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HE : BY #FHRAFFE T -1a(HIF-1a) £ F B AR P 65 8 B3t RS54 = %,
FiE K40 R6~8 A SDAEM KRS HF A B (AN), F AT A KHE(BA) KA B (CLH) KA T
JAKA(D),F2810 R, o3 B4 T B KA R AR BB A BEAY 5 61 1.3.6 B BHBUT SR 4047 , K A R Kk — 17
42 (HE) # &4 MR LR JERE , RN LR A LA E F AN HIF- 1o Sk E48 % 9 1 (FTH1) Ao H Ak R
1h B (GPX4) B & Fa P & ik | R B 5L %, 9% R 9% 35 (ELISA ) 4 ) o 7% HIF— 1o, & H Ik (GSH) & & P &

(ROS) %k, 58 HELELRE=:5 ALK BAXEMATHEKZHmE, CH5 AWM, DLAT.
P KR MR R G KRR, AAEASTLEESEREE T . 5 AMKE ,B.C.DAHIF-1a.FTH1

F i HItF (P <0.05),D 4LHT . F # HIF-1a FTH1 &k & T BA(P <0.05), /6 #1 GPX4 £ 5 3 TBA(P <
0.05), ELISA% R 27 ,D A7 # HIF-1a .ROS &A% (P <0.05), FHCAFDLAGSH £k & FTBA(P<
0.05), )6 CLAfDAROS L EK T ALAABA(P <0.05), Gt AKAIREHIE HIF- 1ol T RMAE KR
WK R EARFE, L HIF-1o 7T A8 3T % v ROS £ R 5 4R AL T M s 8 Bt 54k e,
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A preliminary investigation into the role of hypoxia-inducible factor-
la in oxidative stress and ferroptosis associated with periodontitis*

Wang Cai-wen', Luo Xiao-jie’, Fan Li-jun’, Zhang Yan-jun’, Chen Xiao-tao’, Shi Wen-hui’
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Xinjiang Uygur Autonomous Region 830000, China, 3. Key Laboratory of Special Environmental
Medicine of Xinjiang, Urumgqi, Xinjiang Uygur Autonomous Region 830000, China)

Abstract: Objective To investigate the expression level of hypoxia-inducible factor-la (HIF-la) in
periodontal tissues and its effects on oxidative stress and ferroptosis, while exploring their interrelationships.
Methods Forty 6-8-week-old male Sprague-Dawley (SD) rats were randomly divided into four groups: normoxia
control (Group A), normoxia periodontitis (Group B), hypoxia control (Group C), and hypoxia periodontitis (Group

D). Periodontitis and hypoxia models were established accordingly. At 1, 3, and 6 weeks post-modeling, gingival
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tissues were collected for hematoxylin-eosin (HE) staining to evaluate inflammatory status. Immunohistochemistry
(IHC) was performed to detect protein expression levels of HIF-1a, ferritin heavy chain 1 (FTH1), and glutathione
peroxidase 4 (GPX4). Serum levels of reactive oxygen species (ROS), GPX4, and HIF-1a were measured by
enzyme-linked immunosorbent assay (ELISA). Results HE staining: Compared with Group A, Group B showed
progressively aggravated inflammation, while Group D exhibited significant inflammatory cell infiltration during
early and middle stages with attenuated inflammation at the later stage. IHC staining: HIF-1a and FTH1 expression
levels were significantly elevated in Groups B, C and D compared with Group A (P < 0.05). During early and middle
stages, Group D demonstrated higher HIF-1o. and FTH1 expression than Group B, while at the later stage Group D
showed increased GPX4 expression compared to Group B. ELISA: Group D displayed significantly elevated HIF-1a
and ROS levels at early stage (P < 0.05). During middle stage, the hypoxia groups exhibited higher GSH expression
than Group B (P < 0.05), while at the later stage the Group C and Group D showed lower ROS levels than Group A
and Group B (P < 0.05). Conclusion The HIF-1a activated under hypoxic conditions, is associated with the

initiation and progression of periodontal inflammation. Furthermore, HIF-1a may contribute to oxidative stress and

ferroptosis in periodontal tissues by regulating reactive oxygen species production and iron metabolism.

Keywords: periodontitis; hypoxia-inducible factor-1a; oxidative stress; reactive oxygen species; ferroptosis;
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OF JH 98 2 — FhE UL A8 1k A8 AE P, Al T
1L IR A J] A BOF AN Bl v B A B RAET .
Fe ) B4R N B A T A e R A 9,196 0 I JE 48 1Y
oW P AR L A2 2%, 7% 22 A LR v S8 A 0 IR
B 2 5 R T BT A A U R 1 DG B I
RO IR R S A= g T PR 20 L A R
e 20 M A B 7 AR U P 4R (reactive oxygen species,
ROS) ™, LA A 4T S8 AL B 18 28 8 2 A7, & 2B R Ak
PR, HLAA A 2 RE 42 T A2 458, 0 45 0 S RRE A% TR
(deoxyribonucleic acid, DNA) it 14 . 8 4 5t % 1k F1 IR
B A Bk BE T R — R MO Y ROS
R AR R FIIR I o A s B fih e 1 o 65 e 288 1)
Jo M i B gE T U, R AL 3 e R AR
B8 T AR K 45 B T RK (Glutathione, GSH) (45 A
AR SR A BRAE TR S A
C VR ANE O A RIS YN R4
TTESF R P R

X % % 5 I F -1« (hypoxia—inducible factor—
Lo, HIF-Ta) 2 — i 8 37 R S AR O B S I T
TEH AT 5 oy B, e AR AT 5 i S8 B e F
ZE G RE RIBIF R, 0] 2 510048 A 4 i
B R T A A A B R, LA XS AN HIF-
Loo AT 368 o 2 Sy PR 0 6 DR 3 3k el 42 A S AU A0 I O
R I 1 S I, 2 5 28 Al SR A R EORE R o
T HIF-1o MV 36 BLAT AR T 480 19 805 ) R 4 2 e
FAEAR AR P Bl 1 5 0 b i AR T 2 1)

W9, AEdE W], HIF-1o 0] LU o 98 45 8 iF
L DR 23, B2 ROS (9 77 A0 B, AT 4
HIF-1o A] i 38 2 34 45 28 A ;N ROS Y A2 1 AR BT 4
UATE S NI Tk Y A -2 N 1 e A
AN HIF-1o 762 JE L 20 i 2 38 Tt b Ry S
BRAET IR
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Wz SsE

fa B SD K B 40 H, M, SF- ¥ 1K 5 200 ¢, 2
W 8RR E R sh ) g ot . SRR s A
VAT IE S SCXK (B ) 2023-0001 ; 52 5 3 9y 4l F /7
Al Gk 5 : SYXK2024 () -004; & B gw 5 -
KY20240130171 ., & MBEHLECF R EH K20 A
HOEAXIRA) ,BHCEAF AR, CH(LE
XA , DA (RAF A RAH) , B 10 . KR
& N PR R 1R S L B LD 44 ) A2 ) o R g AR R
AJF R B4R SR, A B 4178 W E B B b R 5
C.DAMEMREAM IR, BEAEH 1.3.6)H
CHT 530 J5 43 5O

1.2 FESRHSiILHF

1.1

1% R E AR BT 3K 6 000 ~ 7 000 m &5 &, I8 K
g —Prer ( hematoxylin—eosin, HE ) 155 9 18 el 7

H R TR/ AE YRR IR A v, HIF-1a . ROS K&
GSH R & ¥ 7 i i AR A RA R,
HIF-1a . 2k B & 8% 8 1 1 (ferritin heavy chain 1,
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4135 %

FTH1) #1437 Bt H Ak & % 1k 9 B 4 (glutathione
peroxidase 4, GPX4) — 37 (¥ [E Abcam 2~ H ), 11 3F
i IeG —HT (3£ [ Affinity Biosciences 23 Fl ) o
1.3 FRARERESH

4 B ZH A1 D 2H SD K U] 25 me/mL & %% 50 JfR i
TN s 2 S PRI o 4 SRR IR I B K BRI A s I, [
S VU B AN Sk 35 F [ a2 &, JF g8 IF 0 7 3 1w
FEPLR R AU B A O IE RS L 22 (1
#2£0.25 mm) P\ b 6504 00 5 — B oA 55 50 R O (6] 2
I EEFL T — B I v A S, A5 4L B TR
R EE DU A 05 & b R, AT ke 25 4L s
TR SO, AR S F R VA 9 R BB T 5 10 pe/pL g £
B (Lipopolysaccharide, LPS)" IR 5 IEH K& . Z
JEEERR 2 ~ 3 dIFE ST 1R LPS JF 46 2 45 L% 0, LAGE
Kbt & A o RN VR i 2hHL 2L
1.4 REKBEEH

W C D 4 AR R EURR Y, R P LT 4R
6 000 ~ 7 000 m A FR5E , &5 K B S0 (3] 24 23 h, JF
A1 h BEATME IR 5350, . A 4LF0 B 41 0 7 & A B 55
IGERS
15 HARRESLHE

KB4 B BRI 5 AR 3 B Bk e, & T
NS B A SR LA, 4 CCUKAR N R TR,
3 000 r/min &5 0> 10 min, B , 5% J5 & T -80 C
VKAR IR A2 F o BB 5 SR FH O I 258 S0 ZE 9L Ak AE
N A = T RN RS D S 1 B e
5 — B O T ) A R A 2 K S B BT K 29 1.5 em,
FH 0.9% AL AN NaClL i WE vh Uk , SR JG A 10% £ 5
FH B 35 T 70 [ %2 48 h e R AT R .
1.6 AARE-FA4LBKRNFIRALFRERS

WA R A R AL 2L AT K i B R,
SRR A WAL Y] R B F UK, AT 9 AR -
41 (hematoxylin and eosin, HE ) J& {4, , [z £ £ ARG
WG, AT K L PR R R B R Ak B A O A 1 T
B 2 A 2% B OB &, JF R H Matic Images
Advanced 3.2 KMZ M Rt RER F .
17 RARUFLEEKR M HF-1a, FTHT 0
GPX4EHRIX

H4% 41K B 2F R 2 40 0 A7 e 4
( Immunohistochemistry, THC ) 4 {4, , F —
2 RSB B YR 20 min, AR BE 21 AR

gL =
KT
WK

FEK 5 min s METEE TS FH 3% RUEUK I TR S iR
T 25 min, K BE A B T BE IR £ 2% #i K ( phosphate—
buffered saline, PBS) /1, 75 5 Jii (5 £% K I 5& 3l 18 %%
3, BEIK S min s FIFT R 5 22 vl il 2R AT U A B
525 AR AL RE D% I 3% 4 13 1 & 1 (bovine serum
albumin, BSA ) 44 7 35 41 24, = 1R 31141 30 min; #% U
A5 FH PR R — BT, AR B Y HIF-1a
FTH1 fl GPX4 — 3T, VI A FE TR EN 4 CHF L
B VR U R fiS B T 05 A5 — A AR /Y
ThiESAS, ZERPEE 50 min; PR, H At
B 28 % ( Diaminobenzidine, DAB ) #E47 i {%, , PBS ¥ 4%
3R R ARKE e h M I E R e, B TOL W
B T LSS, B HILIE 5 4 0L JF 40 BRORAF B (1
R B M 85 5, SR 5 0 Tmage J B 53 #r
RGeS H PR PR 3k R AT 2 g BRI E L IR PR A
T AR HR R G4
1.8 BEEK % & MK 4 M ROS.GSH HIF-1a
K

A 20 K BRIV oK A T o B A A A
AL BR AR PN, SR T ™ s e G IR O 2 I R
(enzyme—-linked immunosorbent assay, ELISA ) iz i &
DL, SR BT MR o0 125 30 ZE ROS | GSH | HIF-
Lo 7K 05 58 iU , 7 BV il s S0 7 4 L KO
JEE ¥4 B8 O 22 i B ofE i 26, 9315 ROS L GSH
HIF-1a 7K.
1.9 SitER*

AR 3 BT R JH SPSS 23.0 Ge it # ik . i YR
DASH £ hR 25 (x=5) Fom , LW 07 225007, PR
P LSD-t K B o P <0.05 19 22 7 A Ge it 2%

=
&R

BHEXRIFRARRERS

A PR L B SR LR A R T 4E o) A 3
2, Bl A] SE A A D RAE AR LRI . 5 A 4L
B, B DAL R A JZ AT UL W K R AE 2 i R
{1 o B 58 AE B A) 2 1<, B 2H A E 41 i A i A i
Z, FRETRMIC . DALER 6 Jil RAE IR , R AE 0
MU B2 AL H B R AT REE . C415 A A
L, A S B AR, R UL W A A R T, AT AL
B MAE TR . UL 1.
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TRk LIEETSE; 6k : L IAT .
B1 F|AHAAXRFTRALFELS (HELM x4)

22 HBAKXRFUIRALAHIF-1a ZAAMRIEILE

G RE LML Y A 25 R HIF-1 o 78 955 20
JH 35 00 X3 5L BH M ik, HIF- 1o 76 45 41 K R 3
Ak, BARIEH G, & 4R B HIF-10 FH M
TR G I, 207 2000, ERA ST R
X (P<0.05);B.C % HIF-1o FHPEFE 5 0 G 5
A E, ZRHW TS I3 L (P>0.05) ;D4
HIF-1o BH P 3R 3K T R 7 R T A 4 (P <0.05) &
BEAY ST ) 3 JAJ5 L 2% 41K Bl HIF-1 o BH P 35 3K 10 AR
MR, & EST . ERAGITFE L (P<
0.05) ; C 21 HIF-1a BHPE R B AR (5 LL KT A B
H(P<0.05); DA HIF-1a BHYE R R L LS5 AL
B.CA LA, Z R LI E XL (P>0.05), iR
S 6 JE T, A 4R B HIF 1o PHPE 2255 AR 5 [ e
B, E0N, ZRA%ITFE X (P<0.05);8B
HHIF-loa AMERIIT A G LR T A CHP<
0.05) ; D41 HIF-1o FHPER B AL G LB KT A C
H(P<0.05);BHS DAL, 2R ILGIF#E XL
(P>0.05), WE2FfMFE1L,

Al B4 G2 D4

HIF- Lo 8037 T4 BT 5 AR , SRR Sk e DX B PRI 35
B2 &EAABRFRALAHF-1aPAEERZE (HCHM x4)

F1 BHAXBRHF-1«EAREREER S L
(n=10,%,x+s)

A 3.49 +0.41 3.89+0.12 2.95+0.51
B4 4.40+0.18 4.16 £0.79 5.06 +0.07
C4H 5.08 £0.91 7.00 £0.29 271025
D4 5.68 £0.25 5.40 £ 0.57 4.85+0.33
FAE 6.470 15.390 27.940
PiH 0.016 0.001 0.000

2.3 HBAHKRFURALAFTHI EHAMRIELE

G G2 Y 85 B R FTHI 76 93 F 41 i
J5 3 X e PP 5k, FTH 76 4% 20 K R 4 %
ko BRI 1 RS, 45 41K BUFTHL BH M 36 5K 1
B, & 2, ERAFRT¥E L (P<
0.05);B.C.DA FTHI £HEmMAH KT AL (P<
0.05) . ARSI 3 JH 5, 45 41 K BUFTHL FH P 3R 3k
AR LA, 2207 225081, 2R A Gt L (P <
0.05) ; B 41 FTHI PHME Rk m ALK T A4 (P <
0.05) ;D 44 FTHI FHMERIA I A K T A B.C4
(P<0.05), BRI 6 85 , £ 41 K B FTH1 FH 4
FTHRMBRMW L, & 200, ZRAGIT¥EX
(P<0.05);B.C.D 4 FTHI FHEF kw0 AR KT A
H(P<005);BHMHMEREmMA KT DAL <
0.05) ; C 21 FTH1 FAMERIX A K T B DA (P <
0.05). WE3FfFE2,

A4 B4 CH D

3JH

6fF

FTHIENL UMM A% S5 2k fAod SRk - bR e KAk BH
#ik,
B3 &KAKBFUHMALFTHIPEMEERE (IHCH( x4)

2.4 BAKBRFURALGPX4FEAMAMERIELLE
o g5 2 AL 24 e {0 55 1 WK, GPX4 7E 4 4E 4N
Jf 35 v DX B BH M 223k, GPXA TE &4 K BRUh
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#

R2 BHAKXKRFTHI ZEEMMEREER LR
(n=10,%,x+s)

205 1 3 )4 6 )3l
AY 3.28+0.21 5.08+0.16 2.97 +0.20
B4 6.73 £0.08 6.19+0.15 8.25+0.10
C4H 7.21 £0.09 5.51+0.05 8.70 +0.01
D4 7.86 £0.70 8.92+0.37 7.28 +0.04
F{H 61.180 125.50 1098.00
P{E 0.000 0.000 0.000

Feik . BRI S 1S, 4 4K B GPX4 B M & ik
AR 7 L e, &5 200 0T, 2R A G E X
(P <0.05) ;B D #H GPX4 BHPE A m R 5 e KT
A (P<0.05), BRI H 3G, &4 KB GPX4
PRAPE R I8 T AR L g, & 200, 2 R RS
R (P>0.05) . BEAE G 6 JHJE, 44 KR
GPX4 PHIE Rk b be B, &2 200, 2 5
Gt L (P<0.05);B.C. D4 GPX4 [ ik
WA G S A K, ZRYERIT¥E L (P>
0.05) ;DA GPX4 FHPER A H AR G LK T CH(P<
0.05). WEI4FE3,

A B4 C# D

% B8

1

3

6

GPX4 SN TR S AR, PRAAHTk A XS B PE R A
El4 KEAARTHEALGPX4PAMERIE (IHCYE x4)

R3 BHKXRGPX4ZFEHPRMERIEER &L LR
(n=10,%,x+s)

285 18 3 )4 6 )3l
AY 428 +0.30 4.83+0.70 431+1.00
B4 6.12+0.31 3.38 +0.40 448 +1.50
C4H 477 +0.26 475+ 1.00 2.84+0.45
D 6.02 +1.00 432081 6.06 + 0.50
F1H 8.080 2310 5.620
PAH 0.008 0.153 0.023

2.5 FHHEKXBMFHF-1akELE
ELISA Z5 3 7R BERVAZ i) 1 A =, 4% 4 oK Bl
W HIF-1a K LUEE, 807 225007, 2R A S it 22
X (P<0.05);B.C4 HIF-1a K F 5 A LA, 25
I G2 7 L (P >0.05) ;D 4 HIF-1a /K2 5
T A BAL(P<0.05), BRI H3 G, &4 KR
I8 HIF-1a 7K A, &0 2500, 2 A it
7 X (P<0.05);B.C4 HIF-1a /K5 A 4 H 4,
S G X (P >0.05) ;D 4 HIF-1a 7K
BT AHMCH(P<005);DH S BAHHE, 2%
SHGIFE X (P>0.05) ., A5G H 6 JE )5, 441
KR HIF-1a KV, &7 22001, 2 57 6
Giil2E X (P>0.05), W4,

®4 BEAKRRIMFEHF-10KFELLER
(n=10,pg/mL,x+s)

205 1A 34 63
A 29.48 +0.15 30.13 + 1.48 29.65 + 1.49
B4 29.77 +0.43 33.59 + 0.94 29.78 £ 1.72
G4 3149+ 1.49 2835+ 0.97 27.78 £0.71
D 3252+ 1.28 36.02 +2.10 30.62 +0.56
FAg 5.930 19.400 2.750
P& 0.020 0.001 0.112

2.6 HHKRMFEGSHKFLLE

ELISA Z5 3 R BB &2 4l 1 JH )5, 45 20 K B
M 7E GSH /K-t A, 407 25081, 2 R BG4 R
X (P>0.05). HAE 3 JE G, & 4K BRI E GSH
KA, Gl EZ 0, ZERFARITFE L (P<
0.05);B.C.D 4 GSH/K V-5 A dH L, 22 748
TR L (P>0.05) ;D4 GSH K& FBAL(P<
0.05), A4l GSH /K V- F B4L(P<0.05) . BiAIA
il 6 G , 4% 4K BUIML % GSH K- g, & 05 243
M, ZS A5 E X (P<0.05);B.C.D4 GSH /K
FHAQ L, 2RI #E X (P>0.05);C
HGSHKFETDA(P<0.05). WES,
2.7 HHAKRMFROSKFLLE

ELISA 25 5 s, B SG ) 1 A s, 45 4 K B
M3 ROS KV LL#s , & 07 225007, 2 R A it ¢ &
X (P<0.05);B.C4 ROS/KF5 ALK, 7Y
TG it E X (P>0.05) ;D4 ROS/KFH & T AL
B.C41(P<0.05), BRI &35, 2541 K R

.26 -
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%5211
#*5 HHKXRIMEGSHKFELLE
(n =10,ng/mL,;i s)

R 1J&] 3 63
AY 19.28 +0.58 21.44 +0.81 19.15£0.52
B4 19.71 + 1.50 18.00 £ 0.84 19.50 £ 1.15
C4H 17.78 £ 1.12 20.64 + 0.54 19.87 +1.35
D4 1635 +5.10 20.77 +0.99 17.28 +1.20
FAi 0.900 10.280 4.180
P{E 0.483 0.004 0.047

ROSAKF W L8, & 5 200, Z S A Gt X
(P<0.05);C.DZ ROS/KF-HAA LI, 2RI
it X (P>0.05);A.D 20 ROS K V- T B
4 (P<0.05),CHLROS/KF#EFBAL(P<0.05), 4
RUAZ i 6 J J5 , 45 41K BUMLTE ROS /K-t e, 407
oW, ESA G EE X (P<0.05);B.C.D4A
ROS/KFHAA LI, ZR LS ITEE L (P>
0.05). WL5K6.

* 6 FVHEKRMEROSKFLLE
(n =10,ng/mL,)761 s)

415 1A 34 68
AL 95.47 +3.74 97.98 =+ 1.90 10032 +3.24
B4l 94.43+1.19 91.06 +0.11 96.12 + 1.95
okl 99.09 = 1.22 96.25 = 1.89 9231 +2.01
D 105.53 + 1.87 98.16 = 1.63 91.27 +5.05
Fg 15.280 11.630 4.130
PE 0.001 0.003 0.048

3 itig

TEF J G Rt R B R vp, 28 o DA 22 55
A F0OT bR AR, 5 T O R EOKR B ROS
o ¥ Wi SR H B ROS 23 51 & A AR I
P, T LA R AR A R A T Ak, ROS
RSN N R R s o a AL K (i 21 4 = g1 D 1
SECF R OO ZF A A SR 1 ROS Y
7 A AT A 8 290 i R i i 4 ph DA T 2 2 2 i A
BRAE T i BR AR T Y K AR S AU
GSH KV B X R VI ROSTEREA K. A%-HETE
IF 5 R BB A R 2 rh M B BRI T 3, |
5 ORL R L A5 8 A F1 ROS B AR IE # 15 d
&, GPX4 BEWE FI ] GSH AE A 4 IH 1 5% i o o 4/

¥k TCEY B, SR AR BRIE T, GPX4 TG T
R o GSH #E S 5 BUIC VA A5 %5038 B IR it S 1L 9 -
GPX4 AE AR 41 g 73 ROS 7K -, 4900 ) 41 i & 2 4% 5
T, FTHI 8 1 3 260 53 BRI A A7, 72 40 L T =
5RO Y 4 M N 1Y 5 R
it oA R A AR BB T, X kT Al 9 4 ML R A
B AR T2 51 K Fenton WV, 35 5 ROS & %,
IF s B 9 A BE ) L fE B AR A h R E AR
FH Y i 4804 B , 3 i A9 ROS FH 2 1 il 40 i 4801k 45
i, FEARIE T,

HIF-1 o FEAR S5 1 W7 38006 4% B F w B 3 %,
15 b R R B R F - o B R, WANG AR %
B, HIF-1o 5 5 09 4% 7 « B 3 4 0 97 35 38 i 17
Toll HE 32 AR 3k, I T & AE K, = 3 4 4L
P o AW FE R AR R EM 25 7 < 004K 460 BF 58 il
HIF-1o F2 8 R IA RS 2 8 28 20 /i 9] HIF-1 o 75 1L
T8 A B2 20 1) 2 3k 38 1R SO0 IR AL R A
FJE G 4L, o R AL ZUAT WL 5 50 AN R, FL A
AT R R AL LT ROS 223K Y i 1 8 4800t B 4 R
ATRRA, XATREZEH TR HIF-1a 55 T4
A0 e A R AR E VL . A BIF A SR S AT
T ROS & 5 77 A, e AR AR 3, T HIF-1 o 7E S
SFUCR A TR 8BNS KBRS L R RS T IR
FrALAR e B 21 R R IE % TAER. S5 M &% T
AN R RAF WAL K ERIEM MR EE LR
BT 58 AL LA KR o B A, IR AT R R AL O
A 20 R E A A BT /b, B L 2 g5 R e e
$&75 HIF-To 5 WA AT READ R T RAESEFE . AR
B, HIF-1a G815 590 A AL 1Y 235 , A 20F bR is M
E e /I = W A A 00 M RN vl < S
P

I JR 9 T AR AU R I R B, B AR — TR
XK, 240 8K B[R] b F A% 40 BR 5% IS B0 42
23 A B ARV 2 N, HIF—1 o £ SR 18 5 480F 5 1)
SR SR T, 0T D3 o R R U O IR G 3 Gk
fifi 20 2038 W AR SR A B T AR . AR SR &
B, IR ARG REZH b 3 2 R 2 2 HIF-1o 3R 3K 2 14
{H T 5 A B A, 3 7T BB 2 T HIF-1 o 38 8 38 45 1E
FH 8 20 835 A [R] 4800k B o SR T g A I v
GSH FEAR, v BB 2 i1 T 48 4E N 8 GSH K & 18 #E | 1
IS JH & 41 J6 W 8 AR 4k, mT BE R AR |l T
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GSH 1 ¥ 5= LR & Az AC A2 1 S0y i 8, 45 41 1l
5 ROS X4 fr TR, SR ILIR N W] BB SIS T
FoEALHLE, W5 T ROS ™7 4 . R4A B R4
J& I35 ROS R IR IR T8 4 A 2 41, $& 7 HIF-
Lo ATEESN®] T ROS W™= A= . AWFSE R, HIF-1a
AL UL 3 9 # ROS K A 3 ML e B 45 2% 14 F X 4]
AR QTR Sl TR 2 B 2 L TN
T, A0 N K R i R A AR R R R A 4R AR £ B A
Al ) AR, TR i T RAE TS0 & AERY S FTHL M
GPX4 [ 2 1K 78 Ak S e 1 41 i kA0 -5 Bt 48 Ak iy 1
G0 AE A SR AR N 35 R TR & AR R
o HIF-Toa 5EAET 2 8] (14 B 3 0] fEAE A [A] 52 95
WA TE 25 5, A6 B I B SRS T T g R E R A
T RAE T HIF-1 o AT £ 47 41 Jf f2 A7 dik 4 5 3K
MR AL T, LI S0 5% & B, 78 B S 4 1 T 300G
HIF-1a BEGS A2 1F GPX4 (1) 3235 , DT 44 555 41 i Bt 4
FERE T, Wi B it A4k . BAE % & #L, HIF-1a
FEAIR 40T #5080 T LA R R AR I A O 3 TR 1
ik, RS 1R FTHL /Y 3235, 35 0 40 i 1) 2k 4% A2
A 1o AW R MALA S RIEW T R RIET,
AT T S Yl ARSE T R R ARE T A R
FTH1 Y5 GPX4 &2 B[R] F2 3 1 e 3k , 2% B 41 i v
if b FTHL 8 45 2 A8 5l 1 98 GPX4 3G b 48 Ak
B ) 2 8 R AT AR PR LR, ke 22 il 55 0 A% S AL
WS BRAE T 1 LA

Zi BT HIF-1a 76 2 8 98 o 1Y) 25 B0 1
FH, HEELA B )R8, i 300 AT AR i R RE & AR I
Je) A A IS I T B I 4R IR 7] 4 4, HIF-1 o0 7T RE
T 2 A R, JF 38 i 2 5 4R ROS 1 2B B e %
5 JR 20 SV AR O D8 D R BB T R A DT 3
SRV BURAE o AR SIS AN 22 A 7E TG 4R (8] 45
ANRE B A HIF-1 o < BRI , R I B 458 1~ 40 4 741
AR R X B AR T 5 A0 T A B AR G
HIF-1 o 78 48040 0 38 K R B8 T~ Hh i) SC B AIL 1 47 7 2
— 5T

& % X B

[1] VILLORIA G E M, FISCHER R G, TINOCO E M B, et al.
Periodontal disease: a systemic condition[J]. Periodontol 2000,
2024, 96(1): 7-19.

TRINDADE D, CARVALHO R, MACHADO YV, et al. Prevalence
of periodontitis in dentate people between 2011 and 2020: a

[2]

systematic review and meta-analysis of epidemiological

studies[J]. J Clin Periodontol, 2023, 50(5): 604-626.
[3] SCZEPANIK F S C, GROSSI M L, CASATI M, et al
Periodontitis is an inflammatory disease of oxidative stress: we
should treat it that way[J]. Periodontol 2000, 2020, 84(1): 45-68.
IRWANDI R A, KUSWANDANI S O, HARDEN S, et al.

Circulating inflammatory cell profiling and periodontitis: a

(4]

systematic review and meta-analysis[J]. J Leukoc Biol, 2022,
111(5): 1069-1096.

FORMAN H J, ZHANG H Q. Targeting oxidative stress in
disease: promise and limitations of antioxidant therapy[J]. Nat
Rev Drug Discov, 2021, 20(9): 689-709.

ROTARIU D, BABES E E, TIT D M, et al. Oxidative stress -

(5]

(6]
complex pathological issues concerning the hallmark of
cardiovascular and metabolic disorders[J]. Biomed Pharmacother,
2022, 152: 113238.

MIAO Y, CHEN Y W, XUE F, et al. Contribution of ferroptosis
and GPX4's dual functions to osteoarthritis progression[J].
EBioMedicine, 2022, 76: 103847.

ZOU P J, HE Q M, XIA H M, et al. Ferroptosis and its impact on
common diseases[J]. PeerJ, 2024, 12: ¢18708.

HEMETS, BRE, XU, 45 . AR WAL PR O e b st Tk
122 5 B % AR B0 2 T U (9], R 1108 % 2 A i, 2024,
40(11): 643-647.

[10] AlEs, 200, Tk, 45 . MR HIF-1/VEGF {55 1l
BT 68 T 2 O3 P R A8 S B I [0, I R T JS I 2
i, 2025, 41(2): 72-76.
YFANTIS A, MYLONIS I,

(7]

(8]

[9]

[11] SIMOS G. Direct interaction
between mortalin and HIF-la at the mitochondria inhibits
apoptosis by blocking recruitment of bax[J]. FEBS J, 2023,
290(15): 3764-3780.

T, A, S ETE, A AN s K BRI AR S AR
B LLELI]. LR (B2 22 ), 2023, 55(1): 22-29.

MOUSA A O, AL HUSSAINI A H A, HUSSEIN H M. The
potential role of reactive oxygen species produced by low-
density neutrophils in periodontitis[J]. Eur J Dent, 2024, 18(4):
1142-1148.

R, SRR, AR, 45 BMSCs Xt 2 J8] 4 A BRI 40 At il
ol S S SR PERERR R A2 []. AR 2R,
2024, 44(13): 3280-3284.

TANG D L, CHEN X, KANG R, et al. Ferroptosis: molecular
mechanisms and health implications[J]. Cell Res, 2021, 31(2):
107-125.

DENG LY, HE S S, GUO N Q, et al. Molecular mechanisms of

[12]

[13]

[14]

[15]

[16]
ferroptosis and relevance to inflammation[J]. Inflamm Res,
2023, 72(2): 281-299.

ZHANG W Z Q, LIU Y, LIAO Y, et al. GPX4, ferroptosis, and
diseases[J]. Biomed Pharmacother, 2024, 174: 116512.

ZHENG Y, WANG L, WANG J R, et al. Modulation of the HIF-
la-NCOA4-FTHI signaling axis regulating ferroptosis-induced

[17]
(18]
hepatic stellate cell senescence to explore the anti-hepatic

fibrosis mechanism of curcumol[J]. Curr Med Chem, 2024, 31(19):
2821-2837.

« 28



H21 ERE, B AR R - Lo A TR R AN S R IE TS R AR IS
[19] GUNTON J E. Hypoxia-inducible factors and diabetes[J]. J Clin 143-153.
Invest, 2020, 130(10): 5063-5073. [25] DONG H R, ZHANG C, SHI D L, et al. Ferroptosis related
[20] WANG D Y, WANG M H, SUN S K, et al. Hypoxia-induced genes participate in the pathogenesis of spinal cord injury via
NLRP3 inflammasome activation via the HIF-1o/NF- «B HIF-1 signaling pathway[J]. Brain Res Bull, 2023, 192: 192-202.
signaling pathway in human dental pulp fibroblasts[J]. BMC [26] LIW J, XIANG Z D, XING Y X, et al. Mitochondria bridge HIF
Oral Health, 2024, 24(1): 1156. signaling and ferroptosis blockage in acute kidney injury[J]. Cell
[21] LIU Z C, ZHENG J C, DING T, et al. HIF-1a protects nucleus Death Dis, 2022, 13(4): 308.
pulposus cells from oxidative stress-induced mitochondrial [27] BAE T, HALLIS S P, KWAK M K. Hypoxia, oxidative stress,
impairment through PDK-1[J]. Free Radic Biol Med, 2024, 224: and the interplay of HIFs and NRF2 signaling in cancer[J]. Exp
39-49. Mol Med, 2024, 56(3): 501-514.
[22] BR7FERE, SUEEIF, SRIESC, 55 | B S - 1o ZE AR AETE A I (SKVU1E 4i)
TR AL TR (D], TR AR R R 2R (P E30), 2024,
8(2): 174-180. ARSI AKX ERL, PR, Wi s, . RAE S E T Lax)
[23] MA H, WANG Y Y F, WEI J Y, et al. Stabilization of hypoxia- R AR G BRIE TS W BRI L BT[], R ISR EE 52
inducible factor la and regulation of specific gut microbes by i, 2025, 35(21): 22-29.
EGCG contribute to the alleviation of ileal barrier disorder and Cite this article as: WANG C W, LUO X J, FAN L J, et al. A
obesity[J]. Food Funct, 2024, 15(19): 9983-9994. preliminary investigation into the role of hypoxia-inducible factor-1a
[24] WANG X H, WEILL, LI Q C, et al. HIF-1q protects osteoblasts in oxidative stress and ferroptosis associated with periodontitis[J].

from ROS-induced apoptosis[J]. Free Radic Res, 2022, 56(2):

29

China Journal of Modern Medicine, 2025, 35(21): 22-29.



