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Temporal expression of PD-1 and PD-L1 during the development of experimental periodontitis in rats and its
implications YANG Xu', YANG Xiao-han', ZHANG Wen—zhen’.  (I.Department of Stomatology, Second Affiliated
Hospital of Nanjing Medical University. Nanjing 210011; 2.Department of Stomatology, Nanjing Qianjin Clinic. Nanjing
210000, Jiangsu Province, China)

[Abstract] PURPOSE: To study the temporal expression of programmed death receptor 1 (PD-1) and its ligand (PD-L1)
in the development of periodontitis in rats. METHODS: SD rats were randomly divided into control group and model
group, and 4 subgroups were divided in each model group according to the time of measurement: group A (1 week), group
B (2 weeks), group C (3 weeks) and group D (4 weeks). There were 8 rats in each subgroup. Maxillary periodontitis models
were made by using "thread ligation + vaccination LPS-PG" in rats. Periodontal tissue specimens were examined and bone
resorption areas were determined in each group. Tumor necrosis factor alpha (INF-a), interleukin—1 (IL—1B), interleukin
6 (IL.-6) and transforming growth factor beta (TGF-B) mRNA in periodontal tissue in each group were determined by RT-
PCR method. PD-1 and PD-LI protein expression in periodontal tissues in each group were determined by Western
blotting. The data were analyzed by SPSS 22.0 software package. RESULTS: During modeling period, amelocemental

junction—alveolar crest (ACJ—AC) distance and bone resorption area of the first molar in model group gradually increased
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(P<0.05), which were significantly different from the control group at the corresponding time point (P<0.01). During

modeling period, TNF —a, IL-1B and IL-6 mRNA level in periodontal tissues in the model group was continuously

increased (P<0.05), and TGF-B mRNA was continuously decreased (P<0.05), which was significantly different from the

control group at the corresponding time point (P<0.01). During disease progress, PD -1 and PD-L1 protein level in

periodontal tissues in each model group was continuously increased (P<0.05), which was significantly different from the

control group at the corresponding time point (P<0.01); and PD-1 and PD-L1 protein levels in periodontal tissues in each
model group was positively correlated to TNF-a and IL—-6 mRNA levels (P<0.01). CONCLUSIONS: PD -1, as an

immunosuppressive molecule and its receptor PD-L1, can promote the progression of periodontal inflammation, and its

effect may be achieved by regulating the expression of TNF—a and IL—6.Regulating the expression of PD-1 and PD-L1

may be a new target for the treatment of periodontitis.
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Table 1 Sequence of primers of PCR

FFR 527l
TNF-a 1FE X :5’-GCT TGTTCCTCAGCCTCTTCT-3’
L :5° - GGTTTGCTACAACATGGGCTA -3’
-1 I1EX.:5’ - TGGGATGATGACGACCTGCTA-3’
JZ X :5° = TACCACTTGTTGGCTTATGTTCTGT-3’
1L-6 TEX .5’ ~-GAGAAGTTAGAGTCACAGAAGGAG-3"
JZ X :5° ~ATTTAGATACCCATCGACAGGATATATT-3’
TGF-B  1EX:5 - GGCAGAGTTCAGGGTCTTTCG-3’
.5 - CGCTGGGTTGGAGATGTTAGG-3’
B-actin 1F X ; 5 "= CTTCCTTCTTGGGTATGGAATCC — 3
.5 = GGAGCAATGATCTTGATCTTCATG — 3
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FUTE A TIE I SRR | 1 R B AP A B R o
P R S s = S U R
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S I SRR 23 SUIE O A RS B RS A 3 5 3 L
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MR IR AL [ i 3 L AR BRERK
1.4.3 WEHEIR
1.4.3.1 7 JEI 20 215 B2 A 0 AR - 0 s T AR
A KBRS LU Z BN (20 o/L) % HR 0.2 mly/
100 g BY500 s A7 I S R IR J I A AR BE | 5 A i
R — AR T ARUE S A PR K TR
J& , SLEBN 492 B ITE E 48 h FEHZK 5%
PR HFTHLUEIE A EDTA BEESH (pH=7),4 °C
TS 8 A L A AL S i AR A A i
i) 5 wm WA, V1A 60 CHEATIIS 52—
FRR T AT AT il 2RI 1009% .95% ,90% .80%
F 70916 B LBEAK G FK P, HRARERE i
IKPYER W 1% IR O BE (0 KU, frer e
o, ZEMKERE . SR 100% .95% .90% 80%F1 70%

BREE CREL K, T8, I AGEW | PR e A
TE W AHE (x100) T WS A A A 450 (B 20 D
FIXTRRZH D), B2 SE AR A AR UL 3 5k
WEH BT AR B PIAR 22 [RIAR 43 S IX 3
M H-E B¢ 8 5, 76 W T Es B A 1
SPOT RT Software V3.5 3A4#E1 74347 I T asE —
V2591 T AR N e e — i R 3 A 0
il (amelocemental junction—alveolar crest, ACJ-AC)
PRI XA 43 S DX v W e ) T AR A T 0 S BB
SEBEAE R BRA AR 43 S - R TR
1.4.3.2 FIRAL RS T mRNA BIIE 738
e 1 AR — B A X RAL S BYRE | iINA TRIZOL
2450, VK LIFE 15 min 12000 r/min #5010 min,
PR RNA, SRR BRSO 5 RNA WREE M2l
B BEELRNA SR cDNA, U TE T PCR ¥73
AR A 50 pL:10xPCR Buffer 5 wL,10 pmol/L
dNTP 1 pL, #H 1 wL, LIFA RS 145 1 ul,
0.5 wL 2 U/pL Taq DNA REHE (& Mg™), WA
ddH,0 £ 50 pL,PCR N &cAFHM 98 CHUEM: 1
0 min, 95 CAEME 15 s,1B K 58 C 455,72 °C.60 s, /X
N 40 NMEIR 72 CIERE 10 min, VIHLEIEH (B-a
ctin) HHNZ, KM 22 18 TNF-o IL-1B IL-6
K TGF-B mRNA BYAIXS ik &,
1.4.3.3 FHR414! PD-1 Ml PD-L1 AW E 4
B — 0 E AR — s X A R BTRR, R
RIPA 24/ AR BB 1, BCA & 1 & a7 &
ESHERWE, EARE 20 pgfL#HTT 10%
SDS-PAGE &S LUK , W% & PVDF i, + 5%t
JEWSR = iR A 1 h, TBST 2B MR Ve, A 1:
1000 #RE)—4T,4 Cit &, TBST & Ml UERR , A
1:5000 F B 40, EIRTKFEEIR LR 1 b,
TBST 2 i 7553 BEfE , W ECL Prime & [ EP i it
R RO B0 X KBt ®., XM
Quantity One #1453 H1 HAREE FI AN Z: GAPDH
KA IR EEA,, HAREE A PD-1 A1 PD-L1 WOGHEE
H5 NS GAPDH JKEEA R FLEAR R4 A A
Xk,
1.5 SGiilseabe

K F SPSS 22.0 AR AL X B s HE AT G it oy
Mo M2 R res3Ron , HNETE ERECR HECX ¢
R, 4l 1] AT R FHERL R 25 5 25 1LSD ¢ ki, P<0.05
hESRAGIFEX,
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2.1 F LR P Lh
XFHRAH K R AR R 4E & LA TR-F8

JRAZHAL S B SOE T SE 8 JCAAE AL, 2 J)
EFLEHESHLIN , SF AR R RN JCOSOR S R
B, B (D) KA A R4 & LB AR
JrHasH  TE BRI o Jl A% 45 20 ZH AT KR JAE
AMMIZE | o R BT AEHE S Z0L , A 5K R
MM, m] DL IR AR B (1) .

Ay 3 T LERORETE R
1 XHEE D(A)MERE D(B) KRE—BEF FRETFHARRF
IBZ2ET L (H-E, x100)

Figure 1 Pathological finding of periodontal tissues in control
group D (A) and model group D (B) (H-E, x100)

2.2 AU REREE— B I Al B v RN S R R i
[iiga

AERIYIE] | BIRIZH R RS — S F ACT-AC FEES
AR 3 S IX 1 IR AL T RG22 188 T (P<0.05) , T o) HiRE
R — T ACI-AC 58 AR A3 S X W A T
T 22 4.(P>0.05) , BB R] BRI K RS —
JEF ACT—-AC 28 VR 43 S DX 15 R A T R 4 A ot R
20 B EHE N (P<0.05, 3 2) .
2.3 HUARRET FRHLURIEN T mRNA 1A

HRHE] | BIRZ R B 48U TNF-o IL-
18 Fl TL-6 mRNA FINIKFAFET 5 (P<0.05) , TGF-
B mRNA Fik K FRFLLFEAL (P<0.05) ; 1% HEZH KRR
FJERHLUT TNF—a IL-1B IL-6 Fll TGF—B mRNA 3

K2 BAKRE—ET ACJ-AC EBMRS XX BRUER (n=8,%+s)

PACFTC i E AR (P<0.05) , HERIH ] BRI G R
JAH LI TNF-o IL-18 1 IL-6 mRNA Fik/K P4

IEFXTIRZ & TR (P<0.05), TGF-B mRNA ik
TP E 0 BRZH 25 FAIR (P<0.05, 32 3)
2.4 FHHKRET T EHLF PD-1 1 PD-L1 &
FRAA8 1L

A ] BOALZ R R AF R 48 PD-1 F
PD-L1 & F 2k K ERREE TR (P<0.05) , i xf R ZH

KEF AL PD-1 1 PD-L1 & 325K FE T
BEA(P<0.05), B 1~4 JEBFBIRIA I R
JELHZH PD-1 A1 PD-L1 2K 4 % 35 K 88 E 3 %

MRZH B3R (P<0.05, % 4) .
25 ZFRHLF PD-1 PD-L1 HEHFKIESRIE
F mRNA kA H BT

X A8 A Jrg L F (BRI RIZH A B .C AT D 4)
PD-1 .PD-L1 H KA 55K mRNA ik R4
KT T T, S5 5 s A T ] A A 4 R B
FI L PD-1 F1 PD-L1 8 H R iLKFE5 5 A
YURFES T TNF—o Al TL-6 mRNA ik /K5 1EAH
% (P<0.05) ;5 IL-1B Al TGF-B mRNA Fik7KF
A (P>0.05,5 5),

3 itig

KRS NI TR VLIS 2 A, S 2 T
BRI . ZHE2 M A R SRR SR R
FEPESI | FL R BIG PRA B AE 2 A R R AE A
BRI A S B R Bh™, e 2 iR i
RAE AT AH A FEI A 2L R A 1 T
INANRI A, Y97 58 %) TR s AF Lo T 7 Rk
DA TR R R ARSI, TR SRR )
RIEFIEN Pr et F F4R N st b e gk A4 5
TER RS0, 5 R RGP R AR ek AR | JE 2 4
B fatpRe, BFRETRESE | S FEPIRESA BT g2 S 80l

Table 2 ACJ-AC distance and bone resorption area in root bifurcation zone of first molars of rats in each group(n=38,7=s)

ACJ-AC 5 (em)

RSB IR TATAR (mm?)

35
FERIZH X HRZH tfH P FERIZH X HIRZH tfH P
AH 1.67+0.14 1.43+0.13 3.553 0.009 0.25+0.02 0.13+0.02 12.000 <0.001
B 1.94£0.15¢ 1.44+0.14 6.892 <0.001 0.47+0.06* 0.14+0.04 12.944 <0.001
cH 2.28+0.14" 1.46+0.16 10.909 <0.001 0.69+0.04* 0.12+0.03 32.244 <0.001
D#H 2.47£0.16™ 1.45+0.15 13.154 <0.001 0.81£0.05" 0.13+0.02 35.715 <0.001
FAE 46.357 0.063 - - 241.646 0.646 - -
P <0.001 0.979 - - <0.001 0.592 - -

F. 5 A UL, °P<0.05; 5 B dHAHLEL,"P<0.05; 5 C dHAHLL,P<0.05
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*®3 SEARFRABLRENT mRNA KIREKF (n=87+s)
Table 3 Inflammatory mediators mRNA expression in periodontal tissues of rats in each group(n=8x=s)
] TNF-a mRNA IL-1B mRNA
k| papiicis| 18 P AR pagisti| t1H P
Ad 1.29+0.13 0.76+0.06 10.470 <0.001 0.76+0.08 0.27+0.03 16.221 <0.001
B #41 1.57+0.11* 0.78+0.07 17.38 <0.001 0.96+0.13¢ 0.30+0.04 13.724 <0.001
C 4 1.78+0.15* 0.77+0.05 18.067 <0.001 1.27£0.14* 0.26+0.05 19.216 <0.001
DA 2.26+0.18" 0.76+0.07 21.968 <0.001 1.43+0.12" 0.31+0.04 25.044 <0.001
F{E 63.886 0.184 - - 50.802 2.747 - -
P <0.001 0.906 - - <0.001 0.062 - -
a5 IL-6 mRNA TGF-B mRNA
i XTI 18 P REAIL] pogiieii| t 18 P
AH 1.35+0.12 1.0420.15 4.565 0.003 0.96+0.08 1.28+0.11 -6.654 <0.001
B4 1.83+0.14* 1.0120.12 12.578 <0.001 0.89+0.07* 1.3320.14 -7.951 <0.001
(oF:i 2.31£0.13* 0.99+0.10 22.764 <0.001 0.67+0.06" 1.3020.12 -13.281 <0.001
D4 2.74+0.15™ 1.0320.11 26.002 <0.001 0.56+0.07" 1.32+0.13 -14.559 <0.001
F1E 157.221 0.267 - - 48.510 0.250 - -
P <0.001 0.849 - - <0.001 0.861 - -
TE. 5 A AL, *P<0.05; 5 B AHAALL,*P<0.05; 5 C 4BAH L, P<0.05
Fx 4 BAXRFEAALSD PD-1,PD-L1 EAFRIEKFLLE (n=8,7+s)
Table 4 PD-1 and PD-L1 protein expression in periodontal tissues of rats in each group(n=_8x+s)
a5 PD-1 &M PD-LI A
REAIZH X HEZH 18 P HEAILH pagiiie:) 18 P
A 0.41+0.05 0.34+0.03 3.395 0.011 0.69+0.05 0.57+0.06 4.346 0.003
B 0.47+0.04* 0.35+0.05 5.301 <0.001 0.76+0.06* 0.59+0.05 6.156 0.005
C#H 0.56+0.06™ 0.36+0.04 7.845 <0.001 0.84+0.07* 0.56+0.07 8.000 <0.001
D 0.63+0.04 0.35+0.06 10.983 <0.001 0.92+0.08" 0.55+0.08 9.25 <0.001
FAA 32.430 0.248 - - 18.191 0.536 - -
P <0.001 0.862 - - <0.001 0.661 - -
¥ 5 A dAEE °P<0.05;5 B A EL,"P<0.05;5 C HHEL , *P<0.05
&5 FRKKRMAFEAR PD-1.PD-L1 EAFRESHERTF  FRIABIN U AR BIR BN,
mRNA RiAfRIE ST R TR A T S S | AR T

Table 5 Correlation of PD -1, PD -L1 protein expression and
inflammatory mediators mRNA expression in periodontal tissues
of rats in model group

PD-1 PD-LI
JREH T

r i PiE r 18 PiE

TNF-a 0.547 0.036 0.421 0.043

-1 0.613 0.186 0.512 0.217

-6 0.753 0.008 0.675 0.012

TGF-B 0215 0.349 0.347 0.182

MR E A ERR R Z —, AR ERE O
P I FEIR R AR R R 25%~50% , B AT 3235,
A R e 28 JRIAH 2R Mt I 2 s D el 2 0 Je%
LTl R S RAEAN T, A LA
AR TRE N, T RS JRE I8/ b ol 4l
LB, L, Sl G AU T LA

RRIEMH | IR SR F N HEEFBRZ —,
LPS IR Z BRI E EW , o G- M BE i 22
LIS 2 i b G IR NN ASN i ] e b i i
AT, 5 AN A T, IR X IE AR AE S
N, FECE A, Yang SF87F 2014 4F &8, i@
X KB AT — B F SR AL 22 2k L4 R TR
WA TR SRR ABIEE R IR B B —
K ITR L2 L A5 FL S AR LPS-PG, Hil/E R EBRA
JE GRS T 5 AR 4 SR R,
ABE], BIRYZH KBS — S F ACT-AC FEESFIAR
3 SCDKF TR S T R R 3% S 38 N (P<0.05) 5 I B DT
WIER, 7 B AU BARE | TIE B A )

ST RPN B S IR o R A0 2 R e
N, SRS A R SREA B K9 TNF-a A2 —
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FhEE B AR TN, 7 A B WBORI 7 S 45 4
HA s hOER, HAh  TNF-o 38 TR
HAAE R AR SEAMIH T 1L-18 F 1L-6 Zp=rz0 o
JE RS RE ST N A A = T-18, A3 £F
YA = R BT R R B2, 15 Sl i, TL-
6 RICE PR AL A0 e A ) AR T R T
HiERA AU AE AR, 1 R 412 9 4 4 g
P DL RE S THARRG N, AT A0 8 S SO | 2 5
Jil RBEEVIA R B RAEA L F0, TCF-B J&—Fh £
DifetE A KR EEAERAE T AH8UEE M
RPEFM S R RN JE RS 554
MR A ARG E i B AR AE A s |
R TR 2 K R 8P TNF - TL-18 T 11—
6 mRNA £k K VHr2e & (P<0.05),TGF -
mRNA FBKPHFEREAL (P<0.05) , WE] TNF-a 11~
18 IL-6 A1 TGF-B #4855 MRk HE R R

PD-1 EEHILTHMNA D4+, CD8* T 4ifiEE . H
SR BG4I . B 40845 B T cD28 Kk
MBI 1 RS H  PD-L1 J& PD-1 FUIA, J8 T
B7 MEGERL , T 23R FIGLRY T 40/ B 41
UM, PD-L1 A E RS PD-1 43+
G TG LI PN B e 2 IR BRI i e | 3
B T 41 R FE SRR S AT D AR S PR T 4 2
PD-1/PD-L1 /S (A M A5 5 vl @ L J0 6 T.B
WREL AN T RE , T 41 g pE 22 2] sk oy
WML R - T2 5 Z R i & 4B R RN,
ISR B | ] AR KR R 4140
PD-1 F1 PD-L1 &R IAKFHFELTH 5 (P<0.05) , T
B PD-1 1E N s i il 737 5 HsZ 4k PD-L1 Rigk
PRI JE RAE I J ARG T B | a8 R it A
o KRB R4 400 PD-1 A1 PD-L1 55 A Rk K F
5F RHLRIEN T TNF-o A IL-6 mRNA Fik7K
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