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Abstract
AIM: To investigate the role of tumor infiltrating lym-
phocytes (TIL) in primary hepatocellular and cholangio-
lar carcinomas of the liver.

METHODS: Immunohistochemical analysis was per-
formed including antibodies to CD3, CD4, CD8, CD20, 
CD56 and TIA-1 in formalin-fixed and paraffin-embed-
ded tissue of 35 liver resection specimens of hepatocel-
lular or cholangiocellular carcinomas. Semiquantitative 
evaluation was performed with emphasis on the area of 
the tumor itself and of the tumor/liver interface.

RESULTS: All hepatocellular carcinomas showed in-
filtration of lymphocytes predominantly around the 
tumor in the tumor/liver interface consisting mainly of 
CD3+ CD4+ T lymphocytes [164.3/10 high power fields 
(HPF)] and in the tumor itself of CD8+ cells (54.9/10 
HPF). Cholangiocarcinomas contained a heterogeneous 
amount of TIL, composed mainly of CD3+ T cells with a 

predominance of CD8+ cells in the tumor tissue (52.6/10 
HPF) and of CD4+ cells in the interface region (223.1/10 
HPF). CD56+ cells of the innate immune system were 
scarce. There was no significant difference between 
hepatocellular or cholangiolar carcinoma. No correlation 
with the clinicopathological data was seen. 

CONCLUSION: Liver TIL consists of intratumoral 
CD8+ T cells and peritumoral CD4+ T cells indepen-
dent of histogenetic origin. Different functions of lym-
phocytes in these regions seem possible.
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INTRODUCTION
Tumor infiltrating lymphocytes (TIL) are part of  the 
tumor surveillance system[1]. This immune response is 
thought to be a result of  changes of  surface components 
of  tumor cells. The innate as well as the adaptive immune 
system is involved in tumor destruction with cell-mediated 
mechanisms playing the main role. They are frequently 
present in human solid tumors. Some CD8+ T cells 
are seen as final effector cells with the ability to induce 
apoptosis of  cancer cells. Subpopulations of  CD4+ T 
cells have a helper function, activating other immune cells 
via cytokine secretion or antigen processing. TIL are a 
target for immunotherapeutic strategies[2].

The liver can be regarded as an immunological organ, 
specially equipped with liver-associated lymphocytes, 
mainly T lymphocytes and natural killer cells[3]. They 
play an important role in the barrier function of  the liver 
between the gastrointestinal tract and an organism. They 
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do not only function as part of  the defense system but 
also as a regulator of  immune tolerance. 

Hepatocellular carcinoma is the leading cause of  
malignant cancer deaths worldwide and the morbidity is 
increasing year on year. It accounts for approximately 6% 
of  all human cancers and up to 1 million deaths per year. 
The second most common primary malignancy of  the 
liver, cholangiolar carcinoma also has a bad prognosis. Its 
resectability rate is very low, but surgical resection is the 
only treatment which can change outcome significantly[4,5].

We studied the frequency and composition of  
TIL in primary liver cancers with special attention to 
the morphological distribution. The subtyping was 
performed to clarify their putative role in host response, 
immunotolerance and as a therapeutic target. 

MATERIALS AND METHODS
Patients
Formalin-fixed and paraffin-embedded tissue of  35 liver 
resection specimens were investigated. The specimens 
were obtained from 8 women and 27 men with a median 
age of  60.5 years (38-82 years). Twenty seven of  the 
cases were diagnosed as hepatocellular carcinoma (8 × 
T1, 3 × T2, 12 × T3 4 × T4; 6 × G1, 14 × G2, 7 × G3) 
and 8 as cholangiolar carcinoma ( 2 × T1, 1 × T2, 2 × 
T3, no T-stage available in 3; 6 × G2, 2 × G3) with a 
mean diameter of  7.9 cm and 8.3 cm, respectively. 

Immunohistochemistry
A panel of  immunohistochemical stains was performed 
including antibodies to CD3, CD4, CD8, CD20, CD56 
and TIA-1. The specifications and titers are given in Table 1.

Routinely processed formalin-fixed and paraffin-
embedded tissue sections of  the tumor and the tumor/
liver interface with a thickness of  4 μm were used. Sections 
were mounted onto capillary gap slides (DAKO, Glostrup, 
Denmark), dried overnight at 30℃, deparaffinized with 
xylene and rehydrated with ethanol in a graded series to 
distilled water. Staining was performed using an automated 
immunostainer (Techmate, DAKO, Glostrup, Denmark) 
with AEC (3-amino-9-ethylcarbazole) for visualization. 
The slides were counterstained with hemalaun and a 
coverslip placed on top. Appropriate positive and negative 
tissue control samples were used throughout. Tonsils 
served as positive controls. 

Statistical analysis
Ten high power fields (HPF) of  the tumor and the tumor-
liver interface were randomly selected and the frequency 
of  TIL was counted using an ocular grid. Results are 
reported as mean value and standard deviation per 10 
HPF. Comparison of  the groups was performed using 
the two-tailed Students t-test (SPSS for windows). The 
significance level was set as P < 0.05.

RESULTS
TIL in hepatocellular carcinoma
All hepatocellular carcinomas showed an infiltration of  

lymphocytes which was mainly localized around the tu-
mor in the tumor/liver interface, with less among the tu-
mor cells (Table 2, Figure 1). The TIL consisted mainly 
of  CD3+ T lymphocytes. CD20+ cells and CD56+ cells 
were rarely found. In the tumor itself, the infiltration 
was dominated by CD8+ cells. In contrast, in the peri-
tumoral area the amount of  CD4+ cells was higher than 
the amount of  CD8+ cells. TIA-1 containing cells were 
more frequent in the peritumoral region. 

TIL in cholangiolar carcinoma
Cholangiocarcinomas contained a heterogeneous amount 
of  TIL, composed mainly of  CD3+ T cells. The relation-
ship of  the subpopulations was comparable to that of  
hepatocellular carcinoma, with a predominance of  CD8+ 
cells in the tumor tissue and of  CD4+ cells in the inter-
face region. CD56+ and CD20+ cells were found only in 
a minor proportion. Cells containing the cytotoxic granula 
TIA-1 occurred often in the interface region. The details 
are summarized in Table 2 and Figure 2.

No statistical differences were found in the frequency 
and distribution according to age, sex, size or grade of  
the tumor.

DISCUSSION
Liver carcinoma evolves over a long period of  time 
from precursor lesions to invasive cancer and metasta-
ses. The exact mechanisms of  this pathway are not fully 
understood[6]. It is known, however, that TIL have the 
potential to modulate this process. The extent of  this 
modulation and the real effects of  tumor growth and 
dissemination remain unclear. 

Several methodical approaches have been used to 
measure TIL. Most often flow cytometry and immuno-
histology is used. Flow cytometry is a rapid method, in 
which a higher amount of  cells and a panel of  markers 
can be investigated. Fresh tissue, however, is necessary. 
Therefore retrospective studies, especially with human 
tissue from pathological files, are not possible. An exact 
localization of  the TIL cannot be determined. Immuno-
histochemistry can identify different cell populations and 
has the advantage of  direct localization of  the lympho-
cyte subsets. Manual counting and automated counting 
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Table 1  List of antibodies

Name Clone Pre-treatment Titer Manufacturer

CD3 PS1 10 min autoclave 120℃, 
citrate buffer pH 6

1:50 DAKO, Glostrup, 
Denmark

CD4 1F6 10 min autoclave 120℃, 
citrate buffer pH 9

1:10 Novocastra, 
Newcastle, UK

CD8 C8/
144B

10 min autoclave 120℃, 
citrate buffer pH 6

1:100 DAKO, Glostrup, 
Denmark

CD20 L26 none 1:500 DAKO, Glostrup, 
Denmark

CD56 123C3 2 × 7 min microwave 
citrate buffer pH 6

1:500 Zymed, San 
Francisco, CA, USASCLC

TIA-1 TIA-1 2 × 7 min microwave 
citrate buffer pH 6

1:500 Coulter Immunol., 
Hinleah, FL, USA
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of  digital images are possible[7,8]. 
Using a histological approach we were able to local-

ize TIL and could differentiate between lymphocytes in 
the tumor itself  and in the environs of  the tumor. In the 

tumor, CD8+ cells were more frequent, showing a closer 
contact with the tumor cells. As these cells can have a 
cytotoxic function, a direct apoptotic effect via different 
pathways such as the FAS/FAS-ligand pathway seems 
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Table 2  Frequency of TIL in hepatocellular and cholangiolar carcinoma

TIL Hepatocellular carcinoma Cholangiolar carcinoma

Intratumoral (/10HPF) Peritumoral (/10HPF) Level of significance Intratumoral (/10HPF) Peritumoral (/10HPF) Level of significance

CD20 3.2 (± 9.7)   26.4 (± 49.5) P < 0.001 0.1 (± 0.3)   11.1 (± 11.8) P = 0.035
CD3 85.1 (± 78.2) 256.5 (± 90.5) P < 0.001 52.6 (± 28.5) 310.4 (± 202) P = 0.008
CD4 37.9 (± 42.5) 164.3 (± 26.4) P < 0.001    18 (± 22.3)  223.1 (± 43.2) P = 0.043
CD8 54.9 (± 57.9) 131.5 (± 86.8) P ≤  0.001 40.7 (± 30.5)  118.7 (± 35.5) P ≤ 0.001
CD56 0.2 (± 0.6)   0.5 (± 1.1) P = 0.058 0.4 (± 1.0)    1.9 (± 2.7) P = 0.088
TIA-1 50.2 (± 40.5)      80 (± 64.5) P = 0.036 41.1 (± 41.8)    72.5 (± 37.4) P = 0.071

HPF: High power fields; TIL: Tumor infiltrating lymphocytes.
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Figure 1  Lymphocytic infiltration in the tumor tissue of hepatocellular carcinoma. A-D: Intratumoral region; E-H: Tumor/liver interface (peritumoral); A and E: 
CD3+ T cells are the main infiltrate with a higher amount in the interface region; B and F: CD4+ cells were mainly located in the peritumoral area; C and G: In the 
tumor tissue, CD8+ cells were more often seen; D and H: CD20+ cells were scarce. 
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Figure 2  The distribution of tumor infiltrating lymphocytes in cholangiocellular carcinoma. A-D: Intratumoral region; E-H: Tumor/liver interface (peritumoral); 
A and E: CD3+ T cells were the dominant infiltrate; B and F: The quantity of CD4+ and CD8+ cells were opposite with a higher level of CD4 cells in the peritumoral 
region; C and G: CD8+ cells were more often found in the tumor tissue; D and H: CD20+ cells were scarce.
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possible. Large numbers of  CD8+ TILs are associated 
with a favorable prognosis in several solid carcinomas 
such as colorectal, ovarian, pancreatic and esophageal 
carcinoma[9-14]. Other entities such as nasopharyngeal 
cancer, renal cell carcinoma and non-small cell lung 
cancer show opposite behavior[15-17]. For hepatocellular 
carcinoma, further investigation is necessary.  

In contrast, TIL in the interface are mostly of  the 
CD4+ type. As CD4+ cells include helper T cells, their 
infiltration could activate cytotoxic killer cells by cytokine 
secretion or antigen presentation. Other authors, how-
ever, found an involvement of  these cells, also known 
as regulatory cells, in immune tolerance[18]. Tumor cells 
adapting to these mechanisms of  the CD4+ lympho-
cytes could use these cells to induce a tumor-friendly 
environment. The infiltration of  CD4+ T-cells could be 
a sign of  tumor adaptation known as enhancement[19]. 

Unitt et al[20,21] indicated that lymphocytic infiltration 
of  the tumor and a high CD4+/CD8+ T cell ratio were 
associated with a reduced risk of  tumor recurrence af-
ter liver transplantation for hepatocellular carcinoma. 
This ratio was beneficial in hepatocellular carcinoma. 
A decreased ratio was shown to imply poor tumor re-
sponse[22]. CD4+ T lymphocytes can activate monocytes, 
macrophages and natural killer cells and can help CD8+ 
T lymphocytes to kill tumor cells. Thus, a positive effect 
of  those infiltrations seems to exist. On the other hand, 
however, CD4+ T cells were also involved in tolerance 
mechanisms. As the liver is particularly involved in tol-
erance induction to food antigens, a supportive role of  
these infiltrates cannot be ruled out. 

A lower quantity of  CD8+ cells in the tumor and in 
the tumor periphery could signal a low level of  T cell 
activation by tumor specific antigens in the liver. Primary 
reasons for this can be in the immune system itself  such 
as development of  self  tolerance in the thymus or in the 
periphery[23]. The tumor can also develop various eva-
sion strategies like converting T helper cells or lowering 
the expression of  tumor specific antigens to below the 
required threshold[24-26]. These mechanisms would lead 
to a low quantity of  TIL. Janicki et al[27], however, could 
show that TIL can lose their effector function even after 
infiltrating the tumor. One reason could be a loss of  
adhesion capability[28]. These results have critical implica-
tions for vaccination studies.

The liver normally contains a higher quantity of  cells 
of  the innate immune system such as natural killer cells. 
The lack of  CD56+ cells in the tumor and in the interface 
to the liver is surprising. This cell type is thought to be 
involved in tumor defense. This is in contrast to a recent 
study investigating human glioblastomas[29]. Half  of  all 
TIL in these tumor types were CD56+ cells, in particularly 
CD4+CD56+ T cells. Whether this cell type is unique for 
brain tumors has to be clarified by further studies. 

In the liver, a primary defect or lack of  cells of  the 
innate immune systems could be regarded as an aid to 
tumor development. On the other hand, there is the 
possibility that a manifest tumor can suppress the innate 
immune system.

For cholangiolar carcinoma, only scarce data are 

available regarding TIL. Takagi and coworkers found 
that patients with high numbers of  TIL (CD8+ or 
CD4+) had significantly better prognosis[30]. In our study, 
the amount of  TILs was heterogeneous. In the tumor 
tissue itself, the CD8+ cells can act as cytotoxic cells. In 
this entity, regulatory cells are also found in the tumor 
environs. As in hepatocellular carcinoma, there is a lack 
of  CD56+ cells of  the innate immune system.

Earlier we investigated the lymphocytic reaction of  
the liver with liver metastases from different primary 
neoplasms[31]. In this investigation, the results were simi-
lar to those demonstrated here. Also, in liver metastases, 
the frequency of  TIL in the interface between the liver 
and tumor was higher than in the tumor itself. The in-
filtrate in the interface was also composed mainly of  
CD4+ T cells. Thus, a general rule can be seen in the re-
action of  the liver. A manifest tumor is accompanied by 
a CD4+ reaction in the liver. Whether this is a defense 
mechanism or more like an induced protection by the 
tumor cells needs further clarification. 

In summary, we could demonstrate for hepatocel-
lular carcinoma and cholangiolar carcinoma that TIL 
consists, in the tumor itself, of  CD8+ T cells and, in the 
peritumoral region, of  CD4+ T cells such as helper cells 
or regulatory cells. CD20+ cells and TIA-1+ cells were 
scarce. There was a lack of  CD56+ cells of  the innate 
immune system. The functional interaction of  TIL in 
liver carcinomas needs further investigation especially if  
considered as a target for immunotherapeutic strategies.
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