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This study demonstrates a novel role for the Fas path-
way in the promotion of local tumor growth by in-
ducing apoptotic cell death in normal hepatocytes at
the tumor margin in colorectal hepatic metastases.
Our results show that >85% of lymphocytes infiltrat-
ing colorectal liver cancer express high levels of Fas-
ligand (Fas-L) by flow cytometry. Using immunohis-
tochemistry of tumor tissue we showed strong Fas
expression in noninvolved hepatocytes, whereas
Fas-L expression was restricted to tumor cells and
infiltrating lymphocytes at the tumor margin. Apo-
ptosis was observed in 45 6 13% of the Fashigh hepa-
tocytes at the tumor margin whereas only 7 6 3%
tumor cells were apoptotic (n 5 10). In vitro , primary
human hepatocytes expressed Fas receptor and
crosslinking with anti-Fas antibody induced apopto-
sis in 44 6 5% of the cells compared with 4.6 6 1.0%
in untreated controls (P 5 0.004). Both tumor-infil-
trating lymphocytes (TIL) and human metastatic co-
lon cancer cells cells are able to induce Fas-mediated
apoptosis of primary human hepatocytes in coculture
cytotoxic assays. TIL induced apoptosis in 47 6 9%
hepatocytes compared with control 4.3 6 1.0% (P 5
0.009) and this effect was reduced by anti-human
Fas-L mAb (18.7 6 1.3%, P 5 0.009). SW620 cells
induced apoptosis in 26 6 2% hepatocytes compared
with control 5.6 6 1.7% (P 5 0.004) and this was
reduced to 11.2 6 1.8% (P 5 0.004) in the presence of
anti-human Fas-L mAb. These data suggest that the
inflammatory response at the margin of colorectal
liver metastases induces Fas expression in surround-
ing hepatocytes, allowing them to be killed by Fas-L-
bearing TIL or tumor cells and facilitating the inva-
sion of the tumor into surrounding liver tissue. (Am
J Pathol 1999, 154:693–703)

The liver is the commonest site for development of met-
astatic colorectal cancer. Approximately 25% of patients
with colorectal cancer have liver metastases at the time of
diagnosis and in another 25%, liver metastases will de-
velop within 2 years.1 The remarkably high incidence of
liver metastases in patients with colorectal cancer sug-
gests that the liver provides an environment conducive to
the development of metastases. For metastatic tumor
cells to become established and develop into overt dis-
ease, they must evade immune surveillance and invade
and replace local tissue at the secondary site. Several
mechanisms are implicated in cancer invasion, including
release of metalloproteinases that degrade extracellular
matrix, secretion of growth factors to promote neovascu-
larization, and changes in adhesion molecules that pro-
mote tumor cell migration.2,3 However, although the re-
placement of normal tissue is a prerequisite for tumor
growth, the precise mechanisms by which colorectal
cancer displaces or destroys resident liver cells are not
known.

There is substantial evidence that lymphocyte-medi-
ated mechanisms are important in controlling tumor
growth in some cancers.4–6 However, despite being in-
filtrated by lymphocytes, the growth of colorectal hepatic
metastases is relentless, suggesting that the local antitu-
mor immune response is impaired.7,8 Most mononuclear
cells infiltrating colorectal hepatic metastases are con-
fined to the peritumoral margin between the advancing
edge of the tumor and the adjacent uninvolved liver tis-
sue.8 Although the infiltrate contains activated T cells, the
cells are unable to lyse autologous tumor targets, even
following in vitro activation with rIL-2,8,9 suggesting that
the tumor deletes antitumor effector lymphocytes. It has
been proposed recently that one mechanism responsible
for this is Fas-mediated killing of lymphocytes by Fas
ligand (Fas-L)-expressing tumor cells.10 Activated cyto-
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lytic lymphocytes (CTL) express Fas-L, a member of the
tumor necrosis superfamily, which can trigger apoptosis
in target cells that bear its cell surface receptor Fas
(CD95/Apo-1).11 Fas-L/Fas interactions are involved in
CTL killing of target cells, including virally infected hepa-
tocytes in viral hepatitis.12 However, in addition to Fas-L,
activated CTL also express Fas. Lymphocyte-lymphocyte
interactions involving Fas and Fas-L trigger apoptosis
and provide a mechanism for down regulating immune
responses in vivo.11,13 The potent ability of Fas-L-bearing
cells to kill Fas-expressing lymphocytes means that Fas-L
expression is tightly controlled in vivo and tissues in which
Fas-L is constitutively expressed, such as the eye and
testis, are immune-privileged sites.14,15 Several tumor
types, including primary colorectal cancer and hepato-
cellular carcinoma, express Fas-L and exploit its ability to
kill Fas-expressing lymphocytes to evade immune recog-
nition.10,16 In the present studies we have extended these
observations to colorectal hepatic metastases and pro-
pose that the Fas pathway not only is responsible for
killing infiltrating lymphocytes, but also facilitates local
tumor growth by inducing apoptotic cell death in normal
hepatocytes at the tumor margin.

Materials and Methods

Patient Characteristics and Tissues Studied

Surgically resected colorectal hepatic metastases were
obtained from 15 patients (6 males and 9 females; me-
dian age 59 years, range, 48–79 years) treated at the
Liver Unit, Queen Elizabeth Hospital (Birmingham, UK).
Six were histologically well differentiated, 5 moderately
differentiated, and 4 poorly differentiated adenocarci-
noma. None of the patients had received immunosup-
pressive drugs, radiotherapy, or chemotherapy prior to
surgery. Tissue containing both tumor and adjacent,
macroscopically normal liver and a sample of nonin-
volved liver tissue distant from the tumor were snap-
frozen in liquid nitrogen and stored at 270°C until ana-
lyzed. A separate sample of fresh tumor tissue was used
for isolation of lymphocytes. Peripheral blood lympho-
cytes (PBL) were isolated from venous blood obtained
from the same patients immediately before surgery.

Lymphocyte Isolation

Tumor-infiltrating lymphocytes (TIL) were isolated from
fresh tumor tissues removed at surgery as described
previously.8 Tumor tissues were immediately cut into
small pieces, washed, and digested using RPMI-1640
(Gibco/Life Technologies, Paisley, UK) supplemented
with 0.2% (w/v) collagenase type IV (Sigma, Poole, UK)
and 20% fetal calf serum (Gibco) for 2–3 hours with
continuous stirring at room temperature. The tumor digest
was then passed through a nylon mesh to obtain a single
cell suspension that was washed with phosphate-buff-
ered saline (PBS) until the supernatant became clear.
The single cell suspension was layered onto Ficoll
Hypaque (Lymphoprep, Nycomed, Oslo, Norway) and

centrifuged at 1600 rpm for 30 minutes at room temper-
ature. TIL and tumor cells were recovered from the inter-
face. Autologous PBL were isolated from heparinized
venous blood obtained from the same patients immedi-
ately prior to surgery. PBL were separated by Ficoll
Hypaque centrifugation at 1600 rpm for 30 minutes at
room temperature and then washed twice with PBS.

Isolation and Culture of Primary
Human Hepatocytes

Primary human hepatocytes were isolated from surplus
liver tissue obtained from adult donor livers that had been
reduced in size for transplantation into pediatric recipi-
ents as described previously.17 Approximately 150 g of
human liver tissue were treated with segmental perfusion
with 5 mmol/L calcium chloride, 0.05% Collagenase H
(Life Technologies), 0.025% dispase (Boehringer-Mann-
heim, Mannheim, Germany), 0.0125% type 1-S hyaluron-
idase (Sigma), and 0.005% DNase (Boehringer Mann-
heim) in 10% Hanks’ balanced salt solution. The resulting
cell suspension was filtered and centrifuged at 28 3 g to
pellet hepatocytes. The hepatocytes were further purified
by Percoll density gradient centrifugation and their via-
bility determined by trypan blue dye exclusion. Immedi-
ately after isolation, hepatocytes were resuspended in
Williams E medium containing hydrocortisone, insulin,
and glutamine and seeded onto collagen-coated eight-
well tissue culture plates (Costar Corp., Cambridge, MA),
which were then incubated at 37°C in humidified air and
5% CO2. The hepatocytes were allowed to adhere for 2
hours, following which the medium was replaced with
fresh culture medium and the cells allowed to recover for
24 hours before further studies began.

Culture of SW620

The human colon cancer cell line SW620 was obtained
from American Type Culture Collection (Manassas, VA)
and grown in Dulbecco’s modified Eagle’s medium sup-
plemented with 10% fetal calf serum (FCS) in a humidi-
fied 5% CO2 at 37°C.

Immunohistochemistry

Localization of Fas and Fas-L expression in peritumoral
tissue was carried out on 6-mm cryostats that contained
both tumor and adjacent normal hepatocytes, using stan-
dard immunohistochemistry as described previous-
ly.18,19 Tissue sections were fixed in acetone for 10 min-
utes at room temperature and then incubated with rabbit
polyclonal anti-human Fas- or Fas-L-specific IgG (Santa
Cruz Biotechnology, Santa Cruz, CA) at 2 mg/ml. The
primary antibody binding was localized by mouse anti-
rabbit (Dako, High Wycombe, UK) followed by rabbit
anti-mouse (Dako) secondary antibodies, developed by
the indirect alkaline phosphatase-anti-alkaline phospha-
tase (Sigma) technique, and the resulting enzyme com-
plex visualized with napthol-AX (Sigma) and Fast Red TR
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(Sigma). Sections were counterstained with Meyer’s
haematoxylin. Incubations were done at room tempera-
ture for 45 minutes and sections were washed for 5
minutes with 2 changes of Tris buffer between incuba-
tions. Normal tonsil sections were used as positive con-
trols. Negative controls consisted of sections in which the
primary antibody was omitted. In addition, the specificity
of anti-Fas or anti-Fas-L antibody was confirmed by the
addition of a competitive inhibitor, either a Fas or Fas-L
peptide (20 mg/ml, Santa Cruz Biotechnology), during the
primary antibody incubation. The results of immunohisto-
chemical studies for Fas and Fas-L expression were as-
sessed by scoring the intensity of immunoreactivity for a
given antigenic determinant relative to control staining,
using a scale of 0 5 negative, 1 5 weak, 2 5 moderate, and
3 5 strong. The mean (6 SE) was then calculated for all
individual scores. We have previously validated this quan-
titative scoring system using confocal microscopy.20

Cellular proliferation was determined by immunostain-
ing of paraffin-embedded sections with mouse anti-hu-
man Ki-67 (nuclear proliferation antigen; mib-1 clone of
IgG1 isotype from Coulter Electronics, Luton, UK) at 1
mg/ml. Sections were dewaxed with xylene/alcohol and
treated with 3% hydrogen peroxide in methanol for 10
minutes to block endogenous peroxidase, followed by
microwaving for 30 minutes in citric acid (2.1 g/L ad-
justed to pH 6.0 with NaOH) to enhance antigen retrieval.
Anti-Ki-67 was detected by biotinylated goat anti-mouse
(Dako) and streptavidin-avidin-biotin complex/horserad-
ish (Dako) and developed using diaminobenzidine tetra-
hydrochloride (Sigma). The sections were counterstained
with Mayer’s haematoxylin. Sections stained with an irrel-
evant mouse mAb were used as negative control. Normal
tonsil sections stained with anti-Ki-67 were employed as
positive controls. Approximately 100 tumor cells, mono-
nuclear cells, and hepatocytes were enumerated sepa-
rately in each high power field (3400) and 10 random
high-power fields were counted on each section using
light microscopy. The results were expressed as mean 6
SE of 10 samples.

The proliferative index was calculated as follows:

Proliferative index 5
total number of Ki-671 cells
total number of cells counted

3 100

Determination of Apoptosis

Apoptosis was assessed by three methods: cellular mor-
phology according to Kerr’s criteria (cytoplasmic shrink-
age, pyknosis, and/or nuclear fragmentation),21 in situ
end-labeling (ISEL) to detect DNA fragmentation on par-
affin-embedded tumor sections, and immunofluorescent
staining of cryostats using mouse anti-human APO
2.7-PE (2.7A6A3 clone, IgG1 isotype, Coulter Electron-
ics) at 4 mg/ml. ISEL was performed on paraffin-embed-
ded tissue sections as described elsewhere.22 Sections
6 mm in width were dewaxed, dehydrated, and air-dried
for 15 minutes, followed by incubation for 30 minutes at
37°C with 5 mg/ml proteinase K (Sigma) diluted in 50
mmol/L TBS, pH 8.2, containing 1 mmol/L EDTA. The

sections were then washed 33 in distilled water, dehy-
drated with alcohol, and air-dried. One hundred microli-
ters of the following labeling mixture were applied to each
section: 0.01 mmol/L aATP, dCTP, dGTP, and digoxige-
nin-labeled dUTP (Boehringer Mannheim, Lewes, UK)
made up in 50 mmol/L TBS, pH 7.4, containing 5 mmol/L
MgCl2, 10 mmol/L beta-mercaptoethanol, 5 mg/ml BSA,
and 20 units/ml Klenow DNA polymerase fragment
(Boehringer Mannheim). Siliconized coverslips were
placed on each section to minimize drying and spread of
nucleotide mixture and sections were further incubated
for 1 hour at 37°C. The reaction was terminated by 3
washes in distilled water. DNA polymerase was omitted in
negative control sections. Digoxigenin-labeled cells were
identified using alkaline phosphatase-conjugated F(ab)2
fragments of a polyclonal sheep anti-digoxigenin anti-
body (Boehringer Mannheim) diluted 1:200 in TBS, pH
7.4, and incubated for 1 hour at room temperature. Sec-
tions were then washed 33 in TBS, pH 8.2, and devel-
oped with alkaline phosphatase/Fast Red working solu-
tion. Approximately 100 tumor cells, mononuclear cells,
and hepatocytes were enumerated separately in each
high-power field (3400) and 10 random high-power
fields were counted on each section using light micros-
copy. Results were expressed as mean 6 SE of ten
samples.

The apoptotic index was calculated as follows:

apoptotic index 5
total number of ISEL1 cells

total number of cells counted
3 100

Flow Cytometry

The expression of Fas and Fas-L on TIL, primary human
hepatocytes, and tumor cells was assessed by immuno-
fluorescent staining with rabbit polyclonal anti-human
Fas- or Fas-L-specific antibodies (Santa Cruz Biotechnol-
ogy) at 2 mg/ml followed by 1:20 dilution of FITC-labeled
goat anti-rabbit immunoglobulin (Dako). The phenotypic
composition of freshly isolated TIL and autologous PBL
was analyzed by two-color flow cytometry using standard
techniques.23 Single-cell suspensions (106 cells/ml) were
incubated with 5 ml of primary unconjugated mouse mAb
followed by 1:20 dilution of FITC-conjugated F(ab)2 frag-
ments of rabbit anti-mouse immunoglobulin (Dako).
Thereafter, the cell suspension was incubated with nor-
mal mouse serum to saturate the free binding sites on the
F(ab)2 fragments before a final incubation with PE-conju-
gated anti-CD3 (Dako). All incubations were carried out
at 4°C for 30 minutes and cells were washed twice with
PBS (0.02% w/v sodium azide and 2% v/v FCS) between
incubations. The cell suspension was fixed with 1% para-
formaldehyde and analyzed using the FACS 440 (Becton
Dickinson). A lymphocyte gate was set to exclude dead
cells and debris and at least 104 cells were analyzed in
each sample. Irrelevant isotype-matched mAb or nonim-
mune serum was used as a control. In addition, the
specificity of the anti-Fas or anti-Fas-L antibody was con-
firmed by the addition of a competitive inhibitor, either a
Fas or Fas-L peptide (20 mg/ml, Santa Cruz Biotechnol-
ogy), during the primary antibody incubation.
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Induction of Fas-Mediated Apoptosis of Primary
Human Hepatocytes

Cell surface Fas receptor expression on isolated primary
human hepatocytes was studied by flow cytometric anal-
ysis of single-cell suspensions of confluent hepatocyte
monolayers before and after treatment with varying doses
of IL-1 for 24 hours at 37°C. The effect of Fas ligation on
human hepatocytes was evaluated by treating the cells
with 20 ng/ml anti-Fas antibody for 12, 24, and 48 hours
at 37°C, following which apoptosis was determined by
ISEL staining of cytospin sections. The ability of TIL de-
rived from colorectal liver metastases and SW620 human
colon cancer cells to induce apoptosis of human hepa-
tocytes was investigated by a cell coculture cytotoxicity
assay. Effector TIL or SW620 tumor cells were cocultured
with confluent monolayers of target human hepatocytes
for 24 hours at an effector:target ratio of 5:1 (TIL) or 2:1
(SW620). In some experiments, 40 ng/ml of antibody to
human Fas-L (mAb NOK-1, Pharmingen, San Diego, CA)
were added to the hepatocyte culture medium before
coculturing the hepatocytes with TIL or SW620. This mAb
inhibits Fas-mediated apoptosis by specifically binding
to human Fas-L on effector cells.24 Each experiment was
carried out in triplicate. Hepatocytes were harvested by
trypsinization for 5 minutes with 0.25% v/v bovine pan-
creatic trypsin and then neutralized by 10% FCS. Apo-
ptosis of hepatocytes was determined by ISEL of DNA
fragmentation and quantified on cytospin sections by
calculating approximately 200 hepatocytes on ten ran-
dom high-power fields (3400) on each cytospin section
using light microscopy. The enumeration of apoptotic
hepatocytes is calculated as follows:

% apoptotic cells 5
total number of apoptotic cells
total number of cells counted

3 100

and expressed as the mean 6 SE of results from 6
experiments.

Statistical Analysis

Kruskal-Wallis analysis of variance was used to deter-
mine variation between groups of samples. Differences
between unpaired samples were analyzed by the Mann-
Whitney U test for nonparametric data. Differences be-
tween paired samples were analyzed by the nonparamet-
ric Wilcoxon’s rank sum test. The flow cytometric data of
Fas expression on primary human hepatocytes were an-
alyzed by the unpaired Student’s t-test assuming unequal
variance. The level of significance was set at P , 0.05.

Results

We have previously reported that the majority of lympho-
cytes that infiltrate liver metastases from colorectal can-
cers are confined to the margin between the advancing
tumor edge and the surrounding normal hepatocytes,
with very few lymphocytes detected centrally in the tu-
mor.8 In the present study lymphocytes at the tumor

margin were mainly activated T cells (mean CD4/CD8
ratio of 15 TIL cases, 2.3 6 0.3) that expressed the
activation markers CD69 and HLA-DR (Figure 1). A large
subset of these T cells also expressed both Fas and
Fas-L (Figure 1). Despite their activated phenotype,
these tumor-derived lymphocytes are unable to lyse au-
tologous or allogeneic tumor cell targets in vitro.8

Figure 1. Lymphocytes infiltrating colorectal hepatic metastases comprise
mainly activated memory T cells expressing Fas (CD95) and Fas-L. A: Phe-
notype of freshly isolated TIL showing that they include a subset of activated
lymphocytes that are CD95high and Fas-Lhigh. B: The majority of the TIL are
CD45RO1, CD69high, HLA-DRhigh, and CD62L (L-selectin)low compared with
autologous peripheral blood lymphocytes (PBL). Cells were analyzed by
flow cytometry gated on CD31 population. Figure shows one representative
experiment of ten.
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Fas and Fas-L Expression in the Peritumoral
Margin of Liver Metastases from
Colorectal Cancer

Immunohistochemistry was used to analyze the pattern
and distribution of Fas and Fas-L protein expression in
the different cellular compartments at the margin of the
tumor. Ten of the cases we studied were moderately or
well differentiated colorectal hepatic metastases consist-
ing of glandular structures with two distinct domains: the
basolateral membrane, which is in contact with the extra-
cellular matrix and the peritumoral stroma, and a luminal

(apical) domain, which is not. Fas expression was re-
stricted to the luminal surface of carcinoma cells (Figure
2a), whereas Fas-L protein was detected on the mem-
brane throughout the tumor cells (Figure 2b). Fas and
Fas-L proteins were also detected on lymphocytes infil-
trating the stroma between the tumor cells and adjacent
uninvolved hepatocytes (Figure 2, a and b). The stron-
gest expression of Fas was on the uninvolved hepato-
cytes, which showed intense membranous and cytoplas-
mic staining for Fas protein extending for several cell
layers from the interface with the peritumoral stroma (Fig-
ure 2a). Fas-L protein was not detected in either the

Figure 2. Relationship between Fas and Fas-L expression and apoptosis in different cellular compartments in the peritumoral margin of colorectal hepatic
metastases. a: Fas immunoreactivity detected by APAAP and Fast Red on luminal aspect of tumor cells (big arrows) and hepatocytes (small arrows) (original
magnification, 3400). b: Fas-L immunostaining on a serial section detected by APAAP and Fast Red on tumor cells (big arrows) and infiltrating mononuclear cells
(small arrows) (original magnification, 3400). c: Positive ISEL staining visualized as dark brown can be seen in the nuclei of adjacent hepatocytes and infiltrating
mononuclear cells (N, normal liver, T, tumor; original magnification, 3200). d: Positive ISEL staining in the nuclei of adjacent hepatocytes and infiltrating
mononuclear cells at a higher magnification, 3400 (N, normal liver, T, tumor). e: Ki-67 immunostaining detected by peroxidase and DAB is localized mainly to
the nuclei of tumor cells (original magnification, 3200), f: control section (original magnification, 3400).
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peritumoral or more distant hepatocytes (Figure 2b). The
specificity of the anti-Fas or anti-Fas-L antibody was con-
firmed by absent immunostaining in the presence of a
competitive inhibitor, Fas or Fas-L peptide, in the primary
antibody incubation.

The Majority of Normal Hepatocytes and
Infiltrating Lymphocytes Surrounding the
Peritumoral Margin Are Apoptotic

To determine which of the Fas-expressing cells were
targets of Fas-L attack, we looked for apoptosis in the
different cellular compartments at the tumor margin, ie,
tumor cells, inflammatory cells, and hepatocytes. Many
Fashigh hepatocytes at the tumor margin as well as
many infiltrating lymphocytes were undergoing apo-
ptosis as defined by morphology, Apo 2.7 immuno-
staining, and ISEL of DNA fragmentation (Figures 2, c
and d, 3, and 4). Hepatocytes farther from the tumor
margin were Faslow and very few (,3%) were apopto-
tic. Apoptotic lymphocytes were detected in lymphoid
aggregates as well as among mononuclear cells in
direct contact with tumor cells, suggesting that lym-
phocytes were being killed by neighboring Fas-L-ex-
pressing lymphocytes via a bystander effect as well as
by Fas-L on tumor cells (Figure 2, c and d). In contrast,
very few tumor cells were apoptotic (Figure 2, c and d)

and many were in active cell cycle as determined by
staining for the nuclear proliferation antigen Ki-67 (Fig-
ures 2e and 4). Thus, both the infiltrating lymphocytes
and the surrounding hepatocytes were targets for Fas-
mediated apoptosis.

Figure 3. Micrograph shows immunofluorescent staining of the peritumoral margin of colorectal hepatic metastases with anti-Apo 2.7. Panels A and B are from
one patient and panels C and D from another patient. A and C show two sections under H&E staining and B and D show the same two sections after
immunofluorescent staining for Apo 2.7. It can be seen that Apo 2.7 staining is largely confined to hepatocytes adjacent to the tumor (arrows) and infiltrating
mononuclear cells. Original magnification, 3200. N, normal adjacent liver; T, tumor.

Figure 4. Quantitative analysis of proliferative index determined by Ki-67
immunostaining and apoptotic index determined by ISEL of DNA fragmen-
tation in different cellular compartments in the peritumoral margin of colo-
rectal hepatic metastases from 10 patients. Data represent the percentage of
positive cells shown as mean 6 SE. P , 0.01 (2-tailed Mann-Whitney U-test)
for Proliferative index versus Apoptotic index for each cell compartment.
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Isolated Primary Human Hepatocytes Are
Susceptible to Fas-Mediated Induction
of Apoptosis

Increased Fas expression has been reported on hepato-
cytes during liver inflammation in vivo.12,25 Thus, the in-
creased Fas expression detected on hepatocytes at the
tumor margin in the present study could be a conse-
quence of the inflammatory response at this site. In sup-
port of this we detected the proinflammatory cytokines
IL-1 and TNF-a in the peritumoral infiltrate by immuno-
histochemistry (data not shown). Furthermore, although
the level of surface Fas on human hepatocytes was high
after 24 hours in culture (85% of cells positive) it could
be increased further by treatment with exogenous IL-1
(Figure 5).

We subsequently demonstrated that Fas expressed by
human hepatocytes is functional in vitro because treat-

ment of hepatocytes with an agonistic anti-Fas antibody
resulted in apoptosis of 44 6 5% of hepatocytes com-
pared to 4.6 6 1.0% apoptosis in cell treated with an
irrelevant antibody (P 5 0.004, Figure 6).

Lymphocytes Infiltrating Colorectal Hepatic
Metastases Can Induce Fas-Mediated
Apoptosis of Human Hepatocytes in Vitro

Flow cytometric and immunohistochemical studies show
that lymphocytes infiltrating colorectal hepatic metasta-
ses express cell surface Fas-L (Figures 1 and 2). In order
to determine if the cell surface Fas-L was functional, TIL
isolated from colorectal hepatic metastases were cocul-
tured for 24 hours with cell surface Fas-positive primary
human hepatocytes at a TIL:hepatocyte ratio of 5:1. At
the end of the coculture 47 6 9% of hepatocytes were
apoptotic as determined by ISEL of DNA fragmentation
when cocultured with TIL compared to 4.3 6 1.0% apo-
ptosis of hepatocytes in control wells treated with me-
dium alone (P 5 0.009, Figure 7).

In order to determine whether TIL-induced apoptosis
of hepatocytes is Fas-mediated, pretreatment with an
anti-human Fas-L mAb, NOK-1, at 40 ng/ml was carried
out before coculture of TIL and hepatocytes. NOK-1 treat-
ment specifically inhibited apoptosis by 62% compared
with hepatocytes cocultured with TIL in the absence of
NOK-1 (P 5 0.009, Figure 7). The NOK-1 monoclonal
antibody alone did not effect apoptosis of hepatocytes,
as we have reported similar observations previously.24

Thus the Fas receptor and Fas-L on human hepatocytes
and TIL, respectively, are functional in vitro.

Tumor Cells from Colon Cancer Metastases
Can Induce Fas-Mediated Apoptosis of Human
Hepatocytes in Vitro

Because tumor cells express Fas-L it is possible that
these cells also induce apoptosis of normal hepatocytes.

Figure 5. Effect of exogenous IL-1 on Fas expression in isolated primary
human hepatocytes. Cells were treated with different concentrations of IL-1
for 24 hours at 37°C and cell surface Fas expression was determined by flow
cytometry. Results are expressed as percentage of positive hepatocytes (A)
and median channel fluorescence (B) and represent the mean 6 SE of 5
samples. The median channel fluorescence is expressed as the difference
between the test and the control antibody. P 5 NS for 5 u/ml versus control,
P 5 NS for 100 u/ml versus control, P , 0.005 for 200 u/ml versus control in
A. P , 0.02 for 5 u/ml, 100 u/ml, and 200 u/ml versus control in B.

Figure 6. Induction of apoptosis in isolated primary human hepatocytes in
vitro following incubation of cells with different concentrations of anti-Fas
antibody for 24 hours at 37°C. Control wells contained hepatocytes treated
with a nonimmune serum. Apoptosis of hepatocytes was determined by ISEL
staining of cytospin sections and quantified as described in Materials and
Methods. Results are expressed as percentage of apoptotic hepatocytes and
represent the mean 6 SE of 6 individual experiments. P 5 0.004 (2-tailed
Mann-Whitney U-test) for 10 ng/ml and 20 ng/ml anti-Fas Ab versus control.
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In order to test this we used SW620, a human colonic
tumor cell line derived from a lymph node metastasis of a
colon cancer and previously shown to express Fas-L at
both the mRNA and protein levels.10 The expression of
surface Fas-L on SW620 was confirmed by flow cytomet-
ric analysis, which showed that 87% of the tumor cells
used for coculture experiments were positive for cell
surface Fas-L (Figure 8). In order to determine the ability
of metastatic colon cancer cells to kill hepatocytes, SW620
cells were cocultured with primary human hepatocytes for
24 hours at 37°C using a ratio of 2 SW620 cells to 1 hepa-
tocyte. Coculture resulted in apoptosis of 26 6 2% of hepa-
tocytes as determined by ISEL compared with only 5.6 6
1.7% apoptosis in control wells in which the hepatocytes were
treated with culture medium alone (P 5 0.004) (Figure 9).

Evidence that apoptosis was Fas-mediated was again
provided by experiments in which NOK-1, an anti-human
Fas-L mAb, was used specifically to inhibit human Fas-L
before coculture of SW620 and hepatocytes. Blocking
the Fas-L with 40 ng/ml of NOK-1 in the coculture assay
resulted in a significant reduction in the percentage of
apoptotic hepatocytes (11.2 6 1.8%) compared to hepa-
tocytes cocultured with untreated SW620 (26 6 2%, P 5
0.004) (Figure 9). There was no significant difference
between the apoptosis in hepatocytes cocultured with
NOK-1-treated SW620 (11.2 6 2%) and in those treated
with NOK-1 alone (9.6 6 1.6%, Figure 9). Thus, SW620
colon cancer cells can induce apoptosis of human hepa-
tocytes in vitro in a Fas-dependent manner.

Discussion

The results of this study suggest that although colorectal
hepatic metastases provoke an inflammatory response,

strategies have developed that prevent the tumor from
being destroyed by the immune system. One of these
strategies is down-regulation of Fas and up-regulation of
Fas-L on tumor cells, which enables the tumor to kill
Fas-positive CTLs at the tumor margin. A similar mecha-
nism has been shown previously to operate in primary
colorectal cancer.16 In the present study we report data
that extend the role of Fas and Fas-L from one of immune
protection to one of promoting local tumor invasion. We
show that Fas expression is markedly up-regulated on
hepatocytes at the margin of colorectal metastases and
that many of the hepatocytes are undergoing apoptosis.
The peritumoral infiltrate contains large numbers of Fas-
Lhigh CTLs that are unable to gain access to Fas on tumor
targets and instead induce killing of bystander Fas-ex-
pressing hepatocytes. Thus, the tumor subverts the in-
flammatory response to promote local invasion through
adjacent normal tissue.

One reason for the failure of the immune response
against colorectal metastases is the lack of lymphocyte
entry into tumor tissue. The inflammatory infiltrate is con-
fined to the peritumoral margin, with very few lympho-
cytes detected in the tumor parenchyma (Figure 2).
Moreover, ,5% of the lymphocytes at the tumor margin
were proliferating, as determined by expression of the
nuclear proliferation antigen Ki-62, whereas up to 50% of
them were dying by apoptosis (Figures 3 and 4).

Colorectal hepatic metastases use several strategies
to avoid being destroyed by the immune system. First, as
we have recently reported, tumor endothelium in colorec-
tal hepatic metastases down-regulates adhesion mole-
cule expression. Tumor vessels express very little

Figure 7. Results of coculture cytotoxic assay using colorectal liver tumor-
derived lymphocytes and human hepatocytes. Induction of apoptosis in
isolated primary human hepatocytes in vitro following incubation of cells
with TIL or NOK-1 (anti-human Fas-L mAb) alone, or a combination of TIL
and NOK-1 mAb for 24 hours at 37°C. The effector-to-target (TIL-to-hepato-
cyte) ratio was 5:1. To determine if TIL killing of hepatocytes was Fas-
mediated, pretreatment with NOK-1 mAb (40 ng/ml) to block human Fas-L
was carried out prior to the coculture of TIL and hepatocytes. Each experi-
ment was conducted in triplicate wells. Control wells contained hepatocytes
treated with culture medium alone. Apoptosis of hepatocytes was deter-
mined by ISEL staining of cytospin sections and quantified as described in
Materials and Methods. Results are expressed as percentage of apoptotic
hepatocytes and represent the mean 6 SE of 5 individual experiments. P 5
0.009 (2-tailed Mann-Whitney U-test) for TIL versus control, TIL versus
NOK-1, TIL versus TIL 1 NOK-1, TIL 1 NOK-1 versus control, and TIL 1
NOK-1 versus NOK-1.

Figure 8. Flow cytometric analysis of cell surface Fas-L expression on SW620
tumor cells. Immunofluorescent staining was carried out as described in
Materials and Methods. Fas-L expression is shown by the shaded histogram
and control antibody staining by the open histogram.
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ICAM-1 and no VCAM-1 or E-selectin and they fail to
support the adhesion of lymphocytes in tissue binding
assays.26 Failure to support lymphocyte adhesion will
prevent lymphocyte access to the tumor. Second, as
reported here, human metastatic colon cancer cells ex-
press Fas-L, thus allowing them to induce apoptosis via
activation of Fas on the few cytotoxic T cells that succeed
in entering the tumor. A similar mechanism has been
demonstrated by O’Connell et al for primary colorectal
tumors16 and by other groups for hepatocellular carcino-
ma.10 Third, we show in the present study that in vivo Fas
expression is polarized to the luminal (apical) aspect of
the tumor cells, with very little expression detected on the
basolateral aspect where interactions with infiltrating lym-
phocytes are likely to take place. The polarization of Fas
may be due either to shedding from the basolateral cell
surface or to redistribution within the cell membrane.27 In
either case the net result is that Fas is inaccessible to
CTLs at the tumor margin. In addition, recent in vitro
studies indicate that the Fas receptor on the human met-

astatic colon cancer cell line, SW620, does not deliver an
apoptotic signal following ligation by an agonistic anti-
Fas mAb, suggesting that the receptor is not functional.10

The outcome of these strategies is that activated lym-
phocytes accumulate in the stroma at the tumor periph-
ery but cannot penetrate the tumor itself. In the absence
of Fas-bearing tumor targets, the Fas-Lhigh lymphocytes
might interact with other Fas-bearing cells including
neighboring lymphocytes or adjacent hepatocytes (see
below). Thus, lymphocyte death occurs either by suicide,
mediated by interactions between Fas and Fas-L within
the same cell, or by fratricide, in which Fas-L-positive
lymphocytes kill neighboring Fas-positive lympho-
cytes. Similar mechanisms of fratricidal lymphocyte
killing are believed to be responsible for resolving
inflammation and maintaining lymphocyte homeostasis
at sites of inflammation after the offending antigen has
been removed.13,28,29

We propose not only that colorectal metastases pro-
tect themselves by eliminating activated CTLs but also
that they utilize the frustrated immune response at the
tumor margin to enhance local invasion into the adjacent
uninvolved liver. The peritumoral infiltrate, which includes
large numbers of activated monocytes as well as CTLs,8

is associated with the expression of proinflammatory cy-
tokines, including IL-1, at the tumor margin. Proinflamma-
tory cytokines can increase the expression of Fas on
hepatocytes in vitro (Figure 5) and the marked up-regu-
lation of Fas we detected on hepatocytes at the tumor
margin is thus likely to be a consequence of the adjacent
inflammatory infiltrate (Figure 2A). In the absence of Fas-
expressing tumor targets it is possible that Fas-Lhigh

CTLs at the tumor margin will engage Fas on adjacent
hepatocytes and thereby induce them to undergo apo-
ptosis, allowing the tumor to expand into the surrounding
hepatic tissue. A similar mechanism of bystander hepa-
tocyte killing has been proposed to explain hepatocyte
destruction in alcoholic hepatitis.25 We provide evidence
that TIL derived from human colorectal liver metastases
can kill hepatocytes because they were able to induce
apoptosis in primary human hepatocytes when cocul-
tured with these cells in vitro. Much of the apoptosis could
be prevented by blocking Fas-L with the NOK-1 mono-
clonal antibody, confirming a role for Fas-mediated killing
of hepatocytes by TIL. However, the failure of NOK-1 to
completely inhibit apoptosis of hepatocytes by TIL
suggests that other apoptotic pathways might also be
involved.

We used SW620, a colon cancer cell line, as a model
for metastatic colon cancer cells because this cell line
was derived from a lymph mode metastasis of a human
colon cancer. Our flow cytometric analysis show that
approximately 87% of SW620 cells express surface Fas-L
and this finding is consistent with a previous study by
O’Connell et al, who reported that Fas-L is expressed by
SW620 at both the mRNA and protein levels.10 The fact
that tumor cells also express Fas-L suggests the possi-
bility that the Fas-L-positive tumor cells can also kill Fas-
bearing hepatocytes directly. Further evidence for this
mechanism is provided by the experiments in which we
have shown that SW620 can also kill primary human

Figure 9. Results of coculture cytotoxic assay using metastatic colon cancer
cells and human hepatocytes. Induction of apoptosis in isolated primary
human hepatocytes in vitro following incubation of cells with SW620, NOK-1
(anti-Fas-ligand mAb, 40 ng/ml), or anti-Fas mAb (20 ng/ml) alone, or a
combination of NOK-1 and SW620 for 24 hours at 37°C. The effector to target
ratio of SW620 to hepatocytes was 2:1. In addition, pretreatment with NOK-1
(40 ng/ml) to specifically block human Fas-ligand was carried out prior to the
coculture of SW620 and hepatocytes. Control wells contained hepatocytes
treated with culture medium alone. Each experiment was carried out in
triplicate. Apoptosis of hepatocytes was determined by ISEL staining of
cytospin sections and quantified as described in Materials and Methods.
Results are expressed as percentage of apoptotic hepatocytes and represent
the mean 6 SE of 6 individual experiments. P 5 0.004 (2-tailed Mann-
Whitney U-test) for SW620 versus control and SW620 versus SW620 1
NOK-1. P 5 NS for NOK-1 versus control, SW620 1 NOK-1 versus control,
and NOK-1 versus SW620 1 NOK-1.

Table 1. Results of Immunolocalization of Fas and Fas-L
Protein Expression

Cell type Fas Fas-L

Peritumoral margin
Tumor cells 0.7 6 0.26 1.2 6 0.20
Mononuclear cells 1.4 6 0.16 1.6 6 0.16
Hepatocytes 2.7 6 0.15 0

Results shown are for the different cellular compartments
constituting the peritumoral margin of colorectal hepatic metastases
(n 5 10). Intensity of immunoreactivity scored as follows: 0 5 absent,
1 5 weak, 2 5 moderate, 3 5 strong expression for a given antigenic
determinant. Results represent the mean 6 SE for all individual scores.
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hepatocytes in vitro in a Fas-dependent manner. In these
experiments the Fas-mediated pathway could account
for all of the hepatocyte apoptosis because anti-human
Fas-L mAb could completely inhibit the killing of hepato-
cytes by tumor cells. Despite these intriguing observa-
tions, tumor killing of hepatocytes is likely to be less
important than TIL-mediated killing because the peritu-
moral stroma separates the tumor from the surrounding
hepatocytes, whereas the CTL are in direct contact with
surrounding normal tissue. An alternative source for
Fas-L would be soluble ligand secreted or shed from the
tumor or the activated lymphocytes, although recent ev-
idence suggests that soluble Fas-L may actually inhibit
apoptosis induced by cell-bound Fas-L.30

These studies suggest that an inflammatory response
does not always protect the host against an infiltrating
tumor and may help to explain the paradoxical observa-
tion that some tumors occur less frequently and are less
aggressive in patients who are immunosuppressed.31 To
our knowledge this is the first time a metastatic tumor has
been shown to promote Fas-dependent apoptosis of sur-
rounding uninvolved tissue. These findings may also
explain why the liver is a common site for the develop-
ment of metastatic spread from colon cancers. It is
noteworthy that not all primary colon cancers express
Fas-L, but all of the colorectal liver metastases we have
studied so far are positive for Fas-L (Yoong and Ad-
ams, unpublished observation). The Fas pathway
would allow Fas-L-expressing cancer cells to establish
at the secondary site and grow into adjacent normal
liver tissue in an orderly manner. Thus we suggest that
the Fas system is pivotal in facilitating local tumor
growth of colon cancer cells in the liver. Whether these
observations are unique to the liver or are more widely
applicable mechanism of tumor invasion in other tis-
sues remains to be determined.
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