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PNRE S BAR G FHLH 4878 HAE TR AN Al o — R s AR b PR . 53R AR
TR AR Py S5, SR S 98 0l s B e S R S i RN (QRT-PCRO Al G 2 2 AR 4 BR (THC)D
FAKGIN ) 4 BRI BRI S R AL RIE PR F [ PHB2 (RIS 5 . IRAhsEde b, FIIR 20
(LPS) 5/ BV IA BB 4 M B AR 40 i) MC3T3-E1 A& JERE AL, i8id Western blot 1 gRT-PCR B
i PHB2 5 4 H T (i R, JF0LEE PHB2 W4 sE frAsfk . i3t 4y 1 3 B M PHB2 1 3%
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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, Hefei 230032)

Abstract Objective To elucidate the molecular mechanism by which prohibitin 2 (PHB2)
mediates periodontitis-induced bone tissue inflammation through regulating the nuclear factor
kappa B (NF-«B) 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 inflammatory
factors and PHB2 in healthy and inflamed alveolar bone tissues of mice in vivo. In vitro, an
inflammatory model was established using lipopolysaccharide (LPS)-induced a mouse
calvaria-derived preosteoblastic cell line, subclone E1 (MC3T3-E1) cells. Western blot and
gRT-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 enrichment 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) demonstrated that PHB2
exacerbated inflammatory responses through the NF-xB signaling pathway and was

mechanistically linked to upregulation of the upstream chemokine C-X-C motif chemokine ligand



10 (CXCL10). Conclusion PHB2 aggravates LPS-induced periodontitis inflammation via the
NF-kB signaling pathway, providing new insights into the molecular mechanisms underlying the
development of periodontitis.
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IF Ji R s SR 5 R RO A JOE PR, FO BEERRE 5 Y 2 ARORE S N DA R
Y EBEMEYIRE R S IR TR 28 (lipopolysaccharide, LPS) 0 [ A %)k R 4,
3 A4 A 2 (interleukin, IL) -6+ IL-1B. FJRI¥AFER F-a (tumor necrosis factor-alpha,
TNF-0) S5 2 40 B8 7 R s, g il i A% R -« B 2 A4 7E (LR FlC & Creceptor
activator of nuclear factor kappa-B ligand, RANKL) /& fr#"% (osteoprotegerin, OPG) #%4t,
B AN ST, B BRI A e s MO 2 R A% O AT
SR TT M

PUsE A H 2 (prohibitin 2, PHB2) &M ERFIZIREEH, 25 RIERMN51F 55
SV, G R, PHB2 18 RO AR 1R R EEEAE A . B, EOEBE Coral
leukoplakia, OLK) #1, PHB2 ifiid i ¥k i 2 1 1 (peroxiredoxin-1, Prx1) 454 Ky
BEAPIEITEEGE R . M, ST TR PHB2 RENS IS Gl SO B, (E 3
FESF A R b 8 B AAAE IO AN o FE T, AT Fedbladnd g 57 SRUF i AU LPS
75510 /N BRUVE I 15T 48 0 1T 4 2 2 (a mouse calvaria-derived preosteoblastic cell line, subclone
E1l, MCIT3-EN)ZAEMET, S5aiRNANSLs:, RGHRTT PHB2 X Ji 48 B 4 9L JOE AR K
ST, AR AR ST R ALK -
1 R 5T
1.1 408
1.1.1 40/ /)RR IG SeE 0BT R4 i MC3T3-E1 119 H 36 [EAR 5 77 (American

Type Culture Collection, ATCC) , ittt EA " (BAURELR ) KA



1.1.2 LB s 8 W 6~8 AW, 1A & ( 25345) g [kfEE C57BL/6I /N, 47E T L ER}
RELIE Lo
1.1.3 FERFIEE o-f/ L FFEEFEHE (alpha minimum essential medium, a-MEM) . -
BRI LR AR IR AR « B8R — LHE (diethyl pyrocarbonate, DEPC) .
£ Tween-20 ) Tris & #h 7% (tris-buffered saline with tween-20, TBST) (JbH{Z3¥E
AF) 5 TB Green™ Premix Ex Tag™ 11, W% iXf& (HA TakaRa A#]) ;5 U 5%
UUVEVE B MR 28 v . T e R R R BN - R A 0 I i IR H Uk (sodium dodecyl
sulfate-polyacrylamide gel electrophoresis, SDS-PAGE) . JBifE ARG, & H BB HIFIE &
W (X50) . EE LMW KB (phenylmethylsulfonyl fluoride, PMSF) (L
B|ARANFD s JRA-MIE (fetal bovine serum, FBS) (ZE[H Corning AH]) ; ECL fL22K 6
AT Ffw R LJE I (SEE Millipore A7) 3 BRI S LB R EPUR 196, B
R A B bR C LA BT SR 196G (AL IS AR« A% R NF-xB p65 bifk. BEER{L
NF-kB p65 Ser536 $iif& (3E[E Immunoway A ] ; PHB2 tEEFUE (F[E abcam 7))
pcDNA3. 1 N#E{Af] PHB2 fifi. pcDNA3. 1. siRNA-PHB2 ( LA TAMTREAR]D .
I Ol B, SRR Ol (5[ Eppendorf AF]) 5 BLE. BRFEIL. 4H
M AAE (3 Corning Costar AF]) ; SERF 2 E R PCR A CEEZHECAFD ; &l
B (HE[E Leica AW + HIKA. EABRA Lai/s—2AFD .
1.2 5k
121 B /NRF R # KA 6~8 Uk, (A= (2545) g kM C57BLIB6I /N, 1AFFET%
BERIR LIS oL o FTA TR A5G SER S 3 BEARUE, P22 BRI R A0
Tt (ZhERLS . 20241444) o K/ RBENL N 2 4, A% 5 R © @RI
M, @ ST RA. Bk, ENHERIEANR 2, K 1%5 B HZ 44 (40 mg/kg) JFREE
N K 5-0 22 2R e 5L TN ORI AR B P R F B, 14 d ek AN A
1, B HIF IR RS IURIR A A4S, SR AR S Ly, AT 32 /) Bl S5
PR R 2 5, BT 2 R SRot. B RS B P TRl E b A, —HrET 4%
RPREE R E e, 55— TF —80 °CLRAF, LA R 4ksia .
1.2.2 MRFIFEEHR HE Jott, CHIK/N B HZUE DR E BN 10% FEE 1 [E] 52, 24 h
JETIN & M SRR h 54T, LA 30%JERE/K 48 h,  SRJ5 LAUKVRD) A3 77 OCT (i,
Pl 5 4 pmd , 46 HE QoA @ vl ml H b orikdb i e th, 180E. B, BRI



LI,
1.2.3 MC3T3-E1 #iffiisr H& 10%J6 4 M5 ) a-MEM B 758577 T 37 °CE 5% CO2 1)
BEFRAN
1.2.4 qRT-PCR S WS40, RNA PRGN HE RNA, W54 K
CDNA, SER 5% 5E  PCR OGHATY 1, IR R 5I R 1, K& H R, RH
2 MC R RILE . RNAEF: 95°C 30s, 1/MEHF;95 °C 5, 55°C 10s, §#
40 MEH
R 1 5MFP55E

Tab.l List of primer sequences

Gene name Sequences (5'-3")

F:GGCTGTATTCCCCTCCATCG
B-actin R:CCAGTTGGTAACAATGCCATGT

F:CACTACAGGCTCCGAGATGAACAAC
IL-1P R: TGTCGTTGCTTGGTTCTCCTTGTAC

F:CTTCTTGGGACTGATGCTGGTGAC
IL-6 R: TCTGTTGGGAGTGGTATCCTCTGTG

F:CGCTCTTCTGTCTACTGAACTTCGG
TNF-a R:GTGGTTTGTGAGTGTGAGGGTCTG

F:GAAGATTGTGCAGGCTGAGG
PHB2 R:CCAGGATTCTTGCTCAGTGC

F:CCAAGTGCTGCCGTCATTTTC
CXCL10 R:GGCTCGCAGGGATGATTTCAA

1.2.5 BB R EAISER LISl 10° MR T CE IR F 6 fLARH, 0.5 pg/mL LPS
B 12 h J5, N 4% % R, 1EBEE N 0.2%1) Triton X-100, J& /G0 5% BSA
W, NEE 10200 LLBIFRREI —PUR B . JEBRE I Zht, BRI E A
DAPI 1 Mitochondrion ¥4, By o ey Kilidt fr, BT 9O0 R OISR, 4% 3
AL

1.2.6 RS EER LISl 210 AN M T 6 fLikd, fabi)E, RIS, A
Y6 IO R 24 L A7 e 4 6 0 i) S 6 2L R 6 R 2 4 ol R4 A% B 15 384T Western blot 256 .



1. 2.7 Western blot 3258 £ 4025 A MERECAEH, KA BCA RN BEAKRE, K5
¥ AxE A LR S E ARG, 100 °C/K# 10 min. 783 B AR A RAAR
(15 pg) M B TR 4 SDS-PAGE 73 1 5 4% 22 PVDF JI%. 5%l s 4= 4t M ), H PHB2.,
P65 Fil p-p5 FREfG I —HUilfA, 4 °CHFEILREH TBST ek 3k, =il E —4i2h,
UCH] TBST Fo4M eI G HEAT ECL (L3RI 5

1.3 GEil34bT FT A HOER A GraphPad Prism7 #fFET S8 1400 . BUE IR N X3S, 4l
ERR RN E T 200, P<0.05 NERHLIHE L.

2 &R

2.1 PHB2 S/MRF AR BERL B HRRIEBRRIW AT W PHB2 7/ U A #4191 58

FEAS Y R I8 AL, R M/ U R A s LA e 2 (18] 1A) |, g-PCR Al 1L-6
F PHB2 ik & LA K& Western blot £l PHB2 ik & (] 1B) , 4R SRS AMLL, /)
RS2 56 M A T R R (1) R o IL-6 AT PHB2 R iA B S B (IL-6: t=29, P<<0.0001;
PHB2: t=38, P<<0.000 1) , i%HTFT45 IR 1B R R A AL RAERY b PHB2 S
H KPR IA

A B

1 1L-6 F1 PHB2 ZE/N R 1B HIIRE
Fig.1 The expression of 1L-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 pm; B:The expressions of IL-6 and PHB2 in the alveolar bone of the mice were detected by

gRT-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.

2.2 B LPS HRIMRSINT R EHRRIERAER  Jyid AR SPSI0 R I i fe 500 2%
PE, 52 S VA TSR LPS X MC3T3-E1 4l PHB2 % 48 R Tk s (1
2A) . QRT-PCR Zr#friEn, 24 LPS KN 0.5 pg/mL, PHB2 mRNA FKik &R E [

[ (4.0040.10) f%, F=903, P<0.0001] , [FIIFEREZRAER T 1L-6 [ (8.5840.50) %] .
IL-1B [ (3.87240.13) 1% ] Al TNF-a [ (3.5740.41) £ ] M EZ T+ (¥ P<<0.000 1) . Western
blot &5 Jidt—25HIF 5L, 0.5 pg/mL LPS Hl ] ff PHB2 & (4 KA &1 i (2.1040.10) £% (F=43,
P<0.0001) .

HT FREE R, ZikHE 0.5 ng/mL LPS BEATIN I BEZ 9236 (8 2B) . qPCR /M1
B, 12 h JIEAT 555 PHB2 mRNA RikiAF|IE(H [ (3.9640.10) f%, F=637, P<<0.0001] ,
FI RAER 7 RE I T [IL-6: (8.5840.50) fi%; IL-1B: (3.8740.07) {%; TNF-a:

(3.5740.41) 1% 33 P<<0.000 1 ]. &5 FH/K-FAaill ik, PHB2 ik FAE 12 h 115 111(2.6320.32)
% (F=37, P<0.0001) .

DAEZE R, eI A R AR, PHB2 [R5 32 LPS Hll i S I 18] -k (i
P, HHREBNE RIER TRV RIEMIE. ST, JFESKRA 0.5 pg/mL LPS Hl# 12
h A A2 S0 bR HE 2% A o






B 2 4 AORE R R
Fig.2 Establishment of a cellular inflammation model
A: The expression levels of IL-6, IL-1B, and TNF-a in MC3T3-E1 cells stimulated with different
concentrations of LPS for 12 h were detected by gRT-PCR, and the expression level of PHB2 was detected by
Western blot; B: The expression levels of IL-6, IL-1p, and TNF-o in MC3T3-El cells stimulated with 0.5 pg/mL
LPS at different time points were detected by gRT-PCR, and the expression level of PHB2 was detected by

Western blot; “*P<0.000 1 vS NC group.

2. 3EF AR RELES, PHB2 FEHAMREMEET B NIRARIEIRE T PHB2 (1)
A0 A e AR, SR Sl I e e Y L EE T MC3T3-EL 4lifidH PHB2 143 Aii I
Mo SGRER (H3A) , FERZRBEAX BT, PHB2 {55 FEET THMMpIZLA,



T AR e A JR1, 4 LPS AbFRE S SRR S, PHB2 [%u(s 5 A RAE
REUE: 4K ZH PHB2 WA M IZHE 7 24U S SR kifk b, NS5 B R dss . ili—
AWAEIX — IR, ZBFHEAT 7L B S5 @ Western blot £l &-2H 73 PHB2 (13
ik (B 3B) . Western blot &5 2oR, SxHEAAHLG, LPS Hl¥4H 1% 4 7 b PHB2 2% ik
JEHIEIRES, LB b PHB2 555 s LA N R 0 . IX — a3 5 e SOt M E LR — 5,
SE[RFIA LPS AT 3 PHB2 MZH 2% 170 400 I F) 36 67

A

3 PHB2 7E MC3T3-E1 4iffd & i 2 AL
Fig.3 Localization of PHB2 in the MC3T3-E1 cell line
A: Localization of PHB2 was detected by immunofluorescence staining X40; B: Protein expression of

LaminB1 and PHB2 was determined by Western blot analysis performed after nuclear isolation.

2.4 PHB2 V¥ LPS B SIIRIERRL i W] PHB2 £ 40 I M i R, %0 7038
3 KR R AR My 7 PHB2 1 Rk Bkl (OE-PHB2) KX HEBRL, it PHB2 K554k siRNA
(si-PHB2) KMIMEXTHE (si-NC) , ¥ HAEMF MC3T3-EL 41

2.4.1 TFRE PHB2 NELMRAIERM 4 PHB2 i FIA R (OE-PHB2) Kt i i/ H
F MC3T3-E1 4fiffl, &5RER (E4A) , SxHE4IMHLL, OE-PHB2 ZEEANRA T, PHB2

FIREWIN. LPS ¥ )5, OE-PHB2+LPS 20 5%} OE-NC+LPS 4 AH L & FER T (IL-6+



IL-1B. TNF-0) FRikEZE Fif.

2.4.2 A& PHB2 IREBHIMIARIER . H5 PHB2 F7 571 siRNACsi-PHB2) K B H: X6F i (si-NC)
YEFT MC3T3-E1 4iijfd, 55 %R (B 4B) , SXTHRAAALL, si-PHB2 HIERPRA T, PHB2
FIEEWD . LPS HlG » si -PHB2+LPS 2155 8 si -NC+LPS ZAH LE 28 FiE K7 1L-6+ 1L-1B-
TNF-a ik B E b

A



B 4 i FRik/mi& PHB2 G 4ER T PHB2 RIRERK N
Fig.4 The expression of inflammatory factors and PHB2 after the overexpression/knockdown of PHB2
A: The expression of IL-6, IL-1B, 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-1B, TNF-a, and PHB2 mRNA after the
knockdown of PHB2 and protein levels of B-actin and PHB2; “P<0.05, “P<0.01, "“P<0.000 1 VS NC group;

*P<0.01, "*P<0.000 1 VS NC+LPS group.

2.5 PHB2 FEARSNF A RAEAR Y h #E NF-kB 1558 B8  p6s BERRIL Oy /it — B it

PHB2 IINE LPS i S 40 M 485 S W AL, 1% 98 % OE-NC+LPS Fil OE-PHB2+LPS ZH 4 ffy



Fe NP Jm A R A 4% (gene ontology, GO) ANg{#BIER 5 H 4L 1 AH4:45 (kyoto
encyclopedia of genes and genomes, KEGG) il /r#1iZ r (I 5A. 5B) , NF-«xB @ &%
B, 458X GEO Hdl 2 i) GSE16134 # ¥l 1T GSEA 70t (&l 5C) 45 Western blot £
%41 40 p65 AIRERR 1k p65 21 (phosphorylation of p65 protein, p-p65) IR
B, SiRER (B 5D) , i3KiE PHB2 J5, p-p65/p65 {HIG A, INE T p65 i1k /x
2, s NF-«B B .

NERFT PHB2 it NF-xB {5 5@ EINE LPS 75 5 (40 i 46 0 s S 3k 2 o At 3 IR 1/
AR, ZBE O A EIRA T R R AT ORI (B BED IR EAH IS SRk Rk
kL, VEHTAIRf AR e RIA S, LPS HM4M AT I0E, 450 R (E6) , 4
PHB2 ik 5 CXCL10 A& ERE T (IL-6. IL-1p. TNF-o) HIRIEELE MK, 44
e R PHB2 Jid NF-xB i@ I = LPS 55 7 Fl B 4143 98 0E, I H CXCL10 /F N i%iE
B TR S 5 il .

A B



&l 5 OE-NC+LPS 4 OE-PHB2+LPS 44 i)yl B I 45 R & NF-«B EHEH
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-xB pathway-related factors after the overexpression of PHB2; E: Up-and

down-regulated genes in volcanic plot cells; “P<0.01 vS OE-NC group; #P<0.01 vs NC+LPS group.









B 6 PHB2 @it ¥ CXCL10 B AR FHIRE
Fig.6 PHB2 affects the expression of inflammatory factors by regulating CXCL10
A: CXCL10 expression after the overexpression or knockdown of PHB2; B: The expression of IL-6, IL-1p,
TNF-0, CXCL10, and PHB2 mRNA and protein after the overexpression of CXCL10; C: The expression of IL-6,
IL-1B, TNF-0, CXCL10, and PHB2 mRNA and protein after the knockdown of CXCL10; "P<0.05, “P<0.01,

k**¥P<0000 1VS NC group; #H##P<(0.000 1 vs NC+LPS group.
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F ARG 20 NK 4B RGVEGR BT, e i M8 B . ERIRRTT %, Bl
RIS FORIRIE %, A BEAEPIE 51 R AT S e JORE I A 5 B0 A R 4 SRR 1A%
O ERERNE, EFF SRR, TR RS 2R, 11§
YU JIEAEA BT TG TS B o IR, TRNAR T8 B I MTE S PR B2 P IR AL 41T A,
ST ) B F ) 98 B AR () 3 LR L IR L. AR FCIE ] MC3T3-EL dliffk Ny
WFFENT R, 1AM 2R A 28 I B0 B AR, A8 B AR S SREAR O e b BT T2 I R

PHB2 & —Fh i BECRSF IR (T, EVREE 2 Mhafush e b RIEER], Hhz—E3 590
P G 28 IR S, ol I P A 5 3 ) B M T 405 B o USSR Tk Y PHB2 283K R 4 AT
/N R b ) ROAE IR R R AE T, X 5% st R 8, i RIA PHB2 RN A %
RER L. PHB2 SHITEA LRIk il I, 2 SUERFE IR TIRE, oS RO TR T HF
FIFRFE A AE — MR KB LS5 751, B, " ReNs A e e 2R R0 A% 2
IR, ANFE 407 B () PHB2 LA AR ThAE, b PHB2 & fr fE 40 % b 3 24k
AR e SR LA R R S DR S M T S A Th R, EAR SO, PHB2 RIAKF5 LPS
B G JORE . 5 EAR ¢ B PHB2 765 B 414U JRE R ML R AR A AR, 23X AN i A
i PHB2 MAH A A% Hh s 1 % 2 40 Al i oo 2B 58 ) 8 I T it it O i S e 2k T
DYSETRENEL: S S A 8%

N T IRNBEA PHB2 7628 Jil B 4L 4L JE b AR L, 120 038 0 i 380k 28 3 il 1
WFe, 4R ER, PHB2 257 NF-«xB {5 Sl 4E, JHEd (2t pes rIBmR RIS
NF-xB SEEAE 5165k, TGRSR MER TR . NF-xB &Rl i S iR 7%
e, 55 2P g R R N, %05 5 O I AR R A AT b, 4 B
RS2 A, U toll RF 244 LPS Wi 5, IS 55 S, IKKs & kB RAEBRAL
TER, JFH kB Sz FOEHZ RUIFREAM T 265 EAMAT . XEMRE T NFxB 5
IkB &4 181, 14 NF-«xB A\ NF-xB/IkB 2 &) 7 B R I IE B4 MZ N, 7E DNA
R B R B 7 XA, IR SRR DR I s R, (R BRI 40U 22 B A E PR 1 CIL-1B
IL-6. TNF-o) , [ 5] G iv ™" o MR — T 6 T A s iy 4L U A PR o e o
R, IR PHB2 il BUE NF-xB 15 5 18 B i 40 i 002 SO0 RS, X 5z fi g i —
B W FUALE I I P b S B b i i Y KR 7 CXCL10 2 5 PHB2 22 NF-«B 15 %5
IR INE LPS 55 108 i B 2R RE APt B, E I B HLURE SRR AT A -

Zr ERTR, AW FUEI AR A SNSZIR R T PHB2 fEF R & R IERI PG, 455 ER,



PHB2 il il ¥l NF-kB {5 Sl B IMJa] 7 LPS 5T 00 i 2 s 82, H CXCL10 FF AT g2
5iZAzESE. YIS T PHB2 5 A E AL SIEZRIIRR, SR Tt
PHB2 2 AR I EEAR, tHORERNFRMR S A 98 (K0 R LRI AL 1 3T (K S Ak, e et
AR 1] T T ) S A DG B R BRI T VB AE MBI S8 7 110 o SR, 28 A 8 5 B R
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