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INTRODUCTION

Our previous study has proved that Kupffer cells may
have an inhibitory effect on the process of
hepatocarcinogenesisi, however, their inhibitory
mechani sm needs exploring deeply. We performed a
comparative study on the expression of PCNA, Bax,
P53 and apoptosis of liver cancer cells using
immunohistochemical technology and terminal
deoxynucleotidyl transferase(TdT)-mediated dUTP-dig
oxigenin nick end labeling (TUNEL) in the
diethylnitrosamine-induced hepatocell ular carcinoma
(HCC) in rats with or without pretreatment with
gadoliniumchlori deor zymosanwhichmight effectively
block or enhancethe activity of Kupffer cellsin order to
know the role of Kupffer cells in apoptosisin the
experimental HCC and explore further the inhibitory
mechanism of Kupffer cells on the process of
hepatocarcinogenesis.

MATERIALS AND METHODS

Establishment of animal models and pathological
examination

One hundred and forty male Sprague-Dawley rats
were divided into six groups. () DENA group, 40
rats received diethylnitrosamine (DENA) at adose
of 70 mg/kg in distilled water once/wk till wk15. @)
GC+DENA group, gadolinium chloridewasinjected
iv at a dose of 10 mg/kg once 2 wk to suppress
Kupffer cellsin 40 rats till wk15 and these rats
simultaneous |y rec eived DENA just as DENA
group. 3 ZM+DENA group, zymosan was injected
iv at a do se of 20 mg/kg once 2 wk to activate
Kupffer cellstill wk15 and DENA wasreceived just
as DENA group. @ GC group, gadolinium chloride
was in jected iv at a dose of 10 mg/kg in 0.85%
NaCl once 2 wk till wk 15. & ZM group, zymosan
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was injected iv at a dose of 20 mg/kgin 0.85 %
NaCl once 2 wk till wk15. ® Control group, these
rats were maintai ned on a standard laboratory
diet and tap water. All ratswerekilled at the wk21
of hepatocarcinogenesis. Theliver sampleswere
taken, fixed in 40 mL/L paraformaldehyde and
embedded in paraffin. Each specimen was cut
into 5 um serial slices, stained with hemotoxylin-
eosin and subjected to histopathological
examination.

Immunohistochemical staining

The SP method was used, the 1st antibody was
mouse-anti-human PCNA monoclona | antibody
(Calbiochem Co., dilution 1 : 50), rabbit-anti-human
Bax (Santa Cruz, dilution 1 : 50) and mouse-anti-
human P53 monoclonal antibody (Novocastra
Laboratories, dilution 1 : 50). The SP kit was
purchased from Boehringer Mannheim , Germany.
DAB staining was used. The dark brown staining of
nuclei was taken as PCNA and P53-positive
reaction. Thedark brown granulesin cytoplasmwere
taken as Bax-positive reaction. We used PBS to
replace the 1st antibody as negati ve control.

Terminal deoxynucleotydial transferase-
mediated biotinylated-dutp nick end labeling
method (TUNEL method)

Insitu Cell ApoptosisDetection kit waspurchased from
Boehringer Mannheim, Germany. After
deparaffinizationandrehydrationinethanol , thesections
wereincubated with 0.2 mol/L HCI for 20 min at room
temperature (RT). They were then deproteinized by
incubationwith 30mg/L proteinase(in50mM Tris-HCI,
pH 8.0; 5mM EDTA) for 30 min at RT. Terminal
deoxynucleot idyl transferase (TdT) and biotinylated
dUTP in TdT buffer (30mM Trizma base, pH 7.2;
140mM sodium cacodylate; 1mM cobdt chloride) were
added to cover the sections, which werethen incubated
for 60 mininahumid atmosphereat 37°C . Thesections
then reacted with alkaline phasphatase (ALP) for 30
minat RT. Visulizationwascarried out withNBT/BCIP,
Nuclei with clear blue staining w ere regarded as
positive. TUNEL incubation solution without terminal
deoxynucleo tidyl transferase was used as negative
control.

Proliferating index (Pl) and apoptosis index (Al)
Pl and Al were determined by Leitz ASM 68K
image analyzing system purchased from Germany.
Fivevisual fields (orginal magnificantion, 10 x 40)
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from every positive slide would be chosen and
the TUNEL and PCNA-positive parenchymal
cellsaswell asthe total number of parenchymal
cellsin the same field would be counted . PI or
Al was expressed as the percentage of the
number of PCNA or TUNEL-pos itive
parenchymal cellsin thetotal parenchymal cells
of the samefield.

number of PCNA-positive cells

Proliferating index (PI)= x 100%
number of total cells

number of TUNEL -positive cells

Apoptosisindex(Al)= x 100%

number of total cells

Statistical analysis
Fisher’s exact test, Student’ stest and Spearman rank
correlation were employed.

RESULTS

Macroscopic observation and histopatholog-
ical examination (at wk21 of
hepatocarcinogenesis)

Meither the control group, nor the GC group and ZM
group showed any changes macro and microscopicaly;
on the contrary, the liver surfacein DENA group and
GC +DENA group were covered with alot of white
nodules. The diameter of the largest noduleswas 0.5
cmin DENA group and 2.0 cm in GC+DENA group.
Thes enoduleswere diagnosed asHCC histologically.
Somewhite grey focal nodules sc attered over theliver
surfacein ZM+DENA group, were a so diagnosed as
HCC with many apoptotic cellsand apoptotic bodies.

Bax staining

Cytoplasm of cancer cellswith clear brown stainingwas
regarded as positive (Figure 1). The positive rates of
BaxinZM+DENA group, DENA groupand GC+DENA
group were 84.6% (11/13), 28.6% (2/7) and 27.3%
(3/11) respectively. It was significantly higher in
ZM+DENA group thanthat in DENA group (Fisher's
exact test, P<0.05).

P53 staining

A clear brown staining of the nuclel in cancer cells
wasregarded as positive (Figure 2). The positiverates
of P53 in ZM+DENA group, DENA group and
GC+DENA group were 76.9% (10/13), 14.3% (1/7)
and 36.4% (4/11) respectively. It wasmarkedly higher
inZM+DENA groupthanthatin DENA group (Fisher's
exact test , P<0.05).

PCNA staining
Nuclei with clear brown staining were regarded as
positive(Figure3).

No expressions of Bax, P53 and PCNA in
the control group, GC group and ZM group were
found.

Apoptosis of cancer cells using TUNEL method

Apoptotic cells were observed in DENA group,
GC+DENA group and ZM+DENA group by means
of TUNEL method. The cells with clear nuclear
labeling were defined as TUNEL -positive cells.
Apoptotic cells were scattered in the cancer tissue

(Figure4).
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Figure 1 Expression of Bax in rat HCC in ZM+DENA group.
SP x 400

Figure 2 Expression of P53 in rat HCC in DENA group. SP x 400
Figure 3 Expression of PCNA in rat HCC in DENA group.
SP x 200

Figure 4 Apoptotic cells in rat HCC in ZM+DENA group.
TUNEL x 200

Proliferating index (PI) and apoptosis index (Al)
(Table 1)

Table 1 Pl and Al in ZM+DENA group, DENA group and
GC+DENA group

Groups Number PI(%, x £s)  Al(%, x£s) PI/AI

15.22 + 2.17°
24.97 £ 2.53
38.69 + 3.17°

7.53 +1.61° 2.20
4.36 +£1.18 5.73
252 £0.81° 15.40

ZM+DENA group 13
DENA group 7
GC+DENA group 11

®P<0.01, vs DENA group, Fisher’s exact test.

Correlation between apoptosis index, Bax and
P53 expression

There was a positive correl ation between apoptosis
index and Bax or P53 proteinreactivity inZM+DENA
group, DENA group and GC+DENA group
(Table2).
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Table 2 Correlation between apoptosis index and Bax or P53
expression

Al vs Bax Al vs P53
Groups Bax-positive—— P53-positive
cases/total P cases/total P

ZM+DENA group 11713 0.63 <0.05 10/13 0.73 <0.05
DENA group 2/7 0.79 <0.05 1/7 0.61
GC+DENA group 3/11 0.74 <0.01 4/11 0.82 <0.05

Spearman rank correlation.

DISCUSSION

Gadolinium chloride is believed to be a specific
suppressor of Kupffer cells'*d. Zymosan is an
immunopotentiator and may be used to activate Kupffer
cellg¥. We performed acomparative study on apoptosis
in DENA-induced hepatocellular carcinomainratswith
or without pretreatment with gadolinium ch loride or
zymosan which might effectively block or enhancethe
activity of Kupffer cellsin order to clarify whether the
Kupffer cellsplay arolein apoptosisof the experimenta
hepatocarcinogenesisor not.

Proliferating cell nuclear antigen (PCNA) isan
auxiliary protein of DNA polymerize-delta. It
accumulateslittleintheresting stagecell, but prominently
inthenuclei of proliferating cells during G;-late phase
and S-phase and decreases in G,-phase and M-phase.
Itisassociated with cell proliferation and regarded asa
biological marker for cell proliferation”. BaxisaM,21
000 protein with extensive amino acid homology with
Bcl-2. Thisprotein hasbeen showntoformheterodimers
with apoptosisinhibiting protein, B cl,, soit caninduce
cell apoptosis®. When DNA isinjured by toxicant, wild-
type p53 drives cell to G; and arrests or inhibits cell
prolifer aionuntil DNA isrepaired. Whennuclear DNA
isbadly damaged or cannot berep aired, wild-type p53
induces transcription of apoptotic genesand drivesthe
cell to bein apoptosig®. Gottlieb et all” thought that
overexpression of P5S3wasrdatedto cell apoptosis. Zhao
et al® observed that there w as a positive correlation
between apoptos sindex and P53 protein, and supported
therole of P53 in regulating apoptosisin human HCC.
The positive correlation between apoptosisindex and
P53 proteinimmunoreactivity observedinour study also
supports these findings. A new method to detect
apoptosisinsitu, terminal deoxynuclectidyl transferase-
mediated (TdT) dUTP-digoxigenin nick end labeling
(TUNEL) was recently devel oped by Gavridli et alt®,
and was applied to detect cell apoptosisof human HCC
and other tumorg?,

Our results showed that the positive rates of
Bax and P53 protein were markedly higher in ZM +

DENA group than in DENA group with significant
differences. Proliferating index and apoptosis index
respectively increased or decreased in ZM+DENA
group, DENA groupand GC+DENA groupsuccessively.
Theseresultsdemonstrated that the bl ockage of Kupffer
cells with gadolinium chloride might suppress cell
apoptosis and the activation of Kupffer cells with
zymosanmight promotece | gpoptosisintheexperimenta
hepatocarcinogenesis.

One of the characteristic features of cancer isthe
continuousgrowth andtheratio of cell proliferationand
cell apoptosis determine the fate of tumor growth!**-
3, In normal tissues, apoptosisis an efficient way of
eliminatin g transformed cells. However, inability of
cells to undergo apoptosis may advanc e their
development, both by allowing the accumulation of
dividing cellsand by impairing theelimination of genetic
mutants that may harbor malignant potential™*3. Our
results proved that Kupffer cells could promote
apoptosisintheexperimental hepatocarcinogenesisand
reveaed further that they played an inhibitory rolein
hepatocarcinogenesis through inducing apoptosis of
tumor cells.
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