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Abstract

AIM To study the effect of phosphorylation of
MAPK and Stat3 and the expression of c-fos and
c-jun proteins on hepatocellular carcinogenesis
and their clinical significance.

METHODS SP immunohistochemistry was used
to detect the expression of p42/44MA°K, p-Stat3,
ca2fos and c-jun proteins in 55 hepatocellular
carcinomas (HCC) and their surrounding liver
tissues.

RESULTS The positive rates and expression levels
of p42/44"*"% p-Stat3, c-fos and c-jun proteins
in HCCs were significantly higher than those in
pericarcinomatous liver tissues (PCLT). A
positive correlation was observed between the
expression of p42/44"A°K and c-fos proteins, and
between pa2Stat3 and c-jun, but there was no
significant correlation between p42/44"*"X and
p-Stat3 in HCCs and their surrounding liver
tissues.

CONCLUSION The abnormalities of Ras/Raf/
MAPK and JAKs/Stat3 cascade reaction may
contribute to malignant transformation of
hepatocytes.Hepatocytes which are positive for
p42/44M**K c-fos or c-jun proteins may be
potential malignant pre-cancerous cells.
Activation of MAPK and Stat3 proteins may be
an early event in hepatocellular carcinogenesis.
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INTRODUCTION

Theregulation of cellular mitogenesisand proliferation
under normal circumstancesare dependent on anumber
of separate, yet integrated, signaling pathways
responsiblefor thetransduction of extracellular signals
tothecell nucleus™. Similar to other tumorigenic cells,
hepatocellular carcinoma(HCC) ischaracterized by the
imbal ance of the normal growth-promoting and growth-
arresting signal transduction cascade reaction, the net
result of which leadsto uncontrolled hepatocyte growth
(22, Mitogen-activated protein kinase (MAPK) and
signal transducer and activator of transcription 3 (Stat3)
areimportant moleculesin signal transduction cascades,
which take part in cellular physiological growth,
devel opment, mitogenesisand differentiation, and play
key rolesin cellular malignant transformation*®. Inorder
to study the function of signal transduction cascadein
hepatocarcinogenesis, the phosphorylation of MAPK
(p42/44 MAPK, Erk1/Erk2) and Stat3 (p-Stat3), and the
expression of c-fosand c-jun proteinswereinvestigated
by immunohistochemical method in HCCs and their
surrounding liver tissues.

MATERIALS AND METHODS

Tissue samples

Fifty-five HCCswith pericarcinomatoustissue (PCLT)
and 5 normal liver tissues were obtained by surgical
resectionin Xiang YaHospita and the Affiliated Second
Hospital of Hunan Medical University, Changsha,
People’ s Republic of China. Of 55 HCC patients, 43
were men and 12 women. The age ranged from 36 to
69 years (mean, 51.8 years). Thetumor sizeswereless
than 3cm in diametersin 3 cases, 2.1 cm-5cmin 32
cases, 5.1 cm-10cmin 18, and larger than 10cmin 2
cases. All patients were HBsAg negative. Remote
metastasiswas not found, and preoperativeradiologica
or chemical therapy was nor performedin all patients.
All HCCsand PCLTswerefixed in 10% formalin and
embedded in paraffin. Five um seria sectionswere cut.
According to Edmondson’s criteria®, 10 HCCs were
gradel, 21 gradell, 17 gradelll,and 7 gradeV. Thirty-
eight atypical hyperplasia cases were observed in 55
PCLTs.

Reagents
p42/44 MAPK (Erk1/Erk2, Thr202/Tyr204) and p-
Stat3(Ser727) MAbs, were used to detect the
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phosphorylation of MAPK and Stat3, and S-P detection
kit were kindly donated by New England Biolab, USA.
Anti-c-fosand anti-c-jun protein M Abswere purchased
from GIB Com (Beijing, China).

Methods

Immunohistochemical staining Five um tissue
sections were deparaffinized, washed in 0.05 M PBS,
and treated with 2% H,O, for 20 min. According to the
SP method, the tissues were detected with
immunohistochemical technique. PBS was used as
substitutes of MAbsfor negative control groups™.

Histological assessment Semi-quantity analysiswas
made as Formowitz described®!.

Statistical analysis
The difference between each group was analyzed by
Chi-Squaretest and correl ativity.

RESULTS

Expression of p42/44M4*¢ and p-Stat3 proteins in
HCCs, PCLTs and normal liver tissues
p42/44MAPK was negative in normal liver tissues.
The positive rate of p42/44MAPK in HCCs (87.3%,
48/55) was significantly higher than that in PCLTs
(32.7%, 18/55, P<0.01) (Figure1). Positivesignals
were mainly located in the nucleus. The
distribution of positive cells for p42/44YAPX was
clustered and/or diffused in HCCs (Figure 2), and

scattered in PCLTSs, but also clustered in atypical
hyperplasia regions of some PCLTs near cancer
tissues. The expression level of p42/44MA™ in HCCs
was higher than that in PCLTs (P<0.01), but it was
not correl ated with thedifferentiation degree of cancer
cells (Table 1). Positive signals of p-Stat3 were of
nuclear-type. Of 9 normal liver tissues, 1 casewas p-
Stat3 positive. The positive rate of p-Stat3in HCC
(74.5%, 41/55) was significantly higher than that in
PCLTs(23.6%, 13/55) (P<0.01). The p-Stat3 positive
cellswere clustered in HCC (Figure 3), and scattered
inPCLTs. Theexpressionintensity of p-Stat3inHCCs
was also higher than that in PCLTs (P<0.01), but it
was not correlated with differentiation degree of
cancer cells (P>0.05) (Table 1).
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Figure 1 The positive rates of p42/44MA°K p-Stat3, c-fos and c-
jun proteins in HCCs and PCLTSs.

Table 1 Expressions of p42/44MAPK p-Stat3, c-fos and c-jun proteins in HCCs, PCLTs and normal liver tissues
p p p J

p42/44MAPK p-Stat3 c-fos c-jun
Groups No
+ ++ +++ - + ++ +++ - + ++ +++ + ++ +++

Normal 9 9 0 0 0 8 1 0 9 0 0 9 0 0 0
PCLT 55 37 9 7 2 42 4 7 2 36 12 7 0 39 13 3 0
HCcC

Grade | 10 1 4 4 1 5 1 2 2 8 1 0 4 1 1
Grade Il 21 3 6 12 0 2 12 5 2 3 12 4 2 1 15 4 1
Grade Il 17 1 9 2 5 4 3 6 4 2 8 3 2 8 5 2
Grade IV 7 2 1 3 1 3 1 3 0 0 2 4 0 0 2 5

Expression of c-fos and c-jun proteins in HCCs,
PCLTs and normal liver tissues

Theexpression of c-fosand ¢c-jun proteinswasnot found
innorma liver tissues. Theratesof c-fosand c-junprotein
expressionin HCCs(76.4%, 87.3%) were significantly
higher than thosein PCLTs (34.5%, 29.1%) (P<0.01).
Their positive signalswere mainly of nuclear typein
HCCs(Figures4, 5) and nuclear-plasmictypein PCLTSs.
The positive intensity in HCCs was distinctly higher
than that in PCLTs, and related to the differentiation
degree of HCC cells. The poorer the differentiation of
HCC cells, the stronger the expression of c-fosand c-
jun proteins. Thedistribution of positivecellsfor c-fos
or c-jun protein in HCCs was diffuse, and scattered
in PCLTs.

Relativity of expression intensities of p42/44MAP
and p-Stat3 in HCCs and PCLTs

No relationship was found between p42/44YA™ and p-
Stat3 signal intensitiesin HCCsand PCLTs (r =-0.167
and 0.0844, P>0.05).

Relationship between expression strength of p42/
44M2K and c-fos proteins, between p42/44MA and
c-jun in HCCs and PCLTs (Table 2)

In HCCs, the expression of p42/44MAPK was
positively related to the expression intensities of c-
fosand c-jun proteins. The stronger the expression
of p42/44M*™ the higher the signal intensities of
c-fos and c-jun proteins. In PCLTs, there was a
positiverelationship between the expression of p42/
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44MAPK and c-fos proteins, and no relationship
between the expression of p42/44MAPK and c-jun
proteins.

Table 2 Relationship in expressive strengthes of p42/44MAPK
c-fos and c-jun proteins between HCCs and PCLTs

Groups r P
HCC
p42/44MAPKfc-fos 0.44835 <0.01
p42/44MAPK/c-jun 0.3054 <0.01
PCLT
p-MAPK/c-fos 0.9433 <0.01
p-MAPK/c-jun 0.1472 >0.05

Relationship between expression strength of p-
Stat3 and c-fos proteins, between p-Stat3 and

A T

- .*. ’ ] 0 |

c-jun in HCCs and PCLTs (Table 3)

INHCCs, theexpression of p42/44MAX wassignificantly
positively related to expression intensities of c-fosand
cjunproteins. INPCLTS, therewasapostiverdationship
between the expression of p-Stat3 and c-jun proteins,
whereas no relationship between the expression of p-
Stat3 and c-fos proteins was observed.

Table 3 Relationship in expression strength of p-Stat3, c-fos
and c-jun proteins between HCCs and PCLTs

Groups r P
HCC
p-Stat3/c-fos 0.3967 <0.01
p-Stat3/c-jun 0.5444 <0.01
PCLT
p-Stat3/c-fos 0.0499 >0.05
p-MAPK/c-jun 0.3596 <0.01

Figure 2 Localization of positive signal and distribution of positive cells for p42/44YAP& protein in HCC. SPx400
Figure 3 Localization of positive signal and distribution of positive cells for Stat3 protein in HCC. SPx400

Figure 4 Positive expression of c-fos protein in HCC. SPx400
Figure 5 Positive expression of c-jun protein in HCC. SPx400

DISCUSSION

Ras/Raf/MAPK and Janus protein tyrosine kinases
(JAKs)/Stat3 cascades are two major signaling
pathways of growth factors and cytokinesi?2459.10,
Theformer involvestransient formation of ras-GTP
and activation of raf kinase at the cell membraneto
activate MAPK kinase which in turn activates
MAPK through dual phosphorylation on threonine
and tyrosine residues* 4, Activated MAPK then
transduces into the nucleus and phosphorylates the
ternary complex factor TCF which activates the
expression of immediate-early genes, such as c-fos
and egr-11'41%  There have been a few reports
concerning MAPK activation in human cancers'?
16-211 |t was reported that MAPK activity level in
HCCwassignificantly higher thanthat inthe adjacent
non-cancerouslesions*2*8, Our results showed that the
positive signal of p42/44MAPK was almost located in

the nucleus, indicating that the detected MAPK is
activated MAPK. Thepositive rateand intensity of p42/
44N in HCCswereall distinctly higher thanthosein
PCLTSs, whichisconsistent with the resultsreported in
literature. Statistical analysisfound that the expression
intensity of p42/44MAPX in HCCs was significantly
positively correlated with the expression strength of
immediate-early genes (c-fos and c-jun), and the
expressiveintensity of p42/44“A™ in PCLTswas also
significantly positively correlated with the expression
strength of c-fos. These findings further suggest that
theimbalance of Ras/Raf/MAPK cascade components
may play akey rolein hepatocarcinogenesis.

JAK sassociatewith cytokinereceptorswhichlack
intrinsic tyrosine kinase activity and become
activated upon cytokine stimulation. Activated
JAKs activate Stat3 through phosphorylation of
Tyr-70512. Phosphorylated Stat3 (p-Stat3) then
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translocates into the nucleus and binds to DNA
response elementsand transactivates gene expression
(142324 ' The data presented here showed that the
positivesignalsof p-Stat3weremainly of nuclear type,
and the positiverate and strength of p-Stat3in HCCs
were significantly higher than those in PCLTs, and
thesignal intensity of p-Stat3 waspositively correlated
withthe expression level of thec-jun proteinin HCCs
and PCLTs. Theseresultssuggest that JAKssignaling
cascade may also contribute to malignant
transformation of hepatocytes besides Ras/Raf/
MAPK signaling pathway in hepatocellular
carcinogenesis.

Results in literature were inconsistent on the
correlation between Ras/Raf/MAPK and JAK §/Stat3
pathways in tumor genesis and devel opment!1425:281,
Chung et al'® reported that MAPK activated Stat3
through phosphorylation of Ser-727. Leaman
et al'® found that JAKs may not be required for the
activation of Stat3 by some growth factorssuch asEGF
and PDGF. Asthe MAPK and Stat3 become activated
upon many growth factors and cytokines, it was
considered that MAPK may promote activation of
Stat3, but in Jain’s results MAPK may inhibit
transcription activity of Stat3!*4. Our dataindicated
that there was no correlation between expression
intensities of p42/44“*™ and p-Stat3 in HCCs and
PCLTs. The Stat3 phosphorylationisacomplex event.
Because the Stat3 can be phosphorylated through
different protein kinasesand pathways, detecting Stat3
at different phases of signaling cascades may produce
entirely contradictory results about Stat3 activity. We
think that both Ras/Raf/MAPK and JAKs/Stat3
pathways may play important roles in hepatocel lular
carcinogenesis, but their detailed mechanisms need to
be further studied.

Up to now, the characterigtics of pericar-cinomatous
hepatocytes has not been clear®”. Theresults showed
that pericarcinomatous hepatocytes, especially
proliferative or atypical hyperplasia hepatocytes,
strongly express p42/44MA™  p-Stat3, c-fosand c-jun
proteins, which suggest that activation of MAPK and
Stat3 may be an early event in hepatocellular
carcinogenesis. It also implys that the hepatocytes
which express p42/44MAPK and/or p-Stat3 may be
potentially malignant precancerous cells. Therefore,
inorder to avoid local recurrence, the operative range
should be as extended as possiblein the resection of
HCCs.
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