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ABSTRACT

Hepatocellular carcinoma (HCC) is one of the most common malignant tumours in the world,
especially in Guangxi, China. The causes and mechanism of its tumourigenesis and development have
not been completely clarified.  Some studies revealed that the hepatic local cellular immune function
was one of the factors.  In the present study, the local micro-environmental immune status was explored
by investigating the number, distribution and function of CD3, CD57,CD20, CD68, and granzyme B (GrB)
positive cells in 60 patients with HCC and 62 patients with liver cirrhosis (LC) and its relationship with
the prognosis of the patients. The results showed that the number of T and B lymphocytes and natural
killer (NK) cells in the liver of HCC patients was significantly higher than that in the LC and normal
controls; while the number of macrophages (Mϕ) was significantly lower.  The number of Mϕ in the
tissues decreased successively with the decrease of HCC differentiation; GrB-expressing cells in the
liver predominantly consisted of CD57 positive cells. The number of NK cells, B lymphocytes and GrB-
expressing cells in the cancerous tissues of stage I and II was significantly higher than that of stages
III and IV.  The number of T lymphocytes, NK cells, Mϕ and GrB-expressing lymphocytes in HCC cases
without metastasis in 15 months was significantly higher than in the metastatic counterparts.  The
number of T and B lymphocytes, NK cells, and GrB-expressing cells decreased in patients with the
progression of the HCC.  These results suggest that the number of T and B lymphocytes, NK cells, Mϕ
and GrB-positive lymphocytes might be important markers in the estimation of hepatic local immune
status and be useful factors for predicting the prognosis of HCC patients.

Estatus Inmune Microambiental Local Hepático en el Carcinoma Hepatocelular y

los Tejidos Cirróticos
G Chen1, DZ Luo1, L Liu2, ZB Feng1, F Guo1, P Li1

RESUMEN

El carcinoma hepatocelular (CHC) es uno de los tumores malignos más comunes en el mundo, espe-
cialmente en  Guangxi, China.  Las causas y el mecanismo de su desarrollo y génesis tumoral no han
sido completamente aclarados.  Algunos estudios revelaron que la función inmune celular local
hepática era uno de los factores. En este estudio se exploró el estatus inmune microambiental local,
mediante la investigación del número, distribución y función de CD3, CD57,CD20, CD68, y células
positivas para la granzima B (GrB) en 60 pacientes  con CHC y 62 pacientes con cirrosis hepática
(CH) y su relación con la prognosis de los pacientes.  Los resultados mostraron que el número de
linfocitos T y B y las células asesinas naturales (NK) en el hígado de los pacientes con HCH, era
significativamente mayor que en los controles normales y los pacientes con CH, mientras que el número
de macrófagos (Mϕ) fue significativamente menor. El número de Mϕ en los tejidos disminuyó sucesi-
vamente a la par con la disminución de la diferenciación de CHC; las células expresoras de GrB en el
hígado consistían predominantemente en células positivas CD57.  El número de células NK, linfocitos
B y células expresoras de GrB en los tejidos cancerosos de etapas I y II, fue significativamente más alto
que el de las etapas III y IV. El número de linfocitos T, células NK, Mϕ y linfocitos expresores de GrB
en los casos de CHC sin metástasis en 15 meses, fue significativamente mayor que en las con-
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common

malignant tumours in the world, especially in Guangxi,

China.  The causes and the mechanism of its carcinogenesis

and development have not been clarified.  Some studies re-

vealed that the immune function of the host was a contri-

buting factor and suggested that the immune system is im-

portant in the control of the development of HCC (1).  The

presence of lymphocyte infiltration in human HCC is also

evident (2).  However, since it is not easy to get the samples,

the local immune status of the HCC patients is poorly

characterized (3).  To the best of the authors’ knowledge, no

similar studies on the relationship between the immune status

and the HCC patients’ prognosis have been documented in

the literature. The present study explored the hepatic local

micro-environmental immune status by immunohisto-

chemically investigating the number, the distribution and

some of the functions of hepatic local immunocytes in HCC,

paraneoplastic, liver cirrhosis (LC) and normal liver tissues

by using monoclonal antibodies of CD3, CD57, CD20, CD68,

and granzyme (GrB).  Furthermore, the results were com-

pared with the histologic subtypes and clinical parameters

such as clinical stage and metastasis to evaluate the clinical

outcome. 

SUBJECTS AND METHODS 

This retrospective study included 60 cases of HCC, 62 cases

of LC and 23 normal controls utilizing tissues surrounding

liver cavernous haemangioma.  The age of HCC patients

ranged from 23 to 73 years, with a median age of 47 years.

Among the 60 patients, 57 were males and three were female;

48 cases had cirrhosis and 12 did not; 38 cases were alpha-

fetoprotein (AFP) positive.  The paraneoplastic tissues were

taken at least 2 cm from the cancerous node.  All cases were

initial hepatectomies in order to avoid the secondary changes

of healing post biopsy. In the group of LC patients, 47 were

males and 15 were females; the age range was 15 to 74 years,

with a median of 43 years.  In the group of normal controls,

10 were males and 13 were females; the age range was 26 to

67 years, with a median of 45 years.  All cases were randomly

chosen from the hepatectomies performed over a one to two-

year span in the First Affiliated Hospital, Guangxi Medical

University, China, between May 2002 and January 2003. 

The histopathologic diagnoses were made according to

the World Health Organization (WHO) international histo-

logic classification of HCC.  There were 3 cases in grade 1,

38 in grade 2 and 19 in grade 3.  According to the TNM

classification, their clinical stages were stage I, 3 cases; stage

II, 28 cases; stage III, 11 cases and stage IV, 18 cases.

Clinical in-formation was obtained from the records.  Among

60 HCC patients, 25 cases had metastases within 15 months.

Six pa-tients were lost to follow-up. Histopathological

diagnosis and classification were made by the same

pathologist.

Specimens were routinely fixed in 10% buffered for-

malin and embedded in paraffin. For the immunohisto-

chemical study, the conventional avidin–biotin complex

method was employed as described elsewhere using the fol-

lowing monoclonal antibodies: anti-CD3, anti-CD57, anti-

CD68, anti-CD20 (Maxim Corp, Fuzhou, China) and anti-GrB

(Zhongshan Corp; Beijing, China) (4).  Sections of normal

lymph node tissues were used as positive controls for CD3,

CD57, CD20 and GrB and normal unaffected tissues in the

liver were used as positive controls for CD68 respectively.

PBS replaced specimens were used as negative controls. 

The positive cells were recognized and counted in 10

randomly selected high-power fields (HPF 400x) by using a

light optic microscope.  The number of the positive cells was

expressed as mean ± standard deviation (mean ± SD).  Mann-

Whitney/Wilcoxon test and Pearson correlation analysis were

employed to analyze the results of the experiment by

utilizing Statistical Package for the Social Sciences 12.0

software for windows.  A value of p < 0.05 was regarded as

statistically significant.

RESULTS

CD3 positive cells were oval or circular and exhibited a

different invasive pattern by which single cells or small

clusters of cells were scattered throughout the liver tissues.

They were distributed in liver sinusoids in normal hepatic

tissue, with a few cells in the portal area.  In LC tissues, CD3

positive cells were gathered in fibrous tissues, besides being

distributed partly in sinusoids.  In HCC, most of the CD3

positive cells were found in the surrounding matrix of can-

cerous and paraneoplastic tissues.  Some were distributed in

sinusoids of paraneoplastic tissues and blood space in HCC.

The number of CD3
+ cells from highest to lowest was:

paraneoplastic, HCC, LC and normal control liver tissues (p
< 0.05) (Table 1).

The CD57 positive NK cells were buff, light brown,

brown-yellow or dark brown in cell cytoplasm and cyto-

membrane with round or oval shape.  They were sprinkled

within the liver sinusoids, blood space in HCC and the sur-

rounding matrix without any concentrating trend. Hepatic

trapartidas metastáticas.  El número de linfocitos T y B, células NK, y células expresoras de GrB,
disminuyó en los pacientes a medida que progresaba el CHC.  Estos resultados sugieren que el número
de linfocitos T y B, células NK, Mϕ y linfocitos GrB-positivos podrían ser marcadores importantes en
la valoración del estatus inmune local hepático y los factores útiles a la hora de predecir la prognosis
de los pacientes de CHC.
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differences occurred between other groups (p < 0.05) (Table

1).

The number of Mϕ in G1 was significantly higher than

in G2 (p < 0.05) and G3 (p < 0.05).  There was no difference

between the number of Mϕ cells in paraneoplastic tissues and

the histological grades. The number of CD3
+, CD57

+, CD20
+

and GrB+ cells had no relationship with the histological

grades either in HCC or paraneoplastic tissues (p > 0.05)

(Table 1).

The number of CD3
+ cells in the cases of stages I and

II was lower than that of III and IV both in HCC and

paraneoplastic tissues.  This was not statistically significant

(p > 0.05).  The number of CD57
+ cells in the cases of stages

I and II was higher than that of stage III and IV (p < 0.05).

There was no relationship between the number of CD57
+ cells

in paraneoplastic tissues and the clinical TNM stage.  The

number of CD20
+ cells in the cases of stages I and II was

significantly higher than that of stage III and IV both in HCC

and paraneoplastic tissues (p < 0.05).  There was no rela-

tionship between the number of Mϕ in HCC, para-neoplastic

tissues and the clinical TNM stage.  The number of GrB+

cells in the cases of stages I and II was significantly higher in

HCC tissues than that of stages III and IV (p < 0.05), but

there were no significant differences in paraneoplastic tissues

(p > 0.05) (Table 2).

As shown in Table 2, the number of CD3
+ cells in the

cases with metastasis within 15 months was significantly

lower than those without metastasis in HCC tissues (p <

0.05).  The number of NK-cells in HCC and paraneoplastic

tissues in the cases with metastasis within 15 months were

both significantly lower than those without metastasis (p <
0.01).  The number of CD20

+ cells in HCC and paraneoplastic

tissues in the cases with metastasis within 15 months were

both lower than that without metastasis but without signi-

ficant difference (p > 0.05).  The number of Mϕ in HCC in

the cases with metastasis within 15 months was significantly

lower than in those without metastasis (p < 0.05).  The num-

ber of Mϕ in paraneoplastic tissues in the cases with

metastasis within 15 months was higher than that without

metastasis but without significance (p > 0.05).  The number

of GrB+ cells in the cases with metastasis within 15 months

was significantly lower than those without metastasis in HCC

tissues (p < 0.01) (Table 2). 

NK cells were located in the liver sinusoids adherent to the

endothelium.  The number of CD57
+ cells from highest to

lowest was: HCC, paraneoplastic, normal control liver and

LC tissues.  The number of CD57
+ cells in HCC was signifi-

cantly higher than that in LC (p < 0.05) and normal liver

tissues (p < 0.05).  The number of CD57
+ cells in paraneo-

plastic tissues was significantly higher than that in LC tissues

(p < 0.05).  There were no differences between paraneo-

plastic and normal liver tissues, paraneoplastic and HCC

tissues (Table 1).

B-cells, as identified by CD20 staining, were round or

elliptic and could be detected in each section in various de-

grees.  They also exhibited a different invasive pattern in

which single cells or small clusters of cells were scattered

throughout the liver tissues.  In normal hepatic tissues, they

were distributed in the portal area; CD20
+ cells were present

focally in fibrous tissues and in portal area in LC, cancerous

and paraneoplastic tissues.  The number of CD20
+ cells from

highest to lowest was: HCC, paraneoplastic, LC and normal

control liver tissues.  There was no significant difference

between the number of CD20
+ cells in paraneoplastic and LC

tissues while there were significant differences between the

other groups (p < 0.01) (Table 1).

The CD68 
+ Mϕ were distributed in the blood space of

HCC, the sinusoids of paraneoplastic tissues and the normal

liver tissues. Most of the CD68 
+ Mϕ in normal liver, LC, the

well-differentiated HCC and paraneoplastic tissues had a

stellate or spindle shape and were partly adherent to the

sinusoidal endothelial cells.  Other Mϕ showed an oval shape

and contained an abundance of cytoplasm.  The location and

the numbers of Mϕ were variable in different patients.  The

numbers of Mϕ with a stellate or spindle shape decreased

with the decrease of the HCC differentiation while those with

an oval shape and containing an abundance of cytoplasm

increased.  In some instances, no Mϕ could be found in some

parts of the poorly-differentiated HCC.  The number of Mϕ
in HCC was significantly lower than that in para-neoplastic,

LC and normal liver tissues (p < 0.01) but there was no

difference among paraneoplastic and LC and normal liver

tissues.

The number of GrB+ cells in tissues from highest to

lowest was: paraneoplastic, HCC, normal control liver and

LC tissues.  There was no difference in the number of the

GrB+ cells between LC and normal tissues while significant

Table 1: The number of different cells in various tissues (  ±s, n/HP)

Tissues n CD3 CD57 CD20 CD68 GrB

HCC 60 60.5 ± 18.9 6.8 ± 5.1 40.3 ± 29.9 24.6 ± 13.4 5.5 ± 4.6

G I 3 65.9 ± 19.7 3.7 ± 1.2 36.9 ±   5.7 43.5 ±   5.1 3.8 ± 4.1

G II 38 59.9 ± 17.6 7.4 ± 2.4 41.8 ± 31.1 25.4 ± 11.8 5.9 ± 4.8

G III 19 61.0 ± 19.1 6.2 ± 2.9 39.0 ± 29.9 20.1 ± 14.6 4.8 ± 4.3

Paraneoplastic 60 80.2 ± 23.5 6.2 ± 4.1 28.0 ± 27.2 43.5 ± 12.9 6.7 ± 3.9

LC 62 53.0 ± 18.7 4.2 ± 2.9 21.5 ± 18.2 41.0 ± 13.5 3.5 ± 2.3

Normal 23 45.4 ± 11.7 4.8 ± 2.3 8.1 ± 5.9 40.3 ±   8.9 3.6 ± 2.4

Chen et al
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The scatter diagram showed that there was a linear

trend between the number of Mϕ and NK cells in HCC.  In

further linear correlation analysis, there was a linear positive

correlation between the number of Mϕ and NK-cells (r =

0.344, p < 0.05).  There was a linear trend between the

number of CD57
+ and GrB+, CD3+ and GrB+ cells in HCC

and paraneoplastic tissues. They all had linear positive

correlations (Table 3).

cytotoxic and have stronger tumour killing ability than blood

and spleen NK cells (10).  They have been demonstrated to

attack tumour cells or virus-infected cells by the following:

1) identifying and adhering to the target cells; 2) activating

cells and conducting ‘lethal hit’ including to deliver killing

cytokines by the perforin/granzyme pathway or inducing the

target cells with Fas expression on the surface to allow

apoptosis by Fas ligand (FasL) (10–15).  The present results

indicate that GrB-expressing lymphocytes had positive

correlation with CD3 and CD57 positive cells in HCC,

paraneoplastic, LC and normal liver tissues.  However, it

needs further investigation to confirm that GrB-expressing

cells are T lymphocytes or NK cells.

Some experiments have shown that the number of NK

cells in the HCC tissues from patients with metastases in-

creased but their activity decreased (16).  Similar results are

reported herein.  The mechanism of the increase of NK cells

in HCC has not been clarified.  It is known that the major

histocompatibility complex class I (MHC-I) on tumour cells

negatively regulates NK cell-mediated cytolysis (10).  The

HCC cells with defect of MHC-I are identified by the NK

cells and these cells will accumulate in the areas and this

causes the increase of NK cells in HCC.  Meanwhile, it may

play important non-specific anti-tumour function.  Further

study is required on how to enhance the activities and

functions of NK cells in HCC.  

The quantities of T lymphocytes and NK cells in HCC

were obviously more than those in LC and normal liver

tissues.  The quantities of GrB+ cells in paraneoplastic tissues

and HCC were higher than in normal liver tissues and LC,

which proved that in the tumour tissues, the activated CTL

and NK cells obviously increase and may be related to the

stimulus of the tumour antigen (17).  GrB-expressing lym-

phocytes in paraneoplastic tissues were higher than those in

the HCC tissues.  This may be because tumour necrosis

influenced the expression of GrB.  When B cells are stimu-

lated by antigen or mitogen in HCC tissues, fission and

hyperplasia occur and hence, the number of B cells in HCC

tissue was obviously higher than that in the LC and normal

Table 2:  The relationship between the number of various positive cells and clinical TNM stages and metastasis

Clinical n CD3
+ in CD3

+ in CD57
+ CD57

+ CD20
+ in CD20

+ in CD20
+ in CD20

+ in GrB+ in GrB+ in

HCC paraneo- in HCC paraneo- HCC paraneo- HCC paraneo- HCC paraneo-

plastic plastic plastic plastic plastic

TNM 

stages I, II 31 58.6 ± 15.4 76.2 ± 24.2 8.3 ± 5.3 6.2 ± 4.1 49.1 ± 29.8 35.3 ± 30.6 24.7 ± 14.0 40.5 ± 6.9 6.8 ± 5.3 6.0 ± 3.7

TNM 

stages III, IV 29 62.5 ± 22.2 84.5 ± 22.3 5.3 ± 4.5 6.3 ± 4.2 31.0 ± 27.5 20.2 ± 20.8 24.5 ± 12.8 46.8 ± 16.6 4.1 ± 3.2 7.4 ± 4.1

With 

metastasis 25 53.1 ± 16.0 75.7 ± 25.6 2.9 ± 3.1 4.2 ± 2.8 31.4 ± 26.2 22.9 ± 23.4 20.9 ± 11.3 46.6 ± 18.1 2.5 ± 1. 6 5.4 ± 4.0

Without  

metastasis 29 65.5 ± 21.1 81.4 ± 23.2 9.4 ± 4.5 7.5 ± 4.5 46.2 ± 32.4 29.9 ± 30.6 30.1 ± 14.4 41.1 ± 5.3 7.0 ± 4.3 7.4 ± 3.6

Table 3:  The relationship between the numbers of various positive cells

Tissues               CD3 and GrB CD57 and GrB CD57 and CD68

r P R P R P

HCC 0.318 < 0.05 0.673 < 0.01 0.344 < 0.01

paraneoplastic 0.312 < 0.05 0.508 < 0.01 -0.091 0.489

LC 0.14 0.279 0.492 < 0.01 -0.015 0.907

Normal -0.093 0.673 0.742 < 0.01 0.013 0.952

DISCUSSION

T cells, B cells, NK cells, and Mϕ are the main components

of the immune system in the body.  T cells play an important

role in leading cell immune function, specifically killing tu-

mour cells (5) and stimulating a specific and durable anti-

tumour response (3).  B cells produce the antibodies leading

to the immune effect of body fluid (6).  CD68 is expressed in

the Mϕ in all of the tissues.  Kupffer cells (KC) are the Mϕ
residing in the sinusoids of the liver and play important roles

in maintaining homeostasis and in the host anti-tumour

defense mechanism (7). They are also involved in the patho-

genesis of liver diseases such as viral hepatitis, alcoholic

liver injury, chemically mediated liver injury, liver fibrosis

and hepatocyte regeneration (8–9).  CD57 is a glycoprotein

expressed in the leucocytes and neural endocrine cells.  Anti-

CD57 antibody was first used to identify the NK cells in the

subgroup of lymphocytes. Hepatic NK cells, named Pit cells,

were first described in 1976 by Wisse et al.  The name Pit cell

was introduced because of the characteristic cytoplasmic

granules which in Dutch are called Pits, resembling the pits

in a grape.  It has been proven that hepatic NK cells are more
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The number of NK and GrB positive lymphocytes in

the cases of stages I and II were significantly higher than

those of stages III and IV (p < 0.05) in HCC.  It meant that

NK and GrB-expressing cells in HCC regressed with

development of clinically advanced TNM stages (p < 0.05).

NK cell and GrB-expressing lymphocytes can be regarded as

an index of judging HCC patients’ prognosis.  Meanwhile, as

the cells of HCC transform malignantly, GrB may have

certain influence and function in the natural progress of the

tumour. It has been inferred that during the clinical progress

in HCC, some sensitive sub-clone may have been killed by

tumour immunity while the remaining sub-clone may resist

the cytotoxic attack by CTL and NK cells.  It can even with-

stand the attack of the apoptotic signal and gain stronger

survival ability to escape the immunity surveillance.  This

aids hepatocarcinogenesis and development of HCC.  The

mechanism is similar to immunologic escape through

Fas/FasL and this may be another molecular mechanism for

the tumour to escape the immunity surveillance. 

The number of B cells in the cases of stage I were

significantly higher than those of stage II (p < 0.05) in both

HCC and paraneoplastic tissues (p < 0.05). It proved that

with the gradual progress of the tumour, the status of the

humoral immunity will become poorer.  The tumour immun-

ity of incipient HCC may rely mainly on humoral immunity

early but on cellular immunity later.  The number of T lym-

phocytes, NK cells and GrB-expressing cells in the cases

with metastasis within 15 months in HCC tissues were sig-

nificantly lower than in those without metastasis (p < 0.01).

The cellular immune status in the group with metastasis was

much poorer than in those without metastasis.  T lympho-

cytes and NK cells have the function of killing tumour cells

and can suppress the metastasis of the HCC cells. The de-

creasing of immunocytes might be a risk factor predicting

tumour metastasis. 

The number of Mϕ in the cases with metastasis within

15 months of HCC was significantly lower than in those

without metastasis (p < 0.05).  Previous studies also found

that Mϕ might play an important role in controlling occur-

rence and progression of liver metastasis by causing tumour

cell apoptosis (21–22).

In summary, as HCC progresses, T lymphocytes, NK

cells, B lymphocytes and GrB-expressing lymphocytes in

hepatic local tissue reduce gradually.  It indicates that T lym-

phocytes, NK cells, B lymphocytes, Mϕ and GrB-expressing

cells might be important markers in estimating the special

anti-tumour immune status and a useful factor in predicting

the prognosis of HCC patients. 
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