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FlFEXT S SN PR E . 25T RNA-seq $iH , SR FHEE T 00 005310 ) 22 3R 38 501 2 ( DESeq2 ) #1725 F 3R IB 4T, 45 &
TUHREE R SRR A AR 15 (KEGG) 18 8% 5 52 70 I AR RUAA (GO) TR TE R, 4317 I 01 0 5 S A5 5 3 % B 25 e R B TR
SR LM/ A AL PHB2 75 4 A R A/ R AR VR i Rk W R LR, 7ER AN S A A AL
PHB2 5 42 (IL) -6 IL-1B FIAMEIRFE I F - (TNF-o0) 2P K 33k i R IEAH G, HRfE RAE A A& A4, PHB2 7F 48 i 2
TR R 8 5 AR T AR AR s SR, 38 e 3 A 45 2 A SR R L peS B (p-p6S) Rk AR L B BT L R Rk S5 R
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IF JA 9 S v i BRESCAE 15 | A 1) 0 A 6 M R
I , LT AR 5 G s A RE O B VAR G L TRTBE
TR W I Y 3 275 ) TN ¥ IR 2 8% (lipopolysaccha-
ride, LPS) P #0TE [ A 56 % R 40, A i B 40 A 3R
(interleukin, IL) -6  IL-1B . 98 3K %€ A F-a ( tumor
necrosis factor-alpha, TNF-o ) 55 fitt % 41 g K ¥ 1) B¢
I, 28 T 36 A A% PR -k B S AR A PR BCAAR ( re-
ceptor activator of nuclear factor kappa-B ligand,
RANKL) /B & & (osteoprotegerin, OPG ) R 4t , 175
SCE AL S5 A, R 2 S BN R O R
WISCRE O 2F T R R A A% O RRAE B IR T A
5

MO

2025 —07 - 24 $2Uk

B4TH . HEKARREESTH (45 :31970677) s ZHAE A KR
2EIEETH (45 :2308085Y23 ) 5 LR EEBE K2k 0 s I
2EBE (KR DR S B ) 2% B dE ik < i R T HE (T
2023 xkfyts09 2022xkfyhz06 )

(RIS o8 o ke ] e o
INGEFT, <o, @ B2, B AR W, 8 E /%, E-mail
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P52 9 2 (prohibitin 2, PHB2 ) J&: i & i 5F
MZINBER I, 25 RIER N 51555 S . A
FE F W PHB2 76 4 E P 1) 8 42 v & 45 22
YEF . 140, 76 11 HBE (oral leukoplakia, OLK) H,
PHB2 i i 5 33 2 AL Wik J5 25 H 1 ( peroxiredoxin-1
Prx1) 45 & R A AN O T IR B FERE  LAb,
ZIF5E 7 U PHB2 RE % I 12 G 4 0E I
EHAE S TR 5 b i BARAE FHBLH v A o, T
W A ST AL o T /N B T R AR LPS 35
7N BV TG BB 2 I TR 2 9 ( a mouse calvaria-de-
rived preosteoblastic cell line, subclone E1, MC3T3-
E1) RAEFAL, 455 RN HMSE5  RGEHRTT PHB2 X
KRR B L IAE 5200 S o3 5L, S 1R
PR

1 HR5HEE

1.1 ##

L1 g /UG BCE 40 M AT PR 40 MC3T3-
E1 W H 3¢ E#R B =Y 447 % ( American Type Cul-
ture Collection, ATCC) , il 3 Jb 57 Hp 28 & (B2 AU
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1.1.2 %4 16 H 6 ~8 Ay, MABiE (25 +
5) g BIMEPE C5TBL/6J /N, 1) 37 T Z R EE R R o5
R,

1.1.3 £ ZRXANFMNE  o-H/PDTEE R (al-
pha minimum essential medium, a-MEM) |7 - 458
RIEWR (AL 2R AT IR A B ) 5 SRR — £ TR
(diethyl pyrocarbonate, DEPC) | 5 Tween-20 [ Tris
2% W 3R V5 WK ( tris-buffered saline with tween-20,
TBST) (bt I REFT A H]) ; TB Green™ Premix Ex
TaqTM I % Rk F & ( H A TaKaRa 23 6]) ; BCST
PBEGTVE L AR 22 v+ —He SRR BN - RN
PP iz 258 11 FEL 9K ( sodium: dodecyl sulfate-polyacrylamide
gel electrophoresis, SDS-PAGE) | JiREE [ Jiff | 25 1 BE iR
BRI RITR AW ( x 50) ARG il AR Y Ak
fifi 15t % ( phenylmethylsulfonyl fluoride , PMSF ) ( I ¥}
WM RNE]) ; B4 MLTE (fetal bovine serum, FBS)
(£H Corning 2~ F]) s ECL fb 22 &GPk ] | R I
TR LA ( SEE Millipore 23 7)) BAR i E AL BEAR
WP 1gG AR i AL B A7 10 1L F BT 1eG
(dbsth A2 & A w) ; 4 A T NF-kB p65 i
K SR NF-kB p65 Ser536 HiH& ( 3 [E Immunoway
/vd]) s PHB2 2 PR (95 [E abcam A H]) 5 peD-
NA3. 1 N # K B9 PHB2 J5i %7, pcDNA3. 1, siRNA-
PHB2 (i A TAEY TR W) o o e 0
ML B WA | e BRI 250 L (1% E Eppendorf 23
ﬁj) H BOE SR 4 B R A7 ( B3 Corning
Costar 23 F] ) 3 LR D6 RE 7 PCR X ( L EZHEAE A
) 5 WM (TEE Leica 22 W) 5 LUK AR F15% IRAY
(AR —2F])

1.2 7k

1.2.1 #ahRAAK R 6 ~8 ik, piH
(25 +5) g By HEME CSTBL/6) /NEL, 11 3% T L U E R
KPR s YL, Ira e r G Ses sh 4 B
Pl JF 2 2 BUE B R o DR~ AR B 2 5 x4t ofE (3
P :20241444) . FE/NEEENLY 2 41, B 20
#% 8 H. (D @ FEX A ; @ S2ga M F AR, |k,
R PR SR /NE 2 AL SR 1% TR B H 22 4 (40 mg/
kg) BRI/ NG B 5-0 2228 [8 E S5 T/ N BUSUI i |
BRSPS, 14 d R R A /N U TR 44
At AR b H92 1 ATR A 4 48R o R %
AN ), T ST/ B S Ba  2F Jo e A, 2
JAJG TR & AR SR AE WL RIS o
HARA, —H5rE T 4% 25 W [E 2 Wb [ E , 53

1.2.2 JPRTHEFHELHE &  CIHRBU/DNR
Al ALV E A 10% W E SE 24 h 57K
ARG PR S, L 30% BEMENLK 48 h, SR
Ja AVKZEYI A A B3] OCT A3 WA ()& 4 wm) , 3%
76 HE e a0 e vt B b oy ik AT e ta T 0k B
ENTACC WP -S TSk

1.2.3 MC3T3-El @i/ & 10% a4 i
) a-MEM 53235537 T 37 €& 5% CO, MR 544
M

1.2.4 qRT-PCR %% U440, RNA iz
IR SR HUCAN LS RNA 30055 5% & B cDNA | SER 5
JEREE PCR ACHEAT P34, I A A X R 0 51 9 (3%
1) K4 H B3, SR 272 Dy ik i B R GA
B, R 95 °C 30 s,1 MEFR;95 C 55,55 C
10 s, ¥ 3 40 MEI

®1 SMFFITIR

Tab.1 List of primer sequences

Gene name Sequences (5’ -3" )

B-actin F:GGCTGTATTCCCCTCCATCG
R:CCAGTTGGTAACAATGCCATGT
IL-1B F:CACTACAGGCTCCGAGATGAACAAC
R:TGTCGTTGCTTGGTTCTCCTTGTAC
IL-6 F:CTTCTTGGGACTGATGCTGGTGAC
R:TCTGTTGGGAGTGGTATCCTCTGTG
TNF-a F:CGCTCTTCTGTCTACTGAACTTCGG
R:GTGGTTTGTGAGTGTGAGGGTCTG
PHB2 F:GAAGATTGTGCAGGCTGAGG
R:CCAGGATTCTTGCTCAGTGC
CXCL10 F:CCAAGTGCTGCCGTCATTTTC

R:GGCTCGCAGGGATGATTTCAA

1.2.5 SaRkEmEEn UM 1 x10° 41
R TRCE R 6 FLAH,0.5 we/mL LPS #il # 41
Mi12 b J5 A 4% Z P EE THBER A 0. 2% 1)
Triton X-100, 3 ¥EJ5 A 5% B9 BSA ¥ H41, Jin A
i 12200 LI R — DU E A, TEVEE A
PP, WEEHE R J5 A DAPL A1 Mitochondrion
WG, B IR B i, BT 2O0 B R
IR Al 3 MR AL,

1.2.6 Hh4B%E DAL 2 x10° 40 fp
T 6 fLkrh, e A B S i HCAH AR, A4 5T RN A4
JL R At B 4 31 B BB 6 2 A0 T 2 240 i AN 4 i
i H , 54T Western blot SE5

1.2.7 Western blot 23 23403 5 B 40 i 42 B
EH, R BCA BN E S LW, SR5 K 4 x &
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HEFREZ vh il 5 & IR 215,100 C 7K 10
min, ETE UK E A FRBL(15 pe) M
ke 28 SDS-PAGE 73 &5 J5 5% %% 2 PVDF i, 5%
JBLRE A4+ W5 )5, B PHB2  p65 il p-pS i Be )5 i) —
YUK 4 CHFE 18U F TBST ¥k 3 Ik, = IR
H P02 h, FRKH TBST 743Uk #5417 ECL fh2%
S RTA-

1.3 ZitZ4E  Frf EdE Rk GraphPad Prism7
AT G 30T, BUER R I « x5, 4L IH] 22 572K
FHERZE )7 223007, P <0. 05 N EFAGH 5 X,

2 FR

2.1 PHB2 /NRFEREEBHAKEHEMN
FM N T HFSE PHB2 76/ 8] 4 40 58 i 1L AR
IR AR A RIS N B R 2 2 e e A
fbyeta (P 1A) , qRT-PCR ;0 1L-6 F1 PHB2 33k
T+ DL M2 Western blot #:illl PHB2 ik (8 1B) , 45
SR 5% REZH AR L, /N BRSS9 A AU 1 2F
g IL-6 F1 PHB2 YRk W FiH (1L-6. ¢ =
29,P <0.000 1;PHB2: t=38,P <0.000 1) ,iZWF5%
RGN TN T 5 B 2R AE LT PHB2
B R AR,
2.2 E LPS BEMEINTRAEHAKERMRE
Sk ST AR AINSE 6 AT I 5 B A LI SR I SK
1 e VA TSRl B LPS Xt MC3T3-E1 41 Jifg

A H P

PHB2

IL-6

PHB2 J R 4E K ¥ K520 ([# 2A), qRT-PCR
SR, 24 LPS M6 4 0.5 wg/mL, PHB2 mRNA
TR T FE L[ (4.00 £0.10) £, F =903, P <
0.000 1], [7] i BE 2 AE P IL-6 [ (3. 87 +0.13)
f%] IL-1B[ (8.58 £0.50) 1% ] il TNF-a[ (3.57 =
0.4NFETHEZETE (¥ P <0.000 1), Western
blot 4% 5 3k — B IE 52, 0.5 weg/mL LPS | 54 vl ffi
PHB2 [ £ IE BN (2.10 £0.10) f% (F =43,
P<0.0001),

BT FRgE R Z KBS 0.5 pg/mL LPS i
AT () A6 B 5286 (18] 2B) . qRT-PCR 43Hr M ,12 h
F AT 5 5 PHB2 mRNA Fikik B (E [ (3.96 +
0.10) %, F =637,P <0.000 1], [a]iF 4 5E K ik
PREETFE[IL-6. (8.58 0. 50) f%; IL-1B: (3. 87 +
0.07) f%; TNF-a: (3.57 + 0.41) f%; ¥ P <
0.000 1], KPR E/R, PHB2 FikEAE 12 h
AP BN (2. 63 £0. 32) /% (F =37,P <0.000 1) ,

DL BB ] FEARAN 2 JE e A v PHB2 1Y
FIRAZ LPS JB SR I [a] — v BE AR M 1, H LR
A SAE T KR IEM G, BT, J5 250
R 0.5 pg/mL LPS il 12 h /E % SE 5 bR
HEZRAT
2.3 EFRARNEELREF,PHB2 AYIE 4B E i
EETEWN HERRIERET PHB2 040 &
AR AL, % SE 0 B e e O AR T

_ 10y
B0 o 210
—_ [ =
5 Sf 5 8
el
St g et
2 =
= 27 éz-
(] I;——l
H P H P
H P ku ,24 ok ok ok
g ar T
PHB2 33 2
& 31
Q
B-actin 42 22t
Ay
£
5
[}
2 0 g P

1 IL-6 71 PHB2 /R F B KA

Fig.1 The expression of IL-6 and PHB2 in alveolar bone of a mouse
A : Immunohistochemical (IHC) staining showed PHB2 and IL-6 protein expression in mouse alveolar bone, Scale bar =200 wm; B:The expressions
of IL-6 and PHB2 in the alveolar bone of the mice were detected by qRT-PCR, and the relative protein expression of PHB2 in the alveolar bone of the mice

was detected by Western blot; H: Health group; P: Periodontitis group; * * * * P <0. 000 1 vs Health group.
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Fig.2 Establishment of a cellular inflammation model
A The expression levels of IL-6, IL-1B3, and TNF-a in MC3T3-E1 cells stimulated with different concentrations of LPS for 12 h were detected by
qRT-PCR, and the expression level of PHB2 was detected by Western blot; B: The expression levels of IL-6, IL-13, and TNF-o in MC3T3-E1 cells stim-

ulated with 0.5 pg/mL LPS at different time points were detected by qRT-PCR, and the expression level of PHB2 was detected by Western blot;

**TP<0.000 1 vs NC group.

MC3T3-E1 40 i /1 PHB2 A9 43 #i 1% 0, 4% 3R 2R
(B 3A) 76 A Z 3 X IR0 40 i vh , PHB2 {5 5
FEAE T A0 A P, 3 B R A E AR
SRIM, 28 LPS Ab A T RAEIR AT , PHB2 BHFE(E
oA A 2 R 4 K 280 PHB2 DA A% B
% 2 AT K 2k iR A% NS W ks, Stk
— I — PG WG EAT T R S S I
i#3d Western blot Kl 4% 2H 7 PHB2 A9 3%k (&l
3B) ., Western blot Z53 7w, 5XTHALAH L, LPS H
T AIAZ AL 43 TR PHB2 2571 o B B S ek 55, 1T e Jo
2053 PHB2 4545 iR BEAH G 08 . 3X — B3 5 fa
DG M e 45 R — B, S [W] R B LPS ) i AT e i
PHB2 M4t A% ) 248 B S5 1 5 o7

2.4 PHB2 f#z LPS FESHIRERE b E
PHB2 £ RAE I 8 PR 45 4E 1200 90 3 1 2 A
FRVER AR PHB2 i 3234 B0k (OE-PHB2 ) KX} HE
JFORL, e PHB2 4557 siRNA (si-PHB2) & B %t
M(si-NC) K HAE T MC3T3-E1 4Hff,

2.4.1 it &k PHB2 ez X R~ K PHB2
1 IR TR (OE-PHB2 ) Bt & BORi A H T MC3T3-

E1 #H it 45 % Won (B 4A) , 5% B 4H A 1L, OE-
PHB2 ZH ELRICIR AR, PHB2 FiA 519, LPS #il 34
J5i ,OE-PHB2 + LPS 415 X}l OE-NC + LPS 414 Lt
RAEH T (IL-6 IL-1B [ TNF-o ) 5 B35 i,
2.4.2 UK PHB2 42 mie % 52 B m ¥ PHB2
Fr M SiRNA (si-PHB2 ) K BAMEXS I8 (si-NC ) /5 FH F
MC3T3-E1 40, 25 R Wos (K 4B) , S5XRRZHAH L,
si-PHB2 4 IEAPRAS T, PHB2 ik 808 /0, LPS il
B5 ,si -PHB2 + LPS 4 5 %F #8 si -NC + LPS ZH#H kb
RAEHA T 1IL-6 IL-1B [ TNF-a 335 BE WD

2.5 PHB2 75N F B R EEE P ETE NF-xB &
SiEE p6s BEERL  h T B 5T PHB2 finE
LPS 175 T 40 i 58 i S L (AL, iZ 52 %) OE-NC +
LPS Fl OE-PHB2 + LPS 21 40 o % s 41 I J7 I 114 B[R]
AAK (gene ontology , GO ) Fl 5t #FE A 5 3 [K 2 A F)
445 ( kyoto encyclopedia of genes and genomes,
KEGG ) il 4 i /s ( 5A 5B) , NF-kB i & £
W5, 2565 % GEO $54 R (1) GSE16134 4l it 17
GSEA 738 (E 5C) , 454 Western blot A6 45 2 41
fte Hh p65 B R 1k p65 #E F1 (phosphorylation of
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A PHB2 Nucleu Mitochondria Merge
NC
NC+LPS
B NC NC+LPS
Total Cytoplasm  Nucleus ku Total Cytoplasm  Nucleus ku
PHB2 33 PHB2 33
LaminB1 66
LaminB1 66
3 PHB2 7£ MC3T3-El 41 R R E L
Fig.3 Localization of PHB2 in the MC3T3-El cell line
A: Localization of PHB2 was detected by immunofluorescence staining x40; B: Protein expression of LaminBl and PHB2 was determined by West-

ern blot analysis performed after nuclear isolation.
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Fig.4 The expression of inflammatory factors and PHB2 after the overexpression/knockdown of PHB2

A The expression of IL-6, IL-18, TNF-a, and PHB2 mRNA following the overexpression of PHB2 and protein levels of B-actin and PHB2; B: The

expression of IL-6, IL-13, TNF-a, and PHB2 mRNA after the knockdown of PHB2 and protein levels of B-actin and PHB2 ;a:0E-NC group ;b: OE-NC
+ LPS group;c; OE-PHB2 group ;d; OE-PHB2 + LPS group;e:si-NC group;f;si-NC + LPS group; g:si-PHB2 group;h;si-PHB2 + LPS group; * P <0.05,
**P<0.01, ****P<0.000 1 vs NC group;*P <0.01,**#P <0.000 1 vs NC + LPS group.
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pb5 protein, p-p65 ) M &% w2481k, 45 1 Wor (K
5D), i 3K PHB2 /5, p-p65/p65 E¥K INET
p65 MBEFRIL KN, 5 NF-kB 3l

5T PHB2 183 NF-kB {55 &N & LPS 7
S AL A i S 7 Ao i b E A R R AR
BFZE I Hp b RN 8 B4 35 R R4 7 (1 SE)
TR A G F 38 K m AR Bk, 7 40 i o AR
SEFGIRJE , LPS R AN 5 R4 T 96U, 45 5 R ([
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Fig.5 High-throughput sequencing results and NF-kB pathway proteins of cells in OE-NC + LPS group and OE-PHB2 +LPS group

A KEGG pathway map; B: GO enrichment map; C. GSEA database analysis diagram; D: Western blot was used to detect the expression of NF-kB

pathway-related factors after the overexpression of PHB2 ; E: Up-and down-regulated genes in volcanic plot cells;a; OE-NC group ;b: OE-NC + LPS group;
¢:OE-PHB2 group;d:OE-PHB2 + LPS group; * * P <0. 01 vs OE-NC group; P <0. 01 vs OE-NC + LPS group.
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Fig.6 PHB2 affects the expression of inflammatory factors by regulating CXCL10
A. CXCLIO expression after the overexpression or knockdown of PHB2; B: The expression of IL-6, IL-1B, TNF-a, CXCL10, and PHB2 mRNA
and protein after the overexpression of CXCL10;C: The expression of IL-6, IL-1B, TNF-a, CXCL10, and PHB2 mRNA and protein after the knockdown
of CXCL10;a:0E-NC group;b; OE-NC + LPS group;c: OE-PHB2 group; d: OE-PHB2 + LPS group;e:si-NC group;f:si-NC + LPS group; g: si-PHB2
group; h:si-PHB2 + LPS group;i: OE-CXCLIO group;j: OE-CXCL10 + LPS group;k:si-CXCL10 group;1:si-CXCL10 + LPS group; * P <0.05, " * P <
0.01,****P<0.000 I vs NC group; P <0.000 1 vs NC + LPS group.
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Prohibitin 2 exacerbates lipopolysaccharide-induced periodontal

bone inflammation via the NF-kB signaling pathway
Zhao Jingxin, Hu Jiamin, Gao Jike, Cheng Ming, Zhu Youming,Sun Xiaoyu
(College & Hospital of Stomatology, Anhui Medical University ,
Key Lab. of Oral Diseases Research of Anhui Province, Hefer 230032)

Abstract Objective To elucidate the molecular mechanism by which prohibitin 2 (PHB2) mediates periodonti-
tis-induced bone tissue inflammation through regulating the nuclear factor kappa B ( NF-kB) signaling pathway and
its role in irreversible alveolar bone resorption. Methods Quantitative real-time reverse transcription polymerase
chain reaction (qRT-PCR) and immunohistochemistry (IHC) were used to detect the expression differences of in-
flammatory factors and PHB2 in healthy and inflamed alveolar bone tissues of mice in vivo. In vitro, an inflammato-
ry model was established using lipopolysaccharide ( LPS)-induced a mouse calvaria-derived preosteoblastic cell
line, subclone E1 (MC3T3-E1) cells. Western blot and qRT-PCR were used to clarify the regulatory relationship
between PHB2 and inflammatory factors, and immunofluorescence staining was performed to observe changes in
PHB2 subcellular localization. PHB2 overexpression plasmids were constructed using molecular cloning, and RNA
interference was employed to knock down PHB2 expression to assess its regulatory role in inflammation. Based on
RNA-seq data, differential expression analysis based on the negative binomial distribution, version 2 ( DESeq2)
was used for differential expression analysis, and kyoto encyclopedia of genes and genomes ( KEGG) pathway en-
richment along with gene ontology ( GO) functional annotation were performed to identify key signaling pathways
and differentially expressed genes. Results In the mouse periodontitis model, PHB2 expression was significantly
upregulated in alveolar bone tissues. In the in vitro inflammatory cell model, PHB2 levels positively correlated with
interleukin (IL)-6, IL-1B, and tumor necrosis factor-alpha (TNF-a) levels, and its subcellular localization shifted
during inflammation. RNA-seq data and the detection of the level of phosphorylation of p65 protein (p-p65) dem-
onstrated that PHB2 exacerbated inflammatory responses through the NF-kB signaling pathway and was mechanisti-
cally linked to upregulation of the upstream chemokine C-X-C motif chemokine ligand 10 (CXCL10). Conclusion
PHB2 aggravates L.PS-induced periodontitis inflammation via the NF-kB signaling pathway, providing new in-
sights into the molecular mechanisms underlying the development of periodontitis.
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