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Effect of estrogen deficiency on the expression levels of nuclear factor-kappa B and
interleukin-17 in periodontal tissues

Jia Zhi, Zhang Feng-wei, Qi Xing-ying, Yan Xiao, Hua Ye, Zhao Meng-ming, Liu Da-yong (Department of Endodontics,
Hospital of Stomatology, Tianjin Medical University, Tianjin 300070, China)

Abstract

BACKGROUND: There is a very close relationship between osteoporosis and periodontal disease in postmenopausal
women, but the mechanism remains unclear.

OBJECTIVE: To investigate the expression of nuclear factor-«B in the alveolar bone and interleukin-17 in the serum and
gingiva in the mouse model of osteoporosis caused by ovariectomy.

METHODS: Female mice aged 3 months were randomly divided into ovariectomy and sham operation groups. At 6
months after surgery, the mouse models were evaluated histologically on the submandibular bone and thigh bone
stained with hematoxylin and eosin. In the submandibular bone, the expression levels of OCN and Runx2 were detected
by RT-PCR, and the expression level of nuclear factor-kB was detected by immunohistochemical staining and western
blot assay. Besides, the expression level of interleukin-17 in the serum and gingival homogenate was evaluated using
Cytometric Beads Array.

RESULTS AND CONCLUSION: The thigh bone in the ovariectomy group revealed the thin cortical bone, enlarged
marrow cavity, and increased resorption lacunae, as well as fewer, thinner trabeculae with lower density and irregular
structure. Compared with the sham operation group, the expression levels of OCN and Runx2 in the alveolar bone were
decreased in the ovariectomy group. The activation of nuclear factor-kB (P65) appeared with P65 positive expression in
the submandibular bone in the ovariectomy group, and the relative expression level was higher than that in the sham
operation group. The serum level of interleukin-17 in the ovariectomy group was higher than that in the sham operation
group, but the level in the gingival tissue showed no significant difference between the two groups. These results indicate

that estrogen deficiency after ovariectomy can activate nuclear factor-«kB signal pathway to play a role in periodontal
osteolysis. However interleukin-17 in the local periodontal tissue may not be a key cytokine to damage the periodontal

tissue.

Subject headings: Osteoporosis, Postmenopausal; Ovariectomy; NF-kappa B; Interleukin-17; Tissue Engineering
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1 #HFNAE  Materials and methods

1.1 3kt XTHME L.

1.2 B AME SZEST20134E1 H 201545 H #F i
PRI T 2 2 e P 0 S 50 %5 58 o

1.3 A

1.3.1 SEREh Ml 3 C3HMENE N R0, B
R K F R b4, 24t 5 SCX()
2010-0003, 1A )it F(2525) g. #520 -/ R EEHLI 73k B 5
DIBRAF BT AR, 4105,

1.3.2 FERFFULEE EDTA(Sigma’d m): RIPAZL# K
& A BENRI7) (Aprotinin, Leupeptin, PMSF). 151 Bk .
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NN FE XA IR . SDS(+ L iR eh, #84l). Tris
Base(Z& M HEAEF fr). H&EMR. TEMED(MUH KL —
%), PAS(iEHiEE1E). DTT(—HRInpER). B-midt ol ., %
O ER-250. WER T . Tween-20(2% [E Sigma /s #]);
BCA [ i Bk & (3E [EPierce A l); ECLIRFI&(GE
[EMiliplore A &); NF-kB P65Fric At ik IgG (b5t I8 7k
EWHARGIRAF]); PVDFE(SEEMilipore 2t &]); Human
and Mouse Th1/Th2/Th17 Cytokine(Becton Dickinson
US); &I & 0L E Heraeus A |l); PCR 14y (24 [H
PerkinElmer/A &); 4 F ShMEFR{L (3 [EBeckinan/A Al); H
WAL AL S —ER] )s P aan e (FACSCalibur, Becton
Dickinson US).

14 £WFiE

141 EREARAEIE  ANEIRBUE, RREF. DRETD)
BRZH /N BRAT B 00 R BB BR 8 R TR/ FRAT 5 350
DO G AU O BB AR OE 5, RO AR a4l
.,

ERFEARE10M, WNRIRIERM, & T LEANTH
BHARE T, SREEE2h, JBCE4 CidR, 3000 r/min
B0 min, o EWEE BRI, BT-80 CUKAE AR
{RAF -

I 54 /0 SRR T S4BT, B/ B A o4 i
LR, FEUKA RS KR, BRAIM, 2840, MK
JE, S mLE10 mL# /Nt s FRS IR £2110.86%
UKV AR B ER K (ZE B ER K AR S O L AR B RE 9f) T
Pemrdr, FIIR BB R BT R4l 2B (VKoK R 3E1T), 4L
ZHSHENL10 000-15 000 r/min b R B 10% 20 241 5)
3% 3000 r/min&.010 min; 43 B WdE BRI, 7-80 C
UKAE VS R IR AT

WO B, R aivE B b oy A Y
— PN AR TELL & RT-PCRFIWestern-blot i, 7
I [ LAATR > BN 10% v A 23 dJs . 15%
EDTABES — P4 H (B H B i), ST aiE, B3l
BAKPUEE MK, HEEEE, 5 umBEESD ), LI&H
ARG LT e R SR A 2 H
1.4.2 RT-PCR#&MI

HRNAFIIEE: ¥/NR TaT e HAREFBEES
DEPCAbHE ffeA s, HIEH B AR Hem:, AL E
TR, AR 2R KRR, LLE4i4  Trizal=100 mg :
1 mLELBIIATrZol, 1W)ERVRS) G =i BCES min. J5HL#
%1.5 mLIERNABGEPH 41 B4 MA200 pL&E 1y, FIZIR
15 sIBSIEH IR, FWEHME2.0-3.0 min; 4 C
12 000 r/min&215 min; #2H F/ZRNA, %8 2 HEPHE
b, A4 CHRARE, =HEME 10 min; 10 000 r/min 4 °C
B0 ming # B, A mLARIR BN 75% 0K ZIEvE
BOUE, 4 °C 12000 r/ming0315 min; 77 Bk, A1 mL
R ECATE%IK CBE, BIFYNRTE, 4 °C 7 500 r/min .0
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5min; F B3, EEBCERT10 min, FRNAVLE T4
TS50 pL RNAWE B DTIE, 60 CHFE 10 min/5 /77
P TR

RFERSHCDNA: IIANFAFTRESY, HRIRA,
85 Chn# ki TransScript RT.
£1 RERGER

Table 1 Reverse transcription system

KSR ZR R

Total RNA/mRNA 50 ng-5 pg/5-500 ng
Anchored Oligo(dT)4s(0.5 g/L) 1L

2xTS Reaction Mix 10 L
TransScript™RT/RI Enzyme Mix 1L

RNase-free Water to 20 pL 20 pL

/9%t #RAiGeneBank+'Runx2. OCN(Balap)-
GAPDH¥ImRNAF?41, [ F Oligos |4 it 8 tF i35 14
JEANnE

Runx2 (5 865 bp, NM_009820.4)4: Al /i B3 |55 «
Fiif: 5-CGG GAATGAGAACTACTC C-3', TFiif: 5-
GGA TTA AAA GGA CTT GGT GCA-3’, ¥ M=K s
363 bp.

OCN (Bglap) (494 bp, NM_007541.2 Y[ f BL 519
JF51: it 5 -ACACCATGAGGACCATCT TTC T-3',
Fif: 5-ACACCC TCTTCC CAC ACT GTA- 3", 4 147”
W1 J2306 bp.

GAPDH(1 648 bp, XM_003085777.1)%:[ /i BL 519
J¥%1: Fif: 5- CCACAG TCC ATG CCATCACT-3, F
liif: 5- CCACAG TCC ATG CCATCACT-3', #4/=4)
K268 bp.

PCRE [ R =5 #7: {EEPH hELE T RNVAR R
(BRR50 uL), Wge2. Hlks, wik, WG,

%2 PCRRR{KZH
Table 2 PCR system

RN FR IR RIREE

cDNA 2L As required
3 314(10 umoliL) 1L 0.2 ymol/L
T3 14%(10 umollL) 1L 0.2 ymol/L
2xTransTaq "HiFiPCRSuperMix Il 25 L 1x

Jin dd H,0 2| 50 uL 50 pL Not applicable

1.4.3 Western blot} i

N T E S EARER: NREHSRRTE, T,
£100 gZ120N1 mL PMSFRY#R, wAEETIKE, K
3#E30 min-1 h, K5 B R R A 2300 RS
15 mLELOE T, 4 °C 12 000 r/ming 0310 minf5, 2
iE. M POIINE RN EREZ . & 15-20 min, E
FERSK BT, WE&EARE. SDS-PAGEH K, H
DYY-III 40 LA HBEACK BIKE MEHR LR AR 2
PVDFJ L.
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B 1 HAB-FLURETREENERBHERESE(x100)
Figure 1 Morphology of trabeculae and marrow cavity of the thigh
bone (hematoxylin-eosin staining, x100)

BIE: Eb A MRTAREE NEE RS, TAERRRG, &
ANRRIERER, FRIBE/D; B SV YIBRAE B /N EEE T, 2D,
W RARAN, (R BRAY 5 .

BFARA SR

Bl 4 WENRIFESHRS MM NF-KB P65 ik (x100)

Figure 4 Expression of nuclear factor-kB (P65) in the mouse
alveolar chondrocytes in the two groups (%x100)

Pl ORAEDIBRZL4CH 4 NF-kB P65 ZFHMERIL, MEF R4 K
LA & NF-kB P65 K% -

B 2 FHARB-RLULGERTESLEM(x100)
Figure 2 Alveolar bone structure (hematoxylin-eosin staining, x100)
BliE: ARIC HBFARL, B D AIIEDIRE. &7k kK FIRIR T /5 FE A .

200 bp
300 bp
300 bp

GAPDH B3 MANRIFESS RNA BikE(A)FI OCN
#1 Runx2 mRNA 12155 (B)

OCN Figure 3 RNA electrophoretogram of the mouse

400 bp alveolar bone (A) and OCN and Runx2 mRNA
300bp oo amplification (B) in the two groups
400 bp
RFARE URVIBRE  RFARE  TRDIRE
P<0.05
A B 0.7
06 Bl 6 @B/ \f NF-kB B Western
M. 36 000 GAPDH - 1 blot £5 R (A) & tBXT 7% B {EHHIKE(B)
' ‘% 051 Figure 6 Western blot assay
i:? 041 result (A) and relative gray scale
Z= 0.3 .
= histogram (B) of nuclear factor-kB
NF-kB P65
M: 61000 - « E 024 in the mice of two groups
Zz 01
BFERA  EUBRE 0 -
BRFEARE  SPRTIBA
EAFERFERN: TBS-TYE, 100 uL/lem®iA
BN, JFLLER BN —5T, 4 Cid#, NF-«kB P65
PR RELL ] 1 @ 150, GAPDHHLA IR LL 7l h
1:2000; TBS-TYEME, %100 pLiem?IAE AW, Lk
Sk 112 000N AHRPHRICHIZFEHT R —HT, 7EFRR LRI E
CEF S SR 1h, TBS-THEME. ECLER, I &ERMG ST REH

5 FE/NRIFIES B4 NF-kB P65 Fi%(x100)

Figure 5 Expression of nuclear factor-kB (P65) in the mouse
alveolar osteoblasts in the two groups (x100)

Pl OIS UIRRAL S 41 NF-kB P65 2FAMERIE, MEFRLAR
L9 B NF-kB P65 *i% .

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

1, NF-kB P65 [{IHI% & F=(NF-kB4k 5 /K 5 (H/GAPDH %
K PEAE)*100% »

144 FARR-HARE B2 KIRN T FE,
R e 22 ) 3 B« AAAFR - #00100% , 95% L it K
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FKMYE: BAKLAS min, EYE: 1%5HRBAERML
10 s(P1 A H#EAR4L); ¥E/KPEIR 30 min; 0.05% 41 4 ta
1 min; AR HH95%. 100% ZEER K, AN HZH,
F2E4 ming PYERIEE ;B3 P,

145 GEALRE k165 CkE 10 min; BT
ANTHZE L, UL WP E5ming BEATLKLE. 4F45%
H95%. 70%-. 50%, 30%ZEE4%3 min; 7£0.3% PBST
i VE3YR, AR5 min; pHE.0F B RS vh il th HEAT Hi R
BE: 70 CH#H2h, ZEAEI30 min; 0.3% PBSTi#EVE
37K: 3% BSAZE 7130 min; PBSIGYE: fEda T —¥Ht
4 CWEIR: 0.3% PBSTHEPE3W: M —_dr, B
FWFE1.0-2.0 h; PBSIEVE3K; DABRE(; hik, Wi
T, B BT IE,

146 CBAMAXMMZEEREATEST CBAWAIEIE
% FICBA Human and Mouse Th1/Th2/Th1738F 83T .
FERE AR i B B vE R © 2221 0 256 HIl i B ik
i AR R ER, HFE500 pL 1 © 256 N BEAE A0 ng/L
(BAPERT IR U I3 S T RN RS AR AR, IR,
FEA B OHLE L5 min(1 000 r/min), B B3, 34541
AVRFIIRE s TR E K IKINAB0 uLIE A 3R ER
50 uL4 LRAFIRE A . 50 pl Th1/Th2/Th17 PERIIR A,
FIEEIFE 3 h, 1S mLYE#R, 200 xgE 125 min,
7F 3G, 300 pLybif o Hsk, IR Il M mRE
s LAFITCHBHPEX . PE& BTN, 76 vk =t 40 B
ARSI ARV S B AR s A FCAP Array #4443 HT 44
W, VLRI I I A o BB A AA) SR B B AT R AT
Ko

15 EEWEHA OMFEIRZRE FRE K FaE
HAZAAL; @FUE HHC B OCN J Runx 24 K ¢ £ 17K
;. @NFkBAKT; @B Z=17K T

1.6 %itFob RAISPSS 16.045 i, 20 HisF
M J5Z 347, SNK-q ¥i%, P<0.05h =748 B EMEE Y.

2 3R Results

21 EHFHZRSTREATATALFEMN HA
R et RER: BFARYN R BB /N HE
B, AR ARG, /N EE, H M EE N (BA);
SRR/ B N RSP, AR, BB, )
PRI TE(BMB), FHEE SRR, BRI BN
BRI, B 2L 2R ST AT LA LA 2 i W e s B i
MM, R E R 2 ERBOE RS, &R B K
SRR 2 Al A BT (P 2)

22 MHEHZRETREMXBTFRERML XD
BT ATE B A R S RNABE T Ak 4 06 ol B v A 0,
AosolAsgo nm N T-1.8, HERRNAZIE BT : RNAFE 22555
PEREICHLIK, TIVEWIE W28 sHIM18 s4ci, H/RRNAKE
fi#(E3A).

3800

FL UK BT 4501 A 55 ] 7 OCNAITRUnX2 ff RT-PCRE i

K% W.E3B. %Quantity onedt T KEEM /> HT, BRI
YT A OCNAH %% B 40.166 8+0.047 0, T R4 A4
0.539 1+0.129 3, ZRAREEE L (P<0.05); UNETIER
1R AR Runx2A) #6424 0.306 4£0.048 3, T R4
40.581 7+0.113 1, % »f BEME X (P < 0.05),
2.3 SEHEHRZ KRS TNFkBERATI G difb
iR T IR: U ELD) RN RO A0 P R 4 R 41
NF-kB P65¥ 2 FH %R, i F A4 A W & NF-«xB
P65% % (E4, 5).

Western-blot 25 2 &Z . 8 B 41k 4/ R 4 0 &

NF-kB P65t 4 iy B8 T AR 4 4415 B 17 W FLRL K (B
6A); %3942 Quantity onei AT K EAE 4 Hr, BN £ 4]
KR4 T AE NF-kB PB5AH XS %% & 0.585 4+0.043 0,
B F A4 40104 5£0.027 0, Z=7H BEEE (P <
0.05, E6B).
24 MHEHZRETO@EAEITEREAT GIEY)
B 4/ BRI VE B 40 A R AT Rk E N 3.313¢
0.203, fHFARMHN1.41740.204, #=73H WErEm (P <
0.05); TMfEA tRA LR, GYEDIERA /N R B4 RN FE17H
&L 41.05020.703, TR H41.1674£0.662, %57
T B FEHMEE X (P> 0.05),

3 11i¢ Discussion
3.1 Mg EEZ BT R TR A WEE R RELE
T ZAEA LR R R . AR B 42 S TR
PARE R, SR BRBRA R IR T I8 . TR 4
GYEZsh, F R E WAL S B EET F AL
TF W T R S R AR R E I E M,
LA Z6 B8 51 SRAARE B 4 8 1 L AR (K RS TR YT
TR L R R B A A, RIS M R B e
JE B IR L

TR RS m R & PR, X
P2 5 B O A AR A 2, R WS
J7 T Lr A R i 2 SR U, Wk 2% B T R4 W B 4 i
MHERER ACT RGN, BE RS AR BT A
BRI, RO E 0 MR W A T M R
ot AN L R W AT RE S O B, — T, MR TR
TS BT AN R T (1 MR 2% 52 AL T sk s 1 4
(MR sE A 7, AARNE, AR E6, A
NFATE) RS, 7T, MEEER T R AL
ELRIOS T AN A, (R R A B S ks R T
J B S A R, R MR RO R R, LR
I TGV I TR N TR fe, IR I PR AT L
o B Bk, ARt , WSS EZIRET,
RS A BN E ARC)(OCN, Runx2)&ik TR, #
VRAIE SE M = e vl S B08g ).
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3.2 #HEFRFkBE T AFHM HEFHE B —F
HAZ TR RE S 7202, R T %K
Mrh, ZHIEEEART . 9MREE . 20 R ER T
AR KPR BRI NI 2 T TR R B SR A e
T KRBT LA I8 JE SRR G0 3% R 8 SE R R e 0k, (it
M XA SRR, BT ERRY,
R Al R, R S R T kBRI A IkB (LTS IkBa,
kBB, IkBeflIkBY)E g E &4k, LLLEMIEAF7E T
AN

52 2 IR PR A8 R F- ol AR B A 2R AR SRS SR, O
1L KB A R (IKK) ¥ kB R 1L, S80HZ RALFI8
26SHE AR fR . XSRS IR T kB Rk
BN, SERUBFEIISA, S
P, MOR AR (52 30 R WAL B S N KBS Sl R AE NS
SR RIE, ERUEEARN SR, REER
e 2T, i A A s DR B A IR P S R 4 T
Emaz Hob.

SEIGF H S s 414k FiWestern blotf il &5 4 Fl i o
W R FRBINRIE AT o 45 FLE R IN I BRZ /N iR Al
B AL FZE TBRTIEN, BRETFARARLRL,
Chang 255 S A STIE W] 6 SRAARE A1 2 VEH B AL S0k
a2 WS i I 7% T R = N 0V 4 i i = 0 ]
HARREE A, BHILE BUBAARE R H 2K . BF S E) B2/
BRI F A1 P A% e R TRBR R AL, HLAT REAEAE AL
H2M: — AR, AEAE T, MRS
AN R T R S AR S % S I TRBRAEM BAER, AT
BB R TRBE P, MAEMER R IRE T,
R ERIRGS, SEURCE A A S R kB AL
TEPETE m s RMEBCR B RS TR IR RN . A4l
M1 AN ZR6. AR RTEHE 2 K PR T4 R
AN At 20 v P 2P0, AT TRl 4 P A% 4 S DR
KB .
3.3 a@mENE1TS T AR RI AN FE1T7RIEE
KB R BT T S Th 7 B 3 b A Q2 ki e Rl 7110,
SLAE O R R VR AT oy R () 2 7 T : — 7 T
A B B R A 2 A RANKL s 53— J7 T RIS AL R4
RER N, (RHEEMA R, AN E6. FRIRIER T
SR TR, B 1) B R BT RANKL 2%
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