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ABSTRACT
Background: Given the reported effects of nuclear paraspeckle assembly transcript 1 (NEAT1) on
kidney injury, a study is worth formulating to investigate whether and how NEAT1
impacts podocytes.
Materials and methods: A mouse podocyte injury model was established using the adriamycin
(ADR)-induced mouse podocyte cell line (MPC5). The target relationships between NEAT1 and
microRNA (miR)-23b-3p and between miR-23b-3p and Bcl-2 interacting protein 3 like (BNIP3L)
were verified by dual-luciferase reporter assay and RNA immunoprecipitation assay. After ADR-
induced MPC5 cells were transfected with NEAT1 overexpression plasmid (oe-NEAT1) or
shNEAT1, the viability and apoptosis of MPC5 cells were evaluated by Cell Counting Kit-8 (CCK-8)
assay and flow cytometry, respectively. The expressions of MPC5, miR-23b-3p, BNIP3L and the
factors related to podocyte injury, apoptosis and epithelial-mesenchymal transition were deter-
mined using quantitative real-time polymerase chain reaction (qRT-PCR) and Western blot.
Results: NEAT1 was high-expressed in ADR-induced cell model. After transfection with oe-
NEAT1, the expression of NEAT1, the levels of marker (Desmin) and apoptosis were promoted,
while the viability and the levels of podocyte injury markers (WT1, Nephrin) were inhibited in
ADR-induced cells. However, shNEAT1 generated the effects opposite to oe-NEAT1. Besides, miR-
23b-3p competitively bound to NEAT1 and targeted BNIP3L. MiR-23b-3p inhibitor reversed the
effect of shNEAT1, while its effect could be further offset by shBNIP3L. Furthermore, miR-23b-3p
inhibitor affected mouse podocyte injury through downregulating Bcl-2 and E-cadherin levels
and upregulating Cleaved-caspase-3, Bax, N-cadherin, Vimentin and Snail levels, but shBNIP3L
did oppositely.
Conclusion: NEAT1 promotes the podocyte injury via targeting miR-23b-3p/BNIP3L axis.
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Introduction

Nephrotic syndrome (NS) is a pathological condition,
with the manifestation of augmented protein content
in the urine caused by increased permeability of the
glomerular basement membrane [1]. Exposure to
nephrotoxic drugs is one of the causes for NS develop-
ment [2]. Podocyte is considered to be the key cell
involved in the progress of NS [3]. As a kind of special-
ized epithelial cells in viscera, podocytes cover the
basement membrane of glomerulus and form the filtra-
tion barrier [4], whose primary function is to maintain
homeostasis when cells are subjected to stress [5].

Thus, the podocyte injury is a significant triggering fac-
tor of various glomerular diseases [6]. The mouse model
of podocyte injury in vitro can be established by treat-
ing the mouse podocyte cell line MPC5 with adriamycin
(ADR) with a reference to a relative recent research [7].
Notably, podocyte injury is also modulated by long
non-coding RNAs (lncRNAs) and microRNAs (miRNAs,
miRs) [8,9]. Despite improvement in our understanding
of podocyte injury, the corresponding mechanism is still
not fully explained.

LncRNAs refer to the molecules with over 200
nucleotides in length [10], serving principal roles in
regulating human disease progression [11]. In the
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process of various diseases, expressions of apoptosis-
and inflammation-related genes can be modulated by
lncRNAs [10,12,13]. LncRNA nuclear paraspeckle
assembly transcript 1 (NEAT1), a novel member of
lncRNAs, has been reported to exert an effect on can-
cer and inflammation [12]. In detail, the upregulation
of NEAT1 has been found to aggravate sepsis-induced
acute kidney injury via targeting miR-204 [13]. Besides,
NEAT1 has a potential effect on exacerbating the
glomerular nephritis [14]. However, the detailed mech-
anism by which NEAT1 acts on the podocyte injury has
not been comprehensively expounded.

The existing study has proved that lncRNAs function
through modulating miRNAs that regulate the cleavage
and translation of target genes [15]. As the regulator of
gene expression, miRNAs also occupy the critical pos-
ition in the progression of diseases including kidney
dysfunction [16,17]. MiR-23b-3p has been documented
to mitigate the kidney injury and serve as the potential
therapeutic target in diabetic nephropathy [18].
Furthermore, mRNA is mediated by miRNAs to influ-
ence the podocyte injury [19]. B-cell lymphoma-2 (Bcl-
2) interacting protein 3 like (BNIP3L), belonging to the
regulatory genes, has also been verified to be capable
of regulating podocyte injury [20]. Nonetheless, the
relationship among NEAT1, miR-23b-3p and BNIP3L still
remains obscure. Therefore, in present study, a mouse
podocyte injury model was established through treat-
ing MPC5 cells with ADR to figure out the effects of
NEAT1 on podocyte injury and the underly-
ing mechanism.

Materials and methods

Cell culture and treatment

The mouse podocyte cell line MPC5 (iCell-m081; icell,
Shanghai, China) was used to establish an in vitro podo-
cyte injury model under the guidance of a previous
study [7]. Briefly, the cells were incubated in Roswell
Park Memorial Institute (RPMI) 1640 Medium
(31870082; Gibco, Carlsbad, CA, USA) supplemented
with 10U/ml of interferon-c (bs-0388P, Bioss, China),
10% fetal bovine serum (FBS; C0227; Beyotime,
Shanghai, China) and 1% Penicillin-Streptomycin
(ST488; Beyotime, Shanghai, China) with 5% CO2 at
33 �C. Then, MPC5 cells were differentiated at 37 �C
(free interferon-c) with 5% CO2. Next, the podocyte
injury model was established by treating cells with
5 lg/ml ADR (D1515; Sigma-Aldrich, St. Louis, MO, USA)
for 24 hours (h).

Transfection

NEAT1 overexpression plasmid (oe-NEAT1) constructed
with the pcDNA3.1 (þ) vector (V79020; Invitrogen,
Carlsbad, CA, USA) was transfected into cells. Some
empty vectors transfected into cells were utilized as
empty vector controls (EVCs). The plasmid vectors
pGPU6 of short hairpin (sh) RNA targeting NEAT1
(shNEAT1; C02001), shNEAT negative control (shNEAT1-
NC; C03002) and shBNIP3L (C02001), shBNIP3L negative
control (shNC; C03002), as well as miR-23b-3p inhibitor
(I; C09003) and miR-23b-3p inhibitor control (IC;
C09003) were purchased from Gene Pharma (Shanghai,
China). The sequences of these plasmids were listed in
the Table 1. In detail, MPC5 cells (1� 105 cells/well)
were initially seeded in the 24-well plate to 80% conflu-
ence. With the help of the Lipofectamine 2000 transfec-
tion reagent (11668019; Thermofisher, Waltham, MA,
USA), MPC5 cells were separately transfected with the
above plasmid vectors, miR-23b-3p inhibitor and inhibi-
tor control. After transfection and incubation for 48 h,
these cells were harvested.

Target prediction and dual-luciferase
reporter assay

The StarBase (http://starbase.sysu.edu.cn) was applied
to predict the target gene. The possibly competitively
binding sites between NEAT1 and miR-23b-3p and
between miR-23b-3p and BNIP3L were separately pre-
dicted by StarBase and TagretScan V7.2 (http://www.
targetscan.org/vert_72) and then verified by dual-luci-
ferase reporter assay.

To test whether NEAT1 targets miR-23b-3p and miR-
23b-3p targets BNIP3L, the wild-type NEAT1 (NEAT1-WT;
sequence: 50-CCCUAACCUUGGGCAUGCAUCUUUAUAA-30)
and BNIP3L (BNIP3L-WT; sequence: 50-UUUGUCUG
UUUCUAAAAUGUGAA-30) reporter plasmids were con-
structed with pmirGLO luciferase vector (E1330; Promega,
Madison, WI, USA). The mutant reporter plasmids for
NEAT1 (NEAT1-MUT; sequence: 50-CCCUAACCUCGGGC

Table 1. Sequences for transfection.
Gene Sequence

shNEAT1 sense 50-GGGUCAUCUUACUAGAUAACA-3’
shNEAT1 antisense 50-UUAUCUAGUAAGAUGACCCAG-3’
shNEAT1-NC sense 50-UAGCAUCAGAUUGAGCCAUAU-3’
shNEAT1-NC antisense 50-UAGUCUACAUAUGCAGCAGUA-3’
shBNIP3L sense 50-CAAUGGUUCUGUAACUAUAGC-3’
shBNIP3L antisense 50-UAUAGUUACAGAACCAUUGUG-3’
shBNIP3L NC sense 50-GUAGUCCAUAUGACUUAUCAG-3’
shBNIP3L NC antisense 50-GUUCAUAGAUAUGACAUACUG-3’
miR-23b-3p inhibitor 50-GGTAATCCCTGGCAATGTGAT-30
miR-23b-3p inhibitor NC 50-AAGTGCTCGCACGAGATTTGT-30
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AUGCAUCAUUGUAAG-30) and BNIP3L (BNIPL-MUT;
sequence: 50-UUUGUCUGUUUCUAAAGUGAGUA-30) were
constructed with Phusion Site-Directed Mutagenesis Kit
(F541; Thermo Fisher, Waltham, MA, USA).

5� 103 MPC5 cells were inoculated into the 24-well
plate and transfected with the wild-type or mutant luci-
ferase reporter plasmids, followed by transfection with
miR-23b-3p inhibitor or inhibitor control and shBNIP3L
or shBNIP3L negative control using Lipofectamine 2000
(11668019; Thermofisher, Waltham, MA, USA).
Following 48-h transfection, the activities of firefly luci-
ferase and Renilla luciferase were detected using dual-
luciferase reporter assay system (E1910; Promega,
Madison, WI, USA) and observed by a GloMaxVR Explorer
Multimode Microplate Reader (GM3500; Promega,
Madison, WI, USA). The activity of firefly luciferase was
normalized to that of Renilla luciferase.

RNA immunoprecipitation (RIP) assay

RIP assay was conducted using RIP kit (Bes5101,
BersinBio, China). After lysing the MPC5 cells, cell
lysates were centrifuged to remove the DNA. Then, the
cell lysates were incubated with magnetic beads conju-
gated with anti-Argonaute 2 antibody (AGO2, #2897,
cell signaling technology, USA) or anti-IgG antibody
(#2729, cell signaling technology, USA) at 4 �C over-
night. The RNA/antibody complex was washed with RIP
buffer supplemented with RNase inhibitor and
Proteinase K. RNA was extracted from the precipitate
using Trizol reagent (T9424; Sigma-Aldrich, St. Louis,
MO, USA). The immunoprecipitated RNA was analyzed
by quantitative real-time polymerase chain reaction
(qRT-PCR).

Cell counting kit-8 (CCK-8) assay

In the present study, the CCK-8 assay was performed to
measure cell viability. The cells were seeded in 96-well
plates at a density of 5� 103 cells/well and cultured for
24 h. Later, the cells were added with 10lL CCK-8 solu-
tion (CK04; Dojindo, Kumamoto, Japan) and then were
incubated for 4 h in the dark. Finally, the absorbance
was measured with an iMarkTM microplate absorbance
reader (E1140; Beyotime, Shanghai, China) at a wave-
length of 450 nm and recorded.

Flow cytometry

The apoptosis of MPC5 cells was determined using
Annexin V-FITC/propidium iodide (PI) cell apoptosis kit

(V13242; Invitrogen, Carlsbad, CA, USA), and all the
operations were performed under the guidance of man-
ufacturer’s instructions. 1� 106 cells were seeded in the
6-well plate and cultured for 24 h. Followed by being
resuspended in 100 lL binding buffer, cells at a concen-
tration of 1� 106 cells/ml were obtained. Next, 5 lL
FITC Annexin V and 5 lL PI working solution were used
to incubate cells at room temperature for 15min (min)
away from the light. The apoptosis of MPC5 cells was
measured by Attune NxT Flow Cytometer (A24858;
Invitrogen, Carlsbad, CA, USA) and data were analyzed
with the Attune NxT Flow Cytometer software (version
2.5; Invitrogen, Carlsbad, CA, USA).

RNA isolation and quantitative real-time
polymerase chain reaction (qRT-PCR)

Trizol reagent and MagMAXTM mirVanaTM Total RNA
Isolation Kit (A27828; Thermo Fisher, Waltham, MA,
USA) were separately used to extract the RNAs and
miRNAs from cells which were then preserved at
�80 �C. The Nano Drop 2000 biological spectrometer
(ND-2000; Thermo Fisher, Waltham, MA, USA) was
employed to measure the concentration of total RNAs.
With the assistance of TruScriptTM First Strand cDNA
Synthesis Kit (54420; Norgen Biotek, Ontario, Canada),
complementary DNAs (cDNAs) were synthesized from
1 lg of total RNAs. QRT-PCR experiment was carried out
with Fast SYBRTM Green Master Mix (4385610; Thermo
Fisher, Waltham, MA, USA) under QuantStudioTM 7 Flex
Real-Time PCR System (4485701; Thermo Fisher,
Waltham, MA, USA). The primers used in this study are
listed in Table 2. The conditions of qRT-PCR were listed
as follows: 95 �C for 5min, and 40 cycles of 95 �C for
15 seconds (s), 58 �C for 30 s and 74 �C for 30 s. The
2�DDCT calculation method was applied to quantify the
expressions of relative genes [21].

Western blot

The relative protein expression levels of genes related to
podocyte injury, apoptosis and epithelial-mesenchymal
transition (EMT), including Bcl-2, Bcl-2 associated X (Bax),
Cleaved (C)-caspase-3, Epithelial (E)-cadherin, Neural(N)-

Table 2. Primer for qRT-PCR.
Forward primer (5’->-3’) Reverse primer (5’->-3’)

NEAT1 GGCCTCCAGACTTTGCAAAA CATACACACGCCTAACACCG
MiR-23b-3p GAGCATCACATTGCCAGGG GTGCAGGGTCCGAGGT
BNIP3L CTGGAGCACGTTCCTTCCTC ACAGTGCGAACTGCCTCTTG
GAPDH AGGTCGGTGTGAACGGATTTG GGGGTCGTTGATGGCAACA
U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT
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cadherin, Vimentin, Snail, Wilms’ tumor 1 (WT1), Nephrin,
Desmin and BNIP3L, were determined by western blot as
previously described [20]. Briefly, after being rinsed by
phosphate-buffered saline (PBS; ST476; Beyotime,
Shanghai, China) and harvested, cells were lysed and
extracted with Radio Immunoprecipitation Assay (RIPA;
R0278; Sigma-Aldrich, St. Louis, MO, USA) lysis buffer. The
relative protein concentration was measured by
Bicinchoninic acid (BCA) protein kit (BCA1; Sigma-Aldrich,
St. Louis, MO, USA). The protein samples were electro-
phoresed by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE; P0690; Beyotime, Shanghai,
China) and then transferred into polyvinylidene fluoride
(PVDF; FFP33; Beyotime, Shanghai, China) membrane.
Followed by being blocked with 5% skimmed milk at
room temperature for 2h, the membrane was incubated
with primary antibodies comprising anti-WT1 antibody
(ABIN3021698, 52 kDa, 1:1000) purchased from antibod-
ies-online (Aachen, Germany), as well as anti-Nephrin anti-
body (ab136894, 134 kDa, 1:1000), anti-Desmin antibody
(ab32362, 53 kDa, 1:1000), anti-BNIP3L antibody
(ab109414, 24 kDa, 1:1000), anti-Bcl-2 antibody (ab182858,
26 kDa, 1:1000), anti-Bax antibody (ab32503, 21 kDa,
1:1000), anti- Cleaved (C)-caspase-3 antibody (ab49822,
17 kDa, 1:1000), anti-E-cadherin antibody (ab231303,
97 kDa, 1:1000), anti-N-cadherin antibody (ab18203,
100 kDa, 1:1000), anti-Vimentin antibody (ab92547,
54 kDa, 1:1000), anti-Snail antibody (ab82846, 29 kDa,
1:1000), and anti-GAPDH antibody (ab181602, 36 kDa,
1:1000) purchased from Abcam (Cambridge, UK) at 4 �C
overnight. The internal reference in this research was
GAPDH. Thereafter, the membrane was further cultivated
with goat anti-rabbit secondary antibody (ab205718,
1:2000; Abcam, Cambridge, UK) and goat anti-mouse sec-
ondary antibody (ab205719, 1:2000; Abcam, Cambridge,
UK) at room temperature for 1h. Then, the membrane
was rinsed by Tris-buffered saline Tween (TBST; ab64204;
Abcam, Cambridge, UK), and incubated utilizing enhanced
chemiluminescence (ECL) kit (ab65623; Abcam,
Cambridge, UK) for visualizing. After the membrane was
exposed under iBrightTM CL1500 Imaging System
(A44240; Invitrogen, Carlsbad, CA, USA), the gray value of
all protein bands was quantified by ImageJ (vesion5.0;
Bio-Rad, Hercules, CA, USA).

Statistical analysis

All the experiments of this study were repeated three
times, the data of which were described as mean± stan-
dard deviation (SD). Statistical analyses were implemented
in SPSS 22.0 (IBM Cor., Armonk, NY, USA). One-way ana-
lysis of variance (ANOVA) was the method determining

the statistical significances followed by Dunnett’s post hoc
test. p< 0.05 was defined as statistical significance.

Results

Oe-NEAT1 enhanced the promoting effect of ADR
on NEAT1 while shNEAT1 had the opposite effect

The expression level of lncRNA NEAT1 was measured by
qRT-PCR after the establishment of model and transfec-
tion. As described in Figure 1A, the level of lncRNA
NEAT1 was upregulated by ADR (Figure 1A, p< 0.001).
Oe-NEAT1 further promoted while shNEAT1 dwindled
the expression level of NEAT1 in ADR-treated MPC5
cells (Figure 1A, p< 0.01).

Oe-NEAT1 enhanced the inhibitory effect of ADR
on cell viability while shNEAT1 had the
opposite effect

The cell viability was measured by CCK-8 assay. In line with
Figure 1B, the cell viability of MPC-5 was significantly sup-
pressed in ADR group (Figure 1B, p< 0.001). Compared
with ADRþ EVC group, the cell viability was markedly
decreased in ADRþNEAT1 group but was notably
increased in ADRþ shNEAT1 group (Figure 1B, p< 0.05).
The results implied that oe-NEAT1 enhanced while
shNEAT1 dampened the inhibitory effect of ADR on
cell viability.

Oe-NEAT1 downregulated the levels of podocyte
injury markers (WT1, nephrin) but upregulated
that of another marker (desmin) while shNEAT1
generated the opposite effects

The protein expression levels of the podocyte injury
markers were measured by western blot [22]. As the
data depicted in the Figure 1C and 1D, compared to
Blank group, WT1 and Nephrin expressions were dimin-
ished while Desmin expression was elevated in ADR
group (Figure 1C and 1D, p< 0.001). Compared to
ADRþ EVC group, WT1 and Nephrin expressions were
downregulated but Desmin expression was upregulated
in ADRþNEAT1 group, while the inverse changing
trends were observed in ADRþ shNEAT1 group (Figure
1C and 1D, p< 0.05). To conclude, oe-NEAT1 downregu-
lated the levels of podocyte injury markers (WT1 and
Nephrin) but upregulated that of another marker
(Desmin), whereas the opposite changing trends were
noticed under the transfection of shNEAT1.
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Figure 1. NEAT1 overexpression enhanced the effects of ADR on promoting NEAT1 expression, apoptosis and marker (Desmin) level
and on suppressing cell viability and podocyte markers (WT1, Nephrin) levels, while shNEAT1 had the opposite effects. The experiment
was divided into 5 or 6 groups: blank group (podocytes were cultured normally), NEAT1 group (podocytes were transfected with
NEAT1 overexpression plasmid), ADR group (podocytes were treated with 5lg/ml doxorubicin for 24 h), ADRþ EVC group (podocytes
were transfected with EVCs and treated with 5lg/ml doxorubicin for 24 h), ADRþNEAT1 group (podocytes were transfected with
NEAT1 overexpression plasmid and treated with 5lg/ml doxorubicin for 24 h) and ADRþ shNEAT1 group (podocytes were transfected
with shNEAT1 and treated with 5lg/ml doxorubicin for 24 h). (A) The expression level of NEAT1 was detected by qRT-PCR and the
internal reference was GAPDH. (B) The viability of MPC5 cells in six groups was measured by CCK-8 assay. (C and D) The expression
levels of podocyte injury makers including WT1, Nephrin and Desmin in the MPC5 cells in five groups were quantified by western blot
and the internal reference was GAPDH. (E and F) The apoptosis rate of the MPC5 cells in six groups was detected by flow cytometry.
All experiments were repeated three times. Experimental data were expressed by mean± standard deviation (SD) (���P< 0.001;
�P< 0.05, ^^P< 0.01, ^^^P< 0.001; �vs. Blank group; �vs. ADRþ EVC group) (NEAT1: nuclear paraspeckle assembly transcript 1;
shNEAT1: short hairpin NEAT1; qRT-PCR: quantitative real-time polymerase chain reaction; MPC5: mouse podocyte cell line; CCK-8; Cell
Counting Kit 8; EVC: empty vector control; WT1: Wilms’ tumor 1).
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Oe-NEAT1 facilitated ADR-induced apoptosis in
mouse podocyte injury model while shNEAT1
acted contrarily

The flow cytometry was applied to detect the cell apoptosis
in the ADR-induced mouse podocyte injury model. As
shown in Figure 1E and 1F, the apoptosis rate of MPC5 cells
in ADR group was obviously higher than that in blank group
(Figure 1E and 1F, p< 0.001). Compared to ADRþ EVC
group, the apoptosis of cells in ADRþNEAT1 group was fur-
ther augmented, but that in ADRþ shNEAT1 group was
lessened (Figure 1E and 1F, p< 0.001). Collectively, oe-
NEAT1 promoted ADR-induced apoptosis in mouse podo-
cyte injury model while shNEAT1 had the opposite effect.

MiR-23b-3p could competitively bind with NEAT1

StarBase was applied to predict the target gene and the
competitively binding sites between NEAT1 and miR-23b-
3p. As presented in Figure 2A, the potential target of
NEAT1 was miR-23b-3p. Thereafter, the dual-luciferase
reporter assay was conducted to test this prediction with
the results displayed in the Figure 2B. The luciferase activ-
ity was higher in NEAT1-WTþ I group than in NEAT-
WTþ IC group (Figure 2B, p< 0.001). However, there
were no obvious changes concerning luciferase activity
between NEAT1-MUTþ I group and NEAT1-MUTþ IC
group, indicating that NEAT1 directly targeted miR-23b-
3p. Then, RIP assay was performed with an antibody
against AGO2 in MPC5 cells. The results demonstrated
that NEAT1 and miR-23b-3p were signally enriched by the
AGO2 antibody (Figure 2C, p< 0.001), again confirming
that NEAT1 directly targeted miR-23b-3p.

MiR-23b-3p inhibitor reversed the effects of
shNEAT1 on the expression of miR-23b-3p

As shown in Figure 2D, oe-NEAT1 diminished the
expression of miR-23b-3p in untreated MPC5 cells
(p< 0.001). In addition, as compared to the
ADRþ shNEAT1-NC group, the expression of miR-23b-
3p in ADRþ shNEAT1 group was upregulated (Figure
2E, p<0.001). In comparison with the ADRþ I group,
the expression of miR-23b-3p in ADRþ shNEAT1þ I
group was also upregulated (Figure 2E, p< 0.001).

MiR-23b-3p inhibitor downregulated the levels of
podocyte injury markers (WT1, nephrin), upregulated
that of another marker (desmin) and impaired the
effects of shNEAT1 on podocyte injury markers

Western blot was also applied to detect the protein
expression levels of podocyte injury markers when

MPC5 cells were transfected with miR-23b-3p inhibitor
and shNEAT1. As the Figure 2F and 2G illustrated, rela-
tive to ADRþ shNEAT1-NC group, ADRþ shNEAT1
group had upregulated protein levels of WT1 and
Nephrin and downregulated protein level of Desmin
(Figure 2F and 2G, p< 0.001). Compared to ADRþ IC
group, the protein expression levels of WT1 and
Nephrin were negatively regulated and that of Desmin
was positively regulated in ADRþ I group (Figure 2F
and 2G, p< 0.01). Besides, compared to ADRþ shNEAT1
group, ADRþ shNEAT1þ I group exhibited suppressed
protein levels of WT1 and Nephrin and promoted pro-
tein level of Desmin, while the opposite results were
obtained in ADRþ shNEAT1þ I group when comparing
to ADRþ I group (Figure 2Fand 2G, p< 0.01). In a word,
miR-23b-3p inhibitor downregulated the levels of podo-
cyte injury markers (WT1, Nephrin), upregulated that of
another marker (Desmin) and reversed the effects of
shNEAT1 on podocyte injury markers.

MiR-23b-3p inhibitor weakened the effects of
shNEAT1 on promoting cell viability in ADR-
induced podocyte injury model

The cell viability was detected by the CCK-8 assay.
According to Figure 2H, cell viability was obviously stron-
ger in ADRþ shNEAT1 group than in ADRþ shNEAT1-NC
group. Compared to ADRþ IC group, cell viability in
ADRþ I group was suppressed (p< 0.01). Besides, the cell
viability in ADRþ shNEAT1þ I group was higher than that
in ADRþ I group but was lower than that in
ADRþ shNEAT1 group (p< 0.01). Altogether, miR-23b-3p
inhibitor reversed the effects of shNEAT1 on promoting
the cell viability in ADR-induced podocyte injury model.

MiR-23b-3p inhibitor offset the inhibitory effects
of shNEAT1 on cell apoptosis in ADR-induced
mouse podocyte injury model

The apoptosis of MPC5 cells transfected with miR-23b-3p
inhibitor and shNEAT1 was also examined. Compared to
ADRþ shNEAT1-NC group, the apoptosis rate in
ADRþ shNEAT1 group was decreased, and relative to
ADRþ IC group, the apoptosis rate was increased in
ADRþ I group (Figure 2I and 2J, p< 0.001). Besides,
ADRþ shNEAT1þ I group exhibited promoted apoptosis
rate compared to ADRþ shNEAT1 group, whilst present-
ing lessened apoptosis rate compared to ADRþ I group
(Figure 2I and 2J, p< 0.01). It can be concluded that miR-
23b-3p inhibitor weakened the inhibitory effects of
shNEAT1 on cell apoptosis in ADR-induced mouse podo-
cyte injury model.
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Figure 2. NEAT1 targeted miR-23b-3p, and miR-23b-3p inhibitor downregulated the levels of podocyte markers WT1 and
Nephrin, upregulated that of marker Desmin and reversed the effects of shNEAT1 on cell viability and apoptosis. (A and B) Target
prediction of NEAT1 was conducted by StarBase and tested by dual-luciferase reporter assay. (C) RIP assay was conducted by
immunoprecipitation of anti-Ago2 antibody and anti-IgG antibody. The expressions of NEAT1 and miR-23b-3p were detected by
qRT-PCR. (D) The mRNA expression level of miR-23b-3p in MPC5 cells transfected with NEAT1 overexpression plasmid or NC was
quantified by qRT-PCR and the internal reference was U6. For (E–J), the experiment was divided into 6 groups: ADR group (podo-
cytes were treated with 5lg/ml doxorubicin for 24 h), ADRþ shNEAT1-NC group (podocytes were transfected with shNEAT1-NC
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MiR-23b-3p directly targeted BNIP3L

The target gene of miR-23b-3p was predicted by
TargetScan and the complementary binding sites
between miR-23b-3p and BNIP3L were listed in Figure
3A. Then, this prediction was tested by dual-luciferase
reporter assay (Figure 3B). According to the results,
the luciferase activity was enhanced in BNIP3L-WTþ I
group compared to that in BNIP3L-WT-IC group
(Figure 3B, p< 0.01), and there was no obvious differ-
ence of luciferase activity between BNIP3L-MUTþ IC
group and BNIP3-MUTþ I group, indicating that miR-
23b-3p directly targeted BNIP3L. In addition, RIP assay
was conducted with the incubation of an antibody
against AGO2 with MPC5 cells. The findings demon-
strated that BNIP3L and miR-23b-3p were promin-
ently enriched by the AGO2 antibody (Figure 3C,
p< 0.001), further affirming that BNIP3L directly tar-
geted miR-23b-3p.

BNIP3L expression was upregulated in ADR-
induced podocyte injury model

The protein and mRNA expression levels were quanti-
fied using western blot and qRT-PCR, respectively. From
Figure 3D–3F, it turned out that the expression level of
BNIP3L was higher in ADR group than in Blank group,
reflecting that BNIP3L was highly expressed in
ADR-induced podocyte injury model (Figure
3D–3F, p< 0.001).

ShBNIP3L impaired the effects of miR-23b-3p
inhibitor on BNIP3L expression

In line with Figure 3G–3I, compared to
ICþ shNCþADR group, the expression level of
BNIP3L was upregulated in ADRþ IþshNC group but
was downregulated in ICþ shBNIP3LþADR group
(Figure 3G–3I, p< 0.01). Besides, the expression level

of BNIP3L in Iþ shBNIP3LþADR group was lower
than that in Iþ shNCþADR group yet was higher
than that in ICþ shBNIP3LþADR group (Figure 3G–3I,
p< 0.01). In addition, NEAT1 overexpression pro-
moted the expression of BNIP3L only in podocytes
induced by ADR, but not in normal podocytes
(Supplementary Figure 1). To sum up, shBNIP3L
reversed the effects of miR-23b-3p inhibitor on
expression of BNIP3L.

ShBNIP3L upregulated the levels of podocyte
injury markers (WT1, nephrin), downregulated
that of another marker (desmin) and offset the
effects of miR-23b-3p inhibitor on podocyte
injury markers

Western blot was conducted to quantitate the protein
expression levels of podocyte injury makers. As the
Figure 3J and 3K illustrated, compared to
ICþ shNCþADR group, the protein expression levels
of WT1 and Nephrin were negatively regulated but
that of Desmin was positively regulated in
Iþ shNCþADR group (Figure 3J and 3K, p< 0.01). In
contrast to ICþ shNCþADR group, the protein expres-
sion levels of WT1 and Nephrin were increased but
that of Desmin was decreased in ICþ shBNIP3LþADR
group (Figure 3J and 3K, p< 0.01). Besides, in
Iþ shBNIIP3LþADR group, the protein expression lev-
els of WT1 and Nephrin were elevated but that of
Desmin was dwindled when compared to those in
Iþ shNCþADR group, whereas inverse results were
obtained when comparing Iþ shBNIIP3LþADR group
with ICþ shBNIP3LþADR group (Figure 3J and 3K,
p< 0.05). Collectively, shBNIP3L upregulated the levels
of podocyte injury markers WT1 and Nephrin, downre-
gulated that of another marker Desmin and partly
reversed the effects of miR-23b-3p inhibitor on podo-
cyte injury markers.

Figure 2. (Continued)
and treated with 5lg/ml doxorubicin for 24 h), ADRþ shNEAT1 group (podocytes were transfected with shNEAT1 and treated
with 5 lg/ml doxorubicin for 24 h), ADRþ IC group (podocytes were transfected with miR-23b-3p inhibitor control and treated
with 5lg/ml doxorubicin for 24 h), ADRþ I group (podocytes were transfected with miR-23b-3p inhibitor and treated with 5lg/
ml doxorubicin for 24 h) and ADRþ shNEAT1þ I group (podocytes were co-transfected with shNEAT1 and miR-23b-3p inhibitor
and treated with 5 lg/ml doxorubicin for 24 h). (E) The mRNA expression level of miR-23b-3p in MPC5 cells in six groups was
quantified by qRT-PCR and the internal reference was U6. (F and G) The expression levels of podocyte injury makers including
including WT1, Nephrin and Desmin in MPC5 cells in six groups were quantified by western blot and the internal reference was
GAPDH. (H) The viability of MPC5 cells in six groups was assessed by CCK-8. (I and J) The apoptosis rate of MPC5 cells in six
groups was detected by flow cytometry. All experiments were repeated three times. Experimental data were expressed by mean-
± standard deviation (SD) (†††P< 0.001; þþþP< 0.001; &&&P< 0.001; ���P< 0.001; ###P< 0.001; ^^P< 0.01, ^^^P< 0.001;
DDP< 0.01, DDDP< 0.001; †vs. IC group; 1vs. IgG group; &vs. NC group; �vs. ADRþ shNEAT1-NC group; #vs. ADRþ I group; Dvs.
ADRþ shNEAT1 group; �vs. ADRþ IC group). (NEAT1: nuclear paraspeckle assembly transcript 1; ADR: adriamycin; shNEAT1: short
hairpin NEAT1; shNEAT1-NC: shNEAT1 negative control; I; miR-23b-3p inhibitor; IC; miR-23b-3p negative control; qRT-PCR: quanti-
tative real-time polymerase chain reaction; MPC5: mouse podocyte cell line; CCK-8; Cell Counting Kit 8; WT1: Wilms’ tumor 1).
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Figure 3. MiR-23b-3p targeted BNIP3L, and shBNIP3L upregulated the levels of podocyte markers WT1 and Nephrin, downregu-
lated that of marker Desmin and reversed the effects of miR-23b-3p inhibitor on BNIP3L expression. (A and B) Target prediction
of miR-23b-3p was calculated by TargetScan V7.2 and tested by dual-luciferase reporter assay. (C) RIP assay was conducted by
immunoprecipitation of anti-Ago2 antibody and anti-IgG antibody. The expressions of BNIP3L and miR-23b-3p were detected by
qRT-PCR. (D–F) The expression level of BNIP3L in MPC5 cells treated with or without ADR was quantified by qRT-PCR and western
blot and the internal reference was GAPDH. For (G–K), the experiment was divided into 4 groups: ADRþ ICþ shNC group (podo-
cytes were co-transfected with shNC and miR-23b-3p inhibitor control and treated with 5lg/ml doxorubicin for 24 h),
ADRþ IþshNC group (podocytes were co-transfected with shNC and miR-23b-3p inhibitor and treated with 5lg/ml doxorubicin
for 24 h), ADRþ ICþ shBNIP3L group (podocytes were co-transfected with shBNIP3L and miR-23b-3p inhibitor control and treated
with 5 lg/ml doxorubicin for 24 h), and ADRþ IþshBNIP3L group (podocytes were co-transfected with shBNIP3L and miR-23b-3p
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ShBNIP3L reversed the effects of miR-23b-3p
inhibitor on suppressing cell viability and
promoting apoptosis in ADR-induced podocyte
injury model

The viability of MPC-5 cells was detected by CCK-8 assay.
Compared to MPC-5 cell viability in ICþ shNCþADR
group, the viability was decreased in Iþ shNCþADR
group but was increased in ICþ shBNIP3LþADR group
(Figure 4A, p< 0.01). In Iþ shBNIP3LþADR group, the
viability of MPC-5 cells was higher than that in
Iþ shNCþADR group but was lower than that in
ICþ shBNIP3LþADR group (Figure 4A, p< 0.05). It can
be summarized that shBNIP3L reversed the inhibitory
effects of miR-23b-3p on MPC-5 cell viability in ADR-
induced podocyte injury model.

The apoptosis of MPC-5 cells was also evaluated. By
contrast with ICþ shNCþADR group, Iþ shNCþADR
group had increased apoptosis rate but
ICþ shBNIP3LþADR group had decreased one (Figure
4B and 4C, p< 0.001). In Iþ shBNIP3LþADR group, the
apoptosis rate was lower than that in Iþ shNCþADR
group but was higher than that in ICþ shBNIP3LþADR
group (Figure 4B and 4C, p< 0.01), manifesting that
shBNIP3L reversed the promoting effect of miR-23b-3p
on MPC-5 cell apoptosis in ADR-induced podocyte
injury model.

ShBNIP3L promoted bcl-2 level, inhibited bax and
C-caspase-3 levels and offset the effects of miR-
23b-3p inhibitor on genes related to apoptosis

The protein expression levels of the genes related
to apoptosis were measured through western blot
(Figure 4D and 4E). Relative to the protein levels in
ICþ shNCþADR group, the protein level of Bcl-2 was
downregulated and those of Bax and C-caspase-3 were
upregulated in Iþ shNCþADR group (Figure 4D and
4E, p< 0.01). In contrast to ICþ shNCþADR group,
ICþ shBNIP3LþADR group had elevated protein level
of Bcl-2 and diminished protein levels of Bax and C-cas-
pase-3 (Figure 4D and 4E, p< 0.001). Besides, in
Iþ shBNIP3LþADR group, the protein expression level
of Bcl-2 was higher than that in Iþ shNCþADR group

but was lower than that in ICþ shBNIP3LþADR group,
while the protein expression levels of Bax and C-
capase-3 were lower than those in Iþ shNCþADR
group but were higher than those in
ICþ shBNIP3LþADR group (Figure 4D and 4E,
p< 0.05). Collectively, shBNIP3L promoted Bcl-2 expres-
sion, inhibited Bax and C-caspase-3 expressions and
reversed the effects of miR-23b-3p inhibitor on genes
related to apoptosis

ShBNIP3L augmented E-cadherin level, lessened N-
cadherin, vimentin and snail levels and weakened
the effects of miR-23b-3p inhibitor on genes
related to EMT

The protein expression levels of the genes related to
EMT in MPC-5 cells were also measured by western blot
(Figure 4F and 4G). As compared to ICþ shNCþADR
group, the protein expression levels of N-cadherin,
Vimentin and Snail were increased and that of E-cad-
herin was decreased in Iþ shNCþADR group (Figure
4F and 4G, p< 0.05). When compared with
ICþ shNCþADR group, ICþ shBNIP3LþADR group
had downregulated N-cadherin, Vimentin and Snail lev-
els and upregulated E-cadherin level (Figure 4F and 4G,
p< 0.01). Besides, in Iþ shBNIP3LþADR group, the pro-
tein expression level of E-cadherin was higher than that
in Iþ shNCþADR group but was lower than that in
ICþ shBNIP3LþADR group, whereas the protein
expression levels of N-cadherin, Vimentin and Snail
were lower than those in Iþ shNCþADR group but
were higher than those in ICþ shBNIP3LþADR group
(Figure 4F and 4G, p< 0.05). Given the above findings,
shBNIP3L promoted E-cadherin expression, inhibited N-
cadherin, Vimentin and Snail expressions and reversed
the effects of miR-23b-3p inhibitor on genes related
to EMT.

Discussion

The reduction of podocyte number symbolizes podo-
cyte injury and the apoptosis of podocyte is one of
main causes for the loss of podocytes [23]. There are

Figure 3. (Continued)
inhibitor and treated with 5 lg/ml doxorubicin for 24 h). (G–I) The expression level of BNIP3L in MPC5 cells in four groups was
quantified by qRT-PCR and western blot (J–K) The expression levels of podocyte injury makers including WT1, Nephrin and
Desmin in MPC5 cells in four groups were quantified by qRT-PCR and western blot and the internal reference was GAPDH. All
experiments were repeated three times. Experimental data were expressed by mean± standard deviation (SD) (††P< 0.01;
þþþP< 0.001; DDDP< 0.001; ��P< 0.01, ���P< 0.001; ###P< 0.001; �P< 0.05, ^^^P< 0.01; †vs. IC group; 1vs. IgG group; Dvs.
blank group; �vs. ICþ shNCþADR group; #vs. ICþ shBNIP3LþADR group; �vs. Iþ shNCþADR group) (BNIP3L: B-cell lymphoma-
2 interacting protein 3 like; ADR: adriamycin; MPC5: mouse podocyte cell line; I; miR-23b-3p inhibitor; IC; miR-23b-3p negative
control; shBNIP3L: short hairpin BNIP3L; shNC: shBNIP3L negative control; qRT-PCR: quantitative real-time polymerase chain reac-
tion; WT1: Wilms’ tumor 1).
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Figure 4. ShBNIP3L reversed the cell viability inhibition and apoptosis promotion induced by miR-23b-3p inhibitor and regulated
the expressions of genes related to apoptosis and EMT. The experiment was divided into 4 groups: ADRþ ICþ shNC group
(podocytes were co-transfected with shNC and miR-23b-3p inhibitor control and treated with 5 lg/ml doxorubicin for 24 h),
ADRþ IþshNC group (podocytes were co-transfected with shNC and miR-23b-3p inhibitor and treated with 5lg/ml doxorubicin
for 24 h), ADRþ ICþ shBNIP3L group (podocytes were co-transfected with shBNIP3L and miR-23b-3p inhibitor control and treated
with 5 lg/ml doxorubicin for 24 h), and ADRþ IþshBNIP3L group (podocytes were co-transfected with shBNIP3L and miR-23b-3p
inhibitor and treated with 5lg/ml doxorubicin for 24 h). (A) The viability of MPC5 cells in four groups was detected with CCK-8
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some markers of podocyte injury including WT1,
Nephrin and Desmin [22]. WT1 is a significant factor for
podocytes to maintain the homeostasis, the downregu-
lation of which would induce the apoptosis of podo-
cytes [24]. Nephrin is another vital factor that can
inhibit the apoptosis of podocytes and help podocytes
recover from injury [25,26]. On the contrary, the expres-
sion of Desmin is in company with the process of podo-
cyte loss [24]. Moreover, as an anti-tumor antibiotic,
ADR could not only inhibit the tumor but also cause
the irreparable damage to the podocytes [27].
Therefore, the podocyte injury models were always con-
structed by the ADR [28,29]. Recently, the regulating
function of NEAT1 on the apoptosis of myocardiocytes,
smooth muscle cells and renal tubular epithelial cells
has been documented [30–32]. But there are few
papers discussing the effects of NEAT1 on podocyte
injury. Thus, this study probed into the effects of NEAT1
on viability and apoptosis of podocytes in the ADR-
induced mouse podocyte injury model. According to
the experimental results, NEAT1 was high-expressed in
ADR-induced podocyte model, which reduced the via-
bility and promoted the apoptosis of podocytes in
ADR-induced mouse podocyte injury model. Also, the
markers of podocyte damage were regulated by NEAT1.
Specifically, WT1 and Nephrin levels were downregu-
lated while Desmin level was upregulated by oe-NEAT1.
These evidences suggest that NEAT1 promotes ADR-
induced podocyte injury. Interestingly, we found that
NEAT1 alone did not significantly affect podocyte apop-
tosis, but generated promoting effects on apoptosis
when podocytes were treated with ADR, indicating that
NEAT1 may only take effect under ADR-induced patho-
logical conditions. Although the promoting function of
NEAT1 on podocyte injury has been tested, the underly-
ing mechanism awaited to be clarified.

As the previous study stated, the effects of lncRNAs
were realized by targeting miRNAs [15]. In Alzheimer’s
disease, NEAT1 takes effect via targeting miR-124 [33].
In the process of acute kidney injury induced by sepsis,
NEAT1 plays a vital part by regulating miR-204 [13].

However, the target miRNA of NEAT1 in podocyte injury
remained obscure. Hence, the bioinformatics analysis
by StarBase and the dual-luciferase reporter assay were
performed, whose results indicated that NEAT1 directly
targeted miR-23b-3p. As a recent study reported, miR-
23b-3p modulates the apoptosis and autophagy of lens
epithelial cells [24], which also has been confirmed to
possess the protective function on podocyte injury [18].
Since the mechanism of the effects of miR-23b-3p is still
unclear, the effects of miR-23b-3p on ADR-induced
mouse podocyte injury model were detected in this
study. The present research discovered that miR-23b-3p
ameliorated the podocyte injury and reversed the
effects of NEAT1, signifying that the effects of NEAT1
on podocyte injury were realized by regulating miR-
23b-3p.

The effects of miRNAs were also fulfilled by modulating
its target [34]. MiR-23b-3p impacted the pancreatic ductal
adenocarcinoma, hepatocellular carcinoma and cardio-
myocyte hypoxia via targeting annexin A2, zinc-finger E-
box-binding homeobox 1 and nuclear factor E2-related
factor 2, respectively [35–37]. However, there were no
documents about the target gene of miR-23b-3p in podo-
cyte injury. According to the bioinformatics analysis by
Targetscan and verification by dual-luciferase reporter
assay, miR-23b-3p directly targeted BNIP3L. BNIP3L is a
member of Bcl-2 family, whose upregulation can induce
the cell apoptosis and necrosis [38]. Moreover, BNIP3L
could enhance aldosterone-induced podocyte apoptosis
and mitochondrial dysfunction through permeabilization
of the mitochondrial outer membrane by mediating the
intrinsic apoptotic pathway [20]. In the context of the
indeterminate mechanism underlying the effects of
BNIP3L, the role of BNIP3L in the process of podocyte
injury was analyzed. The results revealed that BNIP3L exa-
cerbated the podocyte injury and partly offset the effects
of miR-23b-3p, manifesting that the effects of miR-23b-3p
on podocyte injury were achieved via modulating BNIP3L.
Nevertheless, the mechanism of these effects was still
undiscovered so that the factors related to apoptosis
were detected.

Figure 4. (Continued)
kit. (B and C) The apoptosis of MPC5 cells in four groups was measured by flow cytometry. (D and E) The protein expression lev-
els of genes related to apoptosis including Bcl-2, Bax and C-caspase-3 in MPC5 cells in four groups were quantified by qRT-PCR
and the internal reference was GAPDH. (F and G) The protein expression levels of genes related to EMT including E-cadherin,
N-cadherin, Vimentin and Snail in MPC5 cells in four groups were quantified by qRT-PCR and the internal reference was GAPDH.
All experiments were repeated three times. Experimental data were expressed by mean± standard deviation (SD) (�P< 0.05,��P< 0.01, ���P< 0.001; �P< 0.05, ^^P< 0.01; ##P< 0.01, ###P< 0.001; �vs. ICþ shNCþ ADR group; �vs. Iþ shNCþADR group;
#vs. ICþ shBNIP3Lþ ADR group) (BNIIP3L: B-cell lymphoma-2 interacting protein 3 like; EMT: epithelial-mesenchymal transition;
MPC5: mouse podocyte cell line; I; miR-23b-3p inhibitor; IC; miR-23b-3p negative control; shBNIP3L: short hairpin BNIP3L; shNC:
shBNIP3L negative control; CCK-8; Cell Counting Kit 8; Bcl-2: B-cell lymphoma-2; C-caspase-3: Cleaved-caspase-3; Bax: Bcl-2 associ-
ated X; E-cadherin: Epithelial-cadherin; N-cadherin: Neural-cadherin; qRT-PCR: quantitative real-time polymerase chain reaction).
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To further verify the above findings in molecular level,
the impacts of miR-23b-3p and BNIP3L on the factors
related to apoptosis were detected. Bcl-2 family serves a
significant role in cell apoptosis [39]. As members of the
Bcl-2 family, Bcl-2 has abilities in ameliorating apoptosis
and Bax is capable of intensifying apoptosis [40]. In the
podocyte injury, the downregulation of Bcl-2 and the
increased ratio of Bax/Bcl-2 promote the apoptosis [41].
Furthermore, another mediator of cell apoptosis and
death is caspase family [42]. Caspase-3, belonging to
caspase family, exhibits upregulated expression in the
apoptosis of podocytes [43]. The protein expressions of C-
caspase-3, Bcl-2 and Bax are applied to detect and explain
the cell apoptosis in podocyte injury [32]. In the present
study, BNIP3L upregulated the expressions of Bax and C-
capase-3, downregulated that of Bcl-2 and partly reversed
the effects of miR-23b-3p. Additionally, EMT is one of the
responses of podocytes to injury resulting in the depletion
of podocytes, and blocked EMT can alleviate the injury of
podocytes [44]. The upregulation of N-cadherin and the
downregulation of E-cadherin are hallmarks of EMT [45].
Besides, Vimentin can also serve as the biomarker of EMT
[46]. During the progression of podocyte injury, EMT of
the podocyte is mediated by Snail [44]. Therefore, these
factors related to EMT were detected in this study, uncov-
ering that BNIP3L downregulated E-cadherin level, upre-
gulated N-cadherin, Vimentin and Snail levels and partly
neutralized the effects of miR-23b-3p. In a word, the
effects of BNI3L and miR-23b-3p were realized by regulat-
ing the expressions of Bcl-2, Bax, C-caspase-3, E-cadherin,
N-cadherin, Vimentin and Snail.

However, there are some aspects need to be opti-
mized in our study. This paper figured out the effects of
NEAT1 on podocyte injury, through verifying the target
relationship among NEAT1, miR-23b-3p and BNIP3L and
exploring the mechanism underlying the effects of
NEAT1. But the relevant experiments only carried out in
mouse model in vitro, so that experiments in vivo are
necessary for further study. In addition, the collection
of clinical samples to verify the expression level of
NEAT1 in kidney tissue is also helpful to improve
our conclusion.

In conclusion, in ADR-induced mouse podocyte
injury model, miR-23b-3p inhibitor reverses the effects
of shNEAT1 on promoting NEAT1 expression and cell
viability and on hindering cell apoptosis, which is also
positively correlated with the markers of podocyte
injury. But shBNIP3L offsets the impacts of miR-23b-3p
inhibitor. Furthermore, NEAT1 promotes the podocyte
injury via targeting miR-23b-3p/BNIP3L axis. In detail,
the effects of NEAT1 are realized by upregulating the
expressions of Bax, C-caspase-3, N-cadherin, Vimentin

and Snail, and downregulating the expressions of Bcl-2
and E-cadherin. Taken together, NEAT1 modulates the
podocyte injury via targeting miR-23b-3p/BNIPEL axis,
which provides a new direction for targeted treatment
of renal injury triggered by exposure to nephro-
toxic drugs.
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