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Abstract

Background: C-reactive protein (CRP) participates in development of inflammatory diseases.
Hepatocytes are a major contributor of circulating CRP. Although angiotensin II (Ang II) is
known to evoke inflammatory response, it remains unknown whether Ang II induces CRP
expression in hepatocytes. The present study observed effect of Ang IT on CRP expression and
the related signal pathway in hepatocytes. Methods: mRNA and protein expressions in human
hepatocytes were determined with RT-PCR and Western blot respectively. Reactive oxygen
species (ROS) was measured using a fluorescence probe. CRP in liver and serum of rats was
determined by immunohistochemistry and ELISA respectively. Results: Ang 1T induced mRNA
and protein expression of CRP in hepatocytes and increased CRP production in liver and CRP
level in serum. Losartan reduced Ang II- induced CRP expression in hepatocytes. Losartan
and thenoyltrifluoroacetone decreased Ang II-stimulated ROS production. N-acetylcysteine
antagonized Ang II-induced CRP expression. Losartan and N-acetylcysteine inhibited Ang
[I-activated ERK1/2. Unlike ERK1/2, only losartan inhibited Ang II-activated JNK. Furthermore,
pyrrolidine dithiocarbamate abolished Ang II-induced CRP expression. Conclusion: Ang 11
has ability to induce CRP expression in hepatocytes in vitro and in vivo through AT1 receptor
followed by ROS, MAPK and NF-kB signal pathway.

Copyright © 2013 S. Karger AG, Basel
Introduction
An impressive amount of data now implicates that inflammatory response is involved

in the pathogenesis of cardiovascular diseases. C-reactive protein (CRP) in comparison to
other inflammation markers is a relatively stable, robust and an exquisitely sensitive serum
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protein. In some studies, CRP level in plasma predicts cardiovascular events even better
than low-density lipoprotein cholesterol level [1]. Multiple epidemiological and mechanistic
studies have shown that CRP is not just a marker but rather an active mediator for endothelial
dysfunction, arterial thrombosis and atherogenesis [2, 3]. CRP, as an inflammatory cytokine,
is primarily synthesized in liver and regulated in response to interleukin-6 (IL-6) and
interleukin-1f (IL-1B) [4-6]. Hepatocytes are believed to be the major contributor of
circulating CRP in plasma. Therefore, hepatic CRP is able to cause liver per se damage and
inflammation, and plays a key role in the development of atherosclerosis when entering into
the blood circulation. In hepatoma cell lines, the endogenous CRP gene is either dysregulated
or weakly active [7]. However, plasma levels of CRP may rise rapidly and markedly (>1000
fold) after an acute inflammation in human [8].

Angiotensin II (Ang II), the key mediator of renin-angiotensin system (RAS), is
responsible not only for vasoconstriction and sodium homeostasis, but also for production
of inflammatory cytokines [9-11]. Besides the actions on cardiovascular system, Ang II
has been revealed to play the important roles in extra-cardiovascular organs. Both the
systemic and the local RAS is involved in pro-oxidant, pro-inflammatory and profibrogenic
processes in the heart, blood vessels, kidney and liver [12]. Moreover, the key elements of
RAS are present in normal liver tissue, and the system is upregulated in human and rat livers
undergoing active fibrogenesis [13, 14]. In vitro and in vivo experiments in liver have shown
that Ang II is able to induce oxidative stress, synthesis of transforming growth factor-1
and collagen, and to exert proinflammatory actions by stimulating the expression of many
proinflammatory cytokines such as intercellular adhesion molecule, IL-6, IL-1, IL-8, tumor
necrosis factor-alpha, cyclooxygenase-2 and iNOS [12, 15]. Our previous work suggested
that Ang Il may induce CRP expression in rat vascular smooth muscle cells (VSMCs), human
aortic endothelial cells (HAECs) and macrophages [16-18].

Although Ang II is known to evoke the inflammatory responses in liver, it remains
unknown whether Ang Il is capable of inducing CRP expression in hepatocytes. Therefore,
the present study examined effect of Ang Il on CRP expression in hepatocytes and explored
the related signal pathway.

Materials and Methods

Reagents

Recombinant human Ang II, PD98059, SP600125, SB203580, N-acetylcysteine (NAC), pyrrolidine
dithiocarbamate (PDTC), diphenyleneiodonium (DPI) and thenoyltrifluoroacetone (TTFA) were from
Sigma-Aldrich (St. Louis, MO, USA). Recombinant human (rh) IL-6 and IL-13 were produced by Peprotech
(NJ, USA). Losartan and PD123319 were obtained from Tocris (Bristol, UK). Polyclonal anti-human
C-reactive protein antibody was provided by Abcam (Cambridge, UK). Anti-human IL-1 and anti-human
IL-6 neutralizing antibodies were ordered from R&D Systems (MN, USA). Antibodies against phosphor-
ERK1/2, ERK1/2, phosphor-JNK and JNK were from Beyotime Institute of Biotechnology (Jiangsu, China).
Anti-GAPDH monoclonal antibody was supplied by Golden Bridge Biotechnology Company (Beijing, China).

Cell culture

Human normal liver cell line L-02 was obtained from the Type Culture Collection of the Chinese
Academy of Sciences, Shanghai, China. The cells were cultured in a 5% CO, atmosphere in RPMI-1640
supplemented with 10% fetal bovine serum (Hyclone, USA), penicillin (100 U/ml) and streptomycin (100
ug/ml). When treated with Ang II or other reagents, the cells were serum-starved for at least 12 h before
the experiments. In the inhibitor experiments, the cells were exposed to Ang II (10-¢ M) for 24 h after
pretreated with the inhibitors for 1 h.

RT-PCR
The total RNA was extracted from the cells using RNA, 00 (Fastagen, Biotech Co., Ltd, Shanghai,
China) according to manufacturer’s instruction. The total RNA was quantified by spectrophotometer at
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260 nm, and assessed for the purity at 280 nm. One microgram of isolated RNA from each sample was
reverse-transcribed to cDNA using oligo (dT) 18 primer and RevertAid™ M-MuLV Reverse Transcriptase
(Fermentas, Germany). PCR reactions were performed in a volume of 25 pl containing the corresponding
sense and antisense primers using the PCR Reagent System (GIBCO-BRL). The cDNA was amplified using
2 pl of each of CRP forward primer (5-TCG TGG AGT TCT GGG TAG ATG-3') and reverse primer (5-CCG
CCA AGA TAG ATG GTG TTA-3’). This resulted in a 217 bp PCR product (32 amplification cycles of 94°C for
5 min, 94°C for 30 s, 60°C for 30 s, 72°C for 1 min, and 72°C for 5 min). The housekeeping gene (GAPDH)
was amplified as an internal control for normalization using the forward primer (5-GGA TTT GGT CGT ATT
GGG-3') and the reverse primer (5'-GGA AGA TGG TGA TGG GAT T-3"). This resulted in a 205 bp product (32
amplification cycles of 94°C for 5 min, 94°C for 30 s, 58°C for 30 s, 72°C for 1 min, and 72°C for 5 min). All
PCR products were separated on 2% agarose gel electrophoresis and visualized using ethidium bromide
staining. Expression of mRNA was quantified as relative to control GAPDH.

Neutralizing experiment

L-02 cells were treated with rhiIL-6 (25 ng/ml) or/and IL-1f3 (25 ng/ml) for 24 h in the absence or
presence of Ang IT (10-¢ M). In the another experiment, the cells were pretreated with anti-IL-6 or/and anti-
IL-1p neutralizing antibodies (5 pg/ml) for 1 h prior to Ang II (10-° M) stimulation for 24 h [19]. Finally, CRP
was assayed by Western blot.

Western blot analysis

After treated, L-02 cells were washed and lysed by 200 pl ice-cold RIPA lysis buffer containing
the protease inhibitor cocktail (Roche, Germany). Protein was quantified by the BCA protein assay kit
(Pierce, Rockford, USA). Protein extracts (50 pg) were resolved on 12% SDS-PAGE gels, and transferred
to nitrocellulose membranes in semi-dry system (Bio-Rad, Hercules, CA). The membranes were blocked
with 5% nonfat dry milk or bovine serum albumin in Tris-buffered saline containing 0.1% Tween 20, and
incubated with the specific antibodies against CRP (1:250 dilution), phosphor-ERK (1:750 dilution), ERK
(1:1000 dilution), phosphor-JNK (1:750 dilution), JNK (1:1000 dilution) and GAPDH (1:1000 dilution)
overnight at 4°C. After the extensive washing, the membranes were incubated with HRP-conjugated anti-
rabbit or anti-mouse antibodies (1:5000 dilution) for 2 h at room temperature followed by the enhanced
chemiluminescence (Pierce). The light signals were detected by X-ray film. Optical density of the bands was
scanned and quantified with Gel Doc 2000 (Bio-Rad). GAPDH was used as loading control.

Measurement of intracellular ROS

Intracellular reactive oxygen species (ROS) in L-02 cells were measured using 2/,
7'-dichlorodihydrofluorescein diacetate (H,DCF-DA) fluorescent labeling method. The cells in 12-
well culture plate were exposed to Ang II (10 M) for 6 h after the pretreatment with losartan (10° M),
PD123319 (10 M), TTFA (10 M) or DPI (10~° M) for 1 h. Then, the cells were incubated with H,DCF-DA (10
uM) for 50 min. The fluorescent intensity was measured by a fluorescence microscope (ECLIPSE Ti, Nikon,
Japan) at the excitation wavelength of 488 nm and emission wavelength of 525 nm. Fluorescence intensity
of the experimental field was measured and analyzed from the fluorescence images with the Image-pro
plus software. The relative fluorescence intensity was taken as the average of values from three repeated
experiments.

Immunohistochemical staining

Male Sprague-Dawley rats (wt. 200-220 g) were anesthetized with methoxyflurane and subcutaneously
implanted with osmotic minipumps (Model 2001, Durect Corporation, Cupertino, CA, USA). Then, rats in
Ang II-treated group and control group were respectively delivered with Ang II (120 ng/kg/min, n=6)
or 0.9% saline (n=6) for 7 days. During the infusion, body weight and the systolic blood pressure were
measured everyday. Rats were weighed and killed, and liver and blood samples were harvested in the end
of the infusion period. Serum was separated for measuring CRP with ELISA kit (Bender Med Systems). Liver
tissues were fixed in 4% paraformaldehyde, embedded in paraffin, and cut into 5-pm-thick sections. The
sections were deparaffinized, rehydrated and then soaked in deionized water containing 3% hydrogen
peroxide for 20 min to block endogenous peroxides. Then, the sections were incubated with rabbit anti-rat
CRP antibody (1:400) overnight at 4°C, and detected using Histostain-Plus kit (4 A Biotech Co., Ltd, Beijing,
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Fig. 1. Ang Il-induced CRP expression in L-02 cells. (A) Time-dependent increase of CRP mRNA expressi-
on; (B) Time-dependent increase of CRP protein expression. (C) Concentration-dependent increase of CRP
mRNA expression; (D) Concentration-dependent increase of CRP protein expression. The cells were treated
with 10 M Ang II for the indicated time for time-dependent experiment, or with the different concentra-
tions of Ang Il for 24 h for concentration-dependent experiment. Then, mRNA and protein expression of CRP
was determined by RT-PCR and Western blot, respectively. Results are expressed as means + S.E.M (n=3).
*P<0.05,**P<0.01 and ***P < 0.001 vs. control.

China) with 3, 3'diaminobenzidine as the substrate. All the images were captured with an optic microscope
(Eclipse E600, Nikon, Japan). Six fields per slide were randomly selected. All rats were provided by the
Experimental Animal Center of Xi’an Jiaotong University College of Medicine. Animal care and procedures
were performed in accordance with the Laboratory Animal Care Guidelines approved by Medical Ethics
Committee of Xi'an Jiaotong University.

Statistical analysis

Results were expressed as means + S.E.M. Differences between groups were determined by one-way
ANOVA with the SPSS 13.0 program (SPSS Inc., Chicago, IL, USA). Differences were considered significant if
P <0.05.

Results

Ang Il increases CRP production in L-02 cells

The results from Fig. 1 displayed that the unstimulated L-02 cells exhibited a very low
basal mRNA and protein expression of CRP. However, Ang II at 10° M to 10° M caused an
apparent time- and concentration-dependent increase of CRP production in L-02 cells as
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Fig. 2. Ang Il -induced CRP expression in L-02 cells is independent of IL-18 and IL-6. (A) IL-1B- and IL-
6-induced CRP expression in L-02 cells. The cells were treated with rhIL-6 or/and IL-1f for 24 h in the
absence or presence of Ang II. (B) Effect of anti-IL-1B and anti-IL-6 neutralizing antibodies on Ang
II -induced CRP expression in L-02 cells. The cells were preincubated with anti-IL-6 or/and anti-IL-1
neutralizing antibodies for 1 h prior to Ang II stimulation for 24 h. Then, CRP protein was identified
by Western blot. Results are expressed as means *+ S.E.M (n=3). **P < 0.01 and ***P < 0.001 vs. control,
#P<0.05and #*P < 0.01 vs. Ang II.
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Fig. 3. Ang II induces CRP expression in L-02 cells through AT1 receptor. The cells were pretreated with
AT1 receptor blocker losartan or AT2 receptor blocker PD123319 for 1 h prior to stimulation with Ang 1I
for 24 h. Then, mRNA (A) and protein (B) expression of CRP was determined by RT-PCR and Western blot,
respectively. Results are expressed as means + S.E.M (n=3). **P < 0.01 and ***P < 0.001 vs. control, #P < 0.01

vs. Ang 1I.

compared to control. After treatment of the cells with Ang IT at 10* M, mRNA and protein
expression of CRP was obviously upregulated in 12 h or 6 h, and reached a maximum in 48
h or 24 h, which was 2.57 or 4.73 times over baseline (Fig. 1A and 1B). Similarly, following
treatment of the cells with Ang II for 24 h, mRNA and protein expression of CRP was
significantly increased at 10 M, and reached the peak at 10-* M (Fig. 1C and 1D), which was
approximately five folds over control.

Ang Il-induced CRP expression in L-02 cells is independent of IL-1f and IL-6

Since Ang I1 is known to stimulate the production of IL-1f and IL-6, which subsequently
induce CRP expression. So we observed rhiL-6 or/and IL-13-induced CRP expression in the
absence or presence of Ang IT (10°® M) and whether anti-IL-1f or anti -IL-6 neutralizing
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Fig. 4. Intracellular ROS is involved in Ang II -induce CRP expression in L-02 cells. The cells were pretreated
with the various inhibitors for 1 h prior to stimulation with Ang II for 6 h. Then, the cells were incubated
with H,DCF for 50 min. Finally, the cells were observed under a fluorescence microscope. (A) Representa-
tive fluorescence images in one field: a, control; b, Ang II’; ¢, Ang I +losartan; d, Ang 11 +PD123319; e, Ang
I +DPI [NAD(P)H oxidase inhibitor]; f, Ang Il +TTFA (complex II inhibitor). (B) Relative fluorescence in-
tensity quantified from the fluorescence images. (C) The cells were pretreated with antioxidant NAC for 1 h
prior to stimulation with Ang II for 24 h and then, CRP protein expression was determined by Western blot.
Results are expressed as means * S.E.M (n=6). ***P < 0.001 vs. control, #*P < 0.01 and #*#P < 0.001 vs. Ang II.

antibody affected Ang Il-induced CRP expression in the cells. Results in Fig. 2A showed
that IL-1B or IL-6 alone induced CRP protein expression in L-02 cells. In the combined
stimulation with IL-18 or/and IL-6 and Ang II, CRP protein expression was significantly
increased in comparison to Ang II. Further experiment showed that anti-IL-1f or/and anti-
IL-6 neutralizing antibodies were failed to block Ang II-stimulated CRP protein expression
in the cells (Fig. 2B).
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Fig. 5. Ang II induces CRP expression in L-02 cells
via AT1-ROS-MAPK-NF-kB signal pathway. (A) Ang
I induces CRP protein expression in L-02 cells
through ERK1/2, JNK and NF-kB. The cells were
pretreated with PD98059, SP600125, SB203580 or
PDTC for 1 h prior to Ang Il stimulation for 24 h,
and then CRP protein expression was analyzed by
Western blot. (B) Involvement of AT1 and ROS in Ang
[ -stimulated ERK1/2 activation in L-02 cells. The
cells were subjected to losartan, PD123319, NAC,
PD98059 for 1 h, and then stimulated with Ang II for
30 min. Total and phospho-ERK1/2 levels were ana-
lyzed by Western blot. (C) Involvement of AT1 in
Ang Il -stimulated JNK activation in L-02 cells. The
cells were subjected to losartan, PD123319, NAC,
SP600125 for 1 h, and then stimulated with Ang 11
for 30 min. Total and phospho-]NK levels were ana-
lyzed by Western blot. Results are expressed as me-
ans * S.EM (n=3). **P < 0.01 and ***P < 0.001 vs.
control. #*P < 0.01 and #*P < 0.001 vs. Ang 1I.
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Ang 1l induces CRP expression in L-02 cells through AT1 receptor

After pretreatment of L-02 cells with losartan (AT1 receptor blocker) or PD123319 (AT2
receptor blocker) for 1 h, the cells were stimulated with 10 M Ang II for 24 h to determine
whether Ang II receptors were involved in Ang II-induced expression of CRP. Results from
Fig.3A and 3B showed that losartan apparently restrained Ang II-elicited CRP mRNA and

protein accumulation in the cells, whereas PD123319 did not show a significant effect.
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ROS is involved in Ang Il-induced CRP expression in L-02 cells

As shown in Fig. 4A and 4B, there was a minor DCF fluorescence in control L-02 cells,
which represented ROS generation. Exposure of the cells to Ang II resulted in a noticeable
raise of ROS generation as compared to control, whereas losartan and TTFA (complex II
inhibitor) obviously attenuated the effect. Although DPI [NAD(P)H oxidase inhibitor] and
PD123319 tended to depress Ang II-stimulated ROS production, there was no statistical
significance. This finding was further confirmed by antioxidant NAC, which was able to
cancel Angll-induced CRP protein expression in the cells (Fig. 4C).

Ang Il induces CRP expression in L-02 cells via MAPK-dependent signal pathway

The present experiment presented that PD98059 (ERK1/2 inhibitor), SP600125 (JNK
inhibitor) or PDTC (NF-xB inhibitor) was able to impair Ang II-induced CRP expression in
L-02 cells (Fig. 5A), whereas SB203580 (p38 MAPK inhibitor) did not show the similar effect.
To further elucidate the association of ERK/JNK activation with Ang II receptors and ROS,
the cells were stimulated with Ang II for 30 min after pretreatment for 1 h with losartan,
PD123319, NAC, PD98059 or SP600125. Then, phosphorylated ERK1/2 and phosphorylated
JNK expressions were determined by Western blot. As shown in Fig. 5B, losartan, NAC and
PD98059 evidently inhibited Ang II-induced phosphorylation of ERK1/2, whereas PD123319
did not show a significant effect. Meanwhile, losartan and SP600125 obviously inhibited Ang
II-induced phosphorylation of JNK, whereas PD123319 and NAC did not show a significantly
inhibitory effect.

Prolong Infusion of Ang I into rats induces CRP expression in liver

In order to determine if Ang II had the similar effects in vivo as it did in vitro, a model
of rats receiving subchronic administration of Ang II was used. The subcutaneous infusion
of Ang Il (120 ng/kg/min) to rats for 7 days did not markedly influence body weight and
blood pressure (data not shown). However, administration of Ang II to rats elevated serum
CRP from 1268.7+256.9 ng/ml to 1644.5+153.2 ng/ml (P< 0.05). The immunochemistry
revealed that there was a marked increase of CRP expression in liver of Ang II-infused rats
in comparison with control rats (Fig.6A). The expression occurred in both cytoplasm and
nucleus (arrows) of hepatocytes.
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Discussion

Multiple studies now pinpoint inflammation as a key regulatory process that links
many risk factors to atherosclerosis. As a representatively inflammatory cytokine, CRP
is not only an important predictor of inflammatory diseases, but also a participator in a
lot of diseases including atherosclerosis. It is known that CRP is mainly produced in liver
under stimulation of [L-1f3 and IL-6. Besides contribution to hepatic inflammatory diseases,
CRP produced in liver is released to blood to participate in development of the systemic
inflammatory response. The increased CRP level in serum is associated with atherosclerotic
plaque formation and cardiovascular events [20]. High CRP level can be observed in liver
tissue of some hepatic diseases, such as cirrhosis, hepatocellular carcinoma and advanced
liver failure [21-23]. Chronic inflammation in the hepatic parenchyma eventually leads to
fibrosis and portal hypertension [15].

Numerous clinical and laboratory data are available supporting the hypothesis that
hypertension is an independent and potent risk factor for the development of atherosclerotic
diseases [24]. As a potent proinflammatory agent in the vessel wall, Ang II has been widely
accepted as a pivotal mediator in hypertension-induced atherosclerosis [24]. Several in vivo
studies demonstrate that transiently or chronically subcutaneous infusion of Ang II activates
expressions of cell adhesion molecules and chemokines, and amplifies atherosclerosis
in apoE-deficient mice, which distinctly suggest a strong association between Ang II,
inflammation and atherosclerosis [24, 25].

The known evidences show that Ang II also plays a role in liver inflammation both in
rodents and in human. Ang II is able to exert an array of pro-inflammatory and fibrogenic
actions in hepatic stellate cells [15]. There exists activation of both the systemic RAS and
hepatic RAS in cirrhosis [14, 26, 27]. The increased systemic Ang II is associated with the
progression of chronicliver diseases [12]. Moreover, AT1 antagonistlosartan also reduces the
extent of liver damage, suggesting that endogenous Ang II participates in the pathogenesis
of hepatic inflammation [15].

In the present study, we found that Ang II significantly increased mRNA and protein
expression of CRP in hepatocytes in time- and concentration-dependent ways. This effect
was independent of IL-1f and IL-6, since pretreatment of hepatocytes with anti-IL-1f3 or
anti-IL-6 neutralizing antibody did not affect Ang II-induced CRP protein expression. Our
experiment also supported that IL-1f3 and IL-6 are capable of stimulating CRP expression in
hepatocyte. To test the effect of Ang Il on CRP production in vivo, we used a well-characterized
model of continuous infusion of Ang Il into rats. The in vivo experiment showed that infusion
of Ang II into rats increased CRP protein expression in liver. Further analysis suggests that
Ang II-induced CRP is most probably generated in hepatocytes since the strongly positive
expression of CRP was detected in the cytoplasm and nucleus of hepatocytes. Meanwhile,
we observed that serum CRP was elevated in Ang II-infused rat. These indicate that Ang II
contributes to the elevated circulating CRP level by stimulating hepatocytes to secrete CRP.

In vivo and in vitro studies reveal that AT1 receptor is expressed on liver parenchymal
cells, i.e. hepatocytes [13, 28], and Ang Il induces CRP production by AT1 receptor in VSMCs,
HAECs and macrophages [16-18]. Therefore, Ang II possibly regulates the inflammatory
response of hepatocytes via Ang Il receptors. In this study, the specific AT1 receptor
blocker losartan obviously inhibited Ang II- induced mRNA and protein expression of CRP
in hepatocytes, whereas AT2 receptor blocker PD123319 did not alter the effect of Ang II
on CRP both in mRNA and in protein levels, demonstrating stimulation by Ang II of CRP
production via activating AT1 receptor.

It is all known that ROS, as an important intracellular second messenger, mediate
the generation of inflammatory cytokines through activating many downstream signaling
molecules including MAPK [29, 30]. Ang Il increases ROS generation via AT1 receptors [30].
The results of the present experiment exhibited that Ang II stimulated ROS production in
hepatocytes mainly via AT1 and mitochondria-derived pathway, since AT1 receptor blocker
losartan and mitochondrial respiratory complex I inhibitor TTFA markedly antagonized the
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stimulatory effect of Ang II on ROS production, while AT2 receptor blocker PD123319 and
NAD (P) H oxidase inhibitor DPI slightly inhibited Ang II-stimulated ROS generation. These
results are in line with other researches [30, 31]. Additionally, antioxidant NAC completely
inhibited Ang II-induced CRP protein expression. These demonstrate that Ang II-induced
CRP expression in hepatocytes involves AT1 receptor and subsequent ROS.

MAPK-dependent signaling pathway is linked with the inflammatory process of
cardiovascular and liver diseases. Ang Il is able to activate p38 MAPK, ERK1/2 and JNK in
VSMCs [32-34]. Our results displayed that Ang I activated ERK1/2 and JNK phosphorylation
in hepatocytes, which is consistent with the results in Ang II-infused rats [12]. Since AT1
receptor blocker losartan and antioxidant NAC significantly inhibited Ang Il-activated
ERK1/2 phosphorylation in hepatocytes, it is suggested that Ang Il-activated ERK1/2
phosphorylation is mediated by AT1 receptor and ROS. However, AT1 receptor blocker
losartan, but not NAC, significantly inhibited Ang II-activated JNK phosphorylation, which
mean that Ang Il-activated JNK phosphorylation is mediated by AT1 receptor, not ROS.
Furthermore, ERK1/2 inhibitor PD98059 and JNK inhibitor SP600125 evidently reduced
Ang II-induced CRP protein expression, implicating that ERK1/2 and JNK, but not p38 MAPK,
is necessary for Ang II-induced CRP expression in hepatocytes.

Growing data confirm a potential role of NF-kB as a mediator of Ang II-induced
inflammatory process. Systemic infusion of Ang II into normal rats activates NF-kB in
liver [12]. Voleti and Agrawal demonstrate that NF-kB is involved in IL-6-stimulated CRP
expression in hepatocytes as well [35]. NF-kB activation is considered to be a downstream
event of MAPK [36, 37]. In this study, NF- kB inhibitor PDTC significantly inhibited Ang II-
induced CRP protein expression in hepatocytes, inferring involvement of NF- kB in Ang II-
induced CRP generation.

In summary, our data demonstrate that Ang II has ability to induce CRP expression in
hepatocytes both in vitro and in vivo, which is mediated predominately through AT1 receptor
followed by ROS, MAPK and NF-xB signal pathway. This finding has both pathological
significance and clinical implication. On the one hand, the result provides a new evidence
for the proinflammatory effect of Ang II in liver, and emphasizes importance of Ang II-
CRP signaling in inflammatory pathogenesis of chronic liver diseases and atherosclerotic
diseases. On the other hand, our result suggests the possibility that blockade of RAS in liver
by angiotensin converting enzyme inhibitor or AT1 receptor blocker is a new therapeutic
strategy for the inflammatory hepatic diseases, especially for patients with chronic liver
diseases and high RAS activity.
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