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c-Myc promotes tubular cell apoptosis in ischemia-reperfusion-
induced renal injury by negatively regulating c-FLIP and
enhancing Fasl/Fas-mediated apoptosis pathway

Dan Xu', Bao Wang', Pan-pan Chen’, Yan-zhe Wang?, Nai-jun Miao', Fan Yin', Qian Cheng’, Zhuan-li Zhou', Hong-yan Xie', Li Zhou',

Jun Liu', Xiao-xia Wang?, Hong Xue', Wei Zhang' and Li-min Lu’

c-Myc plays an important role in cell proliferation, differentiation, and cell apoptosis. FasL/Fas pathway is a key regulator of cell
apoptosis. This study was aimed to investigate the effects of c-Myc on the FasL/Fas pathway in ischemia-reperfusion (I/R)-induced
renal injury. Rats were objected to bilateral renal ischemia for 60 min and reperfused for 24 or 48 h. NRK-52E cells were treated with
hypoxia-reoxygenation (H/R) or FasL. Inmunohistochemistry was used to identify the distribution of c-Myc. Cell apoptosis was
assessed by TUNEL staining. Ad-c-Myc and recombinant pcDAN 3.0 were used to overexpress c-Myc and c-FLIP, respectively. ChIP
assay and luciferase assay were used to detect the binding of c-Myc to ¢-FLIP promoter. In I/R rats, c-Myc was increased significantly
and mainly located in renal tubular epithelial cells; meanwhile, c-FLIP was decreased, cleaved caspase-8, cleaved caspase-3 and
TUNEL-positive staining cells were increased. Treatment of I/R rats with c-Myc inhibitor 10058-F4 significantly attenuated the
decrease in c-FLIP, the increase in cleaved caspase-8, cleaved caspase-3, TUNEL-positive cells, Scr and BUN in I/R rats. In NRK-52E
cells, hypoxia and reoxygen induced the increase in c-Myc and decrease in c-FLIP. ChIP and luciferase assay results indicated that c-
Myc binds to the promoter region of c-FLIP gene. Overexpression of c-Myc markedly decreased c-FLIP. Overexpression of c-FLIP
inhibited the increase in cleaved caspase-8 and caspase-3 induced by FasL. Data indicated that c-Myc is increased in kidneys of I/R

rats and negatively regulates the expression of c-FLIP, then enhanced FasL-induced cell apoptosis in I/R stress.

Keywords: c-Myc; c-FLIP; FasL/Fas; ischemia-reperfusion; tubular cell apoptosis

Acta Pharmacologica Sinica (2019) 40:1058-1066; https://doi.org/10.1038/s41401-018-0201-9

INTRODUCTION

Acute kidney injury (AKI) is a major risk factor in clinic [1], which
accounts for 25-40% mortality worldwide [2, 3]. Ischemia-
reperfusion (I/R)-induced renal injury is the leading cause of AKI
[4]. Previous studies have suggested that the renal tubular
epithelial cell apoptosis, necrosis, and interstitial inflammation
are all involved in I/R-induced renal injury. However, the under-
lying mechanisms remain to be fully elucidated.

Renal tubule is the initial target for the I/R-induced renal
injury [5]. Activation of FasL/Fas-related cell apoptosis pathway
is essential for I/R-induced cell apoptosis and organ damage [6-
10]. Activation of Fas receptor by Fas ligand (FasL) recruits and
activates caspase-8 by binding to FADD (Fas-associating protein
with a novel death domain). Recent studies have shown that the
activation of Fas receptor contributes to tubular epithelial cell
apoptosis and knockout on Fas receptor protects the kidney
against I/R-induced injury [11-15].

Cellular FLICE (FADD-like IL-1B-converting enzyme)-inhibitory
protein (c-FLIP), an inactive homolog of procaspase-8, is a master
negative antiapoptotic regulator for FasL-induced apoptosis

[16, 17]. Once c-FLIP binds to FADD, it inhibits the recruitment
and activation of caspase-8. It has been demonstrated that c-FLIP
is highly expressed in renal tubule, and involved in interleukin (IL)-
2-induced renal tubular epithelial cell apoptosis [18]. However,
the role of c-FLIP in I/R-induced renal injury has not been
investigated.

c-Myc is originally identified as an oncogene and is accepted as
a reprogramming factor. As an important nuclear transcriptional
factor, c-Myc regulates cell proliferation, differentiation, cell cycle
as well as apoptosis [19]. Our previous study has proved that c-
Myc contributes to renal fibroblast activation by inducing ITGAV-
mediated TGF-f3 signaling [20]. A recent study determined that the
c-Myc was upregulated in the kidney of I/R mice; however, the
exact effect of c-Myc in I/R-induced renal injury remains to be
clarified [21].

In this study, our data confirmed that c-Myc is upregulated in
the kidney suffering from I/R and contributes to I/R-induced renal
tubular cell apoptosis. c-Myc promotes FasL/Fas-mediated renal
tubular cell apoptosis by repressing the expression of negative
regulator c-FLIP.
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MATERIALS AND METHODS

Reagents

c-Myc inhibitor 10058-F4 was purchased from Selleck (Selleck
Chemicals, Shanghai, China). Fetal bovine serum (FBS) was
acquired from Gibco (Grand Island, NY, USA). The BCA Protein
Assay Kit was from Shenergy Biocolor BioScience and Technology
(Shanghai, China). The c-Myc antibody was purchased from
Abcam Biotechnology (Cambridge, MA, USA). The c-FLIP, Fas,
FasL, cleaved caspase-8, and cleaved caspase-3 antibodies were
purchased from Cell Signaling Technology (Danvers, MA, USA).
Adenoviral vector harboring c-Myc gene and empty vector were
purchased from HanBio, Shanghai, China. The anti-actin antibody,
IgG, Enhanced Chemiluminescence (ECL) detection kit were
obtained from Beyotime Institute of Biotechnology (Haimen,
China).

Animals

Sprague Dawley (SD) rats (5 weeks) were purchased from
Shanghai SLAC Laboratory Animal (Shanghai, China). Rats
were housed in a specific pathogen-free facility for
3-4 weeks to accommodate the new environment. The
individuals with body weight between 250 and 280g were
recruited in the experiment. All animal experiments
were performed according to the criteria of the Medical
Laboratory Animal Administrative Committee of Shanghai
and the Guide for Care and Use of Laboratory Animals of
Fudan University. The protocols were approved by the
Ethics Committee for Experimental Research, Shanghai Medical
College, Fudan University.

I/R model

Rat bilateral renal ischemia models were conducted as
previously described [22]. Rats were anesthetized with chloral
hydrate and then dorsal incision was performed to expose the
kidneys. Both renal pedicles were bluntly dissected. A nontrau-
matic microvascular clamp was placed across each renal pedicle
for 60 min. Kidney was kept well hydrated with warm sterile
saline until the end of renal pedicle clamping. After ischemia for
60 min, the clamp was gently removed and the incision was
closed. Sham rats underwent identical surgical procedures
except that the clamp was not applied. The success of the AKI
model was confirmed by an increase in serum creatinine
concentration along with renal histologic damage at 24 h after
ischemia.

Cell culture

NRK-52E cells were obtained from the Institute of Biochemistry
and Cell Biology (Shanghai, China) and cultured in Dulbecco's
Modified Eagle Medium (DMEM) (Sigma, St Louis, MO, USA)
supplemented with 10% FBS (Gibco, Grand Island, NY, USA) and
50 IU/mL penicillin. Cells were cultured at 37 °C in a 20% O,-5%
CO, atmosphere. NRK-52E cells were cultured overnight and
grown to 50-60% confluence. Vector expressing c-FLIP plasmid
and scrambled plasmid was purchased from HanBio (Shanghai,
China). When 50—60% confluence was reached, NRK-52E cells
were transfected with the plasmids using Lipofectamine 2000
(InvivoGen, Shanghai, China) according to the manufacturer’s
protocol.

Western blotting

Protein extracts of total renal tissue (50 mg) or NRK-52E cells were
prepared as previously described [23]. Briefly, kidney tissues or
NRK-52E cells were homogenized in RIPA lysis buffer on ice.
Protein concentration was examined using a BCA Protein Assay Kit
(Shenergy Biocolor BioScience and Technology, Shanghai, China)
according to the manufacturer’s instructions. Whole lysates were
mixed with Sodium dodecylsulfate loading buffer and heated at
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100 °C, then the proteins were separated on 10-20% polyacryla-
mide gels and transferred to polyvinylidene fluoride (PVDF)
membranes.

Assessment of renal morphological changes
Kidneys were fixed in 4% paraformaldehyde and embedded in
paraffin. Sections (4 um) were stained with hematoxylin-eosin
(H&E) and periodic acid-silver nitrate (PAS).

Fluorescence confocal microscopy

After overexpressing c-Myc for 24 h by adenoviral vector (HanBio,
Shanghai, China), NRK-52E cells were fixated with 4% paraformalde-
hyde for 15min at room temperature, and then the cells were
incubated with primary antibodies against c-Myc and c-FLIP
overnight at 4 °C. After being washed by PBS for three times, the
cells were incubated with secondary antibodies for 1 h followed by
incubation with 4',6-diamidino-2-phenylindole (DAPI) for 5 min. Cells
were imaged under a confocal laser scanning biological microscope
(Leica, Wetzlar, Germany).

TUNEL staining

Twenty-four or forty-eight hours after ischemia-reperfusion,
kidneys were perfusion fixed with 4% paraformaldehyde, sec-
tioned at 4 um, and the terminal deoxynucleotidyl transferase-
mediated dUTP nick-end labeling (TUNEL) reaction was performed
according to the manufacturer’s protocol.

Statistical analysis

Column graphs were drawn by using GraphPad Prism 6.0 (San
Diego, CA, USA). ANOVA was used to determine if differences
among mean values reached statistical significance. t test was
used for comparisons between groups. P value <0.05 was
considered as statistically significant.

RESULTS

c-Myc is upregulated in rat kidney after I/R in vivo and renal
tubular epithelial cell following H/R in vitro

To examine the effect of I/R on the expression of c-Myc in kidney,
real-time quantitative PCR, Western blotting, and immunohisto-
chemistry were used to identify the expression of c-Myc. In I/R rats,
both c-Myc mRNA and protein level were significantly increased
after 24 h of reperfusion (Fig. 1a, b). As shown in Fig. 1¢c, c-Myc-
positive signal was relatively weak in control rats and was
markedly induced in I/R kidneys. The distribution of c-Myc was
mainly located in the nucleus of renal tubular epithelial cell. To
validate the observation in I/R rats, cultured renal tubular epithelial
cells (NRK-52E) were treated with hypoxia for 6h following
reoxygenation for 3 or 6h (H/R). As shown in Fig. 1d, H/R
treatment increased c-Myc expression in a time-dependent
manner. These data show that the expression of c-Myc can be
induced by either I/R in vivo or H/R in vitro.

FasL/Fas-mediated apoptosis pathway is activated in I/R rats and
FasL-treated NRK-52E cells

Western blotting was used to confirm the activation of FasL/Fas
pathway in I/R rats and FasL-treated renal tubular epithelial cells.
As shown in Fig. 2a, FasL was significantly increased in rat kidney
after I/R; meanwhile, the cleaved caspase-8 and cleaved
caspase-3, the downstream effectors of FasL/Fas apoptosis
pathway, were also significantly increased in I/R rats (Fig. 2a).
To validate the results in vitro, NRK-52E cells were exposed to
recombinant FasL protein. As shown in Fig. 2b, both cleaved
caspase-8 and cleaved caspase-3 were significantly increased in
NRK-52E cells after FasL (0.125 pg/mL) treatment for 24 or 48 h.
These data show that FasL/Fas-mediated apoptosis pathway is
activated in I/R rats.
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Fig. 1 c-Myc is upregulated in the kidneys of I/R rats and H/R-treated NRK-52E cells. SD rats were subjected to 60 min ischemia and 24 or 48 h

reperfusion. a RT-PCR was performed to assay the levels of c-Myc mRNA in the kidneys (six rats per group). b Western blotting was performed
to visualize c-Myc expression in kidneys (six rats per group). ¢ The levels of c-Myc were visualized using immunohistologic analysis in the
kidneys of control and 24 h reperfusion respectively (six rats per group). Bar = 100 pm. Original magnification x200 or x400. d The protein
levels of c-Myc were assayed by Western blotting in NRK-52E cells with or without 6 h hypoxia and 3 or 6 h reoxygenation treatment (three
experiments per group). Data are presented as the mean + SEM. P <0.01 versus control

Inhibition of c-Myc protects against I/R-induced renal injury

To identify the role of c-Myc in I/R-induced renal injury, c-Myc
inhibitor was applied to I/R rats. c-Myc inhibitor 10058-F4 or its
vehicle corn oil was administrated by gavage to the rats and then
subjected to sham operation or bilateral renal ischemia for 60 min
and reperfusion for 24h. 10058-F4 treatment significantly
attenuated renal dysfunction which exhibited as the increases in
blood urea nitrogen and serum creatinine after I/R were blunted
(Fig. 3a, b). H&E and PAS staining showed that 10058-F4 treatment
relieved renal tubular damage in I/R rats (Fig. 3¢, d). Furthermore,
the TUNEL staining results indicated that 10058-F4 treatment
significantly ameliorated the increase in tubular cell apoptosis
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after I/R (Fig. 4a, b). These results suggest that the elevated c-Myc
is involved in I/R-induced renal injury. Inhibition of c-Myc exhibits
a protective effect in I/R-induced renal damage.

Decrease in c-FLIP is responsible for FasL-induced cell apoptosis

As shown in Fig. 5a, the protein level of c-FLIP (55kDa) was
decreased in kidneys after I/R. To validate the observation in I/R
rats, cultured renal tubular epithelial cells (NRK-52E) were treated
with hypoxia for 6 h following reoxygenation for 3 or 6 h (H/R). c-
FLIP was decreased after H/R treatment for 6 h (Fig. 5b). To further
confirm whether c-FLIP was involved in FasL-induced cell
apoptosis, c-FLIP expression plasmid was transfected into NRK-
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Fig. 2 FasL/Fas-mediated apoptosis pathway is activated in kidneys of I/R rats and FasL-treated NRK-52E cells. a Western blotting was
performed to visualize the protein levels of FasL, cleaved caspase-8, and cleaved caspase-3 in kidneys (six rats per group). b The protein levels
of cleaved caspase-8 and cleaved caspase-3 were assayed by Western blotting in NRK-52E cells with or without FasL (0.125 pg/mL) treatment
for 24 or 48 h (three experiments per group). Data are presented as the mean + SEM. P < 0.01 versus control

52E cells. As shown in Fig. 5c, c-FLIP level was increased
significantly after the transfection of recombinant pcDNA3.0
plasmid harboring c-FLIP for 24 h. Overexpression of c-FLIP
significantly attenuated FasL-induced cell apoptosis (Fig. 5d),
which indicating as that the increases in cleaved caspase-8 and
cleaved caspase-3 after FasL exposure were significantly blunted.
Additionally, to identify whether inhibition of c-Myc affects FasL-
induced cell apoptosis in vitro, NRK-52E cells were pretreated with
c-Myc inhibitor 10058-F4 before FasL treatment. 10058-F4
significantly attenuated FasL-induced increases in cleaved
caspase-8 and cleaved caspase-3 (Fig. 5e). These data show that
c-FLIP is involved in I/R-induced renal injury and FasL-induced cell
apoptosis.

¢-Myc binds to the promoter region of c-FLIP gene

Using the JASPAR®®'® database, bioinformatics analysis result
showed that there were at least seven putative c-Myc binding
sites in ¢c-FLIP promoter region (Fig. 6a). The binding site showed
the highest score was selected in the follow-up study (Score
14.7483, Fig. 6a). Chromatin immunoprecipitation assay result
showed that a significant enrichment of the chromatin region was
detected in Anti-c-Myc group compared with the IgG control
(Fig. 6b, c). To further identify the effect of c-Myc on c-FLIP
expression, a reconstructed luciferase vector harboring wild-type
(c-FLIP WT) promoter region was transferred into NRK-52E cells
1 day after transfection with empty adenoviral vector (Ad-Control)
or adenoviral vector harboring c-Myc gene (Ad-c-Myc). Cotransfec-
tion of an Ad-c-Myc significantly suppressed luciferase activity.

Acta Pharmacologica Sinica (2019) 40:1058 - 1066

Mutation of ¢-FLIP promoter region by deleting c-Myc binding site
(c-FLIP mut) abolished the effect of Ad-c-Myc cotransfection
(Fig. 6d). These data indicate that nuclear transcriptional factor c-
Myc is able to bind to the promoter region of c-FLIP and negatively
regulates the expression of c-FLIP.

c-Myc promotes I/R-induced renal injury by suppressing c-FLIP
expression

Ad-c-Myc or Ad-Con was transferred into renal epithelial cells.
Western blotting results showed that Ad-c-Myc transfection
significantly increased the protein level of c-Myc and decreased
c-FLIP in NRK-52E cells. Immunofluorescence staining revealed that
the accumulation of ¢-FLIP protein in cytoplasm was much lower in
Ad-c-Myc group than in the Ad-Con group. Ad-c-Myc transfection
decreased the protein level of c-FLIP (Fig. 7a, b). Finally, the effect
of c-Myc on c-FLIP was tested in I/R rats. As shown in Fig. 8, c-Myc
inhibitor 10058-F4 attenuated the decrease of c-FLIP in I/R rats.
Meanwhile, the increases in cleaved caspase-8 and cleaved
caspase-3 in I/R rats were blunted by 10058-F4 treatment.

DISCUSSION

I/R is one of the most common causes of AKI. [1]. Previous studies
have reported that various pathological processes are involved in
I/R-induced renal injury, such as tubular epithelial cell injury,
microvascular dysfunction, and inflammation. Death receptor-
mediated signaling pathway is responsible for cell apoptosis. It has
been proved that the activation of membrane-bound Fas

SPRINGER NATURE
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Fig. 3 Inhibition of c-Myc protects against I/R-induced renal injury. Control and I/R (24 h) rats received vehicle and 10058-F4 (12.5 mg/kg body

weight), respectively, via oral gavage 6 h before I/R surgery and gavage every 6 h during reperfusion. a, b Serum creatinine and blood urea
nitrogen were assayed using ELISA kit (six rats per group). ¢, d H&E and PAS were performed to visualize renal injury (six rats per group).
Representative sections of H&E- and PAS-stained kidneys. Original magnification X200 or x400. Data are presented as the mean £ SEM. P <
0.01 versus control, *P < 0.05 versus I/R

receptors is an important cause of ischemic-induced tissue injury
[13, 15]. In this study, we investigated the effect of FasL/Fas-
mediated apoptosis pathway in I/R-induced renal injury and its
regulating mechanism.

Transcription factor c¢-Myc is an important regulator in
maintaining cell homeostasis. Previous study has reported that
ischemia or hypoxia induces the increase in c-Myc in the
cardiovascular system [24]. In this study, our data indicated that
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52E cells with or without pretreatment with c-FLIP expression plasmid (three experiments per group). e The protein levels of cleaved caspase-8
and cleaved caspase-3 were assayed by Western blotting in FasL (0.125 pg/mL)-treated NRK-52E cells with or without pretreatment with c-Myc
inhibitor 10058-F4 (three experiments per group). Data are presented as the mean + SEM. "P < 0.05 versus control, P < 0.01 versus control or
pcDNA 3.0. *P < 0.05 versus FasL. PcDNA 3.0, empty plasmid vector; c-FLIP plasmid, an plasmid harboring c-FLIP gene

Acta Pharmacologica Sinica (2019) 40:1058 - 1066 SPRINGER NATURE



c-Myc in renal ischemia-reperfusion injury
D Xu et al.

1064

Name Relative score Sequence 1D Start End Strand Predicted sequence
Mye 0.9913 NC 005108. 4: 6a032606 65534608 392 401 CCATGTGGTC
Mye 0. 9316 NC 005108. 4: 965 974 GCATGTGGGT
Mye 0.871 NC_005108. 4: 1717 1726 CCATGGGGTC
Myc 0. 83 5 NC 005108. 4: 1571 1580 CCATATGGCT
Myc 0.8532 NC 005108. 1573 1582 CCATATGGTG
Myc 0. 8529 NC 00510&.' 1677 1686 CCATGTCCCC
Myc 0. 8485 NC 005108. 967 976 CCACATGCAT
b +1
-2000 c-FLIP promoter region +138
| Exon 1
Chromosome 9 Strand -
| XXXX CTGGTGTACCXXXX |
-401 Banding Site -392
S d
[ Ad-Control
~ Hl Ad-c-Myc
8- = 30000+
* % ~
=l | 8 e .
E = 20000+
L
= 44 =
5 &
= 2 10000 ik
£ 29 © i
=
" | ' z ° FLIP WT FLIP
Anti-c-Mye c- c-FLIP mut

Fig. 6 c-Myc binds to the promoter region of ¢-FLIP gene. a c-Myc binding sites in ¢-FLIP promoter predicted by JASPAR 2018. b Schematic
diagram of the binding site of c-Myc in c-FLIP promoter. Red words indicate c-Myc binding motif. ¢ c-Myc bound to the proximal promoter of
the ¢-FLIP gene as determined by chromatin immunoprecipitation assay. Cross-linked nuclear extracts of NRK-52E cells transduced with c-Myc
virus vectors (Ad-c-Myc) were immunoprecipitated using either an anti-c-Myc antibody or control IgG. The regions of the c-Myc binding sites
were quantified and normalized to 1gG pulldown. d Luciferase expression analysis using wild-type (c-FLIP WT) and mutant c¢-FLIP promoter
regions (c-FLIP mut) in NRK-52E cells 1 day after transfection with empty vector (Ad-Control) or Ad-c-Myc. Mutant c¢-FLIP promoter was
constructed with a 10-bp deletion of the binding site. Data are presented as the mean + SEM. P <0.01 versus IgG.

Control

Fig. 7 Overexpression of c-Myc deregulates the protein level of c-FLIP. NRK-52E cells were treated with recombinant adenoviruses expressing
c-Myc for 24 h. a Western blotting was performed to visualize the c-Myc and c-FLIP expression (three experiments per group). b Levels of c-
Myc and c-FLIP were visualized using immunofluorescence (three experiments per group). Data are presented as the mean + SEM. “P<0.05,
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c-Myc was upregulated in kidneys of I/R rats and was mainly
located in the nucleus of renal tubular epithelial cells. In cultured
renal tubular epithelial cells, H/R treatment also induced an
increase in c-Myc expression. Inhibition of c-Myc attenuated I/R-
induced renal tubular epithelial cell apoptosis and renal injury.
These results suggest that elevated c-Myc is involved in I/R-
induced AKI.

c-FLIP is a master antiapoptotic regulator of tumor necrosis
factor-a (TNF-a), FasL, and TNF-related apoptosis-inducing ligand
(TRAIL)-mediated apoptosis pathway [16, 25]. FasL/Fas-mediated
pathway is an important pathway in initiating I/R-induced cell
apoptosis [8, 13, 26]. c-FLIP inhibits activation of caspase-8 by
competitively binding to the DED domain of FADD and then
attenuates cell apoptosis. Three c-FLIP splice variants, c-FLIP, (55
kDa), c-FLIPs (26 kDa), and c-FLIPg (25 kDa) have been identified
and all of them function as apoptosis inhibitors. In the experiment,
only c-FLIP_ (55 kDa) was identified to be expressed in rat kidney.
This result was consistent with the previous observation [8, 13, 26].
In the experiments, our result showed that the expression of c-FLIP
was decreased in I/R rat kidneys and the decrease in c-FLIP was
associated with I/R-induced renal injury. The decrease in c-FLIP, a

Acta Pharmacologica Sinica (2019) 40:1058 - 1066

c-Myc in renal ischemia-reperfusion injury
D Xu et al.

ey

Cleaved-casp-8

N

Cleaved-casp-3

NM«F% ‘

Fig. 9 Schematic diagram of this study. c-Myc promotes tubular cell
apoptosis in I/R-induced renal injury by negatively regulating c-FLIP
and enhanced FasL/Fas-mediated apoptosis pathway. FasL fas
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protein with a novel death domain
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negative suppressor in FasL/Fas-mediated apoptosis pathway,
enhanced the effect of FasL by facilitating the activation of
downstream effector caspase-8 and then promoted renal tubular
cell apoptosis.

As a transcriptional factor, c-Myc is able to target a variety of
genes and elicits different effects in regulating cellular function
[19]. c-Myc is originally identified as an oncogene and considered
to promote cell proliferation. However, a number of studies have
shown that c-Myc can not only stimulate cell proliferation, but also
promotes cell apoptosis [27-32]. Among all the genes regulated
by c-Myc, some are prosurvival whereas others may be prodeath.
For example, p53, one target gene of c-Myc [33-36], contributes to
renal tubular epithelial cell apoptosis in renal injury [37, 38]. In
different pathological conditions, c-Myc was also observed to be
able to regulate different signalinlg pathways, including c-Myc-p21
Cip1 pathway and c-Myc-p19*f-p53 pathway [39, 40]. In this
study, we observed that c-Myc was able to bind to the promoter
region of ¢c-FLIP and negatively regulates the expression of c-FLIP.
Overexpression of c-Myc suppressed the expression of c-FLIP, a
negative regulator of FasL/Fas-mediated cell apoptosis pathway,
thereby promoting cell apoptosis.

In summary, we identified that c-Myc is significantly elevated in
kidney of I/R rats and serves as a positive regulator in I/R-induced
renal tubular epithelial cell apoptosis. As a transcriptional factor, c-
Myc negatively regulates the expression of c-FLIP, a suppressor in
FasL/Fas-mediated apoptosis pathway, thus enhancing FasL-
induced cell apoptosis in I/R stress (Fig. 9). This study provided
novel evidence in recognizing I/R-induced AKI.
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