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Effects of HSP70 on TLR4 Expression by Increasing MAPK and NF-KB Signaling
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Introduction: According to previous studies, heat shock protein 70 (HSP70) plays a role in the production of
proinflammatory cytokines and inflammation. Given that no study has been performed in the field of dentistry in this regard,
the present research aimed to identify the effect of HSP70 on moderate to severe generalized chronic periodontitis with the
increase of mitogen-activated protein kinase (MAPK) and toll-like receptor 4 (TLR4) signaling pathways.

Materials and Methods: This pilot study was performed on 50 subjects with moderate to severe chronic generalized
periodontitis and 50 subjects with healthy periodontitis who were candidates for crown lengthening (CL) surgery. The
subjects were selected based on the inclusion criteria from the patients who referred to the Gingival Surgery Department in a
Private Dental Center, Tabriz, Iran. Tissue samples were obtained from the patients during pocket depth reduction surgery
(for the experimental group) and CL surgery (for the control group). Macrophage inflammatory cells were extracted from
tissue samples and the cells were stimulated by HSP70 as a timer; subsequently, the level of TLR4 in macrophage cells was
examined. Results of the study were reported using descriptive statistical methods, such as mean, standard deviation, and
frequency percentage. Repeated measures analysis was used to compare the expression of TLR4 in nuclear factor kappa B
(NF-KB) and MAPK pathways at different hours. Moreover, ANOVA analysis of covariance was used to compare this rate
between these two pathways at different times. Statistical analysis was performed in SPSS software (version 17) and a P-
value of <0.05 was considered statistically significant.

Results: Based on the results, there was a significant relationship between TLR4 and HSP70 (P<0.001). Furthermore, in the
tissue with chronic periodontitis, there was a significant relationship between the affected tissue and TLR4 (P<0.0001). It
was also found that TLR4, MAPK, and NF-KB levels increased in the presence of HSP70.

Conclusion: According to the findings, it can be said that TLR4 expression levels increased in the presence of HSP70 in
periodontitis and can increase even more by excitation of MAPK and NF-KB pathways.

Key words: Heat Shock Proteins 70, Periodontitis, TLR4 Receptor

Corresponding Author: siamak1331@gmail.com , sandoghchians@tbzmed.ac.ir

J Mash Dent Sch 2021; 45(1): 63-9 .

oS

Syl 9 Sl i s W gulw wg ,» HSP70 (Heat Shock Protein 70) i saiad Wid 0uwd ol Wiallae a5 il 51 sdondio
Bua b pols andlhe I cCunl 48,55 © g0 (Suijulas danj )3 390 (il y3 ) addlle ST Al @ dagi L g il o0 Ol
Pl S pmn GRal331 by 4y U Lo ollont 53 83dlyia oo Cuingyy L ) Jols (slajlis,Sle o HSPT0 51 lulud
.&d,5 & ya0 TLR4 (Toll Like Receptor 4) ¢ MAPK (mitogen-activated protein kinase) _Jlw,

SAVPYIFNe B4 1 oyal 5o giges | Coliiioed 35 o o S a0 oSLLIS 33 i SLiS Jgdumo Algo %
E-mail: siamak1331@gmail.com , sandoghchians@tbzmed.ac.ir



mailto:siamak1331@gmail.com
mailto:sandoghchians@tbzmed.ac.ir
mailto:siamak1331@gmail.com
mailto:sandoghchians@tbzmed.ac.ir

(Ob&«h 9 Jl’f"‘:‘ O\ﬂvj;-&.ﬁ &A\:«)

. TLR4DL_3L5}JJ5V' ;;Jb:’-us_,.i;nﬂ}ﬁ;‘w)ﬁ @

U Jawgio 03]y (yo 30 Cuiides s ds Yino 31,81 51 45 B i ()8 plonil Wighly anllle (wlw! &5 andlke (ol 45 3 gy g Mge
P12 9 (0903 09,5 s152) €5 Gas LI (B2 e 53 Ollew 51 (FL G Wges s DBD! 39,9 S )lhme (il 2 oy
43 HSP70 dawgr gl 5 0 g5l 59 ,Slo (ool (sledshor (Bl (gl diged 51 ol Camwvaty (U555 09,5 (s12) 26 Jsb il
slol (Sledy 31 oMl b adlae guls ()5 1,8 (ow) 2 3590 59,5 Lo Sldshw 1> TLRA (yfjn0 s 9 i S0 3295 pouli ©j900
5 @i ©lelw 43 (Nuclear factor kappa B) NF-KB, MAPK (s yowo ;3 TLR4 by oyl5u0 dwglle G i (w0135  Swogd
ANOVA il 5JUT 51 o oleluw 53 g ymuno 93 opd 3l5u0 (o] dan o S comideod w93,5 05lii] (6,150 (655" 0511 (4905
o &85 A5 3 0/ 0D 4l ire ebaww 5 b ol VY yalszg U SPSS 1331 0.5 51 oaliiusl b (Lo 3UT s a3liius!

3 00 Casidgy 9 &y Yino CAL 45 .Cudlld 3gag (P<+/++Y) HSP70 g TLR4 (p (5,1> sixo bLo,l a8 a1y ol anlllae gl 3o &8l
s MAPK 5 TLRY ljue &5 s oo anlllae (] 55 cwioned (P<+/+++ 1) Codls 3529 TLRE 5 Yiso 8l oyt (5,15 ixe L3
g oo yiwig HSPT0 ygs ,> NF-KB

Gy Suud b ol il cpl a5 0,00 yle (Wil Cudidgs s, HSPT0 lys ;3 TLR4 oS 5y s pols axlllae 35 g dkid
gy Xilg3 oo NF-KB 9 MAPK (5l youuso

Culigdgs 1 « TLRA i) Vo (51> S sl (359 1 gl Sl

CEYIR1Y 0leud ] FD )93 VF o o Jlus | g S 10 8ISl alore

JWog p olew 3554 55 TLRA (54050 L3, 5 doio

ey TLRA o, plo Ll Vs o Soles
TLRA Jobw 5 (pess a4 (LPS) LK Jlas!
Sl ply 53 MYDBB (55 (auibe “Vs g 0 gy
5 W e Bl ol sl sLii s Gaes TLR4
bLisl dLAIR L L e glajlS O gy jod Juls
el sl Ji&w 5 TNF gt b b e V580
Wl g NF-KkB sile Jled 4 ew a5 A3l o Couwd
0358 o IL-6 s TNF aiben olgdl i sl aauly
I, TLR4 31 oYL C-’"“ Ll Sb aS odd jaseis
Js LPS b aCeln 4 s gho opl 5 A8 00 0Ly
My L W S s el Ks (o
P S B S lsly S cplpl CVans
Gl b Gijb 5l Ol ol o mul £
Al 4 TLRE Vs o g5b LPS aew s TLR4
Sl Q5 G5 RS K el e 3 S
3 saaaie Sl bl o Sl 4 JWs g (55l
Jiog n olem 5554 50 TLRA (S5 bL3

oS sl S sasi 5s b TLR S o Culem

sl el 5 Gske ol K Clamn
bug & OVusb s Ol eaS Cules
b el S0 51 258 b ol gl Sl S

(\):}‘: = 3".9_.‘

4 pre dgad Dby 4,0 5
5 Oy skiS Chple gl CBL sk i o pY
55 i Dngd o 01N o3, s 31 O Clae
o st gy S5 AL e sla o gise
sFbN e el B3 B Cell gl il L
Lbu g (TNF-o, IL1a, IL-6, IL-8, PGE2) _slgdl i
s\Pohe 5 & Cy,d PDL U5 ,SL B Cell

2 5l L 15 el Fal 55 i 4 e JU
Vs o s g 5
s, sw, 31 S TLR4A (Toll like Receptord)
(PAMPs Pathogen 0554 sdas jasedd  wolas
s, s & WsL .« Associated Pattern)
Chilu glajlisle 51 pan (A p S gl 550
I Fr s 2bSLSb gl 0554 6 )l e

G3dmie Slae Pdas o pasii 1) o sLUE



e

Vooyleds / £0 6 95/ Ve Jb/d@bﬁ};ﬁ‘&:a.\ﬁ'bd@

S asby Sb foe oLl sl s 2 pal b Jl dl e
5 oS 65 o3Il 1, TLRA Oly ad olgdl (slgiily
HSP70 | ¢uile TLRA Olpn (515 o311 b riomon
4 L HSPT0 gy b oS gl b s 555 2 1)

a3 o Ll oledl 1 el

B gy g91ge

S 00 53 (e lS — (ol andlae ol s
VY Jlas a8 Jle Ve B YO i engdous b O jlew
S055 s pam g B S5 5 0s) Ol
oadeds b Ohlew 35 5 Amdl jeas (Cikel
¥roosam b A U buge ol age Coag p
33 B ot S psldis ol ys 4 a5 b OIWs das s
ol s KAd adlas 5,05 Log 05,8 anxl e S
St 5 51 Osle 291 5555, g8 3 25 =S,
Loy 03508 JooSS 1) BT maliuls,; 5 Log 1
b fe) St s ol sl Olley
5 (Gl S gl b ola Gl il (o sl
SN (o Gaam a6 e &S als Ol b
sl s RS e sl Oleys b gl Sl dble
S s Gl 5 3T Damlsl sl sl
23 SSgm S D il (230 b (Kl K
aile (NSAIDS pslde 5 pan i, adiS obe g3
adlas 5 addS Jlo S s 4ty b & S
Aas

Sy odSKEls N weS s ol adlhs
S TR TR S
<55 515 A5G 5,4 IRIAU.TABRIZ.REC.1395.4

soL

P g 4 W Ol 1 (BL sl 4l
AL Gl ol e 50 LS G e g2 03]l
Syl & CJL’ M‘:j U}}J .\A] st-:Je C‘S\i é»&

lsssdig (LPS) wle od diles i
s ol S gy (Jeol O35 S S el i
031 gl (HSP) 5,1 Ssd la iy p MVaiily oo
ol b oagrle 4 mel 5o &8 A gl 8,
oA 1 T Kgd 5 b g a5 15 el
Ll bl oks esls b LS Sud b daly s b
0 e 31 s sl ol e 3 e 035
& 5 hiy slysle andl g e B 5 B8
S sleslen 5o Eomer 5 3L G5LSL L S5 e
o st e Ok Nl Sl b et B3
S 2sd (o S sy Cope 4 Ol I
3o SR Sl Sed b s ASedx
25U L Jgl a3 45 5 el Gl S i STy
tr 53 L@ HSPS wps o W )l Sed
il Oldl b adF e Sh 5l weky Sl
ST
HSPBO0 (Jls Ol s 40 L3 oo (5,10Kal LT I 55050
& o5 4 (B HSP o 53,18 5) HSP90 5 HSP70
S s eslgls 4 Ol S A o Ve A b5l
ANSesS pfan M (o axlp Golm Sed e
e Pl s S S (S gl O S
Gl Sed oEsn Gl rpen S 6,18
Wi s S AY spd s Jlasl auls ool

D & am S b Gl Sed gla g, O

S S Sl Ssh gl s lse 4 aelil
o8 (MAPK) W3S cptipp O9cml odd aslis
Rl S Jels e il Jole 53 el
S5k ol g8 5 sl ol il b
Sl ply ol o s 51 (S5 MAPK Vs’
) a5 5 Johw lo cllad a5 W3l o Lo Tcell s

26 ad O b adlas cpl 53 kS e ol



(Ob&«h 9 Jl’f"‘:‘ O\ﬂvj;-&.ﬁ &A\:«)

. TLR4DL_3L5}JJ5V' ;;Jb:’-us_,.i;nﬂ}ﬁ;‘w)ﬁ @

o311 (Amercontrol Biosciences, USA) Amercontrol
S (5 S

o bl gl oy 5 eslitel b adlas gl
23RS o g Sl 5 E s e Ol (Sl
Oga51 3 ilises Slelw 45 NF-KB 5 MAPK (sla s
(Repeated measurement) (¢, S5 sl (S o3Il
st 93 g Ol () dlie g (pimmen A 03l
o3lizwl ANOVA b4l 58 50T 51 cilises Slelu s
23 b SPSS LIl e 5 51 eslitully 5Ll T . ays 8
b ad Z s 0/00 gyl e ghe 5 A5 plonil VY
sttest Oga3l 5o S 55 o Ol Sde amlis g
Glyceraldehyde 3-phosphate ) GAPDH ;I J =8 4l »
&5 8 osliwul (dehydrogenase

b €L

HSP70 L 0ud S pw g dopnl 5 d b Joku
@& B8 5 Ul s, TLRA sl jely by
Oy Ol 5B ,Skbe sl Jobu 5 45 sls 0L ol
ol &S XS s lde Rl HSPT0 S pu b TLR4
VY 53 g as i Ol S GRIEHL GBI Ol
OLS &5 ey (0 355 ol 4 S0 51 ey ol
53 HSP70 5 TLR4 oo Ll gae bl l odas
6 TLRA Oljs pyp slp (Y JK&) (P<e/vv))
ISl by Com s BL s e D)
2l b Real time PCR Law &5 (et O g0 4 3L
4 M S3L 5 45 sl LS ml a3 > TLR4
TLRA 5 oledl <3l m ols (e Bl oo g

(Y JKS) (P<t/vev)) 5)ls 5959

sl i 4Kl 4 a5 b g Jiib ole b
S ESh Ges S (63,190 53 3 YMMXAMM 5LS 5 50
Sle G5 ol o i gl L e 2Ee omm
4 op S Pl b b s Jlsb
A bl (5595 gl oKL
Sed yfign b K8 5 ds gl Sl g
bw s DMEM oS Jages J&15 55 C3b Ve 5l >
Oly3 g Ad ey p o addad > 4V o,ld ol SIS
90 08U 3,05 daoys Ve LSS of jon 4 0 oy
oo S8 L3 dw 5 csle A Sde
Lo 53 b dghe b 3l 048 a5 Sadk sl
G YV °C 4 Sl ja 5 Lad el HIF KM s cuis
b ok 0303 gitnd s (BAS (5,1 55, ¥ ke
Add goled gaesulegdds hug CDI4 S,L
hd 02 el Oy 4 HSPT0 sy dhw sy bs Jhu
SHw MRNA e (LA S5 h24 12 h8
Real o&aws 3l oslital b 5 ot | Sl J g0 5 Al 2
TLR4 Uljme ((pul5 #4S <5 ,4) Rotogen time PCR
practic .38 14 pwsp 2550 3By Sb sl she o
255 5 olke przmen a8 OBl J RS Ol gm
S et ) ey BrCHC 5 TLRA oyl b 55 <L
b 8 513w, 5,40 Real time PCR oSS b J 8
SDSPage Jj 55, Oddyd 3 s s sla S
PVDF jiuilj Ol 55, 5 5 o 3,485 501 12%
Aoy3 0 (o Dsh pd b Olmbo Ly £ kil
S Sdey PBS |51 s s ) Tween b ool o
K O 4 e 9 LS S L BUT gles s cela
anti-NF-KB anti-MARK (g3b &1 ahw gy 59, 4l
sdd 5,lh & (Nanjing , China) Abcam <5 & 3l S

NP g5 Mg Fl Ol Lk S 4SS sy



w2

Vooyled /80 0595/ Vere Jlu/ dgde (Ko55100 0aSCiSls dlows

MAPK NF-KB

HSP70 | — —

Anti-HSP70

| "
GAPDH G A

HSP70 % 5 U MAPK , NF-KB s 5 amslis 1 ¥ S
Anti-HSP70

-
sl SSL ol 5 Gk ol K i
2 i O pape g 5 ABL e Ol oS yles
bl ol S Olse 4 5 253 (0 ekis il
S bul 3 Vs o ad Sl s ceal i
ol g3 Al (o Camn mlE ph e St
ordlfr i Cuagn 4 M Ollen Coner addlas
L3l Sl (38 JIF Ly 2op0 hdd U haw e
b Jobw cul 5 a5 (o Oly 15 TLRA 51 VL = glaws
G gl Wgd o JWLPS L oS LK 4 o
5> TIRA oby s o wdg 1 ol
olew 53 OF 285 51 gl 4 oy o 5 4 pads (g
2 TLRA 05 28 a8l 53 (Va8 0 Cole W
5 TLRA il bt dewy JWogp b
ST oLl & gla coMug,md 5 Vad ek gl
bliyl S ad jasis ol adlas 5o (Vsps s

3,13 555 g HSP70 5 TLRA 1 5,15 s

25+

P<0.0001

204

T
154
T
104
54
0- T T
D R RO SR

bus Wk poss8 b S5 LTLRA 0y il 1) S
s;-_;:ﬁj.; b‘)Lﬁ-:e BL HSP7O

Fold change

20+ P<0.0001

&S
= 154
[
<
&)
- 10
©
LL

5

o4

VJL.« b‘}l Sl g p Ol

Oblaﬁ}v.‘be};}bijLR“' bgalﬂww:\’ JS«:-

S g

MAPK 5 NF-KB L HSP70 tps b, w5 sl 0

b s Ol 55 o3Ikl gl O Oy b,
3 NF-KB 0l 45 313 0LE Jools s . 03 5 L1
oslizal U Jy 555 o i HSP70 s> 3 MAPK
Sl &S e les I, HSP70 45 anti-HSP70 ;I
53 A ol S WL e S MAPK 5 NF-KB

(\‘ JS..-":) .\J’:b PP g NF-KB



OLKen 5 Sb s Ol i Salw)

. TLR4DL_3L5}JJ5V' ;;Jb:’-us_,.i;nﬂ}ﬁ;‘w)ﬁ @

oi Dy ol FisL 5 godan gla, s
Natural Killer s> 5 V01, Kea 5 59w 0 7'V.0550s
S s s S Sl cgile LU s 1, LaCell (NKC)
23 g edds 3L bdghe ol dbg L s &S
I, MAPK 5 TLR4 L HSP70 o bls,l ol asllas
TLRA (gl s 53 15 (pS gl () STU @3 S (o)
Olen & 313 DL Joole gl oS o550 MAPK
3 355 o jiie HSPT0 ,si> ,5 MAPK 5 TLR4
Cowl HSP70 oaS ,lge 45 anti-HSP70 i eslizal |
adlas ol by o3l ials MAPK 5 TLR4 lje
6ol Jls I35 s HSPT0 L5b eawas Ol ol
5 65 ses A3l o MAPK 5 TLR4 (sla s
adlas pl ool Codgdone (g Oolew 6 2Ky
ooliial (S350 o3 5 b (g8 diged slp 4 0
sty b o33 Je LS b dige gad
Ole oy 2 A3 Sl Sad sl ol n 24b
R I T P P U g Y )
S 2 G Sed b (Sn Sl asd ol
258 uyp T Gl S sid 5 55 S (slg) sl

S5 Al

258 o $5 o ol adlas S 4 g b
ol s Oly Sl o 5 lew 5 HSPTO &S
5 MAPK' gla s s pdy Su 5 b Rl cnl &S
pd iy Kl e TLRA

1830 g s

Slides S 55 adlae ol olubsl ads
sl ok plonil 55 (S psle oK1 (555 g0

338 (oo (5,05 Ao sy s &S

ch.a 4 Ll g 0 HSP70 & ﬁala Ol bl s
4 1y Hsp70 Mol Ken 5 LV 354 Joas TLR4
@ 4 S e TLRA s Ced ST Ol g
NF-KB K MAPK e 93 A S Cwl sdd sl
Wi (6592 TLR 51 (30 mal ey sl

HSP70 45 sls ol OV i, Ker 5 Zhu andllas
Mg glp 1, DC 5 &8 wais 1, DCs Cfl‘ Ly o
S Jd TNF-0 5 IL-1B IL-12 abe ola oS gims
el Jo33 LPS 1 3G TLRA Oly 5o ol Gl s
Oly @it 55 JUK Ut s o0l LT 4l s 51
G Jh Lyl SiE LS S §1 s TLRA 5 TLR2
adlas opl a3 S 405 Olays cow HSP70 L 565 S
Sy » &S 0,8 5 Zhang adlas b awslis s
‘;,L...(.: @L‘S >S9 ol wJﬁTLRZ‘g*' ‘;J‘? 55‘,«:

ols

Mol S50 555 1 TVOLKer 5 ol &S (gl anlllas
3 TLR-4 g TLR-2 05 Ols Ol 2 (oo oo &
ssb 4 W g solew 45 3ls DL (adls gl 4 3L
53 TLR-4 5 TLR2 05 0l Uil cow (s ls sna
5 Ol gt a5 (gl asdllas 53 35 5 o gl glacsl
535655k gl Jgbe 28 )z sas 2 (V01 K0
Sl Johu a5 Wl eals Ol il Slas JUS olgdl
TLRA sl 59, dewsy gl Seul 51 e 56y SL
L cledl Ol Wilg (o 0dd Sy el O
LY gy

S ol esls OLE b s mle gy, g bl



<‘H> Voosled /80 095/ Ve Jlu/ dgde K551 0aKils alows

®

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

&b
Newman MG, Takei H, Klokkevold PR, Carranza FA. Carranza's clinical periodontology. New York: Elsevier
health sciences; 2011.
Chrzeszczyk D, Konopka T, Zietek M. Polymorphisms of toll-like receptor 4 as a risk factor for periodontitis:
meta- analysis. Adv Clin Exp Med 2015; 24(6):1059-70.
Wu'Y, Li H, Jian Z, Lai Y. The interleukin-1 family: a key regulator in the pathogenesis of psoriasis. Austin J
Clin Immunol 2014; 5:id1023.
Chang SH, Reynolds JM, Pappu BP, Chen G, Martinez GJ, Dong C. Interleukin-17C promotes Th17 cell
responses and autoimmune disease via interleukin-17 receptor E. Immunity 2011; 35(4):611-21.
Iwakura Y, Ishigame H, Saijo S, Nakae S. Functional specialization of interleukin-17 family members.
Immunity 2011; 34(2):149-62.
Ishigame H, Kakuta S, Nagai T, Kadoki M, Nambu A, Komiyama Y, et al. Differential roles of interleukin-17A
and -17F in host defense against mucoepithelial bacterial infection and allergic responses. Immunity 2009;
30(1):108-19.
Yang XO, Chang SH, Park H, Nurieva R, Shah B, Acero L, et al. Regulation of inflammatory responses by IL-
17F. J Exp Med 2008; 205(5):1063-75.
Jin W, Dong C. IL-17 cytokines in immunity and inflammation. Emerg Microbes Infect 2013; 2(9):e60.
van de Veerdonk FL, Netea MG. New insights in the immunobiology of IL-1 family members. Front Immunol
2013; 4:167.
Kovach MA, Singer B, Martinez-Colon G, Newstead MW, Zeng X, Mancuso P, et al. IL-36y is a crucial
proximal component of protective type-1-mediated lung mucosal immunity in Gram-positive and -negative
bacterial pneumonia. Mucosal Immunol 2017; 10(5):1320-34.
Lopetuso LR, Chowdhry S, Pizarro TT. Opposing functions of classic and novel IL-1 family members in gut
health and disease. Front Immunol 2013; 4:181.
Huynh J, Scholz GM, Aw J, Kwa MQ, Achuthan A, Hamilton JA, et al. IRF6 regulates the expression of IL-36y
by human oral epithelial cells in response to Porphyromonas gingivalis. J Immunol 2016; 196(5):2230-8.
Noreen M, Shah MA, Mall SM, Choudhary S, Hussain T, Ahmed I, et al. TLR4 polymorphisms and disease
susceptibility. Inflamm Res 2012; 61(3):177-88.
Ozturk A, Vieira AR. TLR4 as a risk factor for periodontal disease: a reappraisal. J Clin Periodontol 2009;
36(4):279-86.
Sandoghchian S, Mobayen H, Hatamnezhad LS. Evaluation of macrophage impression in dental pulp
inflammation. J Res Dent Sci 2017; 14(1):7-12.
Laine ML, Crielaard W, Loos BG. Genetic susceptibility to periodontitis. Periodontol 2000 2012; 58(1):37-68.
Szparecki G, Czerkies M, Miskiewicz A. A new approach for genetic factors influencing periodontitis. Dent
Med Prob 2013; 50(2):145-51.
Lu HA, Sun TX, Matsuzaki T, Yi XH, Eswara J, Bouley R, et al. Heat shock protein 70 interacts with
aquaporin-2 and regulates its trafficking. J Biol Chem 2007; 282(39):28721-32.
Zhu Y, Ren C, Wan X, Zhu Y, Zhu J, Zhou H, et al. Gene expression of Hsp70, Hsp90 and Hsp110 families in
normal palate and cleft palate during mouse embryogenesis. Toxicol Ind Health 2013; 29(10):915-30.
Zhang G, Liu Z, Ding H, Zhou Y, Doan HA, Sin KWT, et al Tumor induces muscle wasting in mice through
releasing extracellular Hsp70 and Hsp90. Nat Commun 2017; 8(1):589.
Fatemi K, Radvar M, Rezaee A, Rafatpanah H, Azangoo Khiavi H, Dadpour Y, et al. Comparison of relative
TLR-2 and TLR-4 expression level of disease and healthy gingival tissue of smoking and non-smoking patients
and periodontally healthy control patients. Aust Dent J 2013; 58(3):315-20.
Mousavi SB, Talebi A, Kianoosh S. Immunohistochemical assessment of natural killer cells in normal and
inflamed dental pulps. J Res Med Sci 2006; 11(2):119-21.



