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Purpose. It is well documented that angiotensin II (Ang II) elevation promotes apoptosis of podocytes in vivo and vitro, but the
potential mechanism is still oscular. The current study is aimed at probing into the assignment of cysteine-rich protein 61
(Cyr61) in Ang II-induced podocyte apoptosis. Methods. Podocytes were treated with Ang II (10-6mol/L) for 48 hours to
establish an injury model in vitro. Western blot assays were detected the expression of Cyr61, Cyt-c, Bax, and Bcl-2. Gene
microarray was used to analyze the expression of mRNAs after treatment with Ang II. CRISPR/Cas9 technology was used to
knock down Cyr61 and overexpress TXNIP gene, respectively. Results. The expression of Cyr61, TXNIP, Cyt-c, and Bax in
podocytes treated with Ang II were upregulated, but the expression and apoptotic rates of Bcl-2 in podocytes were inhibited.
The level of the above factors was not significantly different after the knockdown of Cyr61 with Ang II in podocytes. In Ang II
group, when knocked down Cyr61, the expressed level of TXNIP, Cyt-c, and Bax was diminished after Ang II treatment;
interestingly Bcl-2 expression and podocyte apoptotic rate were reduced. Under the stimulation of Ang II, the expression of
Cyt-c and Bax were growing, whereas Bcl-2 was reduced, and the apoptotic rates were higher in the TXNIP overexpression
group. Cyt-c and Bax were put on, whereas that of Bcl-2 was to be cut down when the Cyr61 was knockdown, and the
apoptotic rates were gained in the TXNIP overexpression+Cyr61 knockdown group. Conclusions. The results of the study
extrapolate that Cyr61 plays a dominant role in Ang II-induced podocyte apoptosis. Additionally, Cyr61 may mediate the Ang
II-induced podocyte apoptosis by promoting the expression of TNXIP.

1. Introduction

Podocytes enclose glomerular capillaries in the Bowman’s
capsule of the kidney, also called epithelial cells of the vis-
ceral layer of the kidney. They have been termed after the
“peduncle” that protrudes from cells and are the most struc-
turally complex and easily damaged terminal differentiated
cells [1, 2]. Podocytes are an indispensable component of
the glomerular filtration barrier which play an instrumental

part in maintaining glomerular filtration function [3]. The
occurrence and progression of multiple glomerular diseases
involve damage to podocytes, and numerous recent studies
have established that damage and loss of podocytes is one
of the common clinical manifestations of glomerular
diseases, including diabetic nephropathy (DN), microdegen-
erative nephropathy, focal stage glomerulosclerosis, mem-
branous nephropathy, and lupus nephritis, and is one of
the main causes of glomerular proteinuria [4]. Given that
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renal diseases are asymptomatic in the early stages, frequently
develop chronically, and have persistent irreversible lesions,
early prevention, control, and timely intervention are crucial
to prevent progression into the uremic phase. The traditional
concept is that some podocyte diseases are closely related to
autoimmune dysfunction, and some patients develop hor-
mone resistance and relapse after receiving conventional treat-
ments such as immunosuppressive drugs and glucocorticoids.
Therefore, an in-depth investigation is warranted to elucidate
the mechanism underlying podocyte injury and the develop-
ment of podocytosis, as well as provide a rationale for their
clinical diagnosis and medical attendance.

Renin-angiotensin system (RAS) is one out of the earliest
and most widely researched atypical hormone system refer-
ence several pathophysiological processes [5, 6]. It not only
regulates blood pressure and internal environment homeo-
stasis by acting on the renal and cardiovascular systems
but is also implicated in other pathological processes, includ-
ing inflammation and immune response [7]. RAS is crucial
for the regulation of renal homeostasis, and inhibiting RAS
in chronic kidney disease patients can minimize proteinuria
and restore renal function. Recent studies have uncovered
that the main effector molecules of RAS, including Ang II,
salt corticosteroid, and protein receptors, are secreted and
generated by podocytes secreted and main effect molecules
of RAS, including Ang II, salt corticosteroids, and protein
receptors. Furthermore, RAS is activated in numerous glo-
merular diseases, while their suppression plays a protective
role against injury. Ang II, as one of the significant interme-
diates of RAS, plays a crucial role in podocyte injury. Several
research projects have approved the probability of Ang II
promoting podocyte apoptosis through various pathways
[8–12]. In addition, Ang II can also trigger autophagy in
podocytes [13]. However, it is needed to further explore
the mechanism of Ang II-induced podocyte apoptosis.
Exploring the local RAS of podocytes and the transduction
mechanism of their activation may yield novel therapeutic
targets for preventing podocyte injury.

Herein, gene microarray technology was used to analyze
changes inmRNA expression after Ang II intervention in podo-
cytes. Besides, the role of Cyr61 and TXNIP in Ang II-induced
podocyte apoptosis was assessed by knocking down Cyr61 and
overexpressing TXNIP with CRISPR/Cas9 technology.

2. Materials, Reagents, and Methods

2.1. Experimental Materials

2.1.1. Materials and Reactants. Cell lines were purchased
from the cell bank of Fudan University, Shanghai, and fro-
zen in the Scientific Experiment Center of the Right River
School of Ethnic Medicine; rabbit anti-Cyr61 antibodies
(Santa Cruz Biotechnology); rabbit anti-Akt antibody, rabbit
anti-Bax antibody, and rabbit anti-Bcl-2 antibody (Abcam);
rabbit anti-TNXIP antibody (Cell Signaling); mouse anti-
Cyt-c (Biyuntian); GAPDH (Beijing Zhongsun Jinqiao Bio-
logical Company); horseradish peroxidase-labeled goat
anti-rabbit and goat anti-mouse secondary antibodies
(Biyuntian); apoptosis detection kit (BD); Ang II (Solabao);

protease inhibitor mixture (Kangwei Century); and BCA
protein quantification kit (Biyuntian); murine Cyr61KO
plasmid, murine TXNIP activation plasmid (VDUP1 activa-
tion plasmid), HDR transfection plasmid, and Ultracruz
transfection reagent (Santa Cruz Biotechnology).

2.2. Experimental Methods

2.2.1. The Cells Were Cultured and Differentiated according
to a Previous Study [14]. The cells were cultured in RPMI-
1640 nutrient medium supplemented with 10% fetal bovine
serum at 37°C and 5% CO2. We replaced the medium every
1 to 2 days. When cell confluency reached 80%, they would
be subsequently digested, passaged, and then used for the
ensuing experiments after about 14 days of differentiation
and maturation.

Gene microarray analysis: in order to detect alterations
in mRNA expression following Ang II intervention in the
pedunculated cells, the cells were collected, and total RNA
was extracted after treating with Ang II (10-6mol/L) after
48 h intervention in the pedunculated cells, and then, total
RNA gene expression profile was analyzed using gene
microarray technology.

2.2.2. Cell Transfection. The cells were plated in six-well
plates at a specific mass of 2 × 105 cells/mL per orifice, and
serum-free culture medium was replaced when the cell con-
fluency reached 70%. Next, 1.0μg Cyr61 CRISPR/Cas9 KO
plasmid and 1.0μg HDR plasmid were added to a 150μL
serum-free antibiotic-free medium, thoroughly stirred and
fostered for 5min at indoor temperature subsequently.
10μg L Ultracruz transfection reagent was infunded to
140μL of serum-free and antibiotic-free substrate and thor-
oughly blended and incubated for 5min at ambient temper-
ature. The above two hybrids were blended and cultivated
for 10min at interior temperature, after which an
antibiotic-free medium containing 10% FBS was fed into
making the final volume 2mL in a six-well plate containing
the cells. Transfection was visualized under a fluorescence
microscope at 24 h and 48h. After 48-96 h, the cells were
transfected with 8μg/mL puromycin, and the transfected cell
lines were successfully established. The process for TXNIP
transfection was identical to that for Cyr61.

2.2.3. Detection of Apoptosis. After the podocytes were cul-
tured for 48 h, the supernatant was discarded, and then,
the cells in each group were washed with PBS at 4°C for 2
times. After trypsin digestion, the supernatant was com-
bined with the above-mentioned supernatant to make single
cell suspension, and the cell density was adjusted to 1 × 106
cells/mL. 100μL cell suspension was decanted to 5μL
Annexinv-FITC and 5μL PI dissolution, and the cells were
reared at room temperature without light for 15min. Then,
400μL PBS was added, and flow cytometry was used for
detection of apoptosis.

2.2.4. Detection of the Protein Expression Levels of Cyr61,
TXNIP, Cyt-c, Bax, and Bcl-2 in Each Group via Western
Blotting. The total protein of the glomerular podocytes line
was extracted after being cultured for 48 h according to the
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previous grouping, and the protein concentration was
detected using a BCA Kit. Following SDS-PAGE electropho-
resis, the membranes were transferred at a constant voltage
of 100V for 110min. After the transfer of the proteins to
the NC membrane, the membrane was confined with a
blocking buffer for 30min and incubated with Cyr61,
TXNIP, Cyt-c, Bax, and Bcl-2 primary antibodies (1 : 500)
overnight at 4°C, washed 3 times by usage of TBST, and fos-
tered by means of suiting horseradish peroxidase-labeled
secondary antibodies (1: 1000) for 30min at indoor temper-
ature in a shaker. The bands were emerged by enhanced
chemiluminescence (ECL). The relevant content of the tar-
get protein bands was profiled as the specific value of the
grayscale value of the target protein bands to that of the
GAPDH protein bands by semiquantitative analysis using
the Image J software.

SPSS 23.0 statistical software was utilized for data analy-
sis, and all data were subjected to a normal distribution and
chi-square test. X ± s were utilized to express data obeying a
Gaussian distribution. Independent samples t-test and one-
way ANOVA was directed at comparison between two
groups and multiple groups, respectively. Nonnormal distri-
butions were denoted as median and extreme values, and the
rank-sum test was accessed to compare differences disobedi-
ent the Gaussian distribution. p < 0:05 was expected statisti-
cally significant.

3. Results

3.1. Ang II Facilitates Podocyte Apoptosis. Podocytes were
coped with 10-6mol/L Ang II go by 48 h, and flow cytometry
(FCM) was utilized to detect apoptosis. As illustrated in
Figure 1, apoptosis of podocytes was significantly attracted
by Ang II by comparison of controls group (#p < 0:05).

3.2. Effect of Ang II Intervention on the Expression Level of
Cyr61 and TXNIP in Podocytes. The expression levels of
Cyr61 and TXNIP were perceived through Western blot
48 h after intervention with 10-6mol/L Ang II in podocytes.
As depicted in Figure 2, the Cyr61 and TXNIP were expres-
sively highly expressed following Ang II intervention be con-
fronted with the matched group (#p < 0:05).

3.3. Affection of Ang II Intervention on the mRNA Expression
Profile in Podocytes. To inquire into the potential mecha-
nism underlying the podocyte apoptosis induced by Ang
II, alterations of mRNA expression profile after Ang II inter-
vention in podocytes were further assessed using gene
microarray technology. Using a 1.5-fold change as the cut-
off value, we found that the expression of 588 mRNAs was
altered, of which 248 were upside and 340 were downside.
And TXNIP was the most significantly upregulated gene
(Figure 3), and the 10 top significant expression genes are
shown in Table 1.

3.4. Transfection Efficiency. Cyr61 CRISPR/Cas9 KO plas-
mid and TXNIP activation plasmid were transfected accord-
ing to the protocol of Cyr61 CRISPR/Cas9 KO plasmid and
screened prior to cell collection and total cell protein extrac-
tion. Using Western blot detection level of the expression of

Cyr61 and TXNIP in normal podocytes and podocytes with
Cyr61 down and TXNIP overexpression, the outcomes of
experiment revealed that Cyr61 were downregulated in
transfection group significantly, and TXNIP were upregu-
lated significantly in contrast with the comparison group
(Figure 4) (#p < 0:05).

3.5. Cyr61 Knockdown Inhibits TXNIP Expression, While
Overexpression of TXNIP Has No Significant Influence on
the Expression of Cyr61. To verify the relationship between
Cyr61 and TXNIP, changes in the expression levels of both pro-
teins were explored byWestern blot after knocking downCyr61
and overexpressing TXNIP, respectively. The results demon-
strated that knockdown of Cyr61 inhibited the expression of
TXNIP (p < 0:05) compared with the control group
(Figure 5), while overexpression of TXNIP had no available
influence on the expression of Cyr61.

3.6. Effect of Cyr61 Knockdown on Ang II-Mediated Podocyte
Apoptosis. To further probe the character of Cyr61 in Ang
II-induced podocyte apoptosis, we used CRISPR/Cas9 tech-
nology to knock down Cyr61 and observe the change of apo-
ptosis rate of podocyte stimulated by Ang II. The results
disclosed that, confronted with the comparison group,
knockdown Cyr61 could reduce the apoptosis rate of podo-
cyte (#p < 0:05). The rate of podocyte apoptosis with Ang II
knockdown Cyr61 was expressively below the Ang II group
(#p < 0:05), but had no virtual difference contradistinguished
with the matched group (Figure 6) (∗p > 0:05).

3.7. Impression of Cyr61 Knockdown on Ang II-Induced
Expression of TXNIP, Cyt-c, Bax, and Bcl-2 in Podocytes.
To further inquire into the role of Cyr61 in Ang II-induced
podocyte apoptosis, the Western blotting were utilized to
examine the alterations in TXNIP, Cyt-c, Bax, and Bcl-2
expression. Western blotting accounts determined that, con-
trasted with the comparison group, stimulation of podocytes
using Ang II facilitated the expression of TXNIP, Cyt-c, and
Bax (#p < 0:05), restrained the expression of Bcl-2 (#p < 0:05
), and increased the Bax/Bcl-2 scale (#p < 0:05); knockdown
of Cyr61 inhibited the expression of TXNIP, Cyt-c, and Bax
(#p < 0:05), promoted Bcl-2 expression (#p < 0:05), and
decreased the Bax/Bcl-2 ratio (#p < 0:05); there were no signif-
icant differences in TXNIP, CyT-C, Bax, Bcl-2, and Bax/Bcl-2
in Cyr61 podocytes stimulated by Ang II confronted with the
comparison group (∗p > 0:05). The expression of TXNIP,
CyT-C, and Bax was reductive (#p < 0:05), the expression of
Bcl-2 was incremental (#p < 0:05), and the Bax/Bcl-2 was less-
ened (#p < 0:05) after Ang II stimulation knocked downCyr61
podocytes (Figure 7).

3.8. Effect of TXNIP Overexpression on Ang II-Induced
Podocyte Apoptosis. The antecedent findings exposed that
TXNIP expression was expressively elevated in answer to Ang
II stimulation, and knockdown of Cyr61 inhibited TXNIP
expression, implying that Cyr61 and TXNIP may be partici-
pated in Ang II-induced podocyte apoptosis. To further verify
the character of Cyr61 and TXNIP in the podocyte apoptosis
induced by Ang II, we overexpressed TXNIP using CRISPR/
Cas9 technology and detected alterations in the apoptotic rate
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using flowmetry. Under Ang II stimulation, apoptosis was rais-
ing in the TXNIP overexpression group contradistinguished to
the Ang II stimulation-only group (#p < 0:05), while there was
no remarkable difference among the Cyr61 knockdown and
TXNIPoverexpressiongroups (∗p > 0:05).Besides, the apopto-
tic rate was enhanced in the TXNIP overexpression group con-
fronted to theCyr61 knockdowngroup (#p < 0:05), aswell as in
the Cyr61 knockdown + TXNIP overexpression group
(#p < 0:05). Figure 8 depicts mounted apoptosis in the TXNIP

overexpression group compared to the Cyr61 knockdown +
TXNIP overexpression group (Figure 8).

3.9. Effect of TXNIP Overexpression on Ang II-Induced Cyt-c,
Bax, and Bcl-2 Expression Levels in Podocytes. To investigate
the identity of TXNIP in podocyte apoptosis induced by Ang
I, changes in the expression levels of Cyt-c, Bax, and Bcl-2
were examined by way of Western blot. The outcomes dem-
onstrated that under Ang II stimulation, the TXNIP overex-
pression group displayed increased expression of Cyt-c and
Bax (#p < 0:05), shortened of Bcl-2 (#p < 0:05), and elevated
Bax/Bcl-2 ratio (#p < 0:05) contrasted with the group acti-
vated with Ang II simply, whereas after simultaneous knock-
down of Cyr61 and overexpression of TXNIP, there were no
significant differences in Cyt-c, Bax, and Bcl-2 expression
levels, as well as the Bax/Bcl-2 ratio (∗p > 0:05). Moreover,
confronted with the group knockdown Cyr61, the group
overexpressed TXNIP showed increased expression of Cyt-
c and Bax (#p < 0:05) and lessened expression of Bcl-2
(#p < 0:05) and elevated Bax/Bcl-2 ratio (#p < 0:05).
Figure 9 delineates the affection of TXNIP upregulation on
the expression levels of Cyt-c, Bax, and Bcl-2.

4. Discussion

Herein, we initially analyzed the apoptotic rate and alter-
ations in Cyr61 and TXNIP expression levels in response
to Ang II treatment of podocytes and detected changes in
the RNA expression profile using gene microarray technol-
ogy. Furthermore, CRISPR/Cas9 mechanics was used to
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Figure 1: Ang II promotes podocyte apoptosis (x ± s, n = 3).
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knock down Cyr61 and overexpress the TXNIP gene in
podocytes coped with Ang II. Flow cytometry used on detect
apoptosis, while Western blot was employed to identify
changes in Cyr61, TXNIP, Cyt-c, Bax, and Bcl-2 expression
levels so as to probe into the underlying mechanism and role
of Cyr61 and TXNIP in apoptosis in podocytes induced
through Ang II.

Podocytes, highly differentiated epithelial cells of the vis-
ceral glomerular layer, are the organizers and managers of glo-
merular structures [15, 16]. They play an important role in
glomerular filtration (GF), maintenance of glomerular base-
ment membrane (GBM), glomerular capillary formation, and
maintenance of glomerular capillary integrity, signaling, and
other multiple counterfactuals [15]. Podocytes, together with
glomerular capillary endothelial cells and glomerular basement
membrane, constitute the glomerular filtration barrier. The

cleavage septum formed between the peduncle of the podocyte
is the final barrier of the glomerular filtration membrane, and
its primary function is to forma protein-selectivefiltration bar-
rier. The cleavage septumcomprises several proteins, including
nephrin, podocin, and transient receptor potential cation chan-
nel protein 6 (TRPC6). Disruption of these cleavage septum-
associated proteins is implicated in the fusion and demise of
podocytes and has also been revealed to be a critical link in
the advance of proteinuric kidney disease [17, 18]. Podocyte
damage from various causes eventually culminates in the
replacement of podocytes by cicatricial tissue and extracellular
matrix and results in the development of glomerulosclerosis
and ultimately mediates the development of several chronic
kidney diseases (CKD), including focal stage glomerulosclero-
sis, microscopic lesion nephropathy, membranous nephropa-
thy, diabetic nephropathy, and lupus nephritis [16]. An in-

Table 1: The top 10 most significant up- and downregulated mRNAs.

p value Gene symbol
Fold change (log FC)

Gene symbol p value
Upregulation Downregulation

5.08E-07 TXNIP 2.1059 -2.0432 LAGE3 0.0092

4.22E-07 HAPLN2 1.9081 -2.0415 ALKBH5 0.0028

3.47E-06 KREMEN2 1.8408 -2.0328 ACYP2 0.0001

1.05E-06 CECR5-AS1 1.8392 -1.9434 POLR1A 2.57E-05

5.45E-07 SRPX 1.8218 -1.8228 DPP9 0.0009

4.06E-06 C1QTNF6 1.8037 -1.8218 DPH2 6.25E-06

1.94E-06 DOC2A 1.7780 -1.7704 UTP20 5.15E-06

6.71E-06 GFPT2 1.7704 -1.7666 USP7 1.93E-05

0.0001 MST1 1.7560 -1.7127 SMIM24 3.14E-06

1.27E-04 ABCC8 1.5844 -1.6233 NDUFB3 0.0038
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depth study of the mechanism of podocyte injury may yield a
new theoretical basis and avenue for the prevention and treat-
ment of many glomerular diseases.

Ang II is one of the key RAS products and is known to
play a crucial assignment in the administration of cardiovas-
cular, renal inflammation, fibrosis, blood pressure, and renal
hemodynamics [16–18]. Ang II serves distinct roles in differ-
ent cells; for example, in vascular smooth muscle cells, it can
promote their proliferation and lead to atherosclerosis [19].
Conversely, Ang II can operate apoptosis in podocytes, car-
diomyocytes, and umbilical vein endothelial cells [20–22]. It
is evident that the mechanism of action of Ang II is intricate,
and an in-depth study of its mechanism of action is crucial
to the prevention, diagnosis, and treatment of Ang II-
related diseases.

The cysteinyl-rich protein 61 (Cyr61) remains with the
secreted protein family of CCNs. It is a constituent of the
extracellular matrix synthesized and excreted by endothelial
cells, as well as a component of the cell membrane [19]. Ear-
lier studies have established that it participates in various
biological processes by regulating different signaling path-
ways. Furthermore, Cyr61 is essential during embryonic car-
diovascular development, while in adulthood, it is closely
related to inflammation, wound healing, injury repair, and
related pathologies such as fibrosis and cancer [20]. The rel-
evance of Cyr61 in different diseases has been extensively
studied in recent years. Fan et al. [21] noted significantly
higher levels of Cyr61 in the peripheral blood and lung tissue
of patients with SLE-associated pulmonary hypertension
compared to patients with nonpulmonary hypertensive
SLE and healthy individuals. Li et al. [22] observed that

Cyr61 was elevated in the very early stages of the disease
by studying a rat matrix of renal ischemia-reperfusion
injury. Shimura et al. [23] also concluded that urinary
Cyr61 may be a noninvasive diagnostic criterion for colon
cancer. Besides, Cyr61 is also closely associated with heart
failure [24], coronary artery disease [25], and myocardial
injury [26]. These findings infer that Cyr61 is jointed with
the development of multiple diseases and may be a feasible
target for the diagnosis and treatment of clinically relevant
diseases.

Rodrigues-Díez et al. [27] found that the expression of
Cyr61 was significantly upregulated and took part in the
management of vascular smooth muscle cell proliferation
after intervention with Ang II in rat vascular smooth muscle
cells, suggesting that Cyr61 may be a downstream signaling
molecule of Ang II. Our study revealed that the expression
of Cyr61 was significantly elevated under the effect of Ang
II; therefore, we postulated that Cyr61 might also participate
in Ang II-induced podocyte injury. To verify this hypothesis,
we administered Ang II to interfere with histocytes cultured
in vitro, examined the altered RNA expression profile using
gene microarray technology, and observed the effect of
knocking down Cyr61 on Ang II-induced podocyte apopto-
sis. The results displayed that the expression of 588 mRNAs
was altered after 48 h of Ang II action on the podocytes, of
which 248 were upregulated and 340 were downregulated.
As predicted, TXNIP was the most significantly upregulated
gene. Meanwhile, Cyr61 protein expression was also
increased, and the apoptotic rate of podocytes was signifi-
cantly increased, while that of podocytes decreased after
knocking down Cyr61 and overexpressing TXNIP. The
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Figure 8: Effect of TXNIP upregulation on Ang II-induced apoptosis of podocytes (x ± s, n = 3).
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above experimental results indicate that Cyr61 and TXNIP
may be contained in Ang II-induced apoptosis of podocytes.
By interfering with the expression of Cyr61, the occurrence
of podocyte apoptosis could be effectively prevented.

Overexpression of TXNIP induces cell cycle arrest at G0/
G1. There is an important role for TXNIP in apoptosis. Sun
et al. [28] found that TXNIP expression was significantly
reduced in hepatocellular carcinoma tissues. Additionally,
through mitochondria-mediated ROS production and acti-
vation of MAPK pathways, TXNIP overexpression inhibited
hepatocellular carcinoma cell proliferation. Yao et al. [29]
reported that TXNIP was an important link in enterovirus
71-mediated apoptosis. Hou et al. [30] found that suppress-
ing TXNIP effectively lowered lipopolysaccharide-induced
apoptosis in umbilical vein endothelial cells. More impor-
tantly, Wang et al. [31] described that Ang II could mediate
islet β-cell apoptosis by inducing TXNIP overexpression.
Our study employed gene microarray analysis and Western
blot to validate that intervention of podocytes with Ang II
significantly promoted TXNIP expression and was closely
associated with podocyte apoptosis. Consequently, knock-
down of TXNIP significantly reversed Ang II-induced podo-
cyte apoptosis.

Our further study revealed that knockdown of Cyr61
suppressed TXNIP expression, while overexpression of
TXNIP had no valid impression on the expression of

Cyr61. This finding signals that Cyr61 may be referred to
Ang II-induced apoptosis in podocytes through the modula-
tion of TXNIP. To test this conjecture, we knocked down both
Cyr61 and overexpressed TXNIP in podocytes. Under Ang II
stimulation, apoptosis was improved in the TXNIP overex-
pression group than the group stimulated with Ang II only
in comparison. At the same time, there was no virtual differ-
ence in the apoptotic rate in the Cyr61 knockdown + TXNIP
overexpression group. Apoptosis was elevated in the TXNIP
overexpression group comparison with the Cyr61 knockdown
group, although the apoptotic rate was increased in both the
Cyr61 knockdown and TXNIP overexpression groups. These
results provide robust evidence that Cyr61 plays a pivotal part
in the podocyte apoptosis induced by Ang II and that Cyr61
can mediate the podocyte apoptosis induced by Ang II by pro-
moting the expression of TNXIP.

The process of apoptosis, known as programmed cell
death as well, is a complex process regulated by multiple
pathways, among which the mitochondrial pathway is one
of the key pathways regulating apoptosis. Cytochrome C
(Cyt-c) is one of the basic components of the oxidative respi-
ratory chain and plays a crucial part in the mitochondrial
apoptotic pathway [32]. When cells are subjected to external
stimuli, Cyt-c released from mitochondria into the cyto-
plasm can induce the activation of caspases, which in turn
undergoes a cascade reaction to participate in apoptosis
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[33]. It has been shown that an increase in the Bax/Bcl-2
ratio can lead to the release of Cyt-c from mitochondria into
the cell matrix [34] and that the dynamic balance of Bcl-2
family proteins, comprising the proapoptotic protein Bax
and the antiapoptotic protein Bcl-2, located in the outer
mitochondrial membrane [35], determines cell survival
[36]. To investigate whether changes in Cyt-c and the Bax/
Bcl-2 ratio are comprised in Ang II-mediated apoptosis in
podocytes, the expression level of Cyt-c, Bax, and Bcl-2
was detected by Western blot after intervention with Ang
II in podocytes herein. The outcomes showed that Cyt-c
and Bax had a significantly raising expression, whereas that
of Bcl-2 had a significantly dropped off, and the scale of
Bax/Bcl-2 was boosted. The aforementioned results imply
that Ang II-mediated apoptosis of podocytes may be associ-
ated with changes in Cyt-c and Bax/Bcl-2 ratio. Given the
association between Ang II, Cyr61, and TXNIP in podocyte
apoptosis, we further verified the relationship between
Cyr61 and TXNIP with Cyt-c, Bax, and Bcl-2, and the results
showed that knockdown of Cyr61 suppressed the expression
of Cyt-c and Bax, promoted the expression of Bcl-2, and
increased the Bax/Bcl-2 ratio; there was no statistical signif-
icance in the expression of Cyt-C, Bax, and Bcl-2 in podo-
cytes with Cyr61 knockdown stimulated by Ang II
(compared coped with Ang II only), the expression of Cyt-
C and Bax was cut down, and the expression of Bcl-2 and
the ratio of Bax/Bcl-2 was increased after treating podocytes
that Cyr61 downregulated with Ang II. Under Ang II stimu-
lation, the expression level of Cyt-c and Bax was incremen-
tal, that of Bcl-2 descending, and the ratio of Bax/Bcl-2
was declining in the TXNIP overexpression group in com-
parison with the Ang II stimulation only group, while there
was no statistical significance in the expression of Cyt-c, Bax,
and Bcl-2 in the Cyr61 knockdown + TXNIP overexpression
group. Compared with the Cyr61 knockdown group, the
Cyt-c and Bax expressed enhancive, that of Bcl-2 was
decreased, and the Bax/Bcl-2 ratio was increased in the
TXNIP overexpression group; similarly, Cyt-c and Bax had
an ascending expression, that of Bcl-2 was degressive, and
the ratio of Bax/Bcl-2 was expressed climbing in the Cyr61
knockdown + TXNIP overexpression group. Taken together,
these results lead to the conclusion that Cyr61 may be com-
prised in podocyte apoptosis administration through the
regulation of Cyt-c expression and Bax/Bcl-2 balance by
Ang II through TXNIP.

Although our study initially confirmed the relationship
and role of Cyr61 and TXNIP in Ang II-induced podocyte
apoptosis, there were many shortcomings. Firstly, there
was no negative control group during transfection, and we
could not rule out the possibility that transfection reagents
affected podocytes. Secondly, we simultaneously transfected
two different genes in the podocytes, and it was not possible
to effectively determine whether there was an interaction
between the two transfection reagents. In addition, our study
was limited to the influence of Ang II on podocyte apoptosis,
while other cellular activities such as autophagy, cycle, and
proliferation were not evaluated, nor were the molecular sig-
naling mechanisms involved in apoptosis regulation, which
may be the subject of our future study.

5. Conclusion

In short, TXNIP may be comprised in the podocyte’s apo-
ptosis induced by Ang II as a downstream signaling mole-
cule of Cyr61, and blocking Cyr61 or TXNIP can
significantly reduce the degree of Ang II-induced apoptosis
in podocytes. Moreover, Cyr61 may mediate podocyte apo-
ptosis through the involvement of TXNIP in the regulation
of Cyt-c expression and Bax/Bcl-2 balance by Ang II. There-
fore, inhibiting Cyr61 and its downstream-related signaling
molecules in pathological conditions may be a patent strat-
egy for the treatment of Ang II-related diseases.
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