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Abstract

Objective Obstructive sleep apnea (OSA) is a common sleep disorder in which

complete or partial airway obstruction, caused by pharyngeal collapse during sleep,
determines loud snoring or choking, frequent awakenings, disrupted sleep, and
excessive daytime sleepiness. OSA affects over 4% of the general population. The
growing clinical relevance of OSA is due to its emerging association with diabetes
mellitus, metabolic syndrome, and cardiovascular disease (CVD), independent of
other traditional cardiometabolic risk factors and obesity. A lot of evidence suggests
that the pathophysiological alteration in gas exchange (repetitive hypoxemic and
hyper-capnic events), called chronic intermittent hypoxia (CIH), can lead to increased
proinflammatory cytokine production, endothelial dysfunction, oxidative stress,
metabolic dysregulation, and insulin resistance. Experimental evidence suggests that
CIH may trigger liver injury, inflammation, and fibrogenesis, and, interestingly,
OSAS is also believed to be one of the elements promoting the evolution of NAFLD
from steatosis tononalcoholic steatohepatitis (NASH). In this study we establish
intermittent hypoxia animal model, and aims to observe the structure and the
pathological changes of liver tissue, preliminarily explore the inflammation response
induced by intermittent hypoxia in the process of changes of hepatic cytochrome
P450 enzyme and its regulating mechanism. Further we study the effect of
glococorticoid on expression of Cyp and regulation in autophagy by human LO2

cells.
Method

1. Establish intermittent hypoxia animal model, 30 rats were randomly divided in to
intermittent hypoxia group and control group with the random number table (each
group has 15 rats).

2. The morphology manifestations of liver tissues were evaluated.

3. The relative gene expression of inflammation factors, Cyps, NF-kappa B, nuclear
receptors was evaluated through real-time quantitative polymerase chain reaction
(PCR) assay.

4. The relative gene expression of autophagy associated gene was evaluated.

5. LO2 cells were maintained in RPMI 1640 medium supplemented with 10% fetal
calf serum, 2mM I-glutamine, 100 units/ml penicillin and 100 pg/ml streptomycin. In

the experiments as indicated, Dex was added to the culture medium at 10 nM and
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RU486 at 10 uM.

6. The morphology manifestations of LO2 cells were evaluated.

7. The relative gene expression of Cyps in LO2 cells were evaluated through
real-time quantitative polymerase chain reaction (PCR) assay.

8. The relative gene expression of autophagy associated gene in LO2 cells was

evaluated.

Result:

1. Examination of liver tissues by H&E staining showed inflammatory infiltrates in
rats with IH exposure as compared to control group.

2. Message RNA expression of IL-1 IL-6 TNFo mRNA was greater in livers from
IH group than those from control group.

3. Message RNA expression of NF-kappa B was higher in livers from IH group than
those from control group.

4.The hepatic mRNA expression of PXR CAR and GR was significantly reduced in
IH group as compared to control group.

5. The hepatic mRNA expression level of Cyps decreased in [H group but CyplA2
Cyp2D4 Cyp3A2 mRNA was significantly reduce in IH group in contrast the
change of Cyp2C9 Cyp2C19 mRNA has non-significantly statistics.

6. The expression of mTOR, a blocker of autophagy, was decreased but not
significantly in IH group as compared to control group. However, the expression of
AMP-activated protein kinase (Ampk), a negative regulator of mTOR pathway, was
elevated when rats were exposed to IH. And the expression of LC3 and WIPI, a
positive regulator of mTOR pathway, was decreased in IH group as compared to
control group.

7. The morphology of LO2 cells treated by DEX is abnormal compared with control
group and DEX+antagonist group.

8. The mRNA expression level of hCYP1IA2 hCYP2C19 hCYP3A4 mRNA
sianificantly decreased in LO2 cells treated by DEX compared with control group,
reversed by DEX antagonist; the mRNA expression level of hCYP2C9 was decreased
with DEX treated and hCYP2D6 was non-significantly in the three groups.

9. The expression of autophagy associated gene almost has non-significantly except
Beclinl.

Conclution:
1. Intermittent hypoxia exposed can induce change of liver structure, promote
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the inflammatory cytokines secretion, and regulate the expression of Cyps.

2. IH induced autophagy of hepatocytes by glucocorticoid receptor pathway
consequencely avoiding apoptosis of hepatocytes.

3. Glucocorticords influenced the morphology of human LO2 cells and regulate the

expression of Cyps but no evidence shows the inclined to induce autophagy.

Keywords intermittent hypoxia inflammatory cytokines LO2 cells CYP autophy

nuclear receptor
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IH

ROS
NAFLD
HE
NF-xB
PCR
PBS
Ort-PCR

RT-PCR
TNF-a
CYP450
IL-1B
IL-6
PXR
CAR
GR

Atg
mTOR

AMPK
DMEs
HIFI-a
CNV
IxB
IKK

Obstructive sleep apnea

Intermittent hypoxia

Reactive Oxygen Species

Non Alcoholic Fatty Liver Disease
Hematoxylin and eosin (H&E) Staining
Nuclear Factor-kB

Polymerase Chain Reaction

phosphate-buffered saline

quantitative reverse transcriptase polymerase

chain reaction

Reverse Transcription-PCR
Tumor Necrosis Factor-a
cytochrome P450

interleukin-1 f

interleukin-6

Pregnane X receptor
Constitutive androstane receptor
glucocorticoid receptor
Autophagy-Related Protein

mammals target of rapamycin

AMP-activated protein kinase
Drugs-assosiated Metabolism enzymes
hypoxia-inducible factorl-a

Copy number variation

inhibitor of NF-xB

IxB kinase

IX
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-1B
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Kinase enzyme that transfers phosphate groups from
high-energy donor molecules, such as ATP, to

specific substrates

LC3 microtubule-associated protein 1 light chain 3 1 3
PRAS40  Proline-rich Akt substrate 40 kDa Akt 40 kDa
Raptor regulatory-associated protein of mMTOR mTOR

PI3Kinase PI3Kinase III

UVRAG UV irradiation resistance-associated gene

TGN trans-Golgi network
BCL-2 B-cell lymphoma 2 B -2
BAX BCL2-Associated X BCL-2

MOMP Mitochondrial Quter Membrane

Permeabilization
ACD autophagic cell death
ADME absorption, distribution, metabolism, and
excretion
HNF4a Hepatocyte nuclear factor 4 alpha 4a
VDR vitamin D receptor D
PPARYy peroxisome proliferator-activated receptor
LXR liver X receptor X
SNP Single nucleotide polymorphisms
SDB sleep-disordered breathing



Obstructive sleep apnea

OSA 17.6%
30-50%  OSAM"! 0sA
OSA
B osA
OSA
OSA
OSA
OSA
OSA
.36 OSA
Continuous Positive Airway Pressure CPAP

OSA
(7]

ROS 8 ROS

(8, 9]

Sa0, 90%
OSA
OSA

[10, 11]

OSA

7.5%

OSA

OSA

(4]

OSA

Intermittent Hypoxia IH

OSA

Reactive Oxygen Species

Non



Alcoholic Fatty Liver Disease NAFLD

Nonalcoholic
steatohepatitis NASH OSA
NAFLD OSA
20-50% OSA NAFLD
OSA OSA
NAFLD 2l
OSA
OSA Interlukin 1L
Tumor necrosis Factor TNF -a NF-xB NF-xB
IKK-b
TNF-o IL-1 IL-6 iNOS [
Hypoxia-inducible Factor HIF -la
HIF-1a
HIF-1a H4l NASH
TNF-a  IL-6

[15]

autophagy
related genes Atgs 30 ATgs

[16]

[17]



[18]

OSA
P450 Cyps

P450 hCYPs
LO2

OSA

OSA
OSA
LO2
LO2

Obstructive sleep apnea syndrome OSA

30  Wistar
HE
Cyps NF-xB
Cyps
PCR
Atgl2 Atgl3 LC3 WIP1 ULKI1
LO2
HE
LO2
hCYPs

LC3 WIPl ULKI

2 15
0.5 cmx0.5 cm HE
PCR

NF-xB-

AMPK mTOR Beclinl

PCR
mTOR Beclinl
LO2

Atg5 Atgl2 Atgl3



Wistar

30 160~180g
6~8
N
IH 15 15
v v
9:00~17:00 5%0,/ N, 9:00~17:00 30
10 L/min 30 15 L/min 50 5 L/min 90
40 90 1 30
14
v
. v
1ml
TRIZOL
i -8&0
H&E v
gRT-PCR mRNA
[
P450
CYPs Atgs




LO2

P450 CYPs

Atgs




OSA

OSA

1.1

SCXK

1.1.2.1
1.1.2.1.1

IH
1.1

reactive oxygen species ROS

OSA

Wistar 30 160~180g 6-8

2010-0002
18~22 40%~70%



55L 23

cmx20 cmx12 ecm=5520cm3 = 5.5 L 0.5L
5 L/min
16 4~6 200 g
Visual C , A5l
/C51 / IH/ROX
IH/ROX SLGPC
2W-040-10DC 24 V 3/8” / /
YQY-06 QY
/ TH/ROX
( 99.99%)
, /
5%02 N2
IH 21% O,
ROX
IH/ROX
02 COZ
0, CO, V%
1.1.2.1.2
CY-12C

FS-10



A51/C51
Visual C
02

RM2135

HI1210

UV1601

1.1.2.2

10%

3,3-

>99.99%

CO2

AVL OMNI

Olympus BX53

Leica

Kica

OLYMPUS

OLYMPUS

BectonDickinson



Mayer’s HE

75% 95%

TritonX-100

PBS
NF-kB p65

GAPDH

1.1.3

1.1.3.1

30  Wistar
14
30 90 H
9:00~17:00 5%0,/ N> 30

1.1.3.2

5%0,/ N>

90

Fermentas

120

15
9:00~17:00

9:00~17:00
30



10 L/min 90
30
55~65 mmHg

IH/ROX
90

1.1.3.3
14

10%

-80
1.1.3.4 HE

10%

5-15

1% 3

0.5%
1-2

1.1.3.5 RNA

15 L/min 50

53+5.5 mmHg

DP80

37

1-2

PCR

10

3-5

5 L/min 40 1
63.6 £ 8.6 mmHg
5%0, 30 / Air 90

OSA
30

0.5 cmx0.5 cm

HE
Iml TRIZOL

Sum
Olympus IX71

Sum

1-2



1.1.3.5.1 RNA Ort-PCR

1) 100mg I mL TRIZOL

2) 4 12000 g 10 min Eppendorf 0.2 mL
10 min

3) 12000g 10 min 0.5 mL 10 min

4) 4 12000g 10 min RNA

5) 1 mL 75%
6) 4 7500g 10 min 37
7) 20uL DEPC
8) A260 A280 A260/A280
1.8-2.0 RNA
Superscript 20uL 2ug  RNA

luL oligodT ddH20O  10uL 70 5 min 5 min 5%

4uL 0.Immol/L DTT 2 pL.  10mmol/L ANTP 1 pL 1 uL
DEPC 25 uL 42 60min 70 15 min

1.1.3.5.2 cDNA

TIANScript RT cDNA, oligo(dT)20
RNA <3ug  M-MLV cDNA
20uL M-MLV
DNA Hela RNA
1.1.3.5.3 IL-1 IL-6 TNF-a NF-«xB PXR CAR GR Cyps PCR
SYBR Green PCR
http://www.idtdna.com/Scitools/Applications/PrimerQuest/ Primer-Quest
SM 1  CFX96 Real-Time DNA

PCR

SYBR Green PCR master mix 5 ul
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Primers (10uM) 0.3 pl

¢DNA 1 pl

Distill water 3.7ul

Total volume

10 ul

Gene

Forward Primer

Reverse Primer

Gapdh

IL-18

1L-6

INF-a

NF-«kB

PXR

CAR

GR

CyplA2

Cyp2D4

Cyp2C9

Cyp2C19

Cyp342

5'-ACTCCCATTCTTCCACCTTTG-3'

5'-TCCCTGAACTCAACTGTGAAATA-3'

5-GAAGTTAGAGTCACAGAAGGAGTG-3'

5'-ACCTTATCTACTCCCAGGTTCT-3'

5'-AGACATCCTTCCGCAAACTC-3'

5-GAAGATCATGGCTGTCCTCAC-3'

5'-AGACCATGACCAGTGAAGAAG-3'

5'-CAGCAGTGAAATGGGCAAAG-3'

5'-GACAAGACCCTGAGTGAGAAG-3'

5'-CCTTTCAGCCCTAACACTCTAC-3'

5'-CCCAAGGGCACAACCATATTA-3'

5'-CCCAAGGGCACAACCATATTA-3'

5'-GGAAACCCGTCTGGATTCTAAG-3'

5'-AATATGGCTACAGCAACAGGG-3'

5'-GGCTTGGAAGCAATCCTTAATC-3'

5-GTTTGCCGAGTAGACCTCATAG-3'

5-GGCTGACTTTCTCCTGGTATG-3'

5'-TAGGTCCATCCTGCCCATAA-3'

5'-CGTCCGTGCTGCTGAATAA-3'

5'-AGTCAGGGCATGGAAATGATAG-3'

5'-GGGCAAATGCCATGAGAAAC-3'

5'-GAGGATGGCTAAGAAGAGGAAG-3'

5'-ATGAAGCGTGGGTCATTGT-3'

5'-TTTCTGGATGAAGGTGGCA-3'

5-TTTGACCCTCGTCACTTTCTG-3'

5'-GAAGTGTCTCATAAAGCCCTGT-3'

20sec

95 2 min 95

40 95 1S5sec

58

12

25sec 60
15sec 95

25sec, 70

15sec



Prism 7500 PCR PCR 3
ABI Prism 7500 SDS

2-AACt Ct
RQ

1.1.4

X4 SPSS15.0

t- p <0.05
1.2
1.2.1
HE
100 400

H

Control %100

1.2 HEx100

13
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Control x400 IH %400

1.3 HEx400

1.2.2 mRNA PCR

PCR mRNA
IL-1B IL-6 TNFa -

IL-1BmRNA
(p < 0.05) IL-6 TNFa mRNA IL-1p
1.4
A E c
o005 4 1L-1P 001 1L-6 * < 00004 | TNF-u
% z Z o008 - = ul
& o oos | = £ 00003 ;
E E p.oos @
= ® = 0.0002 -
= Z 0004 w®
= 0.002 = =
= = @ 0.0001 -
K o 0.002 4
o
[ o 4
Control IH Control IH Control H
1.4 mRNA
* p 0.05

14
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1.2.3 Cyp450 mRNA

P450 cytochrome P450 CYP I

-S-
Cyps P450
CYPs CYPl CYP2 CYP3
PCR CYPs CyplA2 Cyp2C9 Cyp2C19
Cyp2D4 Cyp3A2 mRNA
CyplA2 Cyp2D4 Cyp3A2 mRNA (» < 0.05)

15A D E Cyp2C9 Cyp2C19
(p>0.05) 15B C

A B c
< 0037 cypiaz < 00049 cvpaco 0.059 cyp2c19
Z 0.0 = 0.003- < 0.044
o 0.024 & Z 003
£ 0.002- < ]
2 0.01- - - 0.02
% ' = 0.001+ 2 0.01-
kS 04 < 0 - = 0
& 7 S = &
o P i
D 102 cvems B gpa, cypaaz
2 2
= 0.01- * T 0011 *
aa [
= =
s 0 3 0
D§ C;§
1.5 CYPs mRNA

0.05)

*
<

15



1.2.4 NF-kB mRNA

P450
NF-xB NF-«xB
kB
NF-«xB
IL TNFa NF-«xB PCR
NF-«xB 1.6 IH NF-«xB
p 005
NF-«xB -NF-«xB NF-«xB
MNF-kB
01 q
%
Z 0.08 -
=
o 0.06 -
=
® 0.04
k]
(I
0.02 -
|:| .
Control IH
1.6 NF-kB mRNA
* p  0.05)
1.2.5 mRNA
CYPs
PXR CAR 1L TNF-0—NF-xB
PCR
mRNA 1.7A B PXR CAR

mRNA (p < 0.05)

16



GR mRNA
A PXR
008 -
= ]
v 0086 *
E i
a 0044
=
™
w0024
o
a T
Comtrol IH
c
0.06 - GR
=
o 004+ *
E
w
E 0024 I
m
o
o
0 T
Control IH
1.7 mRNA
1.3
1.3.1
7%-17%
[19]
OSA

Cyps

Obstructive sleep apnea OSA
2

Felative mRMNA

OSA

1.7C
0.05 CAR
%*
0.04 =
N I I
a T
Comtrol IH
p 0.05)

[20]

OSA

[3]

(p < 0.05)



OSA

4.5 (23]

251 osA

[26]

OSA

OSA

OSA
(31]

OSA

OSA

21 . .
211 Wisconsin

OSA

CPAP (23]

OSA
sleep-disordered breathing SDB

[24] 1998
45%
OSA
SDB
OSA
OSA [27]
OSA [28]
[29]
B9 0sA
OSA
OSA OSA
— OSA

18

OSA
30

[22]

CPAP

Javaheri

OSA
CPAP

OSA

[32]

OSA



OSA

[33]

OSA OSA CPAP
OSA
OSA [11]
OSA OSA
OSA
2003 Chin OSA [34]
2005 Tanne OSA [35]
2007 Savransky
36]
OSA
OSA
HIF
HIF-1 NADPH HIF-2

Reactive Oxygen Species ROS
Reactive Nitrogen Species RNS HIF-1
Vascular Endothelial Growth Factor VEGF

TNF-o IL-6 CRP
NF-kB [37]
I 1 eNOS
OSA
[38]

OSA

Cys

19



1.3.2

[39]

-o.  TNF-a

TNF-a
TNF-a IL-1p IL-6
NASH
IL-6

24

Shu-zhi Feng

3
ROS
IL-1 IL-4 IL-6 IL-8 IL-10 T
OSA
TNF-o, OSA TNF-o,
TNF-a. 401
IL-6

[14, 15] 1L-6

NASH TNF-a
TNF-a

PaO2 34mmHg

20



Du Souich
Streit
[41]
drug metablic enzymes DMEs [
P450 Cytochrome P450 CYPs

P450 CYPs
CYP1 CYP2 CYP3 90%
[42] CYPs
48
HepG2 CYP2J2
CYP2C9 (431 24 CYPIAl
1A2 CYP3A6 CYP
CYP1A2 CYP2C9
CYP2C19 CYP2D4 CYP3A2 CYPIA2 CYP2D4 CYP3A2
CYP2C9 CYP2C19
CYP
CYP CYP
Child A
CYP1A2 Child C CYP1A2
CYP
200mg/Kg [44]
[43] OSA CYP
P450 [46]
CYP
CYP

CYP

21



CYP

1.3.3 NF-xB-
nuclear factor NF -kB
NF-xB Toll
B
NF-xB  Rel RelA
P65 P50 P105 NF-«xB1 RelB cRel P52 pl00 NF-kB2
NF-xB NF-xB kB
NF-xB kB -IKKa  IKKpB kB
e TNF-a
IkB NF-xB
IKKo  NF-xB p100/RelB
p52/RelB NF-«B
DNA
NF-xB OSA
NF-«B
NF-xB
(48]
OSA HIF NF-kB [l
IKK B
transforming growth factor f activated kinase TAK -1 TAK-1 1kBa
RelA NF-xB
specific sumo proteases  Senps IKBo  sumo-2/3
IKBa NF-xB RelA NF-xB NO
iNOS - COX- -2 9
ROS ROS
IkB-a NF-xB
NF-xB IL-1e, IL-1pB, IL-2, IL-4, IL-6,

IL-8,I-10, IL-13, IL-15, IL-18, TNF-a, TNF-B, IFN-a, IFN-B,

22



TNF-a

IL-6°Y 1L-6
OSA IL-6
TNF-a

CYP

CYP 88
3 P450

Receptor PXR

TNF-a
TNF-a
OSA TNF-a

CRP
IL-6
IL-1 OSA
57
CYP1-3
CYP

X

(constitutive androstane receptor, CAR)

CYP
CYPs TNF-o NF-1
c-myc CYP2C11  CYP3A2
NF-xB CYP2C11
C/EBPB-LIP C/EBP C/EBPa
(521 CYP
PXR CAR

Teng Piquette-Miller
mRNA
PXR-/-

IL-6
Mrp2 Bsep

23

Cyp3all mRNA
Cyp

CPAP

NF-xB

TNF-o

102

58

P450
311 p450

Pregnane X

CYPIAI IL-2
IL-1

IL-6

CYP3A4
IL-6

PXR

PXR



PXR SUMO3
PXR PXR Zhou
PXR NF-xB NF-xB
B4 NF-kB  PXR
NF-«xB PXR NF-«xB PXR PXR-/-
NF-«B NF-«B
PXR B3
glucocorticoid receptor GR
NF-xB
GR
el NF-«B GR
IL-1B CYP
IL-1p CAR 571
CAR CAR
IL-1B GR
CAR NF-«B NF-kB p65 CAR
[48] IL-1p  p65RelA
GR CAR NF-xB
Pyrrolidine Dithiocarbamate NF-xB SRIkBa
[58]
IL-1p  IL-6 TNF-a
NF-«xB NF-«xB
mRNA PXR CAR GR
IL-1p  IL-6 TNF-a NF-«xB
CYP CYP1A2 CYP2D4
CYP3A2 CYP2C9 CYP2C19
CYPs
CYP2C9  CYP2C19

-NF-xB-

24

PXR [53]



CYPs CYP
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1. OSA
2.
3.NF-kB-

mRNA

PCR
Cyps

NF-kB-

26

Cyps

IH

Cyps



30

2.1
2.1.1
SCXK  2010-0002
2.1.2
30  Wistar
90 IH
5%0,/ N, 30

Wistar 30 160~180g 6-8
18~22 40%~70%
2 15 14
9:00~17:00 30
9:00~17:00
90

27



1 9:00~17:00
5%0,/ N2 120 30
10 L/min 90 15 L/min 50 5 L/min 40 1
30
55~65 mmHg 63.6 = 8.6 mmHg
5%0,30 / Air 90
53+5.5 mmHg OSA
IH/ROX 30 90
2.14 RNA PCR
2.1.4.1 RNA Qrt-PCR
1 100mg 1 mL TRIZOL
4 12000 g 10 min Eppendorf 0.2 mL
10 min
2 12000g 10 min 0.5 mL 10 min
3 4 12000g 10 min RNA
4 1 mL 75%
5 4 7500¢g 10 min 37
6 20uL DEPC
7 A260  A280 A260/A280
1.8-2.0 RNA
Superscript 20uL 2ug  RNA
1uL oligodT ddH20O  10uL 70 5 min 5 min 5%
4uL  0.lmmol/L DTT 2 pL.  10mmol/L dNTP 1 pL 1 uL

DEPC 25 uL 42 60 min 70

28
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2.1.42 cDNA

TIANScript RT cDNA, oligo(dT)20
RNA <3pug M-MLV cDNA
20uL M-MLV
DNA Hela RNA
2.1.43 PCR
SYBR Green PCR

http://www.idtdna.com/Scitools/Applications/PrimerQuest/ Primer-Quest
SM 2 CFX96 Real-Time DNA

PCR
SYBR Green PCR master mix 5 pl
Primers (10uM) 0.3 pl
cDNA 1ul
Distill water 3.7ul

Total volume 10 pl

2.1
Gene Forward Primer Reverse Primer
Gapdh 5'-ACTCCCATTCTTCCACCTTTG-3' 5'-AATATGGCTACAGCAACAGGG-3'
Ampk 5'-GCTGACTTCGGACTCTCTAATATG-3' 5'-CATACAGCCTTCCTGAGATGAC-3'
Wipl 5'-GTCTGGAGTGAATCGTGTAGTT-3' 5'-CTACGGCCAAGAAAGGAATCT-3'
Atgs 5'-TCCAACGTGCTTTACTCTCTATC-3' 5'-TGTCAGTTACCAGCGTCAAATA-3'
Atgl? 5'-TGAAGGCTGTAGGAGACACT-3' 5'-GCCAGCAGTCTGAGGAATTT-3'
Uikl 5'-GCAGTTGCTTCTGGCTCTAT-3' 5'-GGGTGCTGGCATCTAAGAAA-3'

Le3 5'-CAGATGAAGACACCCTGATTGA-3' 5'-TCCAGACGTTTCAGAGCTAATG-3'

29



Atgl3

95 2min 95 25sec 60 25sec, 70
20sec 40 95 15sec 58 15sec 95 15sec
Prism 7500 PCR PCR 3
ABI Prism 7500 SDS
2—-AACt Ct
RQ

2.1.5

X+ SPSS15.0

t- p <0.05
2.2
mRNA
AMPK AMP
AMPK mTOR ULK1

Beclinl WIPI
Atg5  Atgl2 LC3

2.1 Ort-PCR

AMPK mTOR ULK1 Beclinl
p >0.05 Atgl3 p >0.05
Wipl p <0.05
Atg5 Atgl2 p >0.05

Wipl LC3 p <0.05
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A B C D
AMPE 0.00015 1 mTOR 0.08 Beaclinl 0.03 Atgs
o 0.03
= L =T =T
i % . & oo % oo
€ oo L 0.0001 = < oo
k] ol
g = 2 0.04 2
B .01 m 5ED5 = = 0.0
a @ o o
o o o o
o 0+ 4] [}
control IH contrel  1H contrel IH cointral IH
E F G H
0.04 Atel2 0.02 Ateld 0.08 LC3 0.2 WIF1
2 0.03 = =S *F I
o - i i 0.06 &
E 0.02 = 1 = = e
E : g 0.0 g 0.04 g 0.0 4 %
B o5 @ ™ . ™
& = = 0.02 =
o o 'l
o ) ) 0
contral  1H control IH control IH control IH
|
0.003 S ULEl
T
=
% 0.002
@
£ 0.001 -
o
[
o
o
cointral IH
2.1 mRNA
«p <0.05
2.3.1
[59]
autophagy-related genes ATGs)
[60]
Atg6 Beclin-1 111 -3 Vps34

31



UVRAG B CLL/ 2 Bal-2 Bax
1 Bif-1 Beclin-1 1 AMBRAI1
1 VMP-1 34 1ICP34 Bcl-2
NSF SNARE
[61]
Beclin-1 PI3K
ATG Beclin-1

Unc-51 1/2 Ulkl LC3 (621
PI3K/Beclin-1'%!

T

30 ATG
8 ATG
ROS
ER
ER
2-0 3 EIF2AK3 6 ATFo6
ER
mTOR
mTOR
mTORCI1 mTORC2 mTOR

32

[64]

mTOR



[ mTOR I PBBK
3- 1 PDKI
Akt Akt Ulkl
Ulkl  AMP AMPK
mTORC2 /
Akt/PKB S473 PDK1 Akt
AMPK MTORC1
Atgl3  RBICCI/FIP200
661 Bel-2 Beclin-1  PI3K
PtdIns3K
PI PI3P
PtdIns3K
PIK3C3/VPS34  Becin-1
UVRAG/Bifl ATG14 Beclin-1
Vps34
Atg5-Atgl2-Atgl6  LC3 PE 671 Atgl12
Atg7 El ATP Atgl0
Atgl6  Atgl2-Atg5 Atgl2-Atg5-Atgl6L1
ATG8(MAPILC3)
LC3 C 22 LC3-1I E2  ——Atg7
PE LC3 LC3II p62/SQSTMI
p62/SQSTMI1C
LC3 LIR [ 1 SQSTMI1
LC3-II LC3-II

[69]
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Atg4B

Atg5

mTOR

Ulk1

PtdIns3K

ULK1/2

Atg3



[70]

mTOR mTOR
mTOR 1 mTORCI1 mTOR 2
mTORC2 mLST8 DEPTOR  Ttil/Tel2
mTORClI  mTORC2 PRPTOR  PRAS40
mTORC1 RICTOR mSinl PROCTORI1/2
mTORC2
mTORC1 “ “
mTORC]1
[71]
TSC TSC1/ TSC2 mTORC1
TSC1  TSC2
TSCl  TSC2 mTORC1
Tsc [ mTORC] TSC
[73]
mTORC1 /PI3K/AKT
(7] IGF PTKs
PI3K/AKT AKT TSC1/2
TSC1/2 GTP GAP  Ras Rheb GTP
AKT TSC1/2 Rheb Rheb
GTP Rheb mTORC1 ATK
TSC1/2 mTORC1 AKT PRAS40
mTORC1 mTORC1
RTK Ras/Erk/p90 S6 1 RSKIl1
TSC2 GAP

34



TSC1/2 mTORC1 AMPK
AMP/ATP AMPK TSC2
TSC1/2GAP AMPK RAPTOR
mTORC1 [ AMPK
mTORCI1 DNA
1 REDDI mTORC1 REDD1 TSC2
mTORC1 TSC1/2
mTORC1
mTORC1
shRNA GTP mTORC1
Rag RagA/B/C  Ras GTP
mTORCI RagA
RagB RagC  RagD
RagA  RagB RagC RagD
Rag GTP
mTORC1
GTP Rheb mTORCI1 Rag  RagA/B  RagC/D
GTP GDP GTP RAPTOR Rag
Rag GTP mTORC1
/ATK TSC1/2
mTORC] 73l
mTORC1
mTORC1
[76]
mTORC2
/PI3K PI3K
mTORC2 mTORC2
AGC PKA PKG
PKC  mTORC2 771 mTOR2

AGC

35



ATK mTORC2

AKT (64] mTORC2 mTORC1 AKT

AKT mTORClI

RTK/PI3K mTORC1  mTORC2

S6 1 Sé6K1 mTORC1
1 1RSI IRS1  RTK/PI3K

mTORC1 IRS1 10 GRBI10

PTK/PI3K

mTORCI  mTORC2

mTORC]
mTORCI
mTORC] UNC-5 ULK
13 ATGI3  ULKI1/2 ULK1/2 ATG13
FIP200 ULK1/2 [62] TORCI
ATGI ULK1/2 ATG13
ATGl  ATGI3 mTORC]
ULK1  Ser758 Ser757 AMPK ULK1 [78]
ULK
mTORC1  AMPK mTORC1  ULKI
mTORCI1 /Beclinl 1 AMBRAI
ULK1 AMPK  mTORC1 VPS34
Il PI3K 1 vpS34
ATGI14L VPS34
AMPK
Beclinl VPS34 VPS
Thr163/Ser165 VPS34 7] mTORC
VPS34 ATGI14L VPS34 mTORC]
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mTORC1 EB TFEB

TFEB TFEB
TFEB mTORCI1 TFEB Ser142 Ser211
TEFB Rag GTP
TFEB TFEB TFEB
RagA  RagB
mTORCI1
mTORCI1
mTORCI1 ULK1/2
VPS34 TFEB 721
mTORCI1
mTORCI1
mTORC2
/PI3K mTORC2 mTORC2
mTORC2 AKT Thr450
mTORC2 AKT Serd73 AKT/mTORCI1
mTORC2 mTORCI1 mTORC2
2.3.2
ATGY/Atg9 ATG
ATG9 GFP-LC3 ATGY/Atg9
Atg
Atg9 PAS

PAS Atgll Atg23 Atg27
Atgl-Atgl3 Atg2-Atgl8  PtdIns3K I atglA
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Atg9 PAS ATGl TAKA
Atg9
atglA Atg9-GFP Atg9
Atg9-GFP
Atgl Atgl ATG9-GFP
PAS ATG9
Atgl/ULK1
ULK! ATGI3 [80]
ATG5 ATGI2  ATGI6LI
ATG5 ATGI12  ATGI6LI1
ATG5 ATGI2 ATGI6L1 (671
ATGI12-ATG5
ATG5 ATGI2
ATGI12-ATG5
ATGS5 ATG5
ATG12-ATG5
[60]
ATG14 Atgl4  Vps34 I
ATG14 ATGI14/BARKOR  ATGl4
C BATS BARKOR/ATG14
GFP  BECNI
ATG14 ATG14-GFP  BAST-GFP
TEM ATG14
ER ATG

38



ATGI6L1

ATG16L1 ATG16L1
TEM ATG16L1 GFP
ATGI16L1 ATG16L1
Atg18/WIPI Atgl8  Atg2l WIPI
PtdIns3P Ptdlns 3,5 P2 WIPI1
WIPI2 1II PtdIns3KC3 I PIK3C3
BECN1 PIK3R4/VPS15 ATGl14 ATG12 LC3
WIPI1  WIPI2 PtdIns3P
WIPI
EM WIPIl  WIPI2 GEP  WIPII
WIPI2 WIPI
WIPI
[81] WIPI
WIPI
LC3-11 GFP-LC3 WIPI
LC3 WIPIl  WIPI2
WIPI
WIPI2 WIPI2B  WIPI2D WIPI14 EPG-6
WIPI
WDR45L/WIPI3
Beclinl BECNI1 , Atgb ,
BECNI1/Atg6  PIK3C3/VPS34
BECNI BECNI
BCL2 [82] BECNI BH3
DAPK BLC2 MAPKS/INKI BECN1 BCL2
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BECNI1 PtdIns3K
BECNI BECNI1
[83]
BECNI ER
BECNI  PIK3C3
BECNI BECNI  PIK3C3
TEM BECNI-GFP
BECNI  GFP GFP BECNI
BECNI1 BECNI1
233
(84]
(85]
LC3-GFP
mRNA
LC3-II Becinl Atg5 Atg7 mRNA
(86]
(87]
Beclinl Atgb Beclinl
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ROS
TNFa IL-2 IL-6 IL-1
DNA

371 HMGB1
Beclinl
(89, 90]
Beclinl Atg8/
LC3
LC3
LC3-II
Atg5

[88]

1 HMGBI HMGBI1

HMGBI1
MAPK

1 3(MAPILC3)

LC3-1 LC-II
LC3 60
LC3-1I
Atgl2  Atglé

PCR AMPK mTOT

Beclinl Atg5 Atgl2 Atgl3 LC3 WIPI ULK1I mRNA

AMPK
Atgl13,ULK1
Beclinl Atgl2 ULKI1
LC3

mTOR Beclin Atg5 Atgl2

AMPK mTOR
Atg5 Atgl3
LC3-11



Beclinl
BECNI1

AMBRALI

Beclinl

caspase 3

ATGS
[92]

ATG3
AMBRAI

Bl caspase 3 caspase 6 caspase 9

BH3
c ATG4D
BH3

42
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AMPK

mTOR

43



LO2
P450
LO2
3.1
3.1.1
LO2
3.1.2
1
2 RU486
3 DMEM Gibco
4 FBS Gibco
5 PBS (10X) Gibco
6 TRIzol LS reagent Invitrogen
7 -EDTA Hyclone
8 DEPC (DNase/RNase-free ddH20)
9 0.9% (0.9% NacCl )
10 75%

P450

LO2

LO2

solarbio

11 Elastase Worthington Biochemical Corporation

44



12

13
14
15

W

[ \O T NG T NS B NS I e e e e T e T e T
W N = O O 0 9 N B B W N = O

HBSS  Hank's Balanced Salt Solution =~ Hank's Sigma
Hepas Sigma
Penicillin-streptomycin Gibco
1640 Gibco
Olympus CX31 OLYP
Olympus CKX31 OLYP
Olympus IX73 OLYP
Millpore Mili-Q
MLS-3750
QPQ350
B8510E-DTH
-80 ThermoFisher Forma 902
-25 ThermoFisher PLF276
ThermoFisher Legend Micro 17R
ThermoFisher PLR386
MVE CryoSystem 4000
NUAIRE NU-5810E
NUAIRE NU-437-600
ThermoFisher Sorvall ST16R
JMS-70
SY-1230
SW-CJ
PX-100
Tanon 5200 Multi
SL-XLS
optiva
NUNC



3.14.1
1 LO2 PBS 3 5ml-10ml  0.05%
-0.02% EDTA
5 10
2
3 5ml-10ml
50ml
4 600rpm 5 LO2
5
2x104/cm2 37 5% CO2
3.14.2 LO2
1 LO2 6
2 80% control-dex10nM-dex10nM+RU48610um

10nM=0.004ug/ml
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Dex10nM- -

Dex100nM

Dex10nM+ _
'RU4S610uM. - - -

‘Dex100nM+ * ~
RU48610uM

,_
O
¥}

24
4 RNA-  -qPCR P450

3.1.5 LO2 RNA Or1-PCR
3.1.5.1 LO2 RNA
1 LO2 5ml EP Imltrizol (
RNA RNA)

2 4 LO2 12000rpm 4 10min

3 EP

?1994-2017 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



4 200ul 3min

5 10000rpm 4 15min
6 3 450-300umol
7 10min
8  12000rpm 4 10min
9
10 1ml 75% 7000rpm  5min
11
12 300ul  75% 7000rpm 5min
13 15min
14 30ulRNADNA-freewater 55 10min
15
3.14.3
1 50ul
10*PCR buffer Sul n
25mM Mgcl2 15ul
25mM dNTP 1
200U/mnl SS 0.625
200U/nl RRI(RNA 0.5
)
100uM Hexamers 1
H20 21.875
RNA

48



2 RT

25  10min
48  40min
95  Smin
4 o
3.1.4.4 Ort-PCR
SYBR Green PCR
http://www.idtdna.com/Scitools/Applications/PrimerQuest/ Primer-Quest
SM 3 CFX96 Real-Time DNA
PCR
SYBR Green PCR master mix 5 pl
Primers (10uM) 0.3 pl
cDNA 1ul
Distill water 3.7ul
Total volume 10 pl
3.
Gene Forward Primer Reverse Primer
hGapdh  5'-GGTGTGAACCATGAGAAGT 5-GAGTCCTTCCACGATACCAA
ATGA-3' AG-3'
hmTOR  5'-GGGACTACAGGGAGAAGA 5'-GCATCAGAGTCAAGTGGTC
AGAA-3' ATAG-3'
hBeclinl 5'-CCCGTGGAATGGAATGAGA 5'-CCGTAAGGAACAAGTCGGT
TTA-3' ATC-3'
hAtg5 5'-GGAATTGAGCCAATGTTGG 5-GTTGGCTGTGGGATGATACT
AAA-3' AA-3'
hAtgl2  5'-CGTCTTCCGCTGCAGTTT-3" 5-GGAAGGAGCAAAGGACTGA

TT-3'

49



hUikl 5'-GTGGGCAAGTTCGAGTTCT 5'-GACTTGGCGAGGTTCTTCTT
-3 -3
hLC3-II( 5'-ACAGCATGGTGAGTGTGTC 5'-GGGAGGCGTAGACCATATA
MAPIL -3 GA-3'
C34)
hCYP1A 5-CAGGAGCACTATCAGGACT 5'-CAATCTTCTCCTGTGGGATG
2 TT-3' AG-3'
hCYP2C 5-CCCAAGGGCACAACCATAT 5'-TGCCACCTTCATCCAGAAA
9 TA-3' G-3'
hCYP2C 5-CCCAAGGGCACAACCATAT 5'-CAGAAAGTGACGAGGGTCA
19 TA-3' AA-3'
hCYP2D 5-CATGGAGCTCTTCCTCTTCT 5'-ACAGCACAAAGCTCATAGG
6 TC-3' G-3'
hCYP3A 5-GCTGAGGATGAAGAATGGA 5'-CTCCATACTGGGCAATGATA
4 AGA-3' GG-3'
95 2min 95 25sec 60 25sec, 70
20sec 40 95 15sec 58 15sec 95 15sec
Prism 7500 PCR PCR 3
ABI Prism 7500 SDS
2—-AACt Ct
RQ
3.1.6
X+ SPSS15.0

50



p <0.05

3.2

3.2.1 LO2

3.1A LO2

3.1 B DEX 24h

3.1C DEX+R
24 LO2

51
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322 LO2

PCR

hCYP1A2 hCYP2C9 hCYP2C19 hCYP2D6 hCYP3A4 mRNA

P450

P450 hCYP450

Dex LO2
hCYP2C9 hCYP2C19 hCYP3A4 mRNA
LO2 (p < 0.05)
Dex LO2 hCYP2C9
hCYP2D6 32B C
4FE-06 1 hCYP1A2 B 1.5E-05 1 hCYP2C9 1.5E-05
S 3E06 * % 5 * 5
x X 1.0E-05 - DEf 1.0E-05
E 2E06 E
s s 2
T 1E06 T 50E-06 A & 5.0E-06
(4] @ [+4]
X 9E-21 x 4
HEm S & & 0.0E+00 0.0E+00
C,-Q\ o{b \go\ Q@+ xq-
& &
D ooz 5 hoYP2D6 E (40 . hCYP3A4
< <
g = £ 0006 | % sk
£ 0.0002 =
.E 2 0.004
= 0.0001 L.
¢ g o
0 : 0
S A XQ..
gogéo < ®
3.2 LO2 P450
* p <0.05
3.2.3 LO2
PCR
Dex LO2
(p < 0.05)
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LO2
hCYP1A2
Dex+R
32A D E

hCYP2C19

* %

Beclinl mRNA
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*p 0.05

3.3

3.3.1
1940

[93]

[94]

1.5%

4.5% 48
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40%

3-
PI3K-AKT
G
30%
SQSTM1/p62

[97]

[99]

[95]

CTSL

[17]

III

mTOR
TSC1-TSC2
GNAI3/Gia3

[96]

Atg7

SQSTMI

54

3

PtdIns3K
2-4

mTOR
Gai3

ATG7

Atg7

85%



ROS ATP [18]

DNA
1 3 LC3
-LC3 GFP-LC3
6-7
10 wortmannin
PtdIns3K
BECNI1-PK3C3/VPS34
332

TGs
LDs

[17]

55

DNA
[100]

LC3
GFP-LC3

PI3K

[77]



Atg7

TG
[102]
FFAs
ATP
LC3 LC3
LC3
NSF SNAREs
[61]
—3,35- T3
T3 B (o4 13
T3
ATG5 T3
B T3
AMP

T3

[104]

56

[103]

[101]



ATG14 ATG14

FOXO [103]
[94]
[16, 106]
B
B
ATP B
APAP
sorafenib HCC
ER mTOR

sorafenib

ATP
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RNA

CASPS

C

BCL2
BCL2  BCL2LI1

3.33

CMA

ATGS

BCL2LI
BECNI1
BH3

LO2

58

FADD
ATGS

Beclinl
BCL2



NI1511
[107] GFP-LC3

[108]

LC3
Beclinl  Atg5 [10]
N1511 [110]

glutathione ~ GSH

[111]

IP3
IP3Rs LC3
IP3R1
ATP
[112-114] AMP
[115] AMP
LO2
LO2

P450 CYP I

59

Rapamycin mTOR

LC3-II/LC3-1

Fyn
[108]

mTOR
mTOR

mTOR

N1511

ROS

SiRNA

LO2



mitogen activated protein kinase MAPK C
signal transducer and activator of
transcription STAT JAK2
JAK2 STATSb

Hepatocyte nuclear factor HNF

CYP HNF4a
CYP2Cl11 Cyp2d9 Cyp4al2
HNF6  HNF3p CYP2C12
CYP2A2 CPY
CYP
CYP
LO2 Beclinl
Beclinl

Beclinl
[111]

60



P450 CYPs CYPs

Toll 4
NF-«xB NF-«B
GR PXR CAR PXR CAR
CYPs CPYs
OSA
2 AMPK AMPK mTOR
ULKI1/ULK2 ULK1 Beclinl
Atg5-ATG12-ATGl16L1 LC3
AMPK
3 LO2 +
GR
hCYP1A2 hCYP2C19,hCYP3A4 hCYP2C9 +
hCYPs hCYP2D6
hCYPs

LO2
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P450

LO2 CYPs
LO2
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