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ABSTRACT

Toll-like receptors (TLRs) play an important role in the recognition of a specific
pattern of microbial components and lead to activation of innate immunity. The purpose
of this study was to examine the effect of exercise training on mRNA expression
of TLR2 and TLR4 in rat tissues. Female F344 rats were divided into a sedentary
(S) group and a training (T) group. At the first week, training rats ran at 15-21 m/
min, 15-30 min/day, for 5 days/week. From the second to the fourth week, training
rats ran at 21 m/min, 30 min/day, for 5 days/week. We assessed TLR2 and TLR4
mRNA expression in the lung, the liver, the spleen and the soleus muscle using real-
time RT-PCR. Although thymic atrophy and the extension of exhaustion time were
detectable, the basal levels of stress hormone (catecholamine and corticosterone) were
unchanged by exercise training. TLR2 mRNA expression in the lung tended to be lower
in the T group than in the S group, but there were no statistically significant differences.
Similarly, TLR4 mRNA expression was not significantly different between the S and T
groups. These findings suggest that mild exercise training might not affect TLRZ and
TLR4 mRNA expression in the lung, the liver, the spleen and the musle tissue.
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1 Effect of exercise lrammg on TLRZ mRNA expression
in the liver, the lung, the spleen and the soleus muscle
Values are means + SEM.

2071
BSedentary ®Training

- 1.5
o
o
<
g 1.0
[+
=

0.5

2 Liver Lung Spleen Soleus

12 Effect of exercise training on TLR4 mRNA expression
in the liver, the lung, the spleen and the soleus muscle
Values are means + SEM.

77— VBRI 2 & 0 HARGEE YR 7S
TR, BRBALICORERLTWE Y £
T, Mlivr a7 7 —UMEET DR, A,
BRI T, o AfExtgiks L.

ARFZEIZ BV T, Biid TLR2 mRNA 38813 E
BN - ZICX W ETEERTHOD, &
BLRETIE Ao/ (1), TLR2 X, 2M%E
BRI EORIANKT 2 2 &R EBRARRE
WZETHIZE S L T A RESEIVRIE S h Ty
21019 s Pannacci 625, vz a0 77—
TLR2 % Bl1% 4 M 0¥k ES) TIIEL L k2o
Fre#EL D Sewart 5 12BMOL VRS
¥ A b b—=> 7% CD14 BtEfifioD TLR2 53

CHRELAVIRELTEY D, SEORRE
INHDEITHIFR L —F L T\

TLR4 122V T, BMEIHICL VEFK LD
HRRRIETTHLOMENRLELRENTHE D
L) Sg L —=>ZicBnTd, Bl
@ B ER TLR4 mRNA BRI HXT, L



—gp—
VAF VA=V IETERTTAI L
A VAEFEAEN L -V FTOMAAE DY
2, BREBROBEY o 2EEE, BREL D
12 CD14 BEtEMIlaD TLRA BB A KT S AT &
PRESNTVE 61D UL irs, Kk
Tl TLR4 mRNA EBLZ W h oz B
ST L 2ol ZORERIIESHEROZE
PEELTVWARTERENEZ SRS, LT
T, M=V ZRIZHIIDVEML TWBEH,
AKFRICBIBRAEMN L —= 7 TIX, EY
WA ES 5 TOBEFRIZEM L7200,
LI AGORERIIEIL L ol Thbb,
BENOREPLZVWIYA VIR N -2V 7T
HolbDEEbNSE, v A< OT7 7 —
¥ @ TLR4 mRNA FHIX, LR LB L Tt
KEEBHTII =7 1 AR EL, 38
HECHAELZ2EMEL2RTI, 4 HHTIIEIFA
bRZVEVD REREVHENDHL 0. $4b
L, 4 EMOBEKESTIX, KFEERLFEL {,
TLR4 BFHIIZELL TRV, ThH5DT Edb,
TLR4 ZEBUL BB L EBHIFMICL Y, 208
ENRRZEEZEZLND.
HTFA=NTIVRAINFIRATOIDES
BGAMVARVE X, FIEETA MAA VE
XIS 2 RERAEEAEH2 . 7L
1) V1% TLR4 mRNA BB 2L &8¢ R 0w L O
ENRBHLAD ZaaF a4 Fid TLR2 R
TLR4 5H % MHT 2 & OBES L SNTWD B,
) ABfZETIE, MEINFIRATOVRED
BELZZIASNTESLT, 2w 212 TLR2
R TLRA P ZAL L e d o 7200 Lz,
TLR2 %> TLR4 if, JE#Z X %A 22 V&
HOMEBICERZELRZEHEZRLLTVwEEERDL
NTw3 5620 gEEc T 5 REE Bk
L7z 12 B 0:EBp L, B#55H TLR4 B3R
RET S, REETA M4 BB IHET
2t (RBAMOEFRETCEINLOEER

BALRBEZ SN TV RW) S8 ShTBY) 2
EE)IZ X 5 TLRs OFEBFETHEME O S 512
ERTAZLVHIFSNS.

4 BEOT AN FREB) N L —=v 7, Mk
F1D TLR2 B & O° TLR4 FIRIZFE L Wi Retk
AR ENZ. LA L%D S, o) TLRs AHES)
PL—==V 7K EAT 20 E ) DIITRHT
HbhH. T/, TLRsEHBED & I Ly FHRFEIC
LVHABHENTVEINLIMPFEINTEBLT, 460
IR % 2EBEX R EBHIM 2B\ T, TLRs
HEPEATATREEITETE 2V, Fhw
RIC, BRI ZOGTFRIFHHD 20 DR S
VETH5.

4. & =

YANWFLREB L —= 27, B, BFEE,
JRfE, BEPFv T AP O TLR2 B X U TLR4
mRNA ZERIZEE L Wl TR E /2.

#H

ARFEDZRITICH 2D, MAEBKZE Y L
TR HEANARE ST Y P AR— YR
WHEBMFHICEEILE L BT T, 4, EBR
BT AR FREEBER, A
HF &K TG00 g EEEiE RS
HERZRFEO AL, MELTFRFEREAE
FREICEH LT T

3k

1) Medzhitov R., Toll-like receptors and innate
immunity, Nat. Rev. Immunol., 1(2) 135-145(2001)

2) Akira S, Takeda K, Toll-like receptor signaling, Nat.
Rev. Immunol., 4(7) 499-511(2004)

3) Rock F.L., Hardiman G., Timans J.C., Kastelein
R.A., Bazan J.F., A family of human receptors
structurally related to Drosophila Toll, Proc. Natl.
Acad. Sci. US.A.,95(2) 588-593(1998)

4) Leulier F., Lemaitre B., Toll-like receptors--taking

FH b AR—IEE Vol. 33



an evolutionary approach, Nat. Rev. Genet., 9(3)
165-178(2008)

5) Poltorak A., He X., Smirnova I., Liu M.Y., Van

6)

Huffel C., Du X., Birdwell D., Alejos E., Silva M.,
Galanos C., Freudenberg M., Ricciardi-Castagnoli
P, Layton B., Beutler B., Defective LPS signaling
in C3H/HeJ and C57BL/10ScCr mice: mutations in
Tir4 gene, Science, 282 (5396) 2085-2088 (1998)
Qureshi S.T., Lariviere L., Leveque G., Clermont S.,
Moore K.J., Gros P., Malo D., Endotoxin-tolerant
mice have mutations in Toll-like receptor 4 (Tlr4),
J. Exp. Med., 189(4) 615-625(1999)

7) Zuany-Amorim C., Hastewell J., Walker C., Toll-like

8)

9)

10)

11)

12)

13)

receptors as potential therapeutic targets for multiple
diseases, Nat. Rev. Drug Discov., 1(10) 797-807
(2002)

Takeuchi O., Hoshino K., Kawai T., Sanjo H.,
Takada H., Ogawa T., Takeda K., Akira S.,
Differential roles of TLRZ and TLR4 in recognition
of gram-negative and gram-positive bacterial cell
wall components, Immunity, 11(4) 443-451(1999)
Aliprantis A.O., Yang R.B., Mark M.R., Suggett S.,
Devaux B., Radolf J.D., Klimpel G.R., Godowski
P., Zychlinsky A., Cell activation and apoptosis by
bacterial lipoproteins through toll-like receptor-2,
Science, 285(5428) 736-739(1999)

Lancaster G.I., Khan Q., Drysdale P., Wallace
F., Jeukendrup A.E., Drayson M.T., Gleeson M.,
The physiological regulation of toll-like receptor
expression and function in humans, J. Physiol., 563
(3) 945-955(2005)

Simpson R.J., McFarlin B.K., McSporran C.,
Spielmann G., 6 Hartaigh B, Guy K, Toll-like
receptor expression on classic and pro-inflammatory
blood monocytes after acute exercise in humans,
Brain Behav. Immun., 23(2) 232-239(2009)

Booth S., Florida-James G.D., McFarlin B.K.,
Spielmann G., O'Connor D.P., Simpson R.J.,
The impact of acute strenuous exercise on TLR2,
TLR4 and HLA.DR expression on human blood
monocytes induced by autologous serum, Eur. J.
Appl. Physiol., 110(6) 1259-1268(2010)

Oliveira M., Gleeson M., The influence of prolonged
cycling on monocyte Toll-like receptor 2 and 4
expression in healthy men, Eur. J. Appl. Physiol.,
109(2) 251-257(2010)

14) Chiang LM., Chen Y.J., Chiang J., Lai L.Y., Chen

FH v P AFR—VEE Vol. 33

15)

16)

17)

18)

19)

20)

21)

22)

23)

_91 =

Y.Y., Liao H.F., Modulation of dendritic cells by
endurance training, Int. J. Sports Med., 28(9) 798-
803(2007)

Chen M.F., Chen H.I., Jen C.J., Exercise training
upregulates macrophage MKP-1 and affects immune
responses in mice, Med. Sci. Sports Exerc., 42(12)
2173-2179(2010)

Flynn M.G., McFarlin B K., Phillips M.D., Stewart
L.K., Timmerman K.L., Toll-like receptor 4 and
CD14 mRNA expression are lower in resistive
exercise-Training elderly women, J. Appl. Physiol.,
95(5) 1833-1842(2003)

Stewart L K., Flynn M.G., Campbell W.W., Craig
B.A., Robinson J.P., McFarlin B.K., Timmerman
K.L., Coen PM., Felker J., Talbert E., Influence of
exercise training and age on CD14+ cell-surface
expression of toll-like receptor 2 and 4, Brain Behav.
Immun., 19(5) 389-397(2005)

Nishimura M., Naito S., Tissue-specific mRNA
expression profiles of human toll-like receptors and
related genes, Biol. Pharm. Bull., 28(5) 886-892
(2005)

Giraldo E., Martin-Cordero L., Garcia J.J.,
Gerhmann M., Multhoff G., Ortega E., Exercise-
induced extracellular 72 kDa heat shock protein
(Hsp72) stimulates neutrophil phagocytic and
fungicidal capacities via TLR-2, Eur. J. Appl.
Physiol., 108(2) 217-225(2010)

Pannacci M., Lucini V., Colleoni F., Martucci C.,
Grosso S., Sacerdote P., Scaglione F., Panax ginseng
C.A. Mayer G115 modulates pro-inflammatory
cytokine production in mice throughout the increase
of macrophage toll-like receptor 4 expression during
physical stress, Brain Behav. Immun., 20(6) 546-551
(2006)

Elenkov I.J., Chrousos G.P., Stress hormones,
proinflammatory and antiinflammatory cytokines,
and autoimmunity, Ann. N.Y. Acad. Sci., 966, 290-
303(2002)

Rough J., Engdahl R., Opperman K., Yerrum S.,
Monroy M.A., Daly JM, Beta2 adrenorcccpmr
blockade attenuates the hyperinflammatory response
induced by traumatic injury, Surgery, 145(2) 235-
242(2009) _

Jin X., Qin Q., Tu L., Qu J., Glucocorticoids inhibit
the innate immune system of human corneal
fibroblast through their suppression of toll-like



receptors, Mol. Vis., 15, 2435-2441 (2009)

24) Broering R., Montag M., Jiang M., Lu M.,

Sowa J.P., Kleinehr K., Gerken G., Schlaak J.F.,
Corticosteroids shift the Toll-like receptor response
pattern of primary-isolated murine liver cells from
an inflammatory to an anti-inflammatory state, Int.
Immunol., 23(9) 537-544(2011)

25) Tsukumo D.M., Carvalho-Filho M.A., Carvalheira

26)

J.B., Prada P.O., Hirabara S.M., Schenka A.A.,
Aradjo E.P., Vassallo J., Curi R., Velloso L.A.,
Saad M.J., Loss-of-function mutation in Toll-like
receptor 4 prevents diet-induced obesity and insulin
resistance, Diabetes, 56 (8) 1986-1998 (2007)

Poggi M., Bastelica D., Gual P, Iglesias M.A.,
Gremeaux T., Knauf C., Peiretti F., Verdier M.,
Juhan-Vague 1., Tanti J.F., Burcelin R., Alessi

27)

28)

M.C., C3H/HeJ mice carrying a toll-like receptor 4
mutation are protected against the development of
insulin resistance in white adipose tissue in response
to a high-fat diet, Diabetologia, 50(6) 1267-1276
(2007)

Caricilli A.M., Nascimento P.H., Pauli J.R.,
Tsukumo D.M., Velloso L.A., Carvalheira J.B., Saad
M.J., Inhibition of toll-like receptor 2 expression
improves insulin sensitivity and signaling in muscle
and white adipose tissue of mice fed a high-fat diet,
J. Endocrinol., 199(3) 399-406 (2008)

Lambert C.P., Wright N.R., Finck B.N., Villareal
D.T., Exercise but not diet-induced weight loss
decreases skeletal muscle inflammatory gene
expression in frail obese elderly persons, J. Appl.
Physiol., 105(2) 473-478(2008)

Ty b AFR— R Vol. 33



	page1
	page2
	page3
	page4
	page5
	page6
	page7

