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Abstract: Objective: Obstructive sleep apnoea (OSA) is associated with the progression of chronic kidney disease.
Intermittent hypoxia (IH), a critical feature of OSA, induces oxidative stress and leads to injuries to kidney. The ob-
jective of this study was to examine the pro-apoptotic effect of IH on the kidney and the interventional role of the
antioxidant tempol in vivo. Methods: Wistar rats were divided into three groups (n = 8 each): control group, IH group,
and IH and tempol group (exposure to IH and administration of tempol). We analyzed the caspase-3 cleavage and
the mitochondrial related apoptotic proteins (bcl-2, bax, released cytochrome c, cleaved caspase-9) by Western
blotting and determined the p22°"* and c-fos MRNA expressions through RT-PCR in the kidney tissues. Results:
A significant enhancement in cleaved caspase-3, bax, cytochrome c release, and cleaved caspase-9 levels, and a
significant reduction in the bcl-2 protein level and bcl-2/bax ratio in the kidney from intermittent hypoxia-exposed
rats were observed compared to control (P < 0.01). Moreover, the mRNA expressions of renal p22P" and c-fos were
also elevated significantly (P < 0.01). The pro-apoptotic action triggered by IH was alleviated by tempol treatment.
Conclusions: Intermittent hypoxia induced the renal mitochondria-dependent apoptotic signals in vivo, which might
involve elevated p22P"* and c-fos mMRNA levels.
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Introduction several experimental animal models [10, 11].
Tempol (4-hydroxy-2,2,6,6-tetramethylpiperidi-
neN-oxyl), a membrane-permeable superoxide
dismutase mimetic agent, has been found to
ameliorate oxidant stress-mediated renal dys-
function, injury and apoptosis in vivo [12-14].
The effect of tempol on IH-induced renal apop-
tosis remains to be clarified yet. We hypothe-
sized that mitochondrial-dependent pathway
may be involved in IH-induced renal apoptosis
and tempol may prevent IH-induced apoptotic
effect in the rat kidney, since IH was associated
with increased oxidative stress [15]. Herein, the
apoptotic pathway of IH-induced renal apopto-
sis and the biological role of tempol were

Obstructive sleep apnea (0OSA) is a common
disorder occurring in 5-20% of general popula-
tion [1, 2]. OSA may contribute to accelerate
atherosclerosis and promote atherosclerotic
disease, which led to increased cardiovascular
morbidity in patients with untreated OSA [3, 4].
Recent research has revealed that OSA is prev-
alent in patients with chronic kidney disease
(CKD) and has been proposed as a risk factor
for loss of kidney function [5, 6]. OSA may result
in development and progression of CKD
through many potential pathological pathways,
including endothelial dysfunction, inflammation
and obesity [7]. Intermittent hypoxia (IH) plays

a critical role in the pathology of OSA. It has
been reported that long-term chronic IH expo-
sure led to renal damage by oxidative stress,
inflammation, apoptotic cell death and fibrosis
in mice [8, 9]. However, the pathway of
IH-induced renal apoptosis remains largely
unknown.

The effects of antioxidants on attenuating the
progression of kidney disease were reported in

described in this work.

Material and methods

Animals

This research was approved by the Tianjin
Medical University Animal Care and Use

Committee. 24 male Wistar rats (eight weeks
old, 160-200 g), obtained from Model Animal
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Figure 1. Representative western blot (A) and densitometric analysis (B) of cleaved caspase-3 in each group. Data
are expressed as the mean + SD, "P < 0.01, vs. control group; #P < 0.01, vs. intermittent hypoxia group.

Center of Hygiene and Environmental Medicine
Research Institute, Chinese Academy of
Medical Science, Tianjin, China, were randomly
assigned to three groups (n = 8 each): normal
oxygen control group (NC), 5% (v/v) IH group for
successive 6 weeks (IH), and 5% IH group plus
administration of tempol (Sigma Company) for
successive 6 weeks (IHT).

Intermittent hypoxia treatment

Rat models of IH were performed as described
previously [16]. Briefly, rats were exposed to IH
between 9 am and 5 pm every day for 6 succes-
sive weeks. Each cycle of IH lasted for 120 s,
with IH being 30 s and reoxygenation 90 s. In
the IHT group, the rats were treated with 1 mL
10% (w/v) tempol per kg body weight under IH
environment. The kidneys were harvested indi-
vidually from each animal in different group
after 6 weeks.

Western blotting

The total protein from the kidney tissues of dif-
ferent groups was extracted as previously
described [17]. Western blot analysis of cas-
pase-3, bcl-2, bax, cytochrome ¢ and cas-
pase-9 was performed according to the proto-
col in our previous report [16]. The protein
sampleswereseparated on SDS-polyacrylamide
gradient gel and subjected to Western blotting
analysis. The blots were incubated with primary
antibodies caspase-3, bcl-2, bax, cytochrome
¢, caspase-9 and GAPDH (1:400, 1:300, 1:300,
1:400, 1:400, and 1:5000 dilution, respective-
ly; Santa Cruz Biotechnology, CA, USA) over-
night at 4°C. HRP conjugated sheep anti-
mouse-IgG (1:5000 dilutions, Beijing Zhong-
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shan Biotechnology Inc, Beijing, China) was
used as the secondary antibody.

RNA isolation and reverse transcriptase PCR

The regular real time PCR was carried out as
described [16]. Briefly, mRNA levels of p22rho
and c-fos were measured by the real-time
RT-PCR. Primer sequences for amplification of
the above genes are: p22°"*, sense: 5-TCAT-
CCAGCCTTCTCTCCAT-3" and antisense: 5’-AGC-
CTCACCATGACT ACCTT-3’; c-fos, sense 5-TAC-
TACCATTCCCCAGCCGA-3’ and antisense 5-GC-
TGTCACCGTGGGGATAAA-3'. Glyceraldehyde 3-
phosphate dehydrogenase servedas an inter-
nal reference. Data acquisition was carried
out on a LightCycler (Roche Diagnostics,
Indianapolis, IN, USA). The relative quantifica-
tion of the detected genes was calculated as
2—ACt.

Statistical analysis

The values are expressed as the mean + stan-
dard deviation. Comparisons for the difference
between groups were preformed using repeat-
ed one-way ANOVA. Statistical analyses were
carried out through SPSS version 16.0 soft-
ware (SPSS Inc., Chicago, IL) and P values <
0.05 were regarded statistically significant.

Results

Effect of intermittent hypoxia on renal cas-
pase-3 activation in rats

To investigate whether IH induced the activa-
tion of caspase-3 in rats, the protein level of
cleaved caspase-3 was detected by Western
blot analysis. Compared with control, IH signifi-
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Figure 2. Representative western blots (A) and densitometric analysis of bcl-2 (B), bax (C), bcl-2/bax ratio (D), cyto-
solic cytochrome ¢ (E) and cleaved caspase-9 (F) in each group. Data are expressed as the mean + SD, "P < 0.01,
vs. control group; #*P < 0.01, vs. intermittent hypoxia group.

cantly increased the cleaved caspase-3 level in
the kidney tissues, indicating a pro-apoptotic
potential (Figure 1). In addition, tempol signifi-
cantly ameliorated caspase-3 cleavage in rat
kidney tissues triggered by IH.

Effect of intermittent hypoxia on renal mito-
chondrial dysfunctions

To clarify whether IH induced the renal apopto-
sis through the mitochondria-dependent path-
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way, we investigated the protein levels of bcl-2,
bax, cytochrome c release and cleaved cas-
pase-9 in the three groups by Western blotting.
As shown in Figure 2, the mitochondrial related
anti-apoptotic protein bcl-2 and the bcl-2/bax
ratio were significantly reduced in the IH group,
while pro-apoptotic protein bax was significant-
ly increased compared with the control group.
Moreover, the amounts of cytosolic cytochrome
¢ and cleaved caspase-9 were significantly
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Figure 3. Intermittent hypoxia induced p22°"* subunit (A) and c-fos (B) mRNA expression in the kidney as assessed
by real time PCR. Data are expressed as the mean * SD, "P < 0.01, vs. control group; P < 0.01, vs. intermittent

hypoxia group.

higher than the control group. Treatment with
tempol effectively suppressed the IH-induced
alteration of mitochondrial related proteins.

Effect of intermittent hypoxia on renal NADPH
oxidase subunit p22°r" and c-fos mRNA ex-
pressions

To reveal preliminarily the possible mecha-
nisms of the increased apoptotic signals in kid-
ney tissues, NADPH oxidase subunit p22°rhox
and c-fos mMRNA expression levels were detect-
ed using real time PCR. As shown in Figure 3,
renal p22°"* and c-fos MRNA expression level
were increased compared to control. The
upregulation of p22P* and c-fos was partially
restored by tempol.

Discussion

Our study revealed the renal mitochondria-
dependent apoptotic pathway and the protec-
tive effect of tempol treatment on renal
IH-mediated apoptosis in invo. Furthermore,
upregulated mRNA expressions of p22°"* and
c-fos might contribute to the increase of renal
apoptotic signals.

Some studies suggested a bidirectional asso-
ciation between CKD and OSA with both being
possible risk factors for each other [18]. Indeed,
Chou et al. have reported that there existed a
high prevalence of chronic kidney disease in
OSA patients even in the absence of hyperten-
sion or diabetes [19]. Glomerular hyperfiltration
and severe proteinuria were both demonstrat-
ed in OSA patients [20, 21]. Therefore, it has
been proposed that OSA can also accelerate
loss of kidney function through potential mech-
anisms, including OSA-associated increased
oxidative stress and inflammation [7, 18]. Wu et
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al. have shown that IH induced renal injury by
oxidative stress, inflammation and fibrosis [8].
Furthermore, Sun et al. clearly demonstrated
that IH promoted renal apoptotic cell death via
oxidative and inflammatory pathways [9], indi-
cating a possible mechanism of IH-induced kid-
ney injury and loss of kidney function through
renal cell apoptosis, since apoptosis has been
recognized as one mechanism leading to tubu-
lar atrophy and kidney cell loss in CKD [22, 23].

Lai et al. has showed that mitochondrion was
one of the subcellular targets of IH for cardiac
apoptosis in mice [24], but the mitochondrial
role in IH-induced renal cell apoptosis remains
unclear and is a relatively new point of interest.
Our study demonstrated that IH induced cas-
pase-3 activation in rats, which supported the
previous observations that 8 week IH induced
caspase-3 cleavage in the mice kidney [9]. We
also observed the alterations in the bax and
bcl-2 protein levels and the bcl-2/bax ratio
towards pro-apoptotic potential in the rat kid-
ney. Bax interacted with the mitochondrial
membrane and promoted cytochrome c release
into cytosol, resulting in the activation of cas-
pase-9, which was one downstream compo-
nent of renal mitochondria-dependent apopto-
sis. To the best of our knowledge, it is demon-
strate for the first time that IH induced renal
apoptosis, at least in part, through mitochon-
drial dysfunction.

IH-associated oxidative stress plays a key role
in renal damage under various pathophysiologi-
cal conditions, including diabetic nephropathy,
chronic renal failure and ischemia-reperfusion
[25]. NADPH oxidase subunit p22°r"* was found
to be one major source for ROS production in
the kidney and could play a role in pathological
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conditions [26]. Modlinger et al. showed that
siRNA targeted to renal p22°'* |ed to reduce
renal NADPH oxidase activity and ROS forma-
tion [27]. In addition, the increased expression
of renal p22°"* was associated with ROS-
induced renal damage in a rodent model of
type 2 diabetes [28]. Therefore, we examined
the mRNA expression of renal p22°rh>,
Compared with the control group, renal p22°rhox
MRNA expression was significantly upregulat-
ed, possibly implying overexpression of NADPH
oxidase and overproduction of ROS. Thus,
NADPH oxidase may be involved in renal mito-
chondria-dependent apoptosis induced by IH.
Besides, c-fos was one protein member of the
inflammatory transcription factor AP-1. The
current investigation showed that renal c-fos
MRNA expression was also significantly upregu-
lated in the IH group, indicating a possible
greater inflammatory status. Our results are
consistent with the previous findings that
increased renal inflammation, as demonstrat-
ed by ICAM-1, was involved in the IH-induced
renal apoptosis [8, 9].

Tempol contributes to scavenging ROS by pro-
moting SOD activity [29]. Tempol could reduce
oxidative stress and apoptosis in the renal cor-
tex in rats exposed to losartan during lactation
[30]. Recently, Ahmed et al. reported that tem-
pol ameliorated mitochondrial dysfunction and
inhibited renal apoptosis in the rat kidney
induced by cisplatin [31]. In this study, tempol
inhibited the IH-induced pro-apoptotic effect in
the rat kidney through alleviation of mitochon-
drial dysfunction and downstream caspase
activation via reduced NADPH and c-fos mRNA
levels.

In summary, this present study has demon-
strated that IH triggered apoptotic signals
through mitochondrial dysfunction and activa-
tion of caspase cascades in rat kidney, which
might involve elevated p22°"* and c-fos mMRNA
expressions. Furthermore the adverse altera-
tion could be attenuated by the antioxidant
tempol. These observations further clarify the
nephrotoxic mechanisms of IH and provide pre-
liminary evidence to suggest that IH-induced
renal apoptosis might be one mechanism of
OSA-associated CKD.

Acknowledgements
This work was supported by the grants from the

National Natural Science Foundation of China

1786

(No. 81170071 and 81270144) and National
Key Technology Research and Development
Program of the Ministry of Science and
Technology of China during of the “12™ Five-
Year Plan” (No. 2012BAI05B02).

Disclosure of conflict of interest

None.

Address correspondence to: Drs. Jie Cao and
Baoyuan Chen, Department of Respiratory Medi-
cine, Tianjin Medical University General Hospital,
154 Anshan Road, Tianjin 300052, China. E-mail:
tjcaojie@sina.com (JC); tighrdcby@126.com (BYC)

References

[1]  YoungT, Palta M, Dempsey J, Skatrud J, Weber
S, Badr S. The occurrence of sleep-disordered
breathing among middle-aged adults. N Engl J
Med 1993; 328: 1230-1235.

[2]  YoungT, Peppard PE, Gottlieb DJ. Epidemiology
of obstructive sleep apnea: a population
health perspective. Am J Respir Crit Care Med
2002; 165: 1217-39.

[3] Quercioli A, Mach F, Montecucco F. In-
flammation accelerates atherosclerotic pro-
cesses in obstructive sleep apnea syndrome
(OSAS). Sleep Breath 2010; 14: 261-269.

[4] Savransky V, Nanayakkara A, Li J, Bevans S,
Smith PL, Rodriguez A, Polotsky VY. Chronic in-
termittent hypoxia induces atherosclerosis. Am
J Respir Crit Care Med 2007; 175: 1290-1297.

[5] Nicholl DD, Ahmed SB, Loewen AH,
Hemmelgarn BR, Sola DY, Beecroft JM, Turin
TC, Hanly PJ. Declining kidney function increas-
es the prevalence of sleep apnea and noctur-
nal hypoxia. Chest 2012; 141: 1422-1430.

[6] Mirrakhimov AE. Obstructive sleep apnea and
kidney disease: is there any direct link? Sleep
Breath 2012; 16: 1009-1016.

[7] Ozkok A, Kanbay A, Odabas AR, Covic A,
Kanbay M. Obstructive sleep apnea syndrome
and chronic kidney disease: a new cardiorenal
risk factor. Clin Exp Hypertens 2014; 36: 211-
216.

[8] Wu H, Zhou S, Kong L, Chen J, Feng W, Cai J,
Miao L, Tan Y. Metallothionein deletion exacer-
bates intermittent hypoxia-induced renal injury
in mice. Toxicol Lett 2015; 232: 340-348.

[91 SunW,Yin X, Wangy, TanY, Cai L, Wang B, Cai
J, FuY. Intermittent hypoxia-induced renal anti-
oxidants and oxidative damage in male mice:
hormetic dose response. Dose Response
2012; 11: 385-400.

[10] Vaziri ND. Roles of oxidative stress and antioxi-
dant therapy in chronic kidney disease and hy-
pertension. Curr Opin Nephrol Hypertens
2004; 13: 93-99.

Int J Clin Exp Pathol 2016;9(2):1782-1787


mailto:tjcaojie@sina.com
mailto:tjghrdcby@126.com

(11]

[12]

[13]

(14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

Intermittent hypoxia induced the renal apoptotic signals

Peixoto EB, Pessoa BS, Biswas SK, Lopes de
Faria JB. Antioxidant SOD mimetic prevents
NADPH oxidase-induced oxidative stress and
renal damage in the early stage of experimen-
tal diabetes and hypertension. Am J Nephrol
2009; 29: 309-318.

Yoon HE, Kim SJ, Kim SJ, Chung S, Shin SJ.
Tempol attenuates renal fibrosis in mice with
unilateral ureteral obstruction: the role of
PI3K-Akt-FoxO3a signaling. J Korean Med Sci
2014; 29: 230-237.

Chatterjee PK, Cuzzocrea S, Brown PA,
Zacharowski K, Stewart KN, Mota-Filipe H,
Thiemermann C. Tempol, a membrane-perme-
able radical scavenger, reduces oxidant stress-
mediated renal dysfunction and injury in the
rat. Kidney Int 2000; 58: 658-673.

Ding W, Wang B, Zhang M, Gu Y. Tempol, a su-
peroxide dismutase-mimetic drug, ameliorates
progression of renal disease in CKD mice. Cell
Physiol Biochem 2015; 36: 2170-2182.
Yamauchi M, Nakano H, Maekawa J, Okamoto
Y, Ohnishi Y, Suzuki T, Kimura H. Oxidative
stress in obstructive sleep apnea. Chest 2005;
127: 1674-1679.

Guo H, Cao J, Li J, Yang X, Jiang J, Feng J, Li S,
Zhang J, Chen B. Lymphocytes from intermit-
tent hypoxia-exposed rats increase the apop-
totic signals in endothelial cells via oxidative
and inflammatory injury in vitro. Sleep Breath
2015; 19: 969-976.

Wei Q, Dong G, Franklin J, Dong Z. The patho-
logical role of Bax in cisplatin nephrotoxicity.
Kidney Int 2007; 72: 53-62.

Abuyassin B, Sharma K, Ayas NT, Laher I.
Obstructive sleep apnea and kidney disease: a
potential bidirectional relationship? J Clin
Sleep Med 2015; 11: 915-924.

Chou YT, Lee PH, Yang CT, Lin CL, Veasey S,
Chuang LP, Lin SW, Lin YS, Chen NH.
Obstructive sleep apnea: a stand-alone risk
factor for chronic kidney disease. Nephrol Dial
Transplant 2011; 26: 2244-2250.

Kinebuchi S, Kazama JJ, Satoh M, Sakai K,
Nakayama H, Yoshizawa H, Narita |, Suzuki E,
Gejyo F. Short-term use of continuous positive
airway pressure ameliorates glomerular hyper-
filtration in patients with obstructive sleep ap-
noea syndrome. Cli Sci (Lond) 2004; 107: 317-
322.

Chaudhary BA, Rehman OU, Brown TM. Pro-
teinuria in patients with sleep apnea. J Fam
Pract 1995; 40: 139-141.

1787

[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

[30]

(31]

Havasi A, Borkan SC. Apoptosis and acute kid-
ney injury. Kidney Int 2011; 80: 29-40.

Ortiz A. Nephrology forum: apoptotic regulatory
proteins in renal injury. Kidney Int 2000; 58:
467-485.

Lai MC, Lin JG, Pai PY, Lai MH, Lin YM, Yeh YL,
Cheng SM, Liu YF, Huang CY, Lee SD. Protective
effect of salidroside on cardiac apoptosis in
mice with chronic intermittent hypoxia. Int J
Cardiol 2014; 174: 565-573.

Palm F, Nordquist L. Renal tubulointerstitial hy-
poxia: cause and consequence of kidney dys-
function. Clin Exp Pharmacol Physiol 2011; 38:
474-480.

Etoh T, Inoguchi T, Kakimoto M, Sonoda N,
Kobayashi K, Kuroda J, Sumimoto H, Nawata
H. Increased expression of NAD(P)H oxidase
subunits, NOX4 and p22°" in the kidney of
streptozotocin-induced diabetic rats and its re-
versibity by interventive insulin treatment.
Diabetologia 2003; 46: 1428-1437.

Modlinger P, Chabrashvili T, Gill PS, Mendonca
M, Harrison DG, Griendling KK, Li M, Raggio J,
Wellstein A, Chen Y, Welch WJ, Wilcox CS. RNA
silencing in vivo reveals role of p22P" in rat
angiotensin slow pressor response. Hypert-
ension 2006; 47: 238-244.

Sedeek M, Callera G, Montezano A, Gutsol A,
Heitz F, Szyndralewiez C, Page P, Kennedy CR,
Burns KD, Touyz RM, Hébert RL. Critical role of
Nox4-based NADPH oxidase in glucose-in-
duced oxidative stress in the kidney: implica-
tions in type 2 diabetic nephropathy. Am J
Physiol Renal Physiol 2010; 299: F1348-
F1358.

Zhu J, Rebecchi MJ, Wang Q, Glass PS, Brink
PR, Liu L. Chronic tempol treatment restores
pharmacological preconditioning in the senes-
cent rat heart. Am J Physiol Heart Circ Physiol
2013; 304: H649-H659.

Marin EC, Francescato HD, Costa RS, da Silva
CG, Coimbra TM. The role of oxidative stress in
renal injury induced in rats by losartan expo-
sure during lactation. J Renin Angiotensin
Aldosterone Syst 2014; 15: 362-377.

Ahmed LA, Shehata NI, Abdelkader NF, Khattab
MM. Tempol, a superoxide dismutase mimetic
agent, ameliorates cisplatin-induced nephro-
toxicity through alleviation of mitochondrial
dysfunction in mice. PLoS One 2014; 9:
€108889.

Int J Clin Exp Pathol 2016;9(2):1782-1787



