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Abstract
AIM: To study the effect of cholecystokinin-octapeptide
(CCK-8) on lipopolysaccharide (LPS) -induced pulmonary
artery smooth muscle cell (PASMCs) injury and the role of
heme oxygenase-1 (HO-1), and to explore the regulation
mechanism of c-Jun N-terminal kinase (JNK) and activator
protein-1 (AP-1) signal transduction pathway in inducing
HO-1 expression further.

METHODS: Cultured PASMCs were randomly divided into
4 or 6 groups: normal culture group, LPS (10 mg/L), CCK-8
(10-6 mol/L) plus LPS (10 mg/L) group, CCK-8 (10-6 mol/L)
group, zinc protoporphyrin 9 (ZnPPIX) (10-6 mol/L) plus LPS
(10 mg/L) group, CCK-8 (10-6 mol/L) plus ZnPPIX and LPS
(10 mg/L) group. Seven hours after LPS administration,
ulterstructrual changes and content of malondialdehyde
(MDA) of PASMCs in each group were investigated by
electron microscopy and biochemical assay respectively.
HO-1 mRNA and protein of PASMCs in the former4 groups
were examined by reverse transcriptase polymerase chain
reaction (RT-PCR) and immunocytochemistry staining.
Changes of c-fos expression and activation of JNK of
PASMCs in the former 4 groups were detected with
immunocytochemistry staining and Western blot 30 min
after LPS administration.

RESULTS: The injuries of PASMCs and the increases of
MDA content induced by LPS were alleviated and significantly
reduced by CCK-8 (P<0.05). The specific HO-1 inhibitor-
ZnPPIX could worsen LPS-induced injuries and weaken
the protective effect of CCK-8. The expressions of c-fos,
p-JNK protein and HO-1 mRNA and protein were all slightly
increased in LPS group, and significantly enhanced by
CCK-8 further (P<0.05).

CONCLUSION: HO-1 may be a key factor in CCK-8
attenuated injuries of PASMCs induced by LPS, and HO-1
expression may be related to the activation of JNK and
activator protein (AP-1).
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INTRODUCTION
Lipopolysaccharide (LPS), a main component of Gram-negative
bacterial endotoxin, is the main factor to induce endotoxic shock
(ES). ES is a common and serious syndrome in clinic and its
mortality is very high. The lung is one of the target organs
easily insulted in ES. It was demonstrated that lung injury in ES
was associated with oxygen free radicals (OFR)[1,2] and the
content of cholecystokinin (CCK) in serum was increased when
ES occurred. Our previous in vivo and in vitro studies
demonstrated that CCK-8 could protect animals from LPS-
induced ES and lung injury, which may be related to its effect
on reducing the production of OFR[3-7].
      There is a rapid increase in those substances that provide
protection against oxidative stress. Among them one is heme
oxygenase (HO)-1, which has generated much interest as a
novel stress protein that is highly induced by many factors
which induce oxidative injury and protect against oxidative
stress[8-12]. However, the regulation mechanism of HO-1
expression was still unclear and there were no reports about
the relationship between HO-1 and the protection of CCK-8
in LPS-induced ES and lung injury. One of the earliest
responses to LPS and CCK-8 is the activation of mitogen-
activated protein kinases (MAPKs), including p38, p42/p44
extracellular signal-regulated kinase (ERK) and c-Jun NH2-
terminal kinase (JNK)[13,14]. A slightly later cellular response
is the activation of activator protein (AP)-1. AP-1 is a dimeric
protein complex containing  2 members of the real family of
transcription factors, c-fos and c-Jun. Recent studies showed
that, one or more members of AP-1 were likely involved in
HO-1 gene transcription[15-18]. The relationship between the
activation of these signaling molecules and downstream HO-
1 expression represents an active line of investigation. This
can provide experimental evidences to elucidate whether the
protective mechanism of CCK-8 is associated with HO-1.
    Pulmonary artery hypertension (PAH) is the typical
pathological change in the early phase of ES. It was reported
that the degree and duration of PAH were the important factors
of ES accompanied by acute lung injury, and pulmonary artery
smooth muscle cells (PASMCs) played an important role in
maintaining the tone of pulmonary artery. In the present study,
the effect of CCK-8 pretreatment on the injuries of PASMCs
induced by LPS was observed, and further investigated the
role of HO-1 and the regulation mechanism of c-Jun N-terminal
kinase (JNK) and AP-1 signal transduction pathway in inducing
HO-1 expression were further investigated.
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MATERIALS AND METHODS
Materials
CCK-8 (sulfated), LPS (E.coli LPS,serotype 0111:B4), ZnPPIX
and Triton X-100 were all purchased from Sigma. Mouse anti-
rat phosphorylate JNK(p-JNK) monoclonal antibody, rabbit
anti- rat c-fos and HO-1 polyclonal antibody were all purchased
from Santa Cruz. DMEM and fetal calf serum (FCS) were
purchased from GibcoBRL. Total RNA isolation system and
access RT-PCR system were purchased from Promega (USA).
SABC kit was purchased from Boshide(China). All other
reagents used were of analytic grade.

Methods
Cell isolation and culture  Rat PASMCs were prepared as
previously described[19]. Briefly, male healthy Sprague-Dawley
rats (100-150 g BM, Experimental Animal Center of Hebei Province)
were anesthetized with intraperitoneal administration of
pentobarbital sodium (35 mg/kg), and pulmonary arteries were
obtained. The isolated pulmonary arteries were cleaned of
connective tissues, and aseptically opened longitudinally. The
adventitia was carefully removed and the luminal surface was
scraped with forceps to remove endothelial cells and then
minced into 1 mm2 pieces and plated on culture flasks at 37 
in humidified air containing 50 mL/L CO2 for 2-3 h , and then
cultured in Dulbecco modified Eagle medium (DMEM)
supplemented with heat-inactivated 10 mL/L FCS and antibiotics
(100 U penicillin, 100 µg/mL streptomycin) and grew until
confluence. The medium was changed every 3-4 d, and confluent
cells were passaged with 1.25 g/L trypsin solution every 5-7 d,
and experiments were performed in an 80% confluent state on
the sixth- to eighth-passages from primary culture. Cells were
made quiescent by incubation in each medium without FCS for
24 h before LPS or CCK-8 addition. PASMCs in culture were
elongated and spindle shaped, grown with the typical hill-and-
valley appearance, and characterized by immunocytochemical
assay with anti-α-actin monoclonal antibody, demonstrating
positive staining in >95% of cells. The cultured PASMCs were
randomly divided into 4 or 6 groups: normal culture (control)
group, LPS (10 mg/L) group, CCK-8 (10-6 mol/L) group, CCK-8
(10-6 mol/L) plus LPS (10 mg/L) group, ZnPPIX(10-6 mol/L) plus
LPS (10 mg/L) group, and  CCK-8 (10-6 mol/L) plus ZnPPIX
(10-6 mol/L) and LPS (10 mg/L) group.
Observation of ultrastructrual changes with transmission
electron microscopy  After treated with LPS, CCK-8 or
ZnPPIX, the cells were washed rapidly with PBS and
harvested, then fixed with 40 g/L paraformaldehyde/5 g/L
glutaraldehyde and postfixed with 40 g/L OsO4/potassium
hexacyanoferrate. After embedded in Epon, thin sections
were cut, contrasted with uranyl acetate (20 g/L)/lead citrate
(27 g/L) and  examined with an EM10 electron microscope as
described previously[20].
Assessments of PASMCs malondialdehyde (MDA) content
The cells were harvested after treated with LPS or CCK-8 or
ZnPPIX and washed rapidly with PBS, then immediately
homogenized on ice in 9 volumes of saline. The homogenates
were centrifuged at 4 000 r/min at 4  for 10 min. The MDA
content in the supernatants was measured using a MDA assay
kit (Nanjing Jiancheng Corp. China).
Analysis of c-fos and HO-1 protein expression by
immunocytochemistry  Confluent cells were passaged with
2.5 g/L trypsin solution onto 20 mm×20 mm glass sheets in a
6-well plate. After treatment with LPS, CCK-8 or both LPS
and CCK-8 for 30 min or 7 h, the cells were treated with 3 mL/L
H2O2 in methanol to block endogenous peroxide activity.
Immunocytochemical staining was performed using rabbit
polyclonal antibody against c-fos and HO-1 by an indirect
streptavidin/peroxidase technique. Experiments were performed

following the manufacturer’s recommendations. The cells were
incubated with polyclonal anti-rat c-fos and HO-1 antibody for
12 h at 4  after antigen repair. Biotinylated IgG was added as
the second antibody. Horseradish peroxidase labeled
streptomycin-avidin complex was used to detect the second
antibody. Slides were stained with DAB and examined under a
light microscope. The brown or dark brown stained cytoplasm
or cell nucleus was considered as positive. Phosphate-buffered
saline (PBS) solution was used as negative control. The result
of immunocytochemistry was analysed by using the CMIAS-8
image analysis system.
Analysis of HO-1 mRNA by RT-PCR  After treatment with
LPS, CCK-8 or both LPS and CCK-8 for 7 h, total RNA was
extracted from PASMCs. The concentration of RNA was
determined from absorbent at 260 nm. The primers for HO-1
and β-actin were as follows: HO-1 (309 bp), 5’-CTT TCA GAA
GGG TCA GGT GTC CA-3’ , 5’-CTG AGA GGT CAC CCA GGT
AGC GG-3’; β-actin (224 bp), 5’-CGT GGG CCG CCC TAG GCA
CCA-3’ , 5’-CGG TTG CCT TAG GGT TCA GAG GGG-3’.
Polymerase chain reactions(PCR) were performed in a 50 µL
reaction volume. Reverse transcriptase polymerase chain
reaction (RT-PCR) was run in the following procedures: at
42  for 45 min, 1 circle; at 95  for 3 min, at 60  for 30 s, at
72  for 30 s, 1 circle; at 94  for 30 s , at 60  for 30 s, at 72 
for 30 s, 30 circles; at 94  for 30 s, at 60  for 30 s, at 72  for
6 min, 1 circle. A 10 µL PCR product was placed on to 15 g /L
agarose gel and observed by EB staining using a Gel-Pro
analyzer.
Western blot analysis of p-JNK protein in PASMCs  After
treatment with LPS or CCK-8 or both LPS and CCK-8 for
30 min, the cells were harvested and then lysed with ice-cold
lysis buffer [50 mmol/LTris (pH 7.5), 150 mmol/LNaCl, 10 g/L
Triton X-100, 5 g/L deoxycholic acid, 1 g/L sodium dodecyl
sulfate, 1 mmol/L phenylmethysulfonyl (PMSF), 10 mmol/L
NaF, 1 mmol/L sodium vanadate, 5 mmol/L EDTA (pH 8.0) and
a 40 µg/mL protease inhibitor cocktail] as described previously
for 1 h and then centrifuged at 12 000 g at 4  for 10 min. After
precipitated unsolubilized fraction was discarded, protein
concentration in the supernatant was determined by
Coomassie blue dye-binding assay (Nanjing Jiancheng Corp.
China). The supernatant containing 30 µg protein was treated
with 2×Laemmli buffer, then subjected to SDS-PAGE using
100 g/L running gel for 3 h at 100 V. Protein was transferred to
nitrocellulose membrane, and immunoblot analysis was
performed as described previously. Briefly, the membrane was
incubated successively with 3 mL/L milk in TPBS at room
temperature for 1 h, with 1:1 000 diluted mouse anti-rat specific
antibody of p-JNK at 37  for 2 h, and then with horseradish
peroxidase-labeled secondary antibody at 37  for 30 min.
After each incubation, the membrane was washed extensively
with TPBS and the immunoreactive band was stained with
diaminobenzidine (DAB). The brown or dark brown stained
strap was considered as positive.

Statistical analysis
Data were reported as mean±SD. Statistical differences
between values from different groups were determined by
one way ANOVA and Newman-Keuls q test. Significance was
set at P<0.05.

RESULTS
CCK-8 alleviated PASMC injury induced by LPS
PASMCs were harvested at 7 h. There were significantly
ultrastructural injuries in LPS group such as seriously swollen
mitochondria and mitochondria without or partly without
cristallins. CCK-8 could significantly alleviate the above-
mentioned changes. While the ultrastructrual injuries induced



by LPS were aggravated and the protective effect of CCK-8 on
cells was weakened by ZnPPIX. There was no significant
difference between CCK-8 group and control group (Figure 1).

CCK-8 inhibited MDA production
The MDA content of PASMCs was significantly increased in
LPS group when compared with control group (P<0.05). Compared
with the LPS group, the MDA content was further increased in
LPS+ZnPPIX group but markedly decreased in CCK-8+L PS
group, however the protective effect of CCK-8 was weakened
by ZnPPIX. There was no significant difference between CCK-
8 group and control group (P<0.05) (Table 1).

Table 1  Change of MDA content in PASMCs (mean±SD, n=8)

Group MDA content (nmol/mL )

Control   4.02±2.18

LPS 23.44±1.25a

LPS+CCK-8 14.66±1.66e

CCK-8   3.00±2.18

LPS+ZnPP 34.97±1.54ae

LPS+CCK-8+ZnPP 29.68±2.18ec

aP<0.05 vs Control group, cP<0.05 vs LPS+CCK-8 group, eP<0.05
vs LPS group.

Change of c-fos and HO-1 protein expression
The expressions of c-fos and HO-1 protein in PASMCs were
demonstrated by immunocytochemical staining. The results
showed that in control group, no brown deposits were present
in PASMCs. In contrast, LPS slightly increased the expressions
of c-fos and HO-1 protein, some strong positive signals were
observed in PASMCs from LPS group. CCK-8 could further
enhance the increased expressions of c-fos and HO-1. The
dimension and intensity of positive signals were increased also
in CCK-8 group (Figure 2).

Table 2  Changes of HO-1 and c-fos protein expression by
immumocytochemistry in PASMCs (mean±SD, n=6)

          Area (%)                        (A)
Group

                    HO-1            c-fos          HO-1             c-fos

Control            2.10±0.01      1.18±0.02    0.02±0.009     0.03±0.021

LPS                20.18±0.08a   18.95±0.07a    0.19±0.07a      0.20±0.01a

LPS+CCK-8   28.91±0.36c   29.87±0.33c      0.47±0.04c        0.45±0.02c

CCK-8           21.27±1.05    20.16±0.98      0.31±0.02      0.33±0.01

aP<0.05 vs Control group, cP<0.05 vs LPS group.

RT-PCR detection of HO-1 mRNA
HO-1 mRNA in PASMCs was detected by PT-PCR analysis.
The results showed that the PASMCs of rats 7 h after LPS
administration expressed the gene coding for HO-1, because
RT-PCR generated a DNA fragment corresponding to the
predicted length, 309 bp, of the HO-1 amplification product.
The expression of HO-1 increased significantly in LPS and CCK-
8 groups compared with control group. The rate of β-actin was
(11±2) % in control group, while it increased to (30±6) % and
(47±7) % respectively in LPS and CCK-8 groups. The expression
of HO-1 increased further in LPS+CCK-8 group compared with
LPS group, it increased to (80±8) % in LPS+CCK-8 group. In
each cell sample, all β-actin amplification products were 224 bp
in length and there was no significant difference in β-actin
expression (Figure 3).

Western blot analysis of p-JNK protein
There were a few of activated JNK proteins in control group.
JNK could be activated by LPS, significant phosphorylation of
JNK was observed in PASMCs 30 min after LPS administration.
CCK-8 could significantly enhance LPS-induced phosphorylation
of JNK. Phosphorylation of JNK was also observed in cells
receiving CCK-8 (Figure 4).
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Figure 1  Mitochondria ultrastructural changes shown in EM photograph of PASMCs (×25 000). A: Control group, B: LPS group, C:
CCK-8+LPS group, D: CCK-8 group, E: LPS+ZnPP group, F: CCK-8+LPS+ZnPP group.
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Figure 2  Effect of CCK-8 on LPS-induced c-fos (upper, ×400) and HO-1 (lower, ×200) protein expression in PASMCs. A: Control
group, B: LPS group, C: CCK-8+LPS group, D: CCK-8 group.

Figure 3  RT-PCR product gel electrophoresis. M: DNA marker, 1: Control, 2: LPS, 3: CCK-8 + LPS, 4: CCK-8.

A B

C D

A B

C D

1 2 3 4 M

HO-1

1 2 3 4 M

β-actin

1792                ISSN 1007-9327     CN 14-1219/ R      World J Gastroenterol    June 15, 2004   Volume 10   Number 12



Figure 4  Effect of CCK-8 on LPS-induced HO-1 mRNA ex-
pression and JNK activation in PASMCs. A: Effect of CCK-8
on LPS-induced HO-1 mRNA expression in PASMCs. n=3.
dP<0.01 vs Control; bP<0.01 vs LPS. B: CCK-8 increases JNK
activation induced by LPS in PASMCs. n=3. aP<0.05 vs Control;
bP<0.01 vs LPS.

DISCUSSION
CCK is a member of the gastrin-CCK family, first isolated from
hog intestine, and shows a widespread distribution in different
organs and tissues. The sulfated carboxy-terminal octapeptide
(CCK-8), isolated from the central nervous system and digestive
tract, is the predominant active form. Our previous in vivo and
in vitro studies demonstrated that CCK-8 could protect animals
from LPS-induced ES. Treatment of ES rats and rabbits with
CCK-8 could lead to an increase in decreasing mean arterial
pressure and a reduction in increasing pulmonary artery pressure.
Pathological changes of lung could be ameliorated when CCK-8
was via vessel in advance. CCK-8 could protect pulmonary artery
endothelia against detrimental effects and then reverse the
inhibition of endothelia-dependent relaxation of pulmonary artery
induced by LPS, which might be associated with the above-
mentioned protective effect of CCK-8[5-10]. Despite convincing
data indicating the protective function of CCK-8 to the organisms
in endotoxic shock or to the cells exposed to LPS, the precise
mechanism remains unclear.
     During stress state induced by administration of LPS,
inflammation or therapeutic doses of inhaled oxygen, the bodies
would evolve a complex, and redundant network of antioxidants.
It has been found that an important arm of the antioxidant
response consists of antioxidant enzymes and stress-response
proteins[21-23]. One such stress-response protein is HO-1, the
rate-limiting enzyme in the oxidative degradation of heme into
bilirubin, carbon monoxide (CO) and free iron. HO exists in
three isoforms, whereas HO-2 and HO-3 are primarily
constitutive. HO-1 also known as heat shock protein 32, has
been found to be the only inducible HO isoform[24-27]. There is
a strong evidence to support the emerging paradigm that HO-1
is essential in maintaining cellular and tissue homeostasis in
various in vitro and in vivo models of oxidant-induced injury.
Recent analyses of HO-1 null mice as well as the first reported

HO-1-deficient human have strengthened the emerging paradigm
that HO-1 is indeed an important molecule in the host’s defense
against oxidant stresses such as hypoxia, hyperthermia, and
inflammation. It has been considered as one of the most
sensitive indicators of cellular injury[28-31]. Recent studies
showed that HO-1 was an important regulator of the vascular
response to injury. In this experiment we used the specific HO-1
inhibitor-ZnPPIX to study the relationship between induced
HO-1 and injuries of PASMCs. The results showed that HO-1
mRNA and protein expression increased after LPS administration
and ZnPPIX could worsen LPS-induced injuries, indicating that
overexpression of HO-1 in PASMCs can attenuate their injuries
induced by LPS. It is undoubtedly one of the adaptive and self-
protective responses to the injury.
     Given the overall consistency of data that show HO-1
expression is generally a protective response, it is necessary to
study the relationship between HO-1 expression and the
protection of CCK-8. We found that CCK-8 could ameliorate
the ultrastructural injuries of PASMCs induced by LPS.
However, the protective effect of CCK-8 was impaired by
ZnPPIX. To further demonstrate the role of HO-1 in CCK-8
attenuated injury of PASMCs induced by LPS, the HO-1
expression and signal pathway of HO-1 induction in PASMCs
were studied. The candidate upstream signaling pathways for
HO-1 regulation were MAPKs, a group of protein kinases that
could mediate the nuclear responses of cells to a wide variety
of extracellular stresses such as inflammatory cytokines, growth
factors, ultraviolet light, and osmotic stress[32-34]. The “classical”
MAPKs are the p44 and p42 isoforms. Recently, two novel
MAPK-related enzymes have been identified, one is JNK and
the other is p38[35]. Although three distinct subfamilies have
been described, there is a significant cross talk between the
pathway and common downstream target[36]. In our experiment,
we found that CCK-8 significantly enhanced LPS-induced
overexpression of HO-1 mRNA and protein. We also observed
that LPS could also activate c-fos (one of the two members of the
real family of AP-1) and JNK in PASMCs, while CCK-8 could
further enhance the activation of c-fos and JNK induced by LPS.
From all above, the role of MAPKs was potential in HO-1 signal
pathway after LPS and CCK-8 administration to PASMCs, HO-1
might be the key for CCK-8 to exert its protective effect.
      In summary, administration of CCK-8 can prevent injuries
of PASMCs induced by LPS through overexpression of HO-1
mRNA and protein, which may involve c-fos and JNK.
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