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ZERXIR XTI R (rheumatoid arthritis, RA) J&—Fh
AT BRI AE T8 R AE RO 1 40407 g R AE 1 12 M
B et g o RA JER 4 B I 40 ( fibro-
blast-like synoviocytes , FLS) & Bt i BERA%E 8 14K
PURN S RAE SN HRE a2 2 o W oK 2R 1
(aquaporin 1,AQP1) Fib i, H HE VIS5 RA &k
it B ZWEMRRE (acetazolamide , AZ) 1 AQPI
IR, 72 RA SR sh R R B b XU AE R (A
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Tl e R A T HCHT, fE i RA-FLS 193 B3G5
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RA-FLS H458 P T  SAE RN A A W20, I8 i

2025 - 08 —20 Uk

BETH  FEK AARAEESTH (475 :81972040 ) ; LB H K U
[ERHI H (475 : GXXT-2022-063)

TEE A £, & B E 0
&R B WL AR B AFE/EHR  E-mail ; aydlirong
@ 163. com

55 F W 57 B 1A 2 2R (rapamycin, RAPA) F1 [ I
PR 3-F L AR IEE 04 (3-methyladenine ,3-MA ) 5K &
AEBR T WG] E VTR AZ X RA-FLS 1897 SCR H )
RHAEIT, iy RA VRITERHEH 19 7 ) .

1 RS

1.1 ##
1.1.1 @@tk RA-FLS I H 3E[E Cell Applications
/NS

1.1.2 22X A  IEIRBEH F-o (tumor necrosis
factor-ac, TNF-at ) ( 525 :300-01 A , & [E Pepro Tech 2%
#)) s I LTS (fetal bovine serum, FBS) (555 :086-
150, JNEE K Wisent 23 A ) ; DMEM 5 b5 8% 57 3 (4%
5 :SH30022. 01, 35 [F Hyclone /A ] ) ; EAU 40 fifd 3 5
W& (585 C10310, )7 N B 1A= W) B AR A BR 2>
Hl) s AZ( 535 A194116, EiRTRLT A AL RHE B Ay
ARAHE) s A R (interleukin, IL) -18 | IL-6 |
IL-8 ELISA X5 & (5% *5: YX-E10083H, YX-
E10140 \YX-E10139, L EWRHL A H]) 5 Re-
vertAid First Strand ¢DNA & BIR7) & 1 SYBR Green
PCR & %1 & (4% 2. K1622 .4367659 , % [ Thermo
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Fisher Scientific 2~ H] ) ; 4 RL {4 5% L A7 46 90 38 591 &
(JC-1) 1 Ad-mCherry-GFP-LC3B ( % 5. €2006 .
C3011, B3 = RAYFRH A R AF) ; B-actin,
LC3B .Bcl-2 . c-myc .cyclin D1 ,p62 . cleaved caspase 3
1 Bax HIHLAR (575 . ab8226 . ab192890 . ab182858 .
ab32072 ,ab16663 . ab109012 . ab2302 . ah32503 , H
Abcam 3] ) 5 IL-1B8 LK ( 585 : BS6067 , 35 [ Bio-
world A F] ) ; cleaved PARP IL-6 F1 IL-8 A ( #25.
W101932 ‘WL02841 , WL03074, k. FH J3 25 4= W B 3
HIRAFD) s HARBFRIC I AR 1eG MR FibRiC
2P/ 16 (525 ZB-2301 . ZB-2305 , b s 2
GV EYHARA RA ) s PCR 519 FiEA TR
YT AR A BR A E A AL

1.1.3 &M HE HEHTIER (MBS, NU 425
400s, 32 [E Nuaire 23 H] ) ; CO, 4H g 55 746 (B,
Napco 6100, 3% [ £E IR A F) ) ; EH WAL (F 5,
Chemi Doc, € [ BIO-RAD 23] ) ; 9t 24 40 g 43 ( 3
5 : CytoFlex, % [E Beckman Coulter A H] ) ; CFX Con-
nect SCHT 22 PCR ¥ ( 45. 1855202, £ A AR A
A 5 18 B9 O B 5B (55 . Axio Observer 3, 18 £
SREIAE) S AR (B . MK3, fif 22 A H]) .
1.2 #MREEFSHWIBIT K RA-FLS 7€ DMEM
B33 (5 10% FBS M1 1% 75 - i B E M) it
1THE5%, W Vimentin F058 98 e €808 35 78 15 ¢
MR, 4 AZ % fire DMSO W, 485 Fl DMEM 1%
FEHM BRI T IRE . 7 TNF-a (10 png/L) fF1ERY
FEOUF, i AZ #phal 5 RAPA/3-MA JL[R]4b B RA-
FLS, FEVPAL 3 58 08 12 AR A1 F W5 55 AH G H8 A
Y i oy Ry HE A  TNF-o 15 41 TNF-a + AZ (40,
80 #1160 wmol/L) ZLFRZH ; 75-Fil F WS40, 73y
TNF-o 5540  TNF-a + AZ (80 pmol/L) AbHiZH |
TNF-a + AZ(80 pwmol/L) + RAPA (20 nmol/L) 4t
Hig TNF-a + AZ(80 pmol/L) + 3-MA (3 pmol/
L)AbEEA

1.3 ZRBEMME  RA-FLS LIFEAL 5 x 10° 4 40
JL ) 2% BE AR 3 96 fLtk . 1 0.1.25.2.5.5.10,
20 .40 80,160 320 A1 640 wmol/L ¢ JE Y AZ b3 |
FIAEA BIC TNF-a JIVAYIE G0 T 3557 48 h, B,
TERANFL AN 20 WL MTT %W (5 ¢/L) , dkZE7E
37 CHAEHHET . 4 h J5, WBREEFRIE, A DMSO
(150 pL/AfL) o FJa, i AR R 490 nm Ab 4
LB

1.4 EdU HPpEiGsEiRIe 4R ird , A3 RA-
FLS 48 h, 7ERGFEIMILEAHT 2 h mEE SR hoin A%

WHE R 10 wmol/L 1Y EAU, Bl Ji5 ¥ B AE 7 R 1948 7
PEAT Y BEALZEEL 5 A HLET 1H5 EdU FHAM: 40 i
(R X5 F 4 LR PP 0 B 5%

1.5 Hoechst I 7F 24 LR IEH 7 1S
7% RA-FLS, 20536 40 2 )5, 40 M FH PBS ¥ Uk,
4% Z T W I [ 2, IF 7E 6 44 F F Hoechst
33342(10 mg/L) 75 BRI H G4 8 30 min, i F12¢ 0
I A TR A E A b, B T SR
G307 .

1.6 Annexin V-FITC/PI f AT XIS ¥ RA-
FLS 853776 6 LA, B FL 1 x 10° A4, 17 H
BEJG T2 A0 ], S5 AN & EDTA 19 i 28 1 i ik
T4k kA i ook B R S A R b ilh 7
400 pL A0 EVE W N 5 pL AnnexinV-FITC &
HY FE2 ~8 CHRIEIFE 15 min, WHHTE)G,
A5 pL (9 PLY A, FERDOEE P IEE S min, K5
FHUR A AT, B S5 FH FlowJo 7. 6 34453
Mraf g T-E 53t

1.7 RAEEEAKRN O RA-FLS DIAEFL 1 x
10% A~ 4 %% B 2 b T 2L SR AR /N LTy, 7R LIS BE 5
HEAT o L Ab B, 5 o & BR 4 TNF-a 35 3 41,
TNF-a + AZ(40 .80 #1160 wmol/L) ZbBHZH . 245kt
PREEHE , AHUEEIRIE A PBS WYk 2 I, FNA
JC-1 el BB AIGTE3T CHWFE 20 min, AT
ST A BT LR AL, A A R RS

1.8 #ERHIKE  1F 24 LR HEI A ER3E
RA-FLS Jf AT 25 W Ab 38, FH 4% Z 58 Wl [ 2 4
A, - 0. 5% Triton X-100 #E17H B, I H
5% W B s, 5% 5 —$0 (LC3B, 1 :

1 600;p62,1 : 400;Ki67,1 : 200) 7E 4 CHFH TR,
FHAE R 1922 56 31 ( TRITC %, Alexa Fluor 488 #Rit,
1:1000)5% 8 1 hJ5, H DAPL XJ 4 ffl ik 47542 4,
e, PO BB WL RS I AR I 5]
%

1.9 mCherry-GFP-LC3B BRfR H %  RA-FLS
DAREFL 1 x 10" A 40 i 9 285 B e ph T L R AR B SR L
H1, I35 5] A mCherry-GFP-LC3B %% 7, 37 °C § 3%
24 h XA IR T 4y AL B 438 TNF-a 175 S5 41 il
TNF-a + AZ (160 wmol/L) ZbFHZH | BLR5 % 48 h,
T O IR AR I U R A L e ) B R PR
FI WA 8 68 5 25 {5 %5 (mCherry * GFP™ ) £R, A
WHHA A B S 155 (mCherry " GFP ™) &7~ i
T R A B € BT AR ZT €5 BT B R A ) IR
FE
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1.10 SERPEE PCR 4 ] TRIzol #£1T RNA
P, AR5 {# FH RevertAid First Strand ¢DNA & Al i
M &IEAT DNA & i, {1 SYBR Green PCR iR 7
&F1 ABI Prism Sequence Detector Z 4t #1752 i) 5
H PCR 307, RONLAA R AT 25 wL, § 1% 40 18
W, AWPFAE R SIS WL 1, ] B-actin
YERNZ IR 2 -2 Jr ik AR X mRNA &3k

H,

*1 5IMF3
Tab.1 Primer sequences
Gene Primer sequence (5'-3")
IL-1B F. GCCAGTGAAATGATGGCTTATT
R: AGGAGCACTTCATCTGTTTAGG
IL-6 F. CACTGGTCTTTTGGAGTTTGAG
R: GGACTTTTGTACTCATCTGCAC
1L-8 F. ACTGAGAGTGATTGAGAGTGGAC
R: AACCCTCTGCACCCAGTTTTC
B-actin F: TTGCTGACAGGATGCAGAA
R: ACCAATCCACACAGAGTACTT

1.11 ELISA 323§ 7F TNF-o IR B 40
F AZ BliE 5 RAPA/3-MA BRGALBE ) B0 I EE
BIEW, TR BT AR B R R AR >R ] ELISA
T 2 I 2 AR PR MR

1.12 Western blot SE3& >R RIPA S M £ X
5T, Bradford 7290 & 8 F 5 & &, W SDS-
PAGE 7 &5 45 1 1 85 11 5T, # e #% 3 PVDF i I
I 5% Wi R 4= W EH i Al ] 4% 5 P —$T B-actin
(1:5000);LC3B,Bel2 1 Bax (1 : 2 000) ; p62
(1:10000) ; c-myc, cleaved PARP IL-13 ., IL-6 F
IL-8(1 : 1 000) ;cyclin DI(1 : 200) ;cleaved caspase
3(1:500),7E4 CRWEE R 5065 AR N 4 3R
MR AR AY —HT(1 = 5 000) £E 37 C T ¥
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100F M =

-3
W

W
(=}
T

N
wn

Cell viability (% of Control) @

B 1 h, fFHRGsR A KO SRl 2 450
I8 15 Image] BT E & T, 45 R L B-actin
RN SRR AL PR,

1.13 SEitSAE  RHI SPSS 20. 0 174811
HT, 348 GraphPad Prism 7.0 44 Al 1K 2
ZH 1A FE AR FH B IR 28 5 22 00 B, 47 07 22 55 PR it
Tukey's i % #F 17 5 J5 &6 40, 5 J5 25 A 55 W 3% H
Tamhane’'s T2 5, FFAEIELL x + 5 %%%,P <
0.05 NZEFAGI7E L,

2 R

2.1 AZ 3} TNF-« iS58 RA-FLS &4 22
B ZE DY A I B Vimentin FIPE 55, 454 40l
TEASFRHE, BN F2 40 R F FLS P9 S #E, O
Kl 1A, MTT U 25 R 20, 640 wmol/L AZ 4b 3
RA-FLS 48 h J& , X HyE 2 m K (P <0.01) , WL
1B, TNF-o 1755 20 1) 41 A7 355 238 1m0 T oK Ak 31 %
W (P <0.01), 5 TNF-a 35S 4 L&, H 20
pwmol/L Bz AR ¥ B i) AZ AL TNF-o i 5 19 RA-
FLS B, 22 7 e Ge i 2 ; (B 40,80, 160,320
pumol/L Y AZ ZbFH 48 h J5, 40L& M R % (P <
0.05.P<0.01 . P<0.01 P<0.01), L& 1C, x &
B AZ X} TNF-o 55 19 RA-FLS [ 175 1 5L v B 4 i
PERISI . BRI, E R 40 .80 F1 160 wmol/L AZ ik
48 h HATIGLL AL,

2.2 AZ ¥} TNF-o i S H RA-FLS 358 B $ i
AZ 7F 40 .80 1 160 wmol/L ¥ FE T, ¥ B 4 #1411
i TNF-o 35519 RA-FLS 4% (P <0.05 P <0.01 ,
P<0.01), WK 2A, MAh, EAU SEE045 R KW, 5
KRR FLER, TNF-o0 75 41 0 EdU FH: 40 i A 43 L
Kig ETF BAE AZ Zb3H 48 h 5, X RP - THE A
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Fig.1 The effects of AZ on the viability of TNF-a-induced RA-FLS

A; FLS identification by Vimentin expression using immunofluorescence staining ( X200) ; B: AZ's effects on the viability of RA-FLS were assessed

by MTT assay; C: AZ's effects on the viability of TNF-a-induced RA-FLS were assessed by MTT assay; ™ P <0.01 wvs Control group; *P <0.05,

** P <0.01 vs TNF-a-induced group.
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Witk ERAEGEITFEE L (B P<0.01), WE 2B, X (¥ P<0.01), WK 2E 2F,

2C, AN, IF 5256 7%, AZ %F TNF-a 558 RA- 2.3 AZ %f TNF-o iE5 5/ RA-FLS BT 8500
FLS 1 Ki67 By A WA LRI HIVEN, WIE 2D, Hoechst 33342 YL (a2 iR % B4 Fl TNF-o 555
Western blot fril &5 it —0 KB, 5 TNF-o 554 A0 R —SCH MW g, 1 AZ
LA, AZ A 3ZH REAT B AR c-mye Fl cyclin D1 /9 (40,80 F1160 pmol/L) AbHHZ W4 i T HAT I T-4%
BHRIE, H AZ(80,160 pmol/L) ZRA L1ty BRG], BRI ARG AR (P <
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2 AZ % TNF-o #5549 RA-FLS 1878
Fig.2 AZ hindered the proliferation of TNF-a-induced RA-FLS
A MTT assay was used for the detection of cell proliferation; B, C: Typical images of the EAU incorporation assay ( x200) and quantification of
the EdU-positive cells (% ) ; D: Typical images of Ki67 immunofluorescence staining ( x 100) ; E, F: Western blot analysis and quantification of c-myc
and cyclin D1 expression levels; a: Control group; b: TNF-a-induced group; c: TNF-a + AZ (40 pmol/L) group; d: TNF-a + AZ (80 pmol/L)
group; e; TNF-a + AZ (160 pmol/L) group; *P <0. 01 vs Control group; * P <0.05, ** P <0.01 vs TNF-a-induced group.
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0.05.P<0.01 . P<0.01), WKl 3A 3B, #iif An-
nexin V-FITC/PI XX 4L 2N AR 43 HT 7~ |, AZ (40 |
80,160 pwmol/L) Ab PR 4% T TNF-a i F 1) RA-
FLS M4RB A T-% (P <0.05 P <0.01 P <0.01),
W 3C 3D, WA, B AZ F AN, 2 {4 5
HI BRI, JC-1 el 21 (8 9 % 78y 4k a2
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LA, AZ REFRA P Bax KF BT}, Bel2 KETF
F%,BaX/Ble tlﬁ{ﬁ}l‘%, I H cleaved caspase 3 v
cleaved PARP B9 & H /K LJH (P <0.05 8¢ P <
0.01), VL& 3F -3H,
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Fig.3 AZ promoted the apoptosis of TNF-a-induced RA-FLS

A, B. Typical photos of Hoechst 33342 staining from various groups ( X 100) and the statistical results of the percentage of cells showing nuclear ab-

normalities (% ) ; C, D: Flow cytometry analysis of Annexin V-FITC/Pl-stained cells and the statistical results of the percentage of apoptosis (% ) ; E.

Typical photos of RA-FLS stained with JC-1 from various groups ( x200) ; F, G: Western blot assay and quantitation of Bcl-2, Bax, cleaved caspase 3

and cleaved PARP; H: Bax/Bcl-2 expression ratios; a: Control group; b: TNF-a-induced group; c: TNF-a + AZ (40 pmol/L) group; d: TNF-a +

AZ (80 wmol/L) group; e: TNF-a + AZ (160 wmol/L) group; *P <0.05, P <0. 01 vs Control group; * P <0.05, ** P <0. 01 vs TNF-a-induced

group.
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FEERRNM  ELISA £ Box, 55X B4 A,
TNF-o 755 41 42 4 240 i D A K38 m (P <
0.01) . #R1fi, 5 TNF-a 5 41 LA, AZ DLk BE K
) G R R A R I T, MBI 4AL 5
ELISA &5 —3%, 520 2 i PCR 25 AIESL, AZ g%
AR BE bR A TNF-o J34 41 P A9 TL-18 116 Al
IL-8 mRNA 7KF-, ILIEI 4B,

2.5 AZ ¥ TNF-a i S H) RA-FLS /)4 B fR 37
AR R IF 52565 (E 5A 5B) 1 Western
blot 5255 (&l 5C .5D) & il F WEbR &9 LC3B Al p62
MR IL, 5 TNF-o 5 F4H LE, AZ A FRAH BoR
LC3B MK REAE, p62 BY/K T, 78 TNF-o 55
A JE& e mCherry-GFP-LC3B 1Y RA-FLS 52 #1 Kk
OB, AZ AHE B EAGOLRTRIER R
T RA-FLS 4, WK SE, 8id 4 TNF-o i75
SR AZ(160 wmol /L) £H Ay 5 (5 1 AL A BE 5
RI AZ AL PR S RA-FLS [ Wi & R (P <
0.01), WLIE 5F,

2.6 TFTHIBWESN AZ 3t TNF-o i S H) RA-FLS
E AT FRERNAETIER MTT LK (E
6A) Fl EAU 5255 (18] 6B .6C) &5 2R KW, 5 AZ 41k

3, RAPA (20 nmol/L) i %% AZ (80 wmol/L) Xf RA-
FLS S5 A HIAEHI (P <0.01) , MAE MTT 5255
BR8] 3-MA (3 wmol/L) £ 14 55 33 41 i 4 1
(P <0.05), Hoechst 33342 445,( &l 6D .6E) Il An-
nexin V-FITC/PI & {7 (19 3 2 41 e R 50 #r (& 6F
6G) 45 FE W, 5 TNF-o i F41 HLHE, RAPA BXAR
JPIA T AZ BT (P <0.01) , A
JH3-MA s 17 AZ W2 T /EHT (P <0.05 5 P <
0.01), ELISA 5 R, 5 AZ Wb L&, R &
AbFE RAPA 4255 IL-18 . IL-6 A1 IL-8 /K- (¥ P <
0.01) , A 225 3-MA WSS S, HAAK T IL-
18 A1 IL-8 AY/KF- (3 P <0.05) ,{HX} 1L-6 H &A%
MERTLSHE %5 X, WE 6H, Western blot #f —
HUESE T BT WX AZ 78 TNF-a 15 5% RA-FLS
T EE S TR R RS, UL 61.6)

3 it

RA J&— P8 M 98 0 M B B S s P, LA
R RE . 75 01405 A1 2G5 T B B A M RRAE . A DT
PP RH RA W RLH L AQP1 KA T, 518
RRARR L 517 B K Ko 98 iE 2 B AH O, 2R BH AQP1 #E
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Fig.4 AZ reduced pro-inflammatory cytokine production in TNF-a-induced RA-FLS
A IL-1B, IL-6 and IL-8 levels in the cellular supernatant, detected by ELISA assay; B: IL-1B, IL-6 and IL-8 mRNA levels among various cell

groups, detected by quantitative real-time PCR; a: Control group; b: TNF-a-induced group; c: TNF-a + AZ (40 pmol/L) group; d: TNF-a + AZ

(80 wmol/L) group; e: TNF-a + AZ (160 wmol/L) group; **P <0.01 vs Control group; * P <0.05, ** P <0.01 vs TNF-a-induced group.
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Fig.5 AZ inhibited the cytoprotective autophagy in TNF-a-induced RA-FLS
A, B: LC3B and p62 expression were measured by IF assay ( x200) ; C, D: Western blot assay and quantification of the protein level of LC3B and
p62; E: Representative photos of autophagy flux detected by mCherry-GFP-LC3B puncta assay ( x800) ; F: The quantitative analysis of the numbers of
yellow and red puncta; a; Control group; b:; TNF-a-induced group; ¢: TNF-a + AZ (40 pmol/L) group; d: TNF-a + AZ (80 pmol/L) group; e:
TNF-a + AZ (160 wmol/L) group; ™ P <0.01 vs Control group; * P <0.05, ** P <0.01 vs TNF-a-induced group.
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Fig.6 Intervening autophagy influenced AZ's therapeutic effects on the proliferation,
apoptosis, and inflammatory response of TNF-a-induced RA-FLS
A MTT assay was used for the detection of the cell viability of RA-FLS; B, C: Typical photos of EdU incorporation assay ( x200) from various
groups, along with the statistical data of the percentage of EdU-positive cells (% ) ; D, E: Representative photos of Hoechst 33342 staining from various
groups ( X 100) and the statistical data of the percentage of cells with nuclear changes (% ) ; ¥, G: Flow cytometry assay of Annexin V-FITC/PI-stained
cells and the statistical results of apoptosis rate (% ) ; H: ELISA assay was used for the detection of IL-1B, IL-6 and IL-8 levels in the cellular superna-
tant; I, J: Western blot assay and the statistical data for c-myc, cyclin D1, Bax, Bel-2, cleaved caspase 3, cleaved PARP, LC3B and p62; a: TNF-a-
induced group; b: TNF-a + AZ (80 pwmol/L) group; c: TNF-a + AZ (80 pmol/L) + RAPA (20 nmol/L) group; d: TNF-a + AZ (80 pmol/L)
+ 3-MA (3 umol/L) group; *P <0.05, ** P <0.01 vs TNF-a-induced group; €P <0.05, P <0.01 vs TNF-a + AZ (80 wmol/L) group.
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Effects of acetazolamide on the proliferation, apoptosis,
and inflammatory response of rheumatoid arthritis

fibroblast-like synoviocytes by inhibiting autophagy
Wang Mengqing, Zhang Manyu, Gu Shenglong, Huang Yan, Li Rong
(School of Pharmacy, Anhui Medical University, Inflammation and Immune
Mediated Diseases Laboratory of Anhui Province, Hefei 230032)

Abstract Objective To study the effects and potential mechanisms of the aquaporin 1 ( AQP1) inhibitor acetazo-
lamide ( AZ) on the proliferation, apoptosis, and inflammatory response of rheumatoid arthritis ( RA) fibroblast-
like synoviocytes ( FLS). Methods TNF-a-induced RA-FLS was served as in vitro RA model. MTT assay, IF
staining, and EdU incorporation assay were applied to study AZ’s effects on RA-FLS proliferation. Hoechst stai-
ning, flow cytometry analysis of Annexin V-FITC/Pl-stained cells, and mitochondrial membrane potential detection
experiments were used to detect cell apoptosis. ELISA and quantitative real-time PCR methods were used to meas-
ure pro-inflammatory cytokine production. Cell autophagy was evaluated using IF staining and mCherry-GFP-L.C3B
puncta assay. Western blot was performed to detect the levels of autophagy, apoptosis, and proliferation-related
proteins. Moreover, the role of autophagy inhibition in AZ’s effects on RA-FLS was examined by co-treating with
the autophagy activator rapamycin ( RAPA) or the autophagy inhibitor 3-methyladenine (3-MA). Results AZ
dose-dependently inhibited cell proliferation, promoted apoptosis, and reduced the production of pro-inflammatory
cytokines in RA-FLS. Furthermore, AZ suppressed cytoprotective autophagy in these cells, as evidenced by de-
creased LC3B levels (P <0.05), increased p62 expression (P <0.05), and reduced autophagic flux (P <
0.01). Particularly, AZ’s beneficial effects were reversed by RAPA-induced autophagy activation and enhanced by
3-MA-induced autophagy inhibition. Conclusion This study provides the first evidence that AZ hinders cytopro-
tective autophagy, thereby alleviating the hyperproliferation, apoptosis resistance, and aberrant inflammatory re-
sponse of RA-FLS, revealing the core role of autophagy inhibition in AZ’s anti-RA effects.

Key words acetazolamide; rheumatoid arthritis; fibroblast-like synoviocytes; cell proliferation; cell apoptosis;
autophagy
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