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ABSTRACT

Oxygen and glucose deprivation (OGD)-re-oxygenation (OGDR) stimulation to the human endometrial cells mimics
ischemia-reperfusion injury. Cyclophilin D (CypD)-dependent programmed necrosis pathway mediates OGDR-
induced cytotoxicity to human endometrial cells. We here identified a novel CypD-targeting miRNA, microRNA-
1203 (miR-1203). In T-HESC and primary human endometrial cells, ectopic overexpression of miR-1203, using a
lentiviral construct, potently downregulated the CypD 3’-untranslated region (3’-UTR) activity and its expression.
Both were however upregulated in endometrial cells with forced miR-1203 inhibition by its anti-sense sequence.
Functional studies demonstrated that ectopic miR-1203 overexpression in endometrial cells alleviated OGDR-
induced programmed necrosis, inhibiting mitochondrial CypD-p53-adenine nucleotide translocator 1 association,
mitochondrial depolarization, reactive oxygen species production, and medium lactate dehydrogenase release.
Contrarily OGDR-induced programmed necrosis and cytotoxicity were intensified with forced miR-1203 inhibition
in endometrial cells. Significantly, ectopic miR-1203 overexpression or inhibition failed to change OGDR-induced
cytotoxicity in CypD-knockout T-HESC cells. Furthermore, ectopic miR-1203 overexpression was unable to protect T-
HESC endometrial cells from OGDR when CypD was restored by an UTR-depleted CypD construct. Collectively,
these results show that miR-1203 targets and silences CypD to protect human endometrial cells from OGDR

INTRODUCTION

In the clinical practices of obstetrics, postpartum
hemorrhage is one common complication [1-3], causing
moderate to severe ischemic injuries to human
endometrium [1-3]. Endometrium ischemia is often
followed by reperfusion, leading to significant oxidative
injury to human endometrial cells [1-3]. At the molecular

level, ischemia-reperfusion will cause reactive oxygen
species (ROS) production and excessive oxidative
injury to endometrial cells [4-6], leading to production
of circulating lipid peroxides, but reduction of various
antioxidants [4-6]. These events will cause further
DNA breaks, protein damages and mitochondrial dys-
function [4-6], eventually leading to death of
endometrial cells and tissues [1-3]. In experimental
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settings, oxygen and glucose deprivation (OGD) and
subsequent re-oxygenation (OGDR) is applied to
cultured endometrial cells, mimicking ischemia-
reperfusion and oxidative injuries [7-10].

Our previous studies have demonstrated that OGDR
primarily  induced  programmed  necrosis  (a
mitochondria-dependent activate necrosis form [11-
13]), but not apoptosis, in endometrial cells [14, 15].
The active necrosis pathway was evidenced by
mitochondrial association of cyclophilin D (CypD)-p53-
adenine nucleotide translocator 1 (ANT1), followed by
mitochondrial depolarization, ROS production, and
lactate dehydrogenase (LDH) release to the conditional
medium [14, 15]. Importantly, CypD inhibition (by its
inhibitor cyclosporine A/CsA [16]) or silencing (by
targeted shRNAs) efficiently protected endometrial
cells from OGDR. Reversely, ectopic overexpression of
CypD intensified OGDR-induced endometrial cell
necrosis [15]. Interestingly, ginseng Rh2 (GRh2), a
converted ginsenoside, inhibited OGDR-induced
programmed necrosis pathway and protected endo-
metrial cells from OGDR [15]. Furthermore, activation
of AKkt-Nrf2 cascade by Kkeratinocyte growth factor
(KGF) inhibited OGDR-induced death in endometrial
cells through shutting down the programmed necrosis
pathway [14]. Therefore, our results suggest that
inhibition of CypD-dependent programmed necrosis
pathway is an efficient strategy to protect endometrial
cells from OGDR [14, 15].

microRNAs (miRNAs) are endogenous noncoding
RNAs (ncRNAs) about ~22 nucleotide (nt) long [17,
18]. miRNAs can inhibit translation and/or expression
of the target mRNAs through directly binding to the 3°-
untranslated region (3-UTR) [17, 18]. One novel way
to silence CypD and possibly shut down the
programmed necrosis pathway is though miRNA-
induced silencing of CypD. Wang et al., have shown
that microRNA-30b (miR-30b) selectively silenced
CypD, thus protecting heart from ischemia/reperfusion
injury and necrotic cell death [19]. We here identified a
novel CypD-targeting miRNA, microRNA-1203 (miR-
1203). Our results further show that miR-1203 targets
and silences CypD to protect human endometrial cells
from OGDR-induced programmed necrosis.

RESULTS

miR-1203 targets and silences CypD in human
endometrial cells

The current study aims to silence CypD though its
targeting mIiRNA. The possible CypD-targeting
miRNAs, binding to its 3°-UTR, were searched from the
microRNA database TargetScan (V7.2) [20]. The

identified CypD-targeting mMiRNAs were further
verified from other microRNA databases, including
miRbase (v21.0) and miRDB. From these bioinformatic
analyses we indentified that microRNA-1203 (miR-
1203) putatively targets CypD’s 3'-UTR (at position
806-813, see Figure 1A), with the miR-1203-CypD 3'-
UTR binding context score percentage of 99% and the
context™ score at -0.7 (from TargetScan V7.2 [20],
Figure 1A). These results indicated that there is a high
possibility and specificity for the two to bind [20].

To test if miR-1203 could target and alter the expression
of CypD, the pre-miR-1203-encoding lentivirus (“Iv-pre-
mMiR-1203”) was transduced to T-HESC human
endometrial cells (an established human cell line) [14,
15]. Following selection by puromycin-containing
complete medium, three stable cell lines were established:
“sL1/sL.2/sL3”. In Figure 1B qPCR results demonstrated
that mature miR-1203 levels increased over 12 folds in
the stable T-HESC cell lines. Importantly, the Cyp-D 3'-
UTR luciferase reporter activity was largely decreased in
the Iv-pre-miR-1203-expressing stable T-HESC cells
(Figure 1C). Furthermore, CypD mRNA levels reduced
over 75% in the stable T-HESC cells with forced miR-
1203 overexpression (vs. vector control cells, Figure 1D).
Examining CypD protein expression, by Western blotting,
confirmed that ectopic miR-1203 overexpression
downregulated CypD protein expression in T-HESC cells
(Figure 1E).

The results above indicated that miR-1203 selectively
targets and silences CypD in T-HESC cells. To further
support our hypothesis, T-HESC cells were transfected
with either wild type (“WT-") or two mutant (“Mut1/2”)
miR-1203 mimics (Figure 1A). The mutants contain
nucleotide mutations at the miR-1203’s binding sites to
Cyp-D 3-UTR (Figure 1A). As shown, only the WT miR-
1203 mimic induced downregulation of the Cyp-D 3'-UTR
luciferase reporter activity (Figure 1F) and CypD
mRNA/protein expression (Figure 1G and 1H). While the
two mutant miR-1203 mimics were completely ineffective
(Figure 1F-1H). In the primary human endometrial cells,
Iv-pre-miR-1203 infection led to significant elevation of
mature miR-1203 expression (Figure 1), resulting in
reductions in CypD mRNA (Figure 1J) and protein (Figure
1K) expression. The microRNA control (“miRC”) had no
significant effect on miR-1203 and CypD expression in
human endometrial cells (Figure 1B-1K). Collectively,
these results show that miR-1203 targets and silences
CypD in human endometrial cells.

miR-1203 inhibition can elevate CypD expression in
human endometrial cells

Results in Figure 1 show that miR-1203 targets and
silences CypD, therefore miR-1203 inhibition could

WWW.aging-us.com 3011

AGING



A B T-HESC

£ 18 *
Position 806-813 of CypD 3' UTR “g
5' _._ccuGUAAGCU(I:?LIJ(IBUcls(I:LlJcI:(I:cIscIsA._. @ 12
WT 3'CUCGACGUAGGAC--CGAGGCCC @
Mut1 3'CUCGACGUAGGAC--CGAAGCCC 26
Mut2 3'CUCGACGUAGGAC--CGAGACCC s
miR-1203 Pé
0
sL1 sL2 sL3
C D E Iv-pre-miR-1203
N - =120,
0o 120 8 Iv-pri-miR-1203
8 => 1004 I % > 100- I *I‘ w sL1 sl2 sL3
o 0 -
= > 42KD-| CypD
Sg 80 = 804
> 4? s 60 S5KD-|em— - a— s | Tubulin
58 % < gos
8 40 & 40 2.0k
a5 E x ook R
ST 20. * T, G20 go2 koK g
o8 > 3 0
g . o : 5 sL1 sL2 sL3
sL1 sL2 sL3 sL1 sL2 sl3  © v-pre-miR-1203
Iv-pre-miR-1203 Iv-pre-miR-1203
F :—'\120 G =120 H miR mimic
Q 1 0 ] MW Mut1 Mut2 WT
£ ©
8 E100{ [ 100115 oy A2KD-| CypD
£ 2 g0 % 80 - .
S e ; 55kD- (e Tubulin
x = 60 < 60 - T
EZ < <06
-] 40 2 Z 40 * a
w8 * ﬂEt 04
0O« .
e £ 204 g 20- 202 *
>0 o
Qa = o
o 0 T = [€) 0 E-‘ 0
Mut1 Mut2 WT Mut1 Mut2 WT O Mut! Mut2 WT o
| miR mimic miR mimic K miR mimic ,\“]9
~ . Endometrial cells N ,{0‘@
59, 1.2, &
9 * x <
FE: E | —]— MW A
£ i 42KD-| - CypD
g 6. 2 0.8, yp
£ % 55KD-| s | Tubulin
€ > E o,
= 204 * 304
~ o 3 -
- E F 02l *
Z o g
E 0. a0 = 0
> Q .
Iv-pre-miR-1203 © Iv-pre-miR-1203 3 v-pre-miR-1203

Figure 1. miR-1203 targets and silences CypD in human endometrial cells. The wild-type (WT) microRNA-1203 (miR-1203) targets
CypD 3’-UTR (3’-untranslated region) at position 806-813 (A). T-HESC endometrial cells were infected with pre-miR-1203-encoding lentivirus
(“Iv-pre-miR-1203"), following puromycin selection three stable cell lines were established: “sL1/sL2/sL3”. Control T-HESC cells were infected
with microRNA control lentivirus (“lv-miRC”); Expression of mature miR-1203 and CypD mRNA was tested by qPCR assays (B and D); The
relative CypD 3’-UTR luciferase reporter activity was examined (C), with CypD protein expression tested by Western blotting assays (E). T-
HESC cells were transfected with 500 nM of control microRNA mimic (“miRC”), the wild-type (“WT-") or the mutant (“Mutl1/2”, see
sequences in A) miR-1203 mimics for 48h, the relative CypD 3’-UTR luciferase reporter activity (F), CypD mRNA (G) and protein (H) levels
were tested. The primary human endometrial cells (“Endometrial cells”, same for all Figures) were infected with Ilv-pre-miR-1203 or Ilv-miRC
lentivirus for 48h, expression of mature miR-1203 (1), CypD mRNA (J) and protein (K) was shown. CypD protein expression was quantified and
normalized to the loading control (E, H and K). “MW” stands for molecular weight (same for all Figures). “Vec” stands for the empty vector
control (same for all Figures). Data were presented as mean + SD (n=5). * P <0.05 vs. “Vec”/“miRC”/“Iv-miRC” cells. Experiments in this figure
were repeated three times with similar results obtained.
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lead to CypD elevation in human endometrial cells. T-
HESC cells were then infected with the lentivirus
encoding the anti-sense of pre-miR-1203 (“lv-
antagomiR-1203”). Puromycin was added again to
establish the two stable cell lines, “L1/L2”. qPCR
results, Figure 2A, show that the mature miR-1203
levels decreased over 70% in the Iv-antagomiR-1203-
expressing stable T-HESC cells. As a result, the Cyp-D
3-UTR luciferase reporter activity was significantly
increased (3-4 folds of control cells, Figure 2B). In T-
HESC cells miR-1203 inhibition by lv-antagomiR-1203
boosted CypD mRNA (Figure 2C) and protein (Figure
2D) expression. Notably, the microRNA anti-sense
control sequence (“antaC”) was ineffective on
expression of miR-1203 (Figure 2A) and CypD (Figure
2C and 2D). In the primary human endometrial cells, Iv-
antagomiR-1203 infection similarly resulted in reduced
expression of miR-1203 (Figure 2E), leading to
increased CypD mRNA (Figure 2F) and protein (Figure
2G) expression (vs. antaC control cells). Collectively,
these results show that forced miR-1203 inhibition
elevated CypD expression in human endometrial cells.

Forced miR-1203 overexpression protects human
endometrial cells from OGDR-induced programmed
necrosis

Our previous studies have demonstrated that OGDR
mainly induced programmed necrosis in endometrial
cells [14, 15], leading to mitochondrial CypD-p53-
ANT1 association, mitochondrial depolarization, ROS
production, and medium LDH release [14, 15], and
eventually causing cell necrosis (but not apoptosis). On
the contrary, CypD silencing or inhibition largely
attenuated OGDR-induced endometrial cell necrosis
[14, 15]. Since miR-1203 targets and silences CypD in
human endometrial cells, we tested its activity on
OGDR-induced cytotoxicity in human endometrial
cells. As shown, in control T-HESC cells, OGDR
stimulation induced significant ROS production
(H2DCF-DA fluorescence intensity increase, Figure
3A), which was largely inhibited in the stable lines with
ectopic miR-1203 overexpression (lv-pre-miR-1203-
sL1/2/3, Figure 3A). Furthermore, experimental miR-
1203 overexpression potently inhibited OGDR-induced
mitochondrial depolarization, evidenced by JC-1 green
fluorescence accumulation (Figure 3B). Additionally,
the cytochrome C release to cytosol by OGDR was
significantly attenuated by forced miR-1203 over-
expression as well (Figure 3C). Consequently, OGDR-
induced viability (CCK-8 OD) reduction (Figure 3D)
and cell necrosis (medium LDH release, Figure 3E)
were largely suppressed in Iv-pre-miR-1203-expressing
cells. These results suggest that ectopic overexpression
of miR-1203 attenuated OGDR-induced programmed
necrosis in T-HESC endometrial cells. Notably, the

ROS scavenger N-acetylcysteine (NAC) largely
ameliorated OGDR-induced cell viability reduction
(Supplementary Figure 1A) and necrosis (medium LDH
release, Supplementary Figure 1B) in T-HESC
endometrial cells. Interestingly, OGDR treatment by
itself failed to significantly change miR-1203 (Figure
3F) and CypD (Figure 3G) expression in T-HESC endo-
metrial cells.

In the primary human endometrial cells, Iv-pre-miR-
1203-induced miR-1203 overexpression (see Figure 1)
similarly inhibited OGDR-induced ROS production
(Figure 3H), mitochondrial depolarization (Figure 3I)
and cytochrome C release to cytosol (Figure 3J).
Further studies demonstrated that OGDR-induced
endometrial cell necrosis, or medium LDH release, was
inhibited with ectopic miR-1203 overexpression (Figure
3K). These results further support that forced miR-1203
overexpression protected human endometrial cells from
OGDR. Ectopic overexpression of miR-1203 had no
cytotoxic effects on endometrial cells grown in normal
oxygen (Figure 3A-3E, 3H-3K).

miR-1203 inhibition can exacerbate OGDR-induced
cytotoxicity in human endometrial cells

Based on the results in Figure 3, we hypothesized that
experimental miR-1203 inhibition could possibly
intensify OGDR-induced cytotoxicity in human
endometrial cells, as it resulted in CypD upregulation
(see Figure 2). The stable T-HESC cells with Iv-
antagomiR-1203 (see Figure 2) were subjected to
OGDR procedure. As shown, as compared to control
cells with anta-C (see Figure 2), lv-antagomiR-1203-
expressing T-HESC cells showed increased ROS
production (Figure 4A). OGDR-induced mitochondrial
depolarization, or JC-1 green fluorescence accu-
mulation, was intensified with forced miR-1203
inhibition (Figure 4B). Furthermore, after miR-1203
inhibition, cytosol cytochrome ¢ release was
significantly augmented (Figure 4C). The Iv-
antagomiR-1203-expressing T-HESC cells were more
vulnerable to OGDR, presented with enhanced cell
viability reduction (Figure 4D, the left panel) and
necrosis (LDH assay, Figure 4D, the right panel), when
compared to the control cells. Additional experimental
results show that OGDR-induced profound cytotoxicity
and necrosis in Iv-antagomiR-1203-expressing T-HESC
cells (“L17) were largely attenuated by CsA, the CypD
blocker [21, 22] (Figure 4E). These results indicate that
forced miR-1203 inhibition induced CypD elevation,
therefore aggravating OGDR’s cytotoxicity in
endometrial cells.

In the primary human endometrial cells, lv-antagomiR-
1203 similarly augmented OGDR-induced ROS
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production (Figure 4F), mitochondrial depolarization Forced miR-1203 overexpression protects human

(Figure 4G) and cytochrome C release to cytosol endometrial cells from OGDR via silencing CypD
(Figure 4H). As a result, cell necrosis was enhanced as
well (Figure 41). These results confirmed that miR-1203 If miR-1203 overexpression-induced endometrial cell
inhibition exacerbated OGDR-induced cytotoxicity in protection against OGDR is through silencing CypD, it
human endometrial cells. should then be ineffective in the CypD-depleted cells.
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Figure 2. miR-1203 inhibition can elevate CypD expression in human endometrial cells. T-HESC endometrial cells were infected
with pre-miR-1203 anti-sense lentivirus (“lv-antagomiR-1203"), following puromycin selection two stable cell lines were established: “L1/L2".
Control T-HESC cells were infected with microRNA anti-sense control lentivirus (“antaC”); Expression of mature miR-1203 and CypD mRNA
was tested by qPCR assays (A and C); The relative CypD 3’-UTR luciferase reporter activity was examined (B), with CypD protein expression
tested by Western blotting (D). The primary human endometrial cells were infected with Iv-antagomiR-1203 or antaC for 48h, expression of
mature miR-1203 (E), CypD mRNA (F) and protein (G) was shown. CypD protein expression was quantified and normalized to the loading
control (D and G). Data were presented as mean + SD (n=5), and results were normalized. * P <0.05 vs. “Vec”/“antaC” cells. Experiments in
this figure were repeated five times with similar results obtained.
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To test this hypothesis, we utilized the CRISPR/Cas9
method to completely knockout (KO) CypD in T-HESC
endometrial cells. As shown, the CypD-KO T-HESC
cells were protected from OGDR-induced cytotoxicity,
showing decreased viability reduction (Figure 5A) and
cell necrosis (Figure 5B) after OGDR treatment (vs.
Cas9 vector control cells, Figure 5A and 5B).
Importantly,  experimentally  altering miR-1203
expression, by Iv-antagomiR-1203 or Iv-pre-miR-1203
(Figure 5C), failed to change OGDR-induced
cytotoxicity in the CypD-KO T-HESC cells (Figure 5A
and 5B). Western blotting assay results, Figure 5D,
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overexpression/inhibition was ineffective against
OGDR in CypD-KO cells.

To further support our hypothesis, an UTR-depleted
CypD construct (“UTR-null CypD”’) was transduced to
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Figure 3. Forced miR-1203 overexpression protects human endometrial cells from OGDR-induced programmed necrosis. The
stable T-HESC cells, with the pre-miR-1203-encoding lentivirus (“Iv-pre-miR-1203-sL1/2/3”) or the control T-HESC cells with microRNA control
lentivirus (“Ilv-miRC”), were subjected to OGD exposure for 4h, followed by re-oxygenation (“OGDR”) for applied time periods, ROS
production (DCF-DA intensity, (A) mitochondrial depolarization (JC-1 green fluorescence accumulation, (B) cytochrome C release (C) testing
cytosol proteins) were tested by the assays mentioned in the text; Cell survival and necrosis were tested by CCK-8 (D) and LDH release (E)
assays, respectively. The parental control T-HESC cells were treated with the OGDR procedure for applied time periods, expression of mature
miR-1203 (F) and CypD mRNA (G) was tested by qPCR assays. The primary human endometrial cells were infected with Iv-pre-miR-1203 or Iv-
miRC lentivirus for 48h, followed by OGDR procedure for the applied time periods, ROS production (H), mitochondrial depolarization (1),
cytochrome C release (J, testing cytosol proteins) and cell necrosis (K) were tested similarly. For the cytochrome C release assay, relative
cytosol cytochrome C level (vs. Tubulin) was quantified (C and J). Data were presented as mean * SD (n=5). “Mock” stands for non-OGDR
treatment (same for all Figures). * P <0.05 vs. “Mock” treatment in “lv-miRC” cells. # P <0.05 vs. OGDR treatment in “Ilv-miRC” cells.
Experiments in this figure were repeated three times with similar results obtained. Bar= 50 um (B and ).
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(Figure 5F and 5G). Therefore, ectopic overexpression
of miR-1203 was unable to protect T-HESC cells from
OGDR when CypD expression was restored (Figure 5F
and 5G). Re-expression of CypD, as expected, did not
change miR-1203 expression by Iv-pre-miR-1203
(Figure 5H). In the primary human endometrial cells,
pretreatment with CypD inhibitor CsA largely attenuated
OGDR-induced cell death (Figure 5I). Importantly,
experimentally altering miR-1203 expression, by Iv-pre-
miR-1203 or Iv-antagomiR-1203 (Figure 5J), failed to

A

change OGDR-induced cytotoxicity when CypD was
blocked by CsA (Figure 5I).

DISCUSSION

OGDR stimulation to cultured human cells mimics
ischemia-reperfusion injuries [14, 15, 23-25]. Sustained
OGD and following re-oxygenation will interrupt
mitochondrial functions, causing significant ROS
production, and profound oxidative injuries, eventually
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Figure 4. miR-1203 inhibition can exacerbate OGDR-induced cytotoxicity in human endometrial cells. Stable T-HESC cells with
the pre-miR-1203 anti-sense lentivirus (“lv-antagomiR-1203-L1/L2", two lines) or the microRNA anti-sense control lentivirus (“anta-C”) were
subjected to OGDR for applied time periods, ROS production (DCF-DA intensity, (A) mitochondrial depolarization (JC-1 green fluorescence
accumulation, (B) cytochrome C release (C) testing cytosol proteins) were tested by the assays mentioned in the text; Cell survival and
necrosis were tested by CCK-8 and medium LDH release assays (D). Stable T-HESC cells with the pre-miR-1203 anti-sense lentivirus (“Iv-
antagomiR-1203-L1") were pretreated with cyclosporin A (CsA, 10 uM) for 1h, followed by the OGDR stimulation for 24h, cell viability and
necrosis were tested similarly (E). The primary human endometrial cells were infected with Iv-antagomiR-1203 or anta-C lentivirus for 48h,
followed by OGDR procedure for the applied time periods, ROS production (F), mitochondrial depolarization (G), cytochrome C release (H,
testing cytosol proteins) and cell necrosis (l) were tested. For the cytochrome C release assay, relative cytosol cytochrome C level (vs.
Tubulin) was quantified (C and H). Data were presented as mean + SD (n=5). * P <0.05 vs. “Mock” treatment in “anta-C” cells. # P <0.05 vs.
OGDR treatment in “anta-C” cells. * P <0.05 (E). Experiments in this figure were repeated five times with similar results obtained. Bar= 50
um (B and G).
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leading to cell death [14, 15, 23-25]. Interestingly, from OGDR-induced programmed necrosis [24]. Zheng

recent studies have indicated that OGDR mainly et al., have shown that OGDR triggered programmed
induces programmed necrosis, but not apoptosis, in necrosis in myocardial cells, which was inhibited by
human cells. For example, Liu et al., have shown that ciliary neurotrophic factor (CNTF) [23].
OGDR exposure to neuronal cells induced programmed
necrosis, which was largely attenuated by K6PC-5, a Our previous studies have shown that CypD-dependent
novel sphingosine kinase 1 (SphK1) activator [25]. programmed necrosis, but not apoptosis, is the main
Wang et al., demonstrated that NKILA (NF-kappaB form of cell death in endometrial cells when facing
Interacting LncRNA) inhibition protected neuronal cells OGDR [14, 15]. CypD inhibition, by its inhibitor CsA,
C
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Figure 5. Forced miR-1203 protects human endometrial cells from OGDR via silencing CypD. The stable T-HESC cells with the
CRISPR/Cas9-CypD-KO construct (“CypD-KO” cells) were infected with microRNA control lentivirus (“Iv-miRC”), pre-miR-1203-encoding
lentivirus (“Iv-pre-miR-1203"), or the pre-miR-1203 anti-sense lentivirus (“lv-antagomiR-1203"), with puromycin selection the stable cells
established. These cells and the CRISPR/Cas9 vector control cells (“Cas9-C”) were subjected to OGDR for 24h, cell survival and necrosis were
tested by CCK-8 assay (A) and LDH release assay (B), respectively, with miR-1203 (C) and CypD protein (D) expression respectively examined
by gPCR and Western blotting assays. The Iv-pre-miR-1203-expression stable T-HESC cells were further transfected with or without the UTR-
depleted CypD construct (“+UTR-null CypD”), after 48h CypD mRNA and protein expression in these cells and also in Iv-miRC-expressing
control cells was shown (E); Cells were subjected to OGDR for 24h, cell survival and necrosis were respectively tested by CCK-8 (F) and LDH
release (G) assays, with miR-1203 (H) expression examined by qPCR. The primary human endometrial cells, with/without cyclosporin A (CsA,
10 uM) pre-treatment, were infected with Iv-miRC, Iv-pre-miR-1203, or Iv-antagomiR-1203. After 48h cells were treated with OGDR for
indicated time periods, cell necrosis and miR-1203 expression were tested by LDH (I) and gPCR (J) assays, respectively. Data were presented
as mean * SD (n=5), and results were normalized. * P <0.05 vs. OGDR treatment in “Cas9-C” cells (A—C). * P <0.05 vs. “lv-miRC” cells (E). # P
<0.05 (F and G). * P <0.05 vs. “Mock” treatment (H). * P <0.05 vs. OGDR treatment with DMSO (vehicle control) pretreatment (I and J).
Experiments in this figure were repeated four times with similar results obtained.
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or shRNA-induced CypD silencing potently inhibited
OGDR-induced programmed necrosis and endometrial
cell death [15]. Ginsenoside Rh2 protected endometrial
cells from OGDR-induced cell death by inhibiting
CypD-dependent programmed necrosis pathway [15].
Conversely, forced overexpression of CypD in endo-
metrial cells intensified OGDR-induced cell death [15].
Additionally, KGF activated Akt-Nrf2 signaling to
inhibit CypD-dependent programmed necrosis pathway,
thus protecting endometrial cells from OGDR [14].
Therefore targeting the CypD-dependent programmed
necrosis pathway is a novel and efficient strategy to
protect endometrial cells, and possible other cells [23—
25], from OGDR.

miR-1203 is a relatively less-studied miRNA with
unknown functions. Hu et al., have shown that
circulating miR-1203 levels are downregulated in
children with combined pituitary hormone deficiency
(CPHD) when compared with the healthy controls [26].
Furthermore, serum miR-1203 is downregulated in
certain prostate cancer patients [27]. He et al., have
demonstrated that miR-1203 binds directly to
Methylene Tetrahydrofolate Reductase (MTHFR)
rs868014 TC or CC genotypes, resulting in their
downregulation [28]. The results of this study show that
miR-1203 is novel CypD-targeting miRNA. Forced
overexpression of miR-1203, by Iv-pre-miR-1203,
decreased CypD 3'-UTR luciferase reporter activity and
its expression in T-HESC cells and primary human
endometrial cells. The mutant miR-1203 in the CypD
3'-UTR-binding sites failed to change CypD 3-UTR
luciferase reporter activity and expression in human
endometrial cells. Conversely, CypD 3'-UTR luciferase
reporter activity and expression were elavated with
forced miR-1203 inhibition in endometrial cells.
Therefore our results indentified miR-1203 as a novel
and specific CypD-targeting miRNA in  human
endometrial cells.

Our studies show that miR-1203 can offer
cytoprotective functions in OGDR-treated human
endometrial cells. In T-HESC and primary human
endometrial cells, ectopic miR-1203 overexpression
attenuated OGDR-induced programmed necrosis,
suppressing CypD-p53-ANT1 mitochondrial associa-
tion, mitochondrial depolarization, ROS production, and
medium LDH release. Conversely, OGDR-induced
programmed necrosis and cytotoxicity in human
endometrial cells were intensified by forced miR-1203
inhibition. Importantly, CypD silencing is absolutely
required for miR-1203  overexpression-induced
endometrial cell protection against OGDR. This is
supported by the fact that in CypD-KO T-HESC cells
ectopic miR-1203 overexpression or inhibition failed to
change OGDR-induced cytotoxicity. Additionally, miR-

1203 inhibition-induced aggravation on OGDR’s
cytotoxicity was reversed by CypD inhibitor CsA in T-
HESC cells. Furthermore, ectopic miR-1203 over-
expression was unable to protect T-HESC cells from
OGDR when CypD expression was restored by an
UTR-depleted CypD construct. In the primary human
endometrial cells, miR-1203 was also ineffective when
CypD is pre-blocked by CsA.

Based on the results of this study we suggest that
exogenous targeting miR-1203-CypD cascade could be
a novel strategy to protect human endometrial cells
from OGDR. miR-1203, and possible other CypD-
targeting miRNAs, could have translational potential for
the treatment of endometrium ischemia. Furthermore,
considering that ischemic cardiomyopathy and ischemic
stroke could share the similar CypD-dependent cell
necrosis pathway in myocardiocytes [16, 19, 29, 30]
and neuronal cells [31-33], Cyp-D-targeting miR-1203
might have important therapeutic value for aging
patients with the two diseases.

MATERIALS AND METHODS
Chemical and reagents

Cyclosporine A (CsA) and puromycin were provided by
Sigma-Aldrich Chemicals (St. Louis, Mo). From Gibco
Co. (Suzhou, China) the cell culture reagents, including
fetal bovine serum (FBS) and PBS, were purchased.
The antibodies utilized in this study were obtained from
Santa Cruz Biotechnology (Santa Cruz, CA) and Cell
Signaling Tech (Suzhou, China). All the primers,
sequences and viral constructs were designed,
sequence-verified and generated by Shanghai
Genechem Co. (Shanghai, China). Lipofectamine 2000
and other transfection reagents were provided by
Invitrogen Thermo-Fisher (Shanghai, China).

T-HESC cell culture

The human endometrial cell line T-HESC cells [34],
from the Cell Bank of Shanghai Institute of Biological
Science of CAS (Shanghai, China), were cultured under
the previously-described protocol [14, 15, 34].

Culture of primary human endometrial cells

The surgery-acquired human endometrial tissues
(female, 31-year old, administrated at Changzhou
Second People's Hospital, with the written-informed
consent) were first digested with 0.15% trypsin-EDTA
plus Collagenase | (Sigma-Aldrich) for 60 min at room
temperature. The endometrial tissues were then
transferred to DMEM/Hams F-12 nutrient plus FBS.
Tissues were then dissolved in cold PBS and vortexed.
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Blood vessel cells and immune cells were abandoned
using gravity sedimentation. Afterwards, the remaining
primary human endometrial cells were pelleted and
resuspended in the complete DMEM medium as
described [15]. Primary human cells at passage 3-10
were utilized. The protocols of using human tissues and
cells were approved by the Ethics Review Board of
Soochow University (Suzhou, China).

Cell viability assay

Endometrial cells were initially seeded into 96-well
tissue culture plates at 5000 cells per well. The cell
counting Kkit-8 (CCK-8) kit (Dojindo Laboratories,
Kumamoto, Japan) was utilized to quantitatively
measure cell viability. CCK-8 optic density (OD) was
recorded at the test-wavelength of 450 nm.

Lactate dehydrogenase (LDH) assay of cell necrosis

LDH release to the conditional medium is a quantitative
measurement of cell necrosis in vitro [35]. A two-step
LDH detection kit (Promega) was carried out to
measure LDH levels in the medium, always normalized
to total LDH contents [15].

OGD/re-oxygenation (OGDR)

The OGDR procedure was described previously [14, 15,
32]. Briefly, human endometrial cells were first placed
into an airtight chamber with continuous flux of gas
(95% N2/5% CO2). The chamber was sealed and placed
in an incubator for 4h, mimicking oxygen glucose
deprivation/OGD. Cells were then returned back to the
complete medium and re-oxygenated (OGDR) for
applied time periods. Control cells were placed in norm-
oxygenated complete medium (labeled as “Mock™).

Western blotting

Human endometrial cells with the applied treatments
were incubated with the RIPA lysis buffer with
proteasome inhibitors combo (Biyuntian, Wuxi, China).
The quantified protein lysate samples (40 pg per
treatment in each lane) were separated by SDS-PAGE
gels, transferred to PVDF blots [36]. The detailed
protocol of Western blotting and data quantification
(using the ImageJ software) were described in detail in
our studies [14, 15].

Mitochondrial depolarization

In the stressed cells with mitochondrial depolarization
(“A¥”) the red JC-1 dye shall aggregate in mitochondria
to form green monomers [37]. Following the applied
treatments human endometrial cells were incubated with

JC-1 (5 pg/mL) for 15 min (under the dark). JC-1 green
fluorescence intensity was measured under a
fluorescence spectrofluorometer at 530 nm (Titertek
Fluoroscan, Germany). The representative JC-1 images,
integrating both green and red fluorescence images,
were also presented.

ROS detection

As reported early [14, 15], the fluorescent dye DCFH-
DA (2',7'-dichlorofluorescein diacetate) assay was
applied to examine ROS levels [38-40]. The human
endometrial cells were initially seeded into 96-well
tissue culture plates at 5000 cells per well. Following
the applied treatments, cells were incubated with
DCFH-DA (50 uM) for 30 min. The DCF fluorescence,
reflecting cellular ROS intensity, was detected by the
above-described fluorescence reader.

Quantitative real-time PCR (gPCR)

After treatment, cellular RNA was extracted and
complementary DNA (cDNA) was synthesized as
described [14, 15]. We utilized the the ABI Prism 7600
Fast Real-Time PCR system for gPCR assay. The product
melting temperatures were calculated by the melt curve
analyses. Glyceraldehyde-3-phosphatedehydrogenase
(GAPDH) mRNA was tested as the reference gene and
the internal control, using the 2—AACt method for
quantification. The mMRNA primers of human CypD and
GAPDH were described previously [41]. miR-1203 was
normalized to U6. miR-1203 and U6 primers were
obtained from OriGene (Beijing, China).

Forced overexpression or inhibition of miR-1203

The pre-miR-1203 nucleotide sequence (UCCUCCC
CGGAGCCAGGAUGCAGCUCAAGCCACAGCAGG
GUGUUUAGCGCUCUUCAGUGGCUCCAGAUUG
UGGCGCUGGUGCAGG) and the anti-sense sequence
(UGCUGUGGCUUGAGCUGCAUCCUGGCUCCGG
GGAG) were synthesized and verified by Shanghai
Genechem Co. (Shanghai, China). Each was inserted
into a G248 lentiviral construct (Shanghai Genechem
Co.). The construct and the lentivirus-packing plasmids
(psPAX2 and pMD2.G, from Dr. Jiang [42]) were
transfected together to HEK-293T cells, establishing
pre-miR-1203-expressing  lentivirus  (“lv-pre-miR-
1203”) or pre-miR-1203 anti-sense lentivirus (“Iv-
antagomiR-1203"). Viruses were enriched, filtered, and
added to cultured human endometrial cells, and cultured
in the polybrene-containing complete medium. For T-
HESC cells puromycin (5.0 pg/mL) was added to select
the stable cells. The mature miR-1203 (with sequence
CCCGGAGCCAGGAUGCAGCUC)  levels  were
always tested by qPCR.
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The assaying of CypD 3'-UTR luciferase reporter
activity

The CypD 3'-UTR reporter plasmid (pMIR-REPORT
plasmid, containing the miR-1203-binding sites, at
position 806-813, generated by Shanghai Genechem
Co) was transfected to endometrial cells by
Lipofectamine 2000. Afterwards, cells were subjected
to the applied genetic manipulations, CypD
3'-UTR luciferase activities examined by a Promega
kit [43].

Transfection of miR-1203 mimic

T-HESC cells were seeded onto the six-well tissue-
culturing plates (1 x 10° cells/well). Transfection of 500
nM of the wild-type (“WT-") or the two mutant (“Mut-
”) miR-1203 mimics (both provided by Shanghai
Genechem Co.) was carried out by the Lipofectamine
2000 protocol for 48h.

CypD over-expression

The CypD pSuper-puro-Flag vector, without 3’-UTR,
was reported early [44]. The CypD construct was
transfected to T-HESC cells through Lipofectamine
2000. After 24h, cells were selected by puromycin
(5.0 pg/mL) for another 2 days. CypD overexpression
in the resulting cells was verified by qPCR and
Western blotting assays.

CypD KO

At 1x10° cells per well T-HESC cells were seeded
into 6-well plates. The small guide RNA (sgRNA)
targeting human Nrf2 (targeted DNA sequence,
GGCGACTTCACCAACCACAA) was inserted into
the lentiCRISPR-GFP plasmid (provided by Dr. Cao
[45]). The plasmid was transfected to T-HESC cells.
After 48h, the transfected cells were subjected to
GFP-sorting, and single cell line was established. GFP
KO in the stable cells was verified by gPCR and
Western blotting assays.

Statistical analysis

Data in this study were presented as mean * standard
deviation (SD). Repeated-measures analysis of
variance (RMANOVA) followed by Dunnett’s post
hoc test for multiple comparisons (SPSS 16.0) were
applied to evaluate statistical significance of
observed differences, using SPSS21.0 (SPSS Co.
Chicago, CA). To determine significance between
two treatment groups, the two-tailed t tests were
carried out (Excel 2007). Significance was chosen as
P <0.05.
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microRNA-1201; miR-30b: microRNA-30b; OD: optic
density; OGD: oxygen glucose deprivation; OGDR:
oxygen and glucose deprivation-re-oxygenation; ROS:
reactive oxygen species; PVDF: polyvinylidene
difluoride; qPCR: gquantitative real-time PCR; shRNA:
short hairpin RNA,; SD: standard deviation.

AUTHOR CONTRIBUTIONS

All authors listed in the present study have carried out
the experiments, participated in the design of the study
and performed the statistical analysis, conceived of the
study, and participated in its design and coordination
and helped to draft the manuscript. All authors read and
approved the manuscript of its final version.

CONFLICTS OF INTEREST

The authors have no conflicts of interest.
FUNDING

This study was supported by the Fund of Changzhou
Municipal Health Commission (QN201816), the
Suzhou Science and Technology Rejuvenation Youth
Project (SYSD2019140), the Science and Technology
Development Fund of Nanjing Medical University-
General Project (NMUB2018234), National Natural
Science Foundation (81773192), Foundation of tumor
clinical and basic research team (KYCO005), Kunshan
Science and Technology Program (KS1528), Jiangsu
University Clinical Medical Science and Technology
Development Fund (JLY20180012). We thank Dr. Qin
Sun at Tongji University School of Medicine for
technique support, project design and manuscript
writing.

REFERENCES

1. Mullins TL, Miller RJ, Mullins ES. Evaluation and
Management of Adolescents with Abnormal Uterine
Bleeding. Pediatr Ann. 2015; 44:e218-22.
https://doi.org/10.3928/00904481-20150910-09
PMID:26431240

2. Van de Velde M, Diez C, Varon AJ. Obstetric
hemorrhage. Curr Opin Anaesthesiol. 2015; 28:186—90.
https://doi.org/10.1097/AC0.0000000000000168
PMID:25674990

WWW.aging-us.com

3020

AGING


https://doi.org/10.3928/00904481-20150910-09
https://www.ncbi.nlm.nih.gov/pubmed/26431240
https://doi.org/10.1097/ACO.0000000000000168
https://www.ncbi.nlm.nih.gov/pubmed/25674990

10.

11.

Deering S, Rowland J. Obstetric emergency simulation.
Semin Perinatol. 2013; 37:179-88.
https://doi.org/10.1053/j.semperi.2013.02.010
PMID:23721775

Ferrari RS, Andrade CF. Oxidative Stress and Lung
Ischemia-Reperfusion Injury. Oxid Med Cell Longev.
2015; 2015:590987.

https://doi.org/10.1155/2015/590987
PMID:26161240

Kalogeris T, Bao Y, Korthuis RJ. Mitochondrial reactive
oxygen species: a double edged sword in
ischemia/reperfusion vs preconditioning. Redox Biol.
2014; 2:702-14.
https://doi.org/10.1016/j.redox.2014.05.006
PMID:24944913

Sanderson TH, Reynolds CA, Kumar R, Przyklenk K,
Hlattemann M. Molecular mechanisms of ischemia-
reperfusion injury in brain: pivotal role of the
mitochondrial membrane potential in reactive oxygen
species generation. Mol Neurobiol. 2013; 47:9-23.
https://doi.org/10.1007/s12035-012-8344-z
PMID:23011809

Zheng K, Zhang Q, Lin G, Li Y, Sheng Z, Wang J, Chen L,
Lu HH. Activation of Akt by SC79 protects
myocardiocytes from oxygen and glucose deprivation
(OGD)/re-oxygenation. Oncotarget. 2017; 8:14978-87.
https://doi.org/10.18632/oncotarget.21655
PMID:28122357

Zhao H, Mitchell S, Ciechanowicz S, Savage S, Wang T,
Ji X, Ma D. Argon protects against hypoxic-ischemic
brain injury in neonatal rats through activation of
nuclear factor (erythroid-derived 2)-like 2. Oncotarget.
2016; 7:25640-51.
https://doi.org/10.18632/oncotarget.8241
PMID:27016422

Gu DM, Lu PH, Zhang K, Wang X, Sun M, Chen GQ,
Wang Q. EGFR mediates astragaloside IV-induced Nrf2
activation to protect cortical neurons against in vitro
ischemia/reperfusion damages. Biochem Biophys Res
Commun. 2015; 457:391-97.
https://doi.org/10.1016/j.bbrc.2015.01.002
PMID:25582778

Almeida A, Delgado-Esteban M, Bolafios JP, Medina
JM. Oxygen and glucose deprivation induces
mitochondrial dysfunction and oxidative stress in
neurones but not in astrocytes in primary culture. J
Neurochem. 2002; 81:207-17.
https://doi.org/10.1046/j.1471-4159.2002.00827.x
PMID:12064468

Feoktistova M, Leverkus M. Programmed necrosis and
necroptosis signalling. FEBS J. 2015; 282:19-31.
https://doi.org/10.1111/febs.13120 PMID:25327580

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Zhang LY, Wu YL, Gao XH, Guo F. Mitochondrial protein
cyclophilin-D-mediated programmed necrosis
attributes to berberine-induced cytotoxicity in cultured
prostate cancer cells. Biochem Biophys Res Commun.
2014; 450:697-703.
https://doi.org/10.1016/j.bbrc.2014.06.039
PMID:24946211

Ouyang L, Shi Z, Zhao S, Wang FT, Zhou TT, Liu B, Bao
JK. Programmed cell death pathways in cancer: a
review of apoptosis, autophagy and programmed
necrosis. Cell Prolif. 2012; 45:487-98.
https://doi.org/10.1111/j.1365-2184.2012.00845.x
PMID:23030059

Shi X, Liu HY, Li SP, Xu HB. Keratinocyte growth factor
protects endometrial cells from oxygen glucose
deprivation/re-oxygenation  via  activating  Nrf2
signaling. Biochem Biophys Res Commun. 2018;
501:178-85.
https://doi.org/10.1016/j.bbrc.2018.04.208
PMID:29709474

Tang XF, Liu HY, Wu L, Li MH, Li SP, Xu HB. Ginseng Rh2
protects endometrial cells from oxygen glucose
deprivation/re-oxygenation. Oncotarget. 2017,
8:105703-13.
https://doi.org/10.18632/oncotarget.22390
PMID:29285285

Vaseva AV, Marchenko ND, Ji K, Tsirka SE, Holzmann S,
Moll UM. p53 opens the mitochondrial permeability
transition pore to trigger necrosis. Cell. 2012;
149:1536-48.
https://doi.org/10.1016/j.cell.2012.05.014
PMID:22726440

Jonas S, lzaurralde E. Towards a molecular
understanding of microRNA-mediated gene silencing.
Nat Rev Genet. 2015; 16:421-33.
https://doi.org/10.1038/nrg3965 PMID:26077373

Pasquinelli AE. MicroRNAs and their targets:
recognition, regulation and an emerging reciprocal
relationship. Nat Rev Genet. 2012; 13:271-82.
https://doi.org/10.1038/nrg3162 PMID:22411466

Wang K, An T, Zhou LY, Liu CY, Zhang XJ, Feng C, Li PF.
E2F1-regulated miR-30b suppresses Cyclophilin D and
protects heart from ischemia/reperfusion injury and
necrotic cell death. Cell Death Differ. 2015; 22:743-54.
https://doi.org/10.1038/cdd.2014.165
PMID:25301066

Agarwal V, Bell GW, Nam JW, Bartel DP. Predicting
effective microRNA target sites in mammalian mRNAs.
eLife. 2015; 4:4. https://doi.org/10.7554/eLife.05005
PMID:26267216

Sullivan PG, Thompson MB, Scheff SW. Cyclosporin A
attenuates acute mitochondrial dysfunction following

WWW.aging-us.com

3021

AGING


https://doi.org/10.1053/j.semperi.2013.02.010
https://www.ncbi.nlm.nih.gov/pubmed/23721775
https://doi.org/10.1155/2015/590987
https://www.ncbi.nlm.nih.gov/pubmed/26161240
https://doi.org/10.1016/j.redox.2014.05.006
https://www.ncbi.nlm.nih.gov/pubmed/24944913
https://doi.org/10.1007/s12035-012-8344-z
https://www.ncbi.nlm.nih.gov/pubmed/23011809
https://doi.org/10.18632/oncotarget.21655
https://www.ncbi.nlm.nih.gov/pubmed/28122357
https://doi.org/10.18632/oncotarget.8241
https://www.ncbi.nlm.nih.gov/pubmed/27016422
https://doi.org/10.1016/j.bbrc.2015.01.002
https://www.ncbi.nlm.nih.gov/pubmed/25582778
https://doi.org/10.1046/j.1471-4159.2002.00827.x
https://www.ncbi.nlm.nih.gov/pubmed/12064468
https://doi.org/10.1111/febs.13120
https://www.ncbi.nlm.nih.gov/pubmed/25327580
https://doi.org/10.1016/j.bbrc.2014.06.039
https://www.ncbi.nlm.nih.gov/pubmed/24946211
https://doi.org/10.1111/j.1365-2184.2012.00845.x
https://www.ncbi.nlm.nih.gov/pubmed/23030059
https://doi.org/10.1016/j.bbrc.2018.04.208
https://www.ncbi.nlm.nih.gov/pubmed/29709474
https://doi.org/10.18632/oncotarget.22390
https://www.ncbi.nlm.nih.gov/pubmed/29285285
https://doi.org/10.1016/j.cell.2012.05.014
https://www.ncbi.nlm.nih.gov/pubmed/22726440
https://doi.org/10.1038/nrg3965
https://www.ncbi.nlm.nih.gov/pubmed/26077373
https://doi.org/10.1038/nrg3162
https://www.ncbi.nlm.nih.gov/pubmed/22411466
https://doi.org/10.1038/cdd.2014.165
https://www.ncbi.nlm.nih.gov/pubmed/25301066
https://doi.org/10.7554/eLife.05005
https://www.ncbi.nlm.nih.gov/pubmed/26267216

22.

23.

24.

25.

26.

27.

28.

29.

traumatic brain injury. Exp Neurol. 1999; 160:226—-34.
https://doi.org/10.1006/exnr.1999.719710630207

Friberg H, Ferrand-Drake M, Bengtsson F, Halestrap AP,
Wieloch T. Cyclosporin A, but not FK 506, protects
mitochondria and neurons against hypoglycemic
damage and implicates the mitochondrial permeability
transition in cell death. J Neurosci. 1998; 18:5151-59.
https://doi.org/10.1523/JINEUROSCI.18-14-05151.1998
PMID:9651198

Zheng K, Zhang Q, Sheng Z, Li Y, Lu HH. Ciliary
Neurotrophic Factor (CNTF) Protects Myocardial Cells
from Oxygen Glucose Deprivation (OGD)/Re-
Oxygenation via Activation of Akt-Nrf2 Signaling. Cell
Physiol Biochem. 2018; 51:1852-62.
https://doi.org/10.1159/000495711 PMID:30504707

Wang M, lJiang YM, Xia LY, Wang Y, Li WY, lJin T.
LncRNA NKILA upregulation mediates oxygen glucose
deprivation/re-oxygenation-induced  neuronal cell
death by inhibiting NF-kB signaling. Biochem Biophys
Res Commun. 2018; 503:2524-30.
https://doi.org/10.1016/j.bbrc.2018.07.010
PMID:30007440

Liu H, Zhang Z, Xu M, Xu R, Wang Z, Di G. K6PC-5
Activates SphK1-Nrf2 Signaling to Protect Neuronal
Cells from Oxygen Glucose Deprivation/Re-
Oxygenation. Cell Physiol Biochem. 2018; 51:1908-20.
https://doi.org/10.1159/000495716 PMID:30504702

Hu'Y, Wang Q, Wang Z, Wang F, Guo X, Li G. Circulating
microRNA profiles and the identification of miR-593
and miR-511 which directly target the PROP1 gene in
children with combined pituitary hormone deficiency.
Int J Mol Med. 2015; 35:358-66.
https://doi.org/10.3892/ijmm.2014.2016
PMID:25434367

Haldrup C, Kosaka N, Ochiya T, Borre M, Hgyer S,
Orntoft TF, Sorensen KD. Profiling of circulating
microRNAs for prostate cancer biomarker discovery.
Drug Deliv Transl Res. 2014; 4:19-30.
https://doi.org/10.1007/s13346-013-0169-4
PMID:25786615

He W, Lu M, Li G, Sun Z, Liu D, Gu L. Methylene
Tetrahydrofolate  Reductase (MTHFR) rs868014
Polymorphism Regulated by miR-1203 Associates with
Risk and Short Term Outcome of Ischemic Stroke. Cell
Physiol Biochem. 2017; 41:701-10.
https://doi.org/10.1159/000458429 PMID:28171870

Shao JJ, Peng Y, Wang LM, Wang JK, Chen X. Activation
of SphK1 by K6PC-5 Inhibits Oxygen-Glucose
Deprivation/Reoxygenation-Induced Myocardial Cell
Death. DNA Cell Biol. 2015; 34:669-76.
https://doi.org/10.1089/dna.2015.2959
PMID:26308910

30.

31.

32.

33.

34,

35.

36.

37.

Zheng K, Sheng Z, Li Y, Lu H. Salidroside inhibits oxygen
glucose deprivation (OGD)/re-oxygenation-induced
H9c2 cell necrosis through activating of Akt-Nrf2
signaling. Biochem Biophys Res Commun. 2014;
451:79-85.
https://doi.org/10.1016/j.bbrc.2014.07.072
PMID:25063033

Pei L, Shang Y, Jin H, Wang S, Wei N, Yan H, Wu Y, Yao
C, Wang X, Zhu LQ, Lu Y. DAPK1-p53 interaction
converges necrotic and apoptotic pathways of ischemic
neuronal death. J Neurosci. 2014; 34:6546-56.
https://doi.org/10.1523/JINEUROSCI.5119-13.2014
PMID:24806680

Zhao LP, Ji C, Lu PH, Li C, Xu B, Gao H. Oxygen glucose
deprivation (OGD)/re-oxygenation-induced in vitro
neuronal cell death involves mitochondrial cyclophilin-
D/P53 signaling axis. Neurochem Res. 2013; 38:705-13.
https://doi.org/10.1007/s11064-013-0968-5
PMID:23322110

Schinzel AC, Takeuchi O, Huang Z, Fisher JK, Zhou Z,
Rubens J, Hetz C, Danial NN, Moskowitz MA,
Korsmeyer SJ. Cyclophilin D is a component of
mitochondrial permeability transition and mediates
neuronal cell death after focal cerebral ischemia. Proc
Natl Acad Sci USA. 2005; 102:12005-10.
https://doi.org/10.1073/pnas.0505294102
PMID:16103352

Annunziata M, Grande C, Scarlatti F, Deltetto F,
Delpiano E, Camanni M, Ghigo E, Granata R. The
growth hormone-releasing  hormone  (GHRH)
antagonist JV-1-36 inhibits proliferation and survival of
human ectopic endometriotic stromal cells (ESCs) and
the T HESC cell line. Fertil Steril. 2010; 94:841-49.
https://doi.org/10.1016/j.fertnstert.2009.03.093
PMID:19524226

Xie J, Li Q, Ding X, Gao Y. GSK1059615 kills head and
neck squamous cell carcinoma cells possibly via
activating  mitochondrial  programmed  necrosis
pathway. Oncotarget. 2017; 8:50814-23.
https://doi.org/10.18632/oncotarget.15135
PMID:28881606

Cao C, Rioult-Pedotti MS, Migani P, Yu CJ, Tiwari R,
Parang K, Spaller MR, Goebel DJ, Marshall J.
Impairment of TrkB-PSD-95 signaling in Angelman
syndrome. PLoS Biol. 2013; 11:e1001478.
https://doi.org/10.1371/journal.pbio.1001478
PMID:23424281

Brooks MM, Neelam S, Fudala R, Gryczynski I,
Cammarata PR. Lenticular mitoprotection. Part A:
monitoring mitochondrial depolarization with JC-1
and artifactual fluorescence by the glycogen
synthase kinase-3B inhibitor, SB216763. Mol Vis.
2013; 19:1406-12. PMID:23825920

WWW.aging-us.com

3022

AGING


https://doi.org/10.1006/exnr.1999.7197
https://doi.org/10.1006/exnr.1999.7197
https://doi.org/10.1523/JNEUROSCI.18-14-05151.1998
https://www.ncbi.nlm.nih.gov/pubmed/9651198
https://doi.org/10.1159/000495711
https://www.ncbi.nlm.nih.gov/pubmed/30504707
https://doi.org/10.1016/j.bbrc.2018.07.010
https://www.ncbi.nlm.nih.gov/pubmed/30007440
https://doi.org/10.1159/000495716
https://www.ncbi.nlm.nih.gov/pubmed/30504702
https://doi.org/10.3892/ijmm.2014.2016
https://www.ncbi.nlm.nih.gov/pubmed/25434367
https://doi.org/10.1007/s13346-013-0169-4
https://www.ncbi.nlm.nih.gov/pubmed/25786615
https://doi.org/10.1159/000458429
https://www.ncbi.nlm.nih.gov/pubmed/28171870
https://doi.org/10.1089/dna.2015.2959
https://www.ncbi.nlm.nih.gov/pubmed/26308910
https://doi.org/10.1016/j.bbrc.2014.07.072
https://www.ncbi.nlm.nih.gov/pubmed/25063033
https://doi.org/10.1523/JNEUROSCI.5119-13.2014
https://www.ncbi.nlm.nih.gov/pubmed/24806680
https://doi.org/10.1007/s11064-013-0968-5
https://www.ncbi.nlm.nih.gov/pubmed/23322110
https://doi.org/10.1073/pnas.0505294102
https://www.ncbi.nlm.nih.gov/pubmed/16103352
https://doi.org/10.1016/j.fertnstert.2009.03.093
https://www.ncbi.nlm.nih.gov/pubmed/19524226
https://doi.org/10.18632/oncotarget.15135
https://www.ncbi.nlm.nih.gov/pubmed/28881606
https://doi.org/10.1371/journal.pbio.1001478
https://www.ncbi.nlm.nih.gov/pubmed/23424281
https://www.ncbi.nlm.nih.gov/pubmed/23825920

38.

39.

40.

41.

Chen ZY, Liu C, Lu YH, Yang LL, Li M, He MD, Chen CH,
Zhang L, Yu ZP, Zhou Z. Cadmium Exposure Enhances
Bisphenol A-Induced Genotoxicity through 8-
Oxoguanine-DNA Glycosylase-1 OGG1 Inhibition in
NIH3T3 Fibroblast Cells. Cell Physiol Biochem. 2016;
39:961-74.

https://doi.org/10.1159/000447804 PMID:27513750

LiJ, Li J, Wei T, Li J. Down-Regulation of MicroRNA-137
Improves High Glucose-Induced Oxidative Stress Injury
in Human Umbilical Vein Endothelial Cells by Up-
Regulation of AMPKal. Cell Physiol Biochem. 2016;
39:847-59.

https://doi.org/10.1159/000447795

PMID:27497953

Kwon MY, Park E, Lee SJ, Chung SW. Heme oxygenase-
1 accelerates erastin-induced ferroptotic cell death.
Oncotarget. 2015; 6:24393-403.
https://doi.org/10.18632/oncotarget.5162
PMID:26405158

Chen SH, Li DL, Yang F, Wu Z, Zhao YY, lJiang Y.
Gemcitabine-induced pancreatic cancer cell death is
associated with MST1/cyclophilin D mitochondrial
complexation. Biochimie. 2014; 103:71-79.
https://doi.org/10.1016/].biochi.2014.04.004

PMID:24732633

42.

43.

44,

45.

Chen ZJ, Rong L, Huang D, Jiang Q. Targeting cullin 3 by
miR-601 activates Nrf2 signaling to protect retinal
pigment epithelium cells from hydrogen peroxide.
Biochem Biophys Res Commun. 2019; 515:679-87.
https://doi.org/10.1016/j.bbrc.2019.05.171
PMID:31178131

Liu YY, Chen MB, Cheng L, Zhang ZQ, Yu ZQ, Jiang Q,
Chen G, Cao C. microRNA-200a downregulation in
human glioma leads to Gail over-expression, Akt
activation, and cell proliferation. Oncogene. 2018;
37:2890-902.
https://doi.org/10.1038/s41388-018-0184-5
PMID:29520106

Ju T, Gao D, Fang ZY. Targeting colorectal cancer cells
by a novel sphingosine kinase 1 inhibitor PF-543.
Biochem Biophys Res Commun. 2016; 470:728-34.
https://doi.org/10.1016/j.bbrc.2016.01.053
PMID:26775841

Sun J, Huang W, Yang SF, Zhang XP, Yu Q, Zhang ZQ,
Yao J, Li KR, Jiang Q, Cao C. Gail and Gai3mediate
VEGF-induced VEGFR2 endocytosis, signaling and
angiogenesis. Theranostics. 2018; 8:4695-709.
https://doi.org/10.7150/thno.26203

PMID:30279732

WWW.aging-us.com

3023

AGING


https://doi.org/10.1159/000447804
https://www.ncbi.nlm.nih.gov/pubmed/27513750
https://doi.org/10.1159/000447795
https://www.ncbi.nlm.nih.gov/pubmed/27497953
https://doi.org/10.18632/oncotarget.5162
https://www.ncbi.nlm.nih.gov/pubmed/26405158
https://doi.org/10.1016/j.biochi.2014.04.004
https://www.ncbi.nlm.nih.gov/pubmed/24732633
https://doi.org/10.1016/j.bbrc.2019.05.171
https://www.ncbi.nlm.nih.gov/pubmed/31178131
https://doi.org/10.1038/s41388-018-0184-5
https://www.ncbi.nlm.nih.gov/pubmed/29520106
https://doi.org/10.1016/j.bbrc.2016.01.053
https://www.ncbi.nlm.nih.gov/pubmed/26775841
https://doi.org/10.7150/thno.26203
https://www.ncbi.nlm.nih.gov/pubmed/30279732
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Supplementary Figure 1. T-HESC cells were pretreated with anti-oxidant N-acetylcysteine (NAC, 500 uM) for 1h, followed by OGDR
stimulation for 24h, cell survival and necrosis were tested by CCK-8 (A) and LDH release (B) assays, respectively. Data were presented as

mean + SD (n=5).* P <0.05 vs. PBS pretreatment in “Mock” cells. # P <0.05 vs. PBS pretreatment in “OGDR” cells. Experiments in this figure
were repeated three times with similar results obtained.
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