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Summary: To investigate TLR2 (Toll-like receptor 2) mRNA expression in ischemic hepatic lobes 
under the condition of partial hepatic ischemia/reperfusion injury in BALB/c mice and its relation- 
ship with liver function impairment. A partial ischemia/reperfusion injury model was established. 
The portal vein and hepatic artery supply to the median and left lobes of the liver were obstructed by 
an atraumatic artery micro-clip, with the obstruction lasting for about 60 min. Then reperfusion 
was fulfilled by removal of the clip. The liver samples were collected at the 4~h h after the restora 
tion of blood inflow. Total RNA was extracted from the liver samples and analyzed quantitatively by 
method of real-time PCR. At the same time, portal vein serum and plasma were taken respectively 
for further detection of the level of endotoxin, tumor necrosis factor alpha (TNF-alpha) and plasmic 
alanine aminotransferase (pALT). The results indicated that TLR2 mRNA in ischemic lobe was 
up-regulated markedly in mice partial liver ischemia/reperfusion injury model compared to that in 
sham operation group (ACt: 1 . 0 5 ! 1 . 0 2  vs 5. 08•  36, P < 0 . 0 0 1 ) .  The level of portal vein 
pALT and TNF-alpha increased significantly (112.32++_17.56 pg/ml vs 6.07_+5.33 pg /ml ,P<0 .  
01;890_--+-127 /~/L vs 30-t-5 /,/L, P < 0 . 0 0 1 )  . However, the level of portal vein endotoxin re- 
mained below the normal line, suggesting a state of non-endotoxcmia. TLR2 mRNA expression in 
ischemic lobe, as well as portal vein pALT and TNF-alpha, was up-regulated in the model of mice 
partial ischemia/reperfusion injury, suggesting the involvement of TLR2 in ischemia/reperfusion 
pathological process. 
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This  research was  aimed to s tudy  the variat ion 
of  T L R 2  m R N A  express ion  in ischemic hepatic 
lobes under  a partial  hepatic i schemia / reper fus ion  
pathological  p rocess ,  and to elucidate the mecha-  
nism of toll-l ike receptors  ( T L R s )  act ivat ion and 
the role played by T L R s  signaling pa t hwa y  in he- 
patic i s chemia / r epe r fus ion  injury. 

1 MATERIALS AND METHODS 

1.1 Materials 
The  mater ia ls  used included T R h o l  reagent  

( Inv i t rogen  Co. , H o n g k o n g ,  Ch ina ) ,  T L R 2  pr im- 
er:  ups t ream 5 " - G C C A C C A T T T C C A C G G A C T - 3 " ,  
downs t r eam 5 " - G G C T T C C T C T T G G C C T G G - 3 "  ( In-  
v i t rogen H o n g k o n g ,  C h i n a ) ,  p robe  sequence:  5" 
( F A M )  T G G T A C C T G A G A A T G A T G T G G G C -  
G T G - ( T A M R A )  3" (Shangha i  Shenyou  Bio. Co. , 
C h i n a ) ,  internal  control  l~-actin p r imers :  up- 
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s t r eam:  5 " - G C T A C A G C T T C A C C A C C A C A G - 3  ", 

downs t r eam : 5 " - G G T C T T T A C G G A T G T C A A C G  
TC-3", probe-  5 " ( F A M )  - A T G A C C T G G C C G T -  
C A G G C A G C - ( T A M R A )  3 ' ( S h a n g h a i  Shenyou  
Bio. C o . ,  China) .  M - M L V  reverse t ranscr ip tase  
( L o t :  g 1 6 9 4 1 0 ,  P r o m e g a C o . ,  U S A ) ,  R N a s i n r i -  
bonuclease inhibi tor  ( H u a m e i  Bio. Co,  C h i n a ) ,  
recombinant  Taq  D N A  polymerase  ( L o t :  4564,  g~ 
EP0404 ,  MBI F e r m e n t s ,  U S A ) ,  Quant i f ied  l imu- 
lus assay kit (Shangha i  Yihua Medical Science and 
T e c h n o l o g y  Co. , C h i n a ) .  T N F - a l p h a  enzyme-  
linked immunoso rben t  assay ( E L I S A )  kit ( J ingmei  
Bio Co, , China) .  
1.2 Animal Modeling and Grouping 

B A L B / c  mice were supplied by the Exper i -  
menta l  Animal  Center  of Tongj i  Medical Col lege,  
H u a z h o n g  Univers i ty  of Science and T e c h n o l o g y ,  
W u h a n ,  China. All the animals were male ,  with 
age ranging  f rom 6 to 8weeks and weighing 20 - -25  
g. T h e  animals  were fasted for 12 h with free access 
to water  and randomly  divided into i schemia / reper -  
fusion ( I / R )  and sham opera t ion  g roups  ( S H ) .  
Mice were anesthet ized with pentobarbi ta l  (60 m g /  



Z H A N G  Jinxiang e~ a/ .  II.R'-' tuRN.\ [ lllr.~tllall,m in lschcmtc I.iv(.r l.(,bc'> 145 

kg) .  A midline laparot{m~y wi,, l~crfi,rnwd imd an 
a t raumat ic  eli[) was placed across the hepatic hilus 
to in ter rupt  blood supply t ( ) l h e  lef~ aml median 
lobes of the liver. . \ f t c r  t;t) rain r p;trllal hepatic 
ischemia,  the clip w;ts removed ~) initiate hepalie 
reperfusion.  Sham opcrali(m grcmp nm'c underwent  
the same protocol  bul wi thoul  vascular  occlusion. 
1 .3  Samples  Harvesting and Management  

Mice were killed af~ 'r  I h ,d hlo~,d supply rcs 
torat ion.  Blood and liv~'r santl~lcs wcrc taken for 
fur ther  analysis.  The  fresh liv~,r s;mq~lcs (ll)() mR) 
from ischemic hcpatn" l,,I)cs we,re c()lh'ctc(I, kepl in 
liquid nitrc~gen and hom~gcnizcd with gl,tbs hem() 
douncer  in 0. 5 ml lI4.Iz~)l sc,lulion. "l'hen *()tal 
R N A  was ext rac ted  by f()lh,wln~ 1he manufacturer" 
s protocol .  Blood s;impiv's fr~,m lx~r*~I vein wcrt. 
taken respectively fi~r it,'.>av of p . , \ l .T.  T N F  alpha 
and cndotc)xin accor([iIlI4 l() 11)c n l g t l l u f a c l u r e r  s 

rnanLla].  

1 . 4  Quantitative Assay of TI.R2 m R N A  Expression 
After  retro-tran.,.erlpticm ~)f t()lal R N A  wilb 

pr imer  o l igodT,  large1 I I .RL'  gone ;tml interned 
control  t~-actin gene w c r c  d,q, l ic , lcd by the tcch 
nique of real-t ime P(,'R wi~h (<)uchd,>wn melhod.  
The  duplicat ing t)r()c'c,~> was m(mil~)rcd wilh an uu 
tomatic  analysis  soflxvrtrc in ty t . '  FT(" 2t)t)() Sc 
quence I)etect ion F,v>Icm (Slaunghai l:e.ngling lr 
( 'o. �9 China) .  The  h'vel ()f R~'m' cxpre>.sion was cx 
pressed as the difference bc lwcen the ('I value of 
T L R 2  m R N A  and ~ha~ of i~, 'tii~ n t R N A ,  i. c. 
ACt .  The  less l heA( ' l ,  lhc m()rc lh~ gem'  cx  

pressed. 
1 .5  Statistical  Analysis  

All numeric  dalu wcrc cxprcsst .d u s . ,  4 .~. 
Differences between I I{ and Nil gr()tIt)s were aua 
lyzed with SPSSI().  () s(~ftw.rv.. 

2 RESUL'FS 

2 . 1  The Expression of TLR2 m R N A  in l schemic  
Hepatic  Lobe 

The  values of 2X('! ill ] [{ Rr(ml) aut(] 5H grc)ttp 
were 1 . 0 5 §  1.02 vs 7;. {)g 4 1. :',t; rc, ,pcctivcly ( P  
0. 0()1 ).  indicating Ibltl thc cxI)rcs~i<)n h,vel of 
T L R 2  m R N A i n i s c h c m i c h v l ) a t i c  h ) b c i n l  Rgrc)t |p 
is higher than thal in NH group.  
2 . 2  Levels of Serum Endotoxin ,  TNF-aipha and 
pALT in Portal Veins 

The  levels of portill vein ~crum cmholoxin in I 
R and SH group,~ wcrc 3.5t/J , I. 42 [~]t~ ml vs :~. 85 
+ 1. 61 E u  ml rv>f)eclively. The  (liffcrencc hc 
tween them wits not significant ( P ~. ():-~). The  
%vel of serum T N E  alph;a in portal  \ t i n  in I R 
' .rout) was higher  c~m@i~rcd t(: ~hat ~u SH group  
1 1 2 . 3 2 4 -  I7..'56 pg mI vs t;. ~7 ! 7;. 3:~ pg ml) .  

"he difference b e l w e c I l  l h e l n  vva,'., V(FV ,qgnificant 
(m~ 0. 001) .  The  lvvcl of p:NI.T in i)ortal vein. 
vhich is an indicator ,,f liver function cc)mpr(inli...c. 
w s higher  in 1 R group than in St [  g.r(mp (890. '21 
+~7'2.91 u L v s  1(I. ~it~§ 1.~. 12 u 1..,. The  ~liffcr- 

encc between both g roups  was also very significant 
( P  (~. (.)(11. table 1). 

Table 1 Level of serum endotoxin, TNF-alpha 
and pALT in portal vein 

(iroups I R group SH group 

[?mdc)Ioxln con 
i~. 9o§ 1. 12 ?,. 85 r l. 61 " 

( ' lc<l(Eu ml) 

Svrum TNF-alpha 112.? ,2+17.5~;  ~L 07 ~5 .33  
( pg nil) 
l~lasm, A I,T 

89~L 2l - L'72. S~I :: 4(). 6{;+ 15.42 ~ (IT l.) 

l ) c~.{~:-,. P I~.l~lll  , : ; P -  0 . 0 @ 1  

3 DISCUSSIONS 

TI .R  family members  are type [ t r ansmem 
brain_, I)roteins containing repeated leucine-rich mo-  
tifs in thcir cxtraeei lular  port ions~ similar to o ther  
pat tern  recognit ion proteins  of the innate immune  
sys lent .  ;tnd a cytoplasmic  domain ,  which is ho- 
mologous  to the signaling domain of the II, 1 re- 
ceplor  ; "['I.Rs recognize pa thogen  associated 
molecular  p~tltern molecules.  TI .R2  are widely 
prcsenl on the surface of maerophages  residing in 
liver and spleen,  endothelial  cells, dendrit ic cells, 
and some gas l roen te ro log ic  tract epithelia el  

a /  . It recognizes l ipoproteins f rom a variety of 
pa thogens ,  l ipoleichoic acid ( I . T A ) .  l ipoarabino 
n > n n a n ,  and atypical  I .PS.  etc .  When act ivated .  
the cytoplasmic  port ion of TI .R2 interacts  with 
Myl)S8.  which has the T I R  (To l l .  II.-1 receptor )  
domain in ils (" terminal por t ion ,  and MyI)88 re 
cruils a dealh domain-conla in ing serinc, threonine  
kiniise. 1he II. I rccvpt~r-a. ' ,sociated kinase ( I  
RAK~. t R A K  is activated by phosphory la t ion  and 
is a.,sociatcd with T R A F 6 .  which leads to the a c t i  
ra t ion  of tw~ distinct signaling p a t h w a y s ,  J N K  and 
NF ~cl~. result ing in the p ro in f l ammato ry  cas 
cade H e p a t i c i s c h e m i a  repcrfus ion  (I R) injury 
is ~t major  complieal ion of liver resection su rge ry ,  
I ransp lan ta t ion .  arm hypovolemic  s h o c k - : .  A1 
lhougla the delailed biochemical  mechan isms  are 
unclear ,  hypoxia reoxygena t ion  ( ischemia reperfu-  
sion) may play an impor tan t  role in the generat ion 
of r e a c t i v e  oxygen  species ( R ( ) S ) .  as well as in the 
secretion c~f eytokines ,  such as t umor  necrosis fac- 
lor c~ ( I N F - u ) .  by Kuppfer  cells. The  s t imula t ion 
of NF K13 and the fol lowing in f lammatory  cytokines  
cascadc may play critical roles dur ing the 
p r o c e s s '  We demons t ra t ed  that T L R 2  m R N A  
expression in the ischemic hepatic lobe was up reg- 
tllalecl dur ing partial hepatic ischemia/ ' reperfusion 
injury process in mice modeI. 

A mousc  mode[ of lobar ,  ra ther  than tota l ,  
hepatic ischemia reperfusion was establ ished to 
produce a severe hepatic ischemic insult  wi thou t  in- 
ducing mcsenter ic  venous  congest ion.  The  blood 
supply to the nwdian and left lobes were b locked ,  
while the blood supply to the right and caudal 
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lobes, as well as venous outflow, remained intact, 
thereby preventing the development of intestinal 
venous hypertension and the resulting endotox- 
emia ET~. Under this non-endotoxemia condition, 
the mechanism of I /R  could be clarified without 
the involvement of endotoxin, and the influence 
could be excluded of eytokines evoked by endotoxin 
on the expression of the interest gene Es~. Different 
from the previous studies, it was the process of I /  
R alone, not lipopolysaccharide Eg? , that stimulated 
the expression increase of TLR2 mRNA. It seems 
that the TLR2 could be activated by the procedure 
of ischemia and reperfusion, mimicking the phe- 
nomenon that TLR2 could be activated by a variety 
of cytokines E1~ Al though the level of serum TNF-  
alpha and plasma A L T  were elevated during simul- 
taneously,  we couldn ' t  definitely define the rela- 
tionship between the activation of TLR2 and the 
increased level of TNF-alpha and ALT.  But our 
experiment indicates that the TLR2 may play a 
part in the pathological process of hepatic ischemi- 
a/reperfusion injury. 

Few researches focused on the pathophysio- 
logical role of TLRs  during the I / R  injury. Previ- 
ous study has proved that TLR4 ,  another member 
of TLRs  family, played a role in the process of I /  
R El1~. The well-being of the body could be moni- 
tored through recognition of tissue degradation by 
TLR4 E~z?, even the TLR2 can be activated by 
LPS El~ However ,  under the condition of non-en- 
dotoxemia, the mechanism of TLR2 activation and 
liver cells on which TLR2 is activated during I /R  
process remain unclear and need be further stud- 
ied. 
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