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Background: The aim of this study is to determine the role of nuclear factor kappa B (NF-«B)-mediated c-Jun
N-terminal kinase (JNK) pathway in cognitive impairment induced by chronic intermittent hypoxia (CIH).
Methods: Ninety-six male Sprague-Dawley rats were randomly divided into 8 groups: sham group,
sustained hypoxia (SH) group, CIH group, CIH + melatonin group, CIH + vitamin E group, CIH + DMSO
group, CIH + BAY 11-7082 group and CIH + normal saline (NS) group. Rats were exposed to normoxia,
CIH 21% O, for 60 s and 10% O, for 60 s, cyclically repeated for 10 h/day) or SH (10% O, for 10 h/day)
for 14 days. Afterwards, Morris water maze test was conducted, and serum and hippocampus tissues were
subjected to molecular biological and biochemical analyses.

Results: Compared with the Sham and SH group, oxidative stress was induced by CIH in rat hippocampus
with the high level of malondialdehyde (MDA) and 8-iso-PGF2a and the low level of superoxide dismutase
(SOD) and glutathione (GSH). Activated NF-«B and its downstream products including tumor necrosis
factor-alpha (TNF-a), interleukin-6 (IL-6) and inducible nitric oxide synthase (iINOS) were highly expressed
in CIH rats. These changes were attenuated by pretreatment of the rats with melatonin and vitamin E.
CIH also resulted in hippocampus neuron apoptosis with increased caspase 3 level, dUIP nick end labeling
(TUNEL)-positive neurons number and cognitive impairment verified by prolonged latency and shortened
time in the target quadrant in Morris water maze test. JNK and its downstream transcriptional factors
including c-Jun, activating transcription factor 2 (ATF2), and JunD were all significantly phosphorylated in
CIH rats. However, pretreatment of NF-«B inhibitor BAY 11-7082 inhibited the activation of NF-kB under
CIH condition and also significantly reduced the phosphorylation of JNK as well as c-Jun, ATF2, and JunD.
Moreover, hippocampus neuron apoptosis and cognitive impairment were significantly improved with the
pretreatment of BAY 11-7082 in rats subjected to CIH.

Conclusions: These findings suggest that NF-kB-mediated JNK pathway is at least partially implicated
in CIH-induced hippocampus neuron apoptosis and cognitive impairment. Inhibition of NF-«B activation

provided a therapeutic potential for cognitive impairment in sleep apnea (SA).
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Introduction

Sleep apnea (SA), as a common chronic disease, is
characterized by repeated episodes of full or partial
obstruction of the upper respiratory tract during sleep (1).
Recurrent airflow obstruction during sleep leads to chronic
intermittent hypoxia (CIH), which is a major hallmark
in SA (2). Plenty of studies suggest that CIH-induced
pathogenesis mainly includes oxidative stress, inflammation
and cognitive deficits (3,4). It is estimated that up to
30% of patients with SA have cognitive impairment (5).
Additionally, the hippocampus is closely related to spatial
learning and memorizing, and its injury is thought to be the
major cause of cognitive impairment in SA patients (6,7).

CIH is similar to repetitive ischemia/reperfusion, which
leads to a large number of free radicals and different
degrees of oxidative stress (8). Several studies revealed
that oxidative stress from CIH could result in the damage
of various organs (9,10). The hippocampus was very
vulnerable to oxidative stress and Yiiriiker ez #/. observed
that oxidative stress was involved with the apoptosis of
hippocampus neurons (11). It is generally accepted that
the c-Jun N-terminal kinase (JNK) signaling pathway
was closely associated with apoptosis (12). Multiple JNK
apoptotic cascade elements such as Jun, ATF2 and JunD
are all key factors in apoptotic process (13). However,
it remains unknown whether the signaling molecules in
the JNK pathway are involved in hippocampus damage
in SA. In addition, accumulating evidence suggests that
nuclear factor kappa B (NF-«B) has complex interaction
with the JNK pathway and also regulates apoptosis in
many cell types (14,15). NF-xB in hippocampal neurons
can be activated by reactive oxygen species (ROS) caused
by intermittent hypoxia (15,16). Thus, we hypothesized
that NF-kB-mediated JNK pathway may be relevant
with CIH-induced hippocampus neuron apoptosis and
cognitive impairment.

In this study, we examined the levels of oxidative stress,
activation of NF-xB, JNK pathway signals, cognitive function
and neuron apoptosis in the hippocampus of rats after
14-days exposure to normoxia, CIH and sustained hypoxia
(SH) to find out the exact relationship between NF-«xB, JNK
pathway and cognition impairment of SA. According to the
previous studies, melatonin and vitamin E are known to be
the effective antioxidants, which have anti-inflammatory and
neuroprotective effects (17-20). BAY 11-7082, an inhibitor
of NF-«B, can suppress inflammatory activity and improve
neurological recovery (21,22). Hence, we selected melatonin,
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vitamin E and BAY 11-7082 as treatment groups.

Methods
Animals

All animal studies were approved by the Institutional
Animal Care and Use Committee of the First Hospital
of China Medical University. Ninety-six male Sprague-
Dawley rats weighing 200+5 g (Chinese Academy of
Medical Sciences) were randomly divided into 8 groups:
sham group, CIH group, chronic SH group, CIH plus
melatonin intervention (CIH + melatonin) group, CIH plus
vitamin E intervention (CIH + vitamin E) group, CIH plus
BAY 11-7082 intervention (CIH + BAY 11-7082) group,
CIH plus DMSO control (CIH + DMSO) group and CIH
plus normal saline control (CIH + NS) group. There were
12 rats in each group. The standard food and drinking
water were provided for all rats.

Intermittent bypoxia and SH in rats

Rats were placed in normobaric chambers, and all rats were
free to move in the cabin and access to water and food
freely. Oxycycler model A84XOV (Biospherix, Redfield,
NY, USA) was used to achieve CIH and SH. The model
of CIH was established according to previously published
methods (10). The intermittent hypoxia mode was as
follows: intra-cabin oxygen concentration of 21% O, for
60 s and 10% O, for 60 s. The above cycle of intermittent
hypoxia was maintained for 10 hours (8:00 AM to
6:00 PM) for 14 days. The SH mode was as follows: intra-
cabin oxygen concentration was maintained at 10% O, for
10 hours (8:00 AM to 6:00 PM) for 14 days. Rats in the
sham group were placed in an identical cabin (8:00 AM to
6:00 PM) with access to normal room air.

Vitamin E, melatonin and BAY 11-7082 intervention

Vitamin E (100 mg/kg, Sigma-Aldrich, St Louis, MO, USA)
was injected into the rats in the CIH + vitamin E group
via gastric tube 30 minutes before the intermittent hypoxia
exposure. The rats in the CIH + melatonin group were
injected with melatonin (Sigma-Aldrich, St Louis, MO,
USA) intraperitoneally at a dose of 400 pg/kg for each day
30 minutes before the intermittent hypoxic exposure. BAY
11-7082 (Merck, Darmstadt, Germany) was first dissolved
in a small amount of DMSO and then diluted by NS
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according to the previously published method (23). The rats
in the CIH + BAY 11-7082 group were intraperitoneally
injected at a dose of 20 mg/kg 30 minutes before
intermittent hypoxia exposure. The rats in the CIH + NS
group were injected with 0.5 mL of NS intraperitoneally
30 minutes before the intermittent hypoxia exposure. The
rats in the CIH + DMSO group were injected with 0.5 mL
of 0.2% DMSO intraperitoneally 30 minutes before the
intermittent hypoxia exposure.

Tissue acquisition

Rats were anaesthetized by intraperitoneal injection of
100 mg/kg sodium pentobarbital (0.2 mL/100 g), and then
the skull was rapidly dissected and the brain tissue was
completely removed. The hippocampus could be seen by
opening the brain tissue coronally approximately 3.5 mm
after the optic chiasm. Then the hippocampus was isolated
and stored at -80 °C rapidly for further use. To prepare
hippocampal tissue sections, tissues were fixed in 4%
paraformaldehyde for more than 24 hours. Five consecutive
sections of coronal were used for TUNEL staining.

Determination of oxidative stress-related indicators

The BCA protein assay kit (ThermoFisher Scientific,
Shanghai, China) was used to quantify protein
concentration. Malondialdehyde (MDA) and superoxide
dismutase (SOD) levels were measured by the thiobarbituric
acid (TAB) and xanthine oxidase method, respectively
(Nanjing Jiancheng Bioengineering Institute). The
level of 8-iso-PGF2a was determined using a double-
antibody sandwich ABC-ELISA (Cayman) based on
the manufacturer’s instruction. Glutathione (GSH) was
measured using the GSH assay kit (Nanjing Jiancheng
Bioengineering Institute) based on the manufacturer’s
instruction.

Cytoplasmic and nuclear protein extraction

Nuclear and cytoplasmic fractions were isolated using
the P0028 kit of Beyotime Biotechnology based on the
manufacture’s instruction. The hippocampal tissue was cut
into small pieces and treated by cytoplasm protein extraction
reagents A and B, and then PMSF was added to prepare
a tissue homogenate with a final concentration of 1 mM.
The tissue homogenate was homogenized and centrifuged
to obtain the supernatant that contained some cytoplasmic
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proteins. After collecting the supernatant, the remained cell
pellets were added to nuclear protein extraction reagent
to collect the supernatant containing nuclear proteins.
The purification was verified by immunoblotting with the
nuclear nucleolin and cytosolic specific actin antibodies
(1:1,000, Abcam) as described in the next section.

Immunoblot analysis

Protein quantification was performed using the Pierce BCA
Protein Assay Kit, and 50 pg of total protein was dissolved
by polyacrylamide gel electrophoresis (SDS-PAGE, 8%).
Membranes were probed with anti-rat antibodies of P65
(1:2,500; Santa Cruz, sc-8008), JNK (1:1,000 dilution;
Santa Cruz, sc-7345), p-JNK (1:200 dilution; Santa Cruz,
sc-293136), c-jun (1:1,000 dilution; Santa Cruz, sc-166540),
p-c-jun (1:200 dilution; Santa Cruz, sc-53182), p-JunD
(1:500 dilution; Abcam, ab139180), JunD (1:500 dilution;
Abcam, ab181615), p-ATF2 (1:1,000 dilution; Abcam,
ab32019), ATF2 (1:500 dilution; Abcam, sab47476), actin
(1:500; Santa Cruz, sc-58673) and Lamin A/C (1:500;
Santa Cruz, sc-7293) at 4 °C overnight after blocking for
60 min. The blots were imaged using ECL Plus western
blotting detection reagents. The Image J software was
used to determine the average absorbance value of the
corresponding bands.

Estimation of TNF-a, IL-6 and iNOS expression level

Total RNA from rat hippocampus tissue was extracted
with Trizol regent (ThermoFisher Scientific). The mRNA
levels were determined by qRT-PCR using the following
primers—tumor necrosis factor-alpha (TNF-o): forward-
5'-CTG TGC CTC AGC CTC TTC TCA TTC-3" and
reverse-5'-TTG GGA ACT TCT CCT CCT TGT TGG-
3'; interleukin-6 (IL-6): forward-5'-ACA AGT CGG AGG
CTT AAT TAC ACA T-3" and reverse-5'- AAT CAG AAT
TGC CAT TGC ACA A-3'; inducible nitric oxide synthase
(iNOS): 5'-CCT CCT CCA CCC TAC CAA GT-3" and
5'-CAC CCA AAG TGC TTC AGT CA-3'. The protein
level of TNF-a was determined using the TNF-a ELISA
kit according to the manufacturer’s instruction (Yokosai
Biotech Co., Ltd. Cat No. ER006).

Determination of cognitive function

Water maze test was carried out as described previously
(24,25). The water maze was a circular pool with a diameter
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of 130 cm and a height of 50 cm. The water depth of the
water maze was 30 cm, and the water temperature was kept
at (25+2) °C. The pool was divided into four quadrants
I, II, III, and IV). A circular platform (diameter: 9 cm;
height: 29 cm) was placed under 1 cm of the surface of the
water in the center of the quadrant I. A video camera with
a display system was placed above the maze to record the
tracks of rats synchronously. The navigation test lasted
for 4 consecutive days. Four acquisition trials per day
were performed. We observed and recorded required time
(latency) of the rat to find and climb onto the platform.
The spatial probe test was undergone 2 h after the last
acquisition trial on the last day of training.

Caspase-3 activity assay

The activity of cysteine aspartyl-specific protease (caspase)
3 was measured in the hippocampus using the caspase 3
colorimetric viability assay kit (Promega, Promega Madison,
Wisconsin, USA) based on manufacturer’s instruction.

In situ dUIP nick end labeling (TUNEL) assay

Apoptosis was detected in situ using TUNEL mediated
by oligonucleotide-end deoxyribonucleotidyltransferase
(TdT) (Nanjing Jiancheng Bioengineering Institute) based
on manufacturer’s instructions. Slides were evaluated
under light microscope: nucleus with blue dye was labeled
as TUNEL “-”, representing normal cells; nucleus with
brown staining was labeled as TUNEL “+”, representing
apoptotic cells. Five fields were randomly counted to
calculate the apoptotic rate of hippocampal neurons.

Statistical analysis

All data were expressed as the mean = standard deviation
(SD). Comparisons between groups were performed by
a one-way analysis of variance (ANOVA). P<0.05 was
considered to indicate a statistically significant difference.
Statistical analyses were performed with SPSS 17.0
software for Windows (IBM Corp., Armonk, NY, USA). All
experiments were repeated at least 3 times.

Results
Levels of oxidative stvess in rat bippocampus

CIH caused significant oxidative stress in rat hippocampus.
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MDA and 8-iso-PGF2a in hippocampus were significantly
increased in the CIH group (P<0.01) (Figure 14,B), SOD
and GSH level were decreased (Figure 1C,D). SH did
not cause oxidative stress. Antioxidants of melatonin and
vitamin E administrated to CIH rats significantly decreased
the expression of MDA and 8-iso-PGF2a and increased the
expression of SOD and GSH (P<0.05) (Figure I). NF-xB
inhibitor BAY 11-7082 had no obvious effect on oxidative
stress (Figure I).

Morris water maze test

All rats had improved performance during acquisition
according to the lowering in the escape latency over the
4 training days (Figure 2). On days 1 and 2, there was
no significant difference in escape latency among all the
groups, which meant all rats had similar motor and visual
capabilities. Compared with the sham group, the escape
latency of rats in the CIH group was significantly longer for
days 3 and 4 (P<0.01) (Figure 2A). We also found significant
differences between the CIH and Sham groups with regard
to staying time in the target quadrant (P<0.01) (Figure 2B).
Rats pre-treated with melatonin, vitamin E, or BAY 11-
7082 had significantly shorter escape latency for days 3 and
4 and longer staying time in the target quadrant compared
with the CIH group (P<0.05) (Figure 2A4,B). No statistically
significant difference was detectable between the sham and
SH groups (Figure 24,B).

Activation and inhibition of NF-KB and the NK pathway
signals

To evaluate the activation of NF-xB by CIH, we first
performed immunoblotting to verify the purification
with the nuclear nucleolin and cytosolic specific actin
(Figure 34,B). Then, the immunoblot analysis indicated
that both CIH and SH could promote the translocation of
P65 into the nucleus in rat hippocampus compared with the
sham group, and there was more significant difference in
the CIH group (Figure 3C,D). In addition, the expression
level of the phosphorylation of JNK and its downstream
signaling molecules including c-Jun, ATF2, and JunD were
also detected by immunoblotting assay in 8 groups, with
the relatively high expression in the CIH, CIH + NS and
CIH + DMSO groups (Figure 3C,E,F,G,H). Vitamin E and
melatonin partially inhibited the nuclear translocation of
P65 induced by CIH, and the phosphorylation of JNK and

its downstream signaling molecule were lower. BAY 11-
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Figure 1 Levels of oxidative stress. (A,B) CIH increased MDA and 8-iso-PGF2a levels in rat hippocampus. Pretreatment with melatonin
and vitamin E attenuated these increments. NF-kB inhibitor BAY 11-7082 had no effect on these increments. (C,D) CIH decreased SOD
and GSH. Pretreatment with melatonin and vitamin E attenuated these decrements. BAY 11-7082 had no effect. **, P<0.01 vs. sham group;
* P<0.05, ™, P<0.01 vs. CIH group. Results representative of three independent experiments. CIH, chronic intermittent hypoxia; MDA,
malondialdehyde; SOD, superoxide dismutase; GSH, glutathione; NS, normal saline; SH, sustained hypoxia.
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Figure 2 Changes in cognitive behavior. (A,B) CIH prolonged latency for days 3 and 4 and shortened time in target quadrant, which was
attenuated by melatonin, vitamin E and BAY 11-7082. **, P<0.01 vs. sham group; *, P<0.05, ", P<0.01 vs. CIH group; , P<0.05 vs. CIH
+ BAY 11-7082 group; %, P<0.01 vs. CIH + BAY 11-7082 group. Results representative of three independent experiments. CIH, chronic
intermittent hypoxia; NS, normal saline; SH, sustained hypoxia.
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Figure 3 Activation and inhibition of NF-«kB and JNK pathway signals. (A,B) Verification of purity of cytoplasmic and nuclear fractionation.
(C,D,E,EG,H) Immunoblot analysis of nuclear and cytoplasmic P65, P-JNK, total-JNK, P-c-Jun, c-Jun, ATF2, P-ATF2, JunD, and P-JunD. Results
representative of three independent experiments. **, P<0.01 vs. Sham group; *, P<0.05, * P<0.01 vs. CIH group; %, P<0.01 vs. CIH + BAY 11-7082
group. NF-«B, nuclear factor kappa B; JNK, c-Jun N-terminal kinase; CIH, chronic intermittent hypoxia; NS, normal saline; SH, sustained hypoxia.
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6, and iNOS (C,D) in rat hippocampus in the indicated groups. *, P<0.05, **, P<0.01 vs. sham group; ¥, P<0.05, ™, P<0.01 vs. CIH group; *%,
P<0.01 vs. CIH + BAY 11-7082 group. Results representative of three independent experiments. CIH, chronic intermittent hypoxia; iNOS,
inducible nitric oxide synthase; NS, normal saline; SH, sustained hypoxia.

7082 greatly reduced the migration of P65 into the nucleus
under CIH condition and almost totally suppressed the
phosphorylation of JNK and its downstream signaling
molecules of c-Jun, ATF2, and JunD.

Expression of TNFa, IL-6 and iNOS

Consistent with the validated activation of NF-xB by CIH,
the expression of TNF-a mRNA, TNF-a protein, IL-6,
and iINOS was increased (P<0.01) (Figure 4). Antioxidants
of either melatonin or vitamin E administration prior
to CIH exposure significantly reduced these increments
suggesting that the activation of NF-xB was induced by
ROS from the oxidative stress (P<0.05). NF-«xB inhibitor
BAY 11-7082 reduced TNF-a, IL-6, and iNOS expressions
even more (P<0.01), and these molecules expression levels
had no significant differences between the BAY 11-7082
treatment group and the sham group. SH caused the
nuclear translocation of P65 as shown by immunoblot, and
it also increased the expressions of TNF-a mRNA, TNF-a
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protein, IL-6, and iNOS (P<0.05), but these increments
were significantly lower than those in the CIH group
(P<0.01). Since there was no evidence of oxidative stress in
SH group, this activation of NF-xB by SH did not seem to
be mediated by ROS.

Apoptosis of bippocampus neurons

We used caspase-3 activity assay and TUNEL assay to
detect the effect of CIH on the hippocampus neurons
apoptosis. As shown in Figure 5, CIH caused apoptosis of
hippocampus neurons as proved by the increased activity
of caspase 3. SH did not induce apoptosis. Both vitamin E
and melatonin inhibited the activity of caspase 3 induced by
CIH and protected hippocampus neurons from apoptosis
(P<0.05). BAY 11-7082 significantly reduced caspase 3
activity and protected hippocampus neurons from apoptosis.
Moreover, TUNEL assay further confirmed the number
of TUNEL-positive neurons tended to be relatively high
in the CIH group, whereas the large number of TUNEL-
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Figure 5 Caspase 3 activity in hippocampus in indicated groups.
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P<0.01 vs. CIH + BAY 11-7082 group. Results representative of
three independent experiments. CIH, chronic intermittent hypoxia;

NS, normal saline; SH, sustained hypoxia.

positive neurons induced by CIH was respectively reduced
by vitamin E, melatonin and BAY 11-7082. Particularly,
there was a little number of TUNEL-positive neurons in
the SH and BAY 11-7082 groups (Figure 6). Collectively,
CIH obviously induced the apoptosis of hippocampus
neurons.

Discussion

SA patients have periodic hypoxia-reoxygenation and
frequently present with cognition impairment owing to
hippocampus injury. However, the underlying molecular
mechanisms for cognition impairment in SA are unclear.
The current study established a rat model of SA by CIH
challenge. We found that CIH caused intense oxidative
stress and neuron apoptosis in rat hippocampus and resulted
in impairment of learning and memorizing ability of rats.
Oxidative stress effectively activated NF-«kB and JNK and its
downstream signaling molecules, which could be suppressed
by pretreatment of the NF-«B inhibitor BAY 11-7082.
BAY 11-7082 also attenuated the neuron apoptosis in the
hippocampus and impairment of learning and memorizing
ability of rats subjected to CIH.

Repetitive breathing cessation and/or reduction of
airflow due to partial or complete obstruction of the upper
respiratory airways in SA patients finally lead to CIH.
This CIH can produce a large number of ROS and cause
oxidative damages (9,10). Our study showed that CIH
caused significant oxidative stress in the rat hippocampus,
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and the stress could be partially ameliorated by pretreated
antioxidants of either vitamin E or melatonin. In agreement
with the previous reports, vitamin E or melatonin could
improve the impairments of oxidative damages in various
diseases (26,27). Thus, we established a rat model of
SA with oxidative stress from CIH that could be the
fundamental pathophysiological changes of SA.
Hippocampus injury is frequently found in SA
patients and is thought to be the major cause of cognitive
impairment (6,7). Varying degrees of cognitive impairment
and hippocampus neuron apoptosis in rats are observed
under CIH (28-30). The present study revealed impaired
learning and memorizing ability, increased activity of
caspases 3 and iz situ apoptosis of hippocampus neurons
in the rat model of SA, but not in rats with SH exposure.
NF-kB modulates gene expression in diverse cellular
processes including apoptosis. Oxidative stress can activate
NF-kB and increase the expression of proinflammatory
cytokine of TNF-a (31). A previous study showed that
NF-«B inhibitor BAY 11-7082 reduced the expression of
TNF-o and attenuated apoptosis in a rat cardiac ischemia-
reperfusion injury model (32). In the present study, our
results confirmed that BAY 11-7082 in SA rat model could
inhibit the activation of NF-«B, reduce the expression of
TNF-a in hippocampus and attenuate neuron apoptosis.
JNK, also known as stress-activated protein kinases, is
a member of the MAPK family. It is shown that JNK
activation triggers myocardial cell apoptosis and exaggerate
myocardial injury following ischemia/reperfusion (33).
Inhibiting the ischemia/reperfusion-induced activation of
JNK can reduce cardiomyocyte apoptosis (34). NF-«B is
known to have subtle interaction with JNK; the inhibition
of activation of NF-«B is associated with attenuated the
phosphorylation of JNK (14). The present study detected
intense NF-«xB activation and JNK activation together with
hippocampus neuron apoptosis and cognitive impairment
after 14-days intermittent hypoxia exposure, and they were
all significantly attenuated by the pretreatment of NF-xB
inhibitor BAY 11-7082, which suggested JNK might induce
lesions in the hippocampus tissue and cognitive dysfunction
of rats subjected to CIH in an NF-xB-dependent fashion.
In order to further understand the mechanism of BAY
11-7082 on the apoptosis of the hippocampus neuron, we
studied the transcriptional factors of c-Jun, JunD and ATF-
2, the substrates of JNK involved in cell apoptosis. JNK
regulates the activity of these apoptotic cascade elements by
phosphorylation. The importance of the c-Jun protein in
apoptosis induction is substantiated by previous studies (35).
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Figure 6 The effect of CIH on the hippocampus neurons apoptosis. (A) TUNEL technique iz situ detection of apoptosis of hippocampal

neurons in indicated groups. (B) Quantitative analysis of the positive expression rate was performed by Image Pro Plus software (version

6.0). Brown nuclear stain indicates TUNEL “+”. Results are representative of 3 different animals in each group. **, P<0.01 vs. sham group;
* P<0.05, ", P<0.01 vs. CTH group; “%, P<0.01 vs. CIH + BAY 11-7082 group. CIH, chronic intermittent hypoxia; NS, normal saline; SH,

sustained hypoxia.

JunD is a component of the activator protein-1 transcription
factor complex, which is critical for cell survival (12). JunD
induces apoptosis with regulation of proteins GADD45a
and GADD45y (36), and represses Bcl-xL, a member of
the Bcl-2 family of cell death suppressors, suggesting a
complex link between apoptosis and JunD (37). Increased
phosphorylation of ATF? is associated with the chondrocyte
apoptosis in Kashin-Beck disease (38). Activation of ATF-2
affects a series of target genes involved in cell apoptosis (39).
In this study, we found that the phosphorylation of
c-Jun, JunD and ATF-2 were all significantly reduced
together with the attenuated phosphorylation of JNK and
hippocampus neuron apoptosis and improved cognitive

function after NF-«B inhibition. These findings further
confirmed the implication of NF-«xB-mediated JNK
pathway in hippocampus injury and cognitive dysfunction
of SA rat model.

Continuous positive airway pressure (CPAP) is a well-
established gold-standard treatment for SA, but it has
limited effect on the cognitive performance, especially
in those patients with poor compliance (40). There is
an urgent need for pharmacological intervention in this
medical situation. Our study suggested inhibiting the
activation of NF-kB might represent a potentially important
therapeutic approach cognitive impairment in SA. Of
course, our study has limitations that SA patients have
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much longer (up to several years or even decades) exposure
to intermittent hypoxia than the animals in this study. The
degree and reoxygenation process are also more diverse and
complex. The rat model of SA in our study only partially
mimicked the pathophysiological changes of SA patients.
It is generally considered that the function of signaling
molecules including NF-kB, JNK and its downstream
cascadic elements depend on many factors such as cell type,
nature of the stimulus, duration of its activation, activity of
other signaling pathways and so on. More studies might be
needed to further investigate NF-xB and the JNK pathway
molecules in various experimental CIH settings.

In conclusion, caspase mediated pulmonary neurons
apoptosis was responsible for cognitive dysfunction in
SA and was regulated by NF-«B through JNK signaling
pathway with the involvement of ¢-Jun, JunD and ATF-2.
NF-xB Inhibitor might be a potential therapeutic agent for
cognitive impairment in SA in the future.
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