repair any
damage (20). Third, EMT aggravates interstitial fibrosis and
cause immune recruitment and inflammation by modifying
the epithelial secretome profile (20,21). Considering the
above-mentioned knowledge, it is clear that EMT is a key
factor in promoting and sustaining kidney inflammation,
fibrosis, and chronic function injury.

The mechanisms of EMT in fibrosis are complex and
remain unclear. Multiple signaling pathways are involved in
the promotion and progression of EMT, such as TGF-p/
Smads, MAPK, Wnt/B-catenin, Notch and Rho-like
GTPase (7). There are various fibrotic growth factors that
can induce EMT and the most important one is TGF-B1.

In vive study, we built a renal fibrosis model by UUO
surgery on rats. Immunohistochemical staining showed that
E-cadherin was upregulated while 0-SMA and vimentin
were downregulated, which suggested that EM'T occurs
during the process of renal fibrosis. During our vitro
experiment, we treated HK2 cells with TGF-B1. As a result
of this treatment, HK2 cells underwent morphological
changes, with epithelial markers being downregulated,
interstitial markers being upregulated, and transferability
improving. By observing the changes in the cell phenotype,
we found that incubating HK2 cells in 2 ng/mL TGF-B1
for 48 h could induce obvious cell phenotype changes.

Livin is a member of the IAP family, which is also known
as melanoma IAP or kidney IAP. Livin is accepted as a
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tumor-specific gene because it is rarely expressed in the
healthy organs of adults and is specifically over-expressed
in tumor cells. It has an N-terminal, conserved, repetitive
BIR structural domain and/or a RING domain, which can
combine with caspases 3 and 8. Through this combination,
Livin contributes to the apoptosis, migration, and invasion
of various cancers (22,23). Recent studies found that Livin
regulated EMT by the activation of NF-«xB signaling in
colorectal cancer (10), AKT signaling in breast cancer (11)
and p38/GSK3p pathway in breast cancer (24). In our
study, we first revealed that Livin was involved in renal
fibrosis and renal tubular EMT. In the UUO groups, Livin
was upregulated in renal TECs which indicated that Livin
was involved in the process of renal fibrosis in vive. We also
found that Livin had increased levels of expression during
the process of TGF-Bl-induced EMT in vitro, which proved
that Livin was involved in TGF-Bl-induced EMT. To
further investigate the effect of Livin in EMT, we depleted
Livin by siRNA and discovered that the silencing of Livin
could stop EMT to a certain degree. Consequently, we
concluded that Livin was involved in EMT and promoted
this process.

Only about 2% of the human genome are protein-
coding RNAs, and the majority of the transcriptional
outputs of the mammalian genome are acknowledged
to be non-coding genes (25). These non-coding RNAs
were considered to be “transcriptional noise.” In recent
decades, functional IncRNAs were found to be regulators
of many types of diseases, especially cancers. Studies have
shown that IncRNA can be considered as an important
biological marker in diagnosing cancers, explaining the
pathogenesis and mechanism of development of malignant
tumors, and predicting the prognosis and the therapeutic
effects in different cancers (14). Functional IncRNAs
are now accepted as regulators in many types of tumors,
occurring via various pathophysiological pathways, such
as apoptosis, metastasis, and EMT (16,26,27). Recently,
researchers found that IncRNAs also played important
stimulatory roles in fibrosis diseases, such as pulmonary
fibrosis (28) and hepatic fibrosis (29) by activating EMT.
EMT-regulating IncRNAs are divided into promoting-
EMT (pro-EMT) IncRNAs and antagonizing-EMT (anti-
EMT) IncRNAs (16), and IncRNA-ATB is an important
member of pro-EMT IncRNAs. As one of the identified
mechanisms of IncRNA-ATB, it functions as a ceRNA for
the miR-200 family, which can suppress EMT by impeding
miR-200-EMT-associated targets genes, such as ZEBI,
ZEB2, ZNF217 and TGF-2 (15,30,31). In our study, we
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found that IncRNA-ATB was highly expressed in UUO
model and in TGF-Bl-induced EMT, which proved that
IncRNA-ATB was involved in human renal tubular EMT
in vivo and vitro. We depleted IncRNA-ATB by siRNA, as
a result, TGF-p1l-induced EMT was obviously inhibited
because EMT relative markers were similar to the control
group, consequently, we concluded that the silencing of
IncRNA-ATB could relieve TGF-B1-induced EMT. After
this, we used GV219-ATB to overexpress IncRNA-ATB
and we found that even without treatment with TGF-p1,
E-cadherin was downregulated while 0-SMA and vimentin
were upregulated after transfection. This meant that
IncRNA-ATB was a relatively independent stimulative
factor in the process of EM'T.

We learnt that IncRNA-ATB was an important
stimulator in EMT. Combining this result with our
previous findings, we concluded that Livin and IncRNA-
ATB were all stimulators in TGF-B1-induced EMT. Then
we studied the relationship between Livin and IncRNA-
ATB. By silencing the expression of Livin, we found that
IncRNA-ATB also decreased, which suggested that Livin
might be the upstream regulator of IncRNA-ATB in EMT.
To further verify this speculation, we transfected the HK2
cells to overexpress or silence IncRNA-ATB and we found
that the expressions of Livin were nearly unchanged at both
transcriptional and translational levels. Consequently, we
concluded that Livin stimulated TGF-p1-induced EMT by
the regulation of IncRNA-ATB in renal fibrosis.

Since TGF-p is accepted as a crucial factor in renal
fibrosis, there are several strategies targeting TGF-f
in renal fibrosis treatment. Voelker ez a/. found that
LY2382770, which was the anti-TGF-p1 antibody could
not slow progression of diabetic nephropathy (32). Vincenti
et al. found that fresolimumab, a monoclonal anti-TGF-8
antibody could slow the glomerular filtration rate decline
in steroid-resistant focal segmental glomerulosclerosis
with insignificant trend compared with the placebo
group (33). Li et al. investigated that pirfenidone, an
inhibitor of TGF-p at the transcription and translation
levels, was able to attenuate EMT and fibrosis iz vivo and
in vitro through antagonizing the MAPK pathway (34).
However, researches also showed that continuous
suppression of TGF-B might lead to unacceptable toxicity
which might affect wound healing, tissue repair, and anti-
inflammatory actions because of its highly pleiotropic
function (35). Consequently, precise targeted therapies are
the focus of further researches. In our research, we found
that Livin and IncRNA-ATB were the potential therapy
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targets which needed to be studied further.

In summary, we have demonstrated the crucial regulatory
mechanism of Livin in human renal tubular EMT induced
by TGF-B1. We find that Livin participates in renal fibrosis
in rats and Livin promotes TGF-B1-induced human renal
tubular EMT by regulating IncRNA-ATB. Consequently,
the silencing of Livin and IncRNA-ATB might be effective
therapeutic targets. Our research will be helpful for the
treatment of renal fibrosis.
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