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Abstract
AIM: To investigate the expression of myeloid dif
ferentiation protein-2 (MD-2), MD-2B (a splicing isoform 
of MD-2 that can block Toll-like receptor 4 (TLR4)/MD-2 
LPS-mediated signal transduction) and TLR4 in the liver 
of acute cholangitis rats.

METHODS: Male Sprague-Dawley rats (SPF level) were 
randomly divided into four groups: (A) sham-operated 
group; (B) simple common bile duct ligation group; (C) 

acute cholangitis group; and (D) acute cholangitis anti-
TLR4 intervention group (n  = 25 per group). Rat liver 
tissue samples were used to detect TLR4, MD-2 and 
MD-2B mRNA expression by fluorescence quantitative 
PCR in parallel with pathological changes.

RESULTS: In acute cholangitis, liver TLR4 and MD-2 
mRNA expression levels at 6, 12, 24, 48 and 72 h were 
gradually up-regulated but MD-2B mRNA expression 
gradually down-regulated (P  < 0.05). After TLR4 
antibody treatment, TLR4 and MD-2 mRNA expression 
were lower compared with the acute cholangitis group 
(P  < 0.05). However, MD-2B mRNA expression was 
higher than in the acute cholangitis group (P  < 0.05). 
MD-2 and TLR4 mRNA expressions were positively 
correlated (r  = 0.94981, P  < 0.05) and MD-2B mRNA 
expression was negatively correlated with MD-2 and 
TLR4 mRNA (r  = -0.89031, -0.88997, P< 0.05).

CONCLUSION: In acute cholangitis, MD-2 plays an 
important role in the process of TLR4- mediated inflam
matory response to liver injury while MD-2B plays a 
negative regulatory role.
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INTRODUCTION
In acute cholangitis (AC), a large number of  breeding 
intestinal flora gain access to the bile duct, releasing large 
amounts of  toxins and directly or indirectly triggering 
excessive inflammation and causing liver damage[1-3]. In 
recent years, Toll-like receptor 4 (TLR4) has been iden
tified as an important transmembrane signaling system 
involved in endotoxin-induced inflammation[4-5]. TLR4, as 
the main receptor for bacterial lipopolysaccharide (LPS), 
mediates a signal transduction pathway that includes 
formation of  the LPS-LBP-CD14-secreted protein MD-
2-TLR4 receptor complex, combination with myeloid 
differentiation factor 88, phosphorylation of  IRAK and 
activation of  a series of  cell kinases, collectively con
trolling the activation of  the transcription factor nuclear 
factor κB (NF-κB) and its biological effects[6-9].

Myeloid differentiation protein-2 (MD-2) is a recen
tly described 160 amino-acid secreted glycoprotein and 
an important regulatory element in natural immune 
recognition[10]. Tamai confirmed that MD-2 is involved 
in synergistic effects of  IL-8 production[11]. Research 
shows that following mutation of  MD-2 glycosylation 
sites, MD-2 can still be expressed at the cell surface and 
combination with TLR4 is maintained but that TLR4-
mediated activation of  NF-κB weakens. When two 
glycosylation sites are simultaneously mutated, MD-2 can 
no longer promote LPS-induced IL-8 secretion[12]. MD-2 
serves as the bridge between TLRs and LPS, playing an 
important role in the LPS signal transduction[10].

Using RT-PCR, Ohta et al[13] amplified MD-2B, an 
MD-2 splicing isoform, from mouse spleen and bone 
marrow cells. NF-κB instruction analysis suggests that 
HEK 293 cells cotransfected with equal amounts of  
MD-2 and MD-2B have a slower NF-κB up-regulation 
and weakened activity. When 8 fold more MD-2B than 
MD-2 was transfected, NF-κB activity was reduced 
to similar levels observed in cells transfected with the 
TLR4 and MD-2 without LPS stimulation. These results 
suggest that MD-2B can dose-dependently block TLR4/
MD-2/LPS-mediated NF-κB signal transduction.

In the present study, real-time quantitative PCR was 
used to quantitatively detect TLR4, MD-2 and MD-2B 
mRNA expression in the liver during acute cholangitis. 
Data were used to study the interrelationship between 
MD-2, its splicing isoform (MD-2B) and TLR4 and 
establish the role of  MD-2 and MD-2B in the TLR4-
mediated inflammatory signaling pathway.

MATERIALS AND METHODS
Experimental strain
E. coli type Oll1B4 was provided by the Chinese drugs 
biological preparations examination institute. Bacteria 
were vaccinated on blood plates, incubated at 37℃ for 
24 h before experiment, eluted with the aseptic phy
siological saline to a density of  5 × 105 CFU/mL and 
preserved at 4℃ until use.

Animal grouping and model preparation
The Guangdong Medical College hospital ethical 
committee approved the research protocol and the use 
of  animals in this study was in accordance with the 
statement.

100 SPF level SD male rats weighing between 220-250 
g were obtained from the institutional animal expe
rimentation center (production license SCXK Guangdong 
2004-0008, animal quality certification 2007A034) and 
were stochastically divided into 4 groups (n = 25 per 
group): a sham-operation (Group A), a control group 
(Group B), an acute cholangitis group (Group C) and an 
acute cholangitis anti-TLR4 intervention group (Group D).

The sham group (Group A) received operations si
mply to free the common bile duct and the control group 
had only a simple choledoch ligation (Group B). Rat 
choledoch dissociation was performed using a surgery 
microscope with the dissociated choledoch dual ligated 
with No. 1 silk thread at a length of  approximately 1 
cm. The acute cholangitis (Group C) was induced by 
injection of  0.2 mL E. coli suspension into the end 
near the ligation with a No. 4 silk scalp acupuncture 
needle followed by 1 mL physiological saline. The acute 
cholangitis anti-TLR4 intervention group (Group D) 
received an injection of  anti-TLR4 monoclonal antibody 
1 mL (2.5 g, diluted 1:200). Each group of  rats received 
abdominal wall sutures layer by layer. After surgery rats 
were individually housed and had unconfined drinking 
and eating. Rats from each group were serially killed at 
6, 12, 24, 48 and 72 h after surgery and then liver tissue 
was collected for pathological examination and real-time 
quantitative PCR.

Detection of TLR4, MD-2 and MD-2B mRNA expression
TLR4, MD-2 and MD-2B mRNA expression was 
detected in rat liver tissue using real-time PCR at various 
time points. The purity of  isolated total RNA was 
verified by electrophoresis on 1% agarose gels (Figure 
1). Templates from RNA reverse transcription were 
amplified in 10 μL 5 × quantitative PCR buffer, 1 μL 
upstream primer F (10 pmol/μL), 1 μL downstream 
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Figure 1  RNA electrophoretograms. There are three visible bands with 28s 
and 18s, 5s, showing no pollution in the DNA, no degradation with RNA which 
indicates the purity of RNA is higher.



primer R (10 pmol/μL), 1 μL probe (10 pmol/μL), 1 μL 
Taq enzyme (5 U/μL), 1 μL dNTPs (10 mmol), 5 μL, 
cDNA and 32 μL ddH2O using an ABI7000 completely 
automatic fluorescence quota PCR meter. 

After amplification, data were adjusted according 
to the start value, stop value and threshold value of  
the baseline, the standard curves under the Std curve 
window was adjusted to optimal (the correlation value 
to be situated between 0.97 and -1, with the correlation 
value |r|) and finally, unknown specimen values B were 
obtained under the Reporter window by auto-calculating 
analysis (Qty). Considering the difference of  total RNA 
density from each sample, the final computed results 
were calculated according to the following formula: A 
(copy counts/ug total RNA) = [B (copy counts/μL 
cDNA)]/(OD260 × 5/6). Masculine specimen RNA 
was reverse transcribed as templet.

PCR amplification was performed using a PE9600PCR 
meter and the primers used for PCR are shown in Table 1.

The amplification conditions were 2 min at 93℃, 40 
cycles of  1 min at 93℃, 1 min at 55℃, 1 min at 72℃ and 
finally 7 min at 72℃ for extension. PCR products were 
electrophoresed in 2% low melting point agarose gel 
and under UVA objective zones were removed, recycled 
and purified with the recycling reagent box (QIA quick 
Gel Extraction Kit). Determination of  OD 260/280 > 
1.8 indicated the purity of  the samples. Concentration 
(copy/μL) was calculated using the OD260 value and 
fragment length and then samples were gradient diluted 
to a positive quantitative standard gradient sample. Dual-
distilled sterile water was employed as fluorescence-
negative control standard sample.

Analysis and data processing
MD-2, MD-2B, TLR4 RNA copy number ratios were 
calculated using the formula: copy number ratio = 
copies/ug total RNA/GAPDH (internal parameters) 
copies/ug total RNA.

The data obtained were analyzed using SPSS 10.0 

to perform completely stochastic variance comparison 
analyses among groups. Results were considered sig
nificant when P < 0.05. A q test was used for individual 
comparisons. The relevance of  the various indexes 
was calculated using Pearson correlation analyses with 
statistical significance accepted when P < 0.05.

RESULTS
Change in liver tissue expression of TLR4 mRNA
In Group A, liver TLR4 mRNA expression was detected 
at all time points examined. TLR4 mRNA expression in 
Group B rats started to increase 12 h after surgery and 
by 72 h had increased significantly (P < 0.05). In Group 
C, TLR4 mRNA had increased by 12 h after surgery and 
this increased expression extended through 72 h. At the 
12 h time point, TLR4 mRNA levels were significantly 
higher in Group C than in Group B (P < 0.05). In Group 
D, TLR4 mRNA expression declined 6 h after surgery 
with levels that were significantly different from those in 
Group C at corresponding time points (P < 0.05) (Table 2).

Change in liver tissue expression of MD-2 mRNA
In Group A, MD-2 mRNA expression was detected 
in liver tissue at different time points. MD-2 mRNA 
expression of  Group B rats started to rise at 12 h after 
surgery and by 72 h had risen significantly (P < 0.05). 
In Group C, MD-2 mRNA expression was also present 
within 12 h and expression continued through 72 h. At 
12 h, expression in Group C was significantly different 
than that of  Group B (P < 0.05). MD-2 mRNA ex
pression declined in Group D rats from 6 h after surgery 
onwards and was significantly different from Group C at 
the 6 h time point (P < 0.05) (Table 3).

Change in liver tissue expression of MD-2B mRNA
In Group A, liver MD-2mB RNA expression was 
detected at all time points. MD-2 mRNA expression in 
Group B rats started to decline at 12 h after surgery and 
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Table 1  Primers used for real-time PCR

Forward Reverse

MD-2 (130 bp) 5'-AAATCCCTATTTCAATTAGTTCTGAACC-3' 5'-GAGTTGATATTGATGAACAGGTTGAAAT-3'
MD-2B (93 bp) 5'-AAATCCCTATTTCAATTAGTTCTGAACC-3' 5'-GCTTCGGCAATTTTGGAATG-3'
TLR4 (117 bp) 5'-GATTGCTCAGACATGGCAGTTTC-3' 5'-CTGCTAAGAAGGCGATACAATTCG-3'
GAPDH (97 bp) 5'-CCGAGGGCCCACTAAAGG-3' 5'-GCTGTTGAAGTCACAGGAGACAA-3'

Table 2  TLR4 expression in rat liver tissue (mean ± SE) (copy ratio 104)

6 h 12 h 24 h 48 h 72 h

Group A 4.32 ± 0.721 4.17 ± 0.708 4.40 ± 0.435  4.36 ± 0.396  4.48 ± 0.504
Group B 3.96 ± 0.051  4.90 ± 0.075a  8.52 ± 0.023a 11.11 ± 0.029a 12.90 ± 0.042a 

Group C 3.87 ± 0.031    5.23 ± 0.033a,c    9.87 ± 0.025a,c   13.70 ± 0.115a,c   19.70 ± 0.123a,c

Group D  0.16 ± 0.003e  0.17 ± 0.002e   0.22 ± 0.002e    0.58 ± 0.001e    0.77 ± 0.006e

aP < 0.05 vs the same group at different time points; cP < 0.05 vs group B at the same time; eP < 0.05 vs group C at the same time.



continued a gradual decline through 72 h. By 72 h, MD-
2mB RNA expression had significantly declined (P < 0.05). 
Group C MD-2 mRNA expression also declined starting 
at 12 h and was significantly different from Group B at 
the 12 h time point (P < 0.05). In Group D, liver MD-2 
mRNA expression increased starting at the 6 h time point 
compared with corresponding time point in Group C and 
was significantly different (P < 0.05) (Table 4).

Correlation analysis between TLR4 mRNA and MD-2, 
MD-2B mRNA
In rats with acute cholangitis, expression of  MD-2 
mRNA and TLR4 mRNA was positively correlated (r 
= 0.94981, P < 0.05) while MD-2 mRNA and MD-
2B mRNA were negatively correlated (r = -0.89031, P 
< 0.05). TLR4 mRNA and MD-2B mRNA were also 
negatively correlated (r = -0.88997, P < 0.05).

DISCUSSION
In acute cholangitis, bacterial translocation from the in- 
testinal tract and enterogenic endotoxemia may occur. 
Miyaso[14] investigated the relationship between LPS, 
the signaling molecule TLR4 and liver damage during 
obstructive icterus endotoxemia. These observations 
revealed that LPS-induced liver damage was time de
pendent and involved TLR4 signaling. The present results 
show that in the livers of  rats with acute cholangitis, 
TLR4 mRNA expression increased significantly 12 h 
after induction, continued to increase even higher as 
inflammation developed in the first 72 h and showed a 
clear positive correlation with the degree of  inflammation. 
This high level of  TLR4 expression suggests that it 
is closely related to liver damage in acute cholangitis. 
As TLR4 is an essential component of  inflammatory 
pathways, over expression of  TLR4 mRNA during acute 
cholangitis may result in an excessive inflammatory 
response leading to liver damage.

Some research has indicated that synergistic up-
regulation of  other proteins may be necessary for en
hancement of  TLR-mediated immune responses[15]. 
MD-2 is a newly discovered, soluble secretary protein 
which binds to the extracellular region of  TLR4. Upon 
binding, MD-2 enhances TLR4 reactivity to LPS, 
strengthens the subsequent signal transduction intensity 
and facilitates LPS-mediating signaling through the 
NF-kB pathway. Other reports showing that treatment 
with LPS causes a dose-dependent increase in MD-2 
expression[16] and that MD-2 gene knockout mice do not 
respond to LPS and can survive LPS-induced shock[17], 
support the concept that extracellular MD-2 directly 
binds to LPS and unites it with the TLR4 external 
functional region. Thus MD-2 is indispensable in TLR4-
mediated LPS signal transduction[18-19].

MD-2 mRNA expression was up-regulated in the livers 
of  rats with acute cholangitis and its expression increased 
as inflammation developed in 72 h, suggesting that MD-2 
was also an essential media element in the associated 
inflammatory pathways. The positive correlation between 
MD-2 and TLR4 during inflammation medium may 
result from their roles as essential components of  LPS 
complexes[10] and is critical during the occurrence and 
development of  acute cholangitis. Anti-TLR4 group 
rats showed lower expression of  both MD-2 and TLR4 
mRNA compared with rats in the sham-operation 
group, control group and acute cholangitis group at cor
responding time points (P < 0.05). These observations 
were mainly due to the inhibition of  normal TLR4 
expression by anti-TLR4 and the resultant inhibition 
of  MD-2. When anti-TLR4 bound to TLR4, it is likely 
that it also suppressed MD-2 that was bound to TLR4 
and inhibited MD-2 expression and function. These 
observations suggest that in acute cholangitis, MD-2 
mediates the LPS inflammatory pathway collaboratively 
with TLR4 through protein-protein interaction[20].

Selective slicing has been the subject of  intensive 
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Table 3  MD-2 expression in rat liver tissue (mean ± SE) (copy ratio 103)

6h 12h 24h 48h 72h

Group A 1.16 ± 0.042 1.17 ± 0.057 1.14 ± 0.016  1.16 ± 0.028  1.17 ± 0.048
Group B 1.15 ± 0.015  2.11 ± 0.042a  3.29 ± 0.034a 15.41 ± 0.267a 21.97 ± 0.271a

Group C 1.17 ± 0.028    4.10 ± 0.054a,c  12.27 ± 0.078a,c 21.158 ± 0.185a,c   30.21 ± 0.342a,c

Group D  0.33 ± 0.017e  0.40 ± 0.061e  1.15 ± 0.025e    3.61 ± 0.089e    4.58 ± 0.034e

aP < 0.05 vs the same group at different time points; cP < 0.05 vs group B at the same time; eP < 0.05 vs group C at the same time.

Table 4  MD-2B expression in rat liver tissue (mean ± SE) (copy ratio 102)

6h 12h 24h 48h 72h

Group A 2.35 ± 0.013 2.38 ± 0.013 2.35 ± 0.012 2.35 ± 0.012 2.35 ± 0.010
Group B 2.47 ± 0.021  1.32 ± 0.035a  0.98 ± 0.006a  0.71 ± 0.006a  0.48 ± 0.002a

Group C 2.47 ± 0.021   1.42 ± 0.015a,c    0.26 ± 0.002a,c    0.09 ± 0.001a,c    0.07 ± 0.003a,c

Group D  6.03 ± 0.015e  4.50 ± 0.017e  3.85 ± 0.015e   3.62 ± 0.015e   2.39 ± 0.022e

aP < 0.05 vs the same group at different time points; cP < 0.05 vs group B at the same time; eP < 0.05 vs group C at the same time.



research in the recent years, particularly since the human 
genome project was completed and may potentially 
contribute to the discovery and development of  new 
medical treatments, drug targets and diagnosis markers[21-23]. 
Many key signaling molecules and downstream effector 
molecules in the TLR4 signaling pathway including MD-2, 
TRL4, MyD88, IRAK and IκB produce selective splicing 
isoforms[24-29]. Interestingly, most of  these isoforms play 
a negative role in regulating TLR4 pathway. In acute 
cholangitis, liver MD-2B decreases to levels that are lower 
than that in the normal state which is opposite to the 
observed up-regulation of  the inflammatory mediators 
MD-2 and TLR4. These data suggest that MD-2B plays 
an inhibitory role in the inflammation process and that 
MD-2B expression increases as the expression of  MD-2 
and TLR4 are reduced. Thus, in acute cholangitis, MD-2B 
is also involved in the inflammatory process by inhibiting 
MD-2, TLR4 or MD-2 and TLR4 complex. However, 
the underlying inhibitory mechanism and the exact 
functioning location of  MD-2B need further investigation.

Ohta et al[13] identified MD-2B as an MD-2 splicing 
isoform and showed that it had a negatively regulatory 
function during TLR4-mediated LPS signal transduction, 
reducing cell and tissue damage caused by inflammatory 
reactions[30-32]. The experiments reported here show 
that in rats, the liver normally expresses only a small 
but consistent amount of  MD-2B mRNA. In rats with 
induced, acute cholangitis, MD-2 mRNA expression 
started to decline 12 h after surgery (P < 0.05). However, 
in rats treated with anti-TLR4, MD-2 mRNA expression 
rose after 6 h as compared with its expression in other 
groups at the same time point (P < 0.05). This up-
regulation may be due to the combination of  anti-TLR4 
with the TLR4 extracellular region which partially blocks 
the combination of  CD14 and MD-2 and subsequently 
leads to the enhanced expression of  the MD-2B, the 
splicing isoforms of  MD-2. 
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