
Abstract. The cytokine CD137, a member of the TNF receptor
family, is expressed by T cells and regulates activation and
proliferation of these cells. The CD137 ligand (CD137L) is
expressed by antigen-presenting cells including macro-
phages, but also on various carcinoma cells. CD137/CD137L
interaction plays a central role in sustaining T cell and
macrophage activation, i.e. in antitumour immunity. The
present study was designed to investigate whether CD137
and CD137L protein levels are altered in colorectal tumours
compared with paired normal tissues. The CD137 and
CD137L plasma levels from patients with colorectal cancer
were also examined. Collectively, we noted a significantly
lower CD137L level in cancerous tissue compared with
paired normal tissue, and the difference in CD137L protein
level was significantly lower in the colon cancer subgroup
compared with paired normal colon tissue. On the other
hand, we found an elevated CD137 protein level in the rectal
cancer subgroup compared with paired normal rectal tissue.
Patients with a tumour localised in the colon revealed
significantly higher soluble CD137 protein concentration in
the plasma than patients with a tumour localised in the
rectum, and there was a tendency toward a higher
concentration of CD137L protein in the plasma from patients
with tumour localised in the colon. Moreover, the plasma
concentrations of CD137 and CD137L proteins were strongly
and significantly correlated. The different expression levels
of CD137 and CD137L in the colon and rectum may reflect
divergent mechanisms involved in the pathogenesis of
colorectal cancer and lead to dissimilar protective immunity.

Introduction

Tumour-associated leukocytes such as monocytes/macrophages
and T-cells can be tumouricidal by attacking neoplastic cells
and/or producing cytokines that can promote or inhibit
tumour progression (1,2). 

CD137 (4-1BB) is a receptor belonging to the TNF receptor
family. CD137 is expressed by activated T lymphocytes, and
regulate activation and proliferation of T cells (3,4). However,
the expression of CD137 is not restricted to immune cells;
its expression has also been demonstrated on endothelial and
smooth muscle cells (5-7). The CD137 ligand (CD137L/
4-1BBL) is expressed and released by activated antigen-
presenting cells, including macrophages and B cells, and
binding to its receptor results in IL-2 and IFN-Á production
by T cells (8,9). 

A bi-directional transduction of signal exists for the
CD137/CD137L system, resulting in B-cell proliferation and
the secretion of cytokines and chemokines from macrophages
such as IL-6 and IL-8 (4,10). It has been reported that
CD137L is expressed to a varying extent on several human
colon carcinoma cell lines, as well as on cells obtained from
patient tumours (11). In addition, the CD137/CD137L
interaction appears to induce the chemokine IL-8 (CXCL8)
production from these carcinoma cells. Different chemokines
(chemotactic cytokines) are variably expressed in a number
of cancers and provide the directional stimulus for the
movement of leukocytes in cancers (12). Chemokines are
major determinants of macrophage and lymphocyte
infiltration in human carcinomas (12). Furthermore, another
study demonstrated that IL-8 expression was significantly
higher in human colorectal cancer compared with paired
normal mucosa (13).

To our knowledge, there have been no reports on CD137
and CD137L levels in human colorectal cancer. In this study,
we measured the CD137 and CD137L levels in cancerous
and paired normal tissues and in plasma from patients with
colorectal cancer. We also analysed these levels in relation to
the clinicopathological findings.

Materials and methods

Patients and tissue sampling. This study comprised tissue
samples, which were obtained from 76 patients who underwent
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surgical resections for primary colorectal adenocarcinomas
diagnosed at the Department of Surgery, Ryhov County
Hospital, Jönköping, Sweden. Sporadic tumours from 76
subjects (40 male and 36 female) with a mean age of 70 years
(range, 36-93) were collected and classified according to
Dukes' classification system: stage A (n=11), stage B (n=31),
stage C (n=29) and stage D (n=5). The tumours were
localised in the colon (n=36) and rectum (n=40). From each
patient tumour tissue and adjacent normal mucosa (about 5 cm
from the tumour) were excised and immediately frozen at
-70˚C until analysis.

Plasma samples. A total of 44 patients (21 colon cancers and
23 rectal cancers) were available for plasma collection.
Venous blood was collected before surgery and separated by
centrifugation within 1 h. Plasma was removed and stored at
-70˚C until assayed.

Protein preparation. Frozen tumour tissue and normal mucosa
were thawed and homogenised in ice-cold lysis buffer
containing PBS (9.1 mM dibasic sodium phosphate, 1.7 mM
monobasic sodium phosphate, 150 mM NaCl, pH 7.4) and
1% Nonidet P-40, 0.5% sodium deoxycholate, 0.1% sodium
dodecyl sulphate (SDS), 100 μg/ml phenylmethylsulphonyl
fluoride (PMSF), 2 μg/ml aprotinin, 1 mM sodium
orthovanadate and 1 μg/ml leupeptin. The lysate was placed
on ice for 30 min, then centrifuged at 13000 x g for 10 min.
Protein content of the supernatant fluid was determined for
each sample using the Lowry assay (14).

ELISA. The CD137 and CD137L protein levels of cancer and
paired normal tissues from 76 patients were measured using
enzyme-linked immunosorbent assay (ELISA) according to
the manufacturer’s recommendations (R&D Systems,
Minneapolis, MN, USA). Plasma levels of the CD137 and
CD137 ligands were also measured from 44 corresponding
cancer patients. For CD137 (DY838), goat anti-human CD137
antibody was used as the capture antibody, and biotinylated
goat anti-human CD137 antibody as the detection antibody.
For CD137 ligand, goat anti-human CD137 ligand (AF2295)
antibody was used as the capture antibody, and biotinylated
goat anti-human CD137 ligand antibody (BAF2295) as the
detection antibody. The CD137 and CD137L protein levels
were expressed as pg/mg of protein, and the plasma
concentration was expressed as pg/ml. All analyses were
performed in duplicate, and the mean values were used for
statistical calculations.

Statistical analysis. The Student's t-test was used to analyse
CD137 and CD137L data, which are expressed as mean
values ± standard error of the mean (SEM). Correlations were
analysed with Spearman's coefficient analysis. Statistical
analysis was performed using SPSS for Windows (release
11.5, 2002; SPSS Inc., Chicago, IL). Results were considered
significant at a level of P<0.05.

Results

Protein levels of CD137 in colorectal tissue. CD137 protein
concentration was measured by ELISA in protein lysates of

cancerous colorectal tissues and matched normal tissues from
76 patients. Evaluation of the relative CD137 expression
(tumour vs. normal tissue) showed 57.9% (44/76) up-regulation
and 42.1% (32/76) suppression. The levels of CD137 protein
in cancerous tissue (121±9.0 pg/mg) were not different from
normal tissue (104±12.3 pg/mg) (Fig. 1). 

When subdividing the patients into groups of colon
(n=36) and rectum (n=40) cases, we found an up-regulation
in 55.6% (20/36) of cases and suppression in 44.4% (16/36)
of cases in colon comparing cancer tissue with adjacent
normal tissue (Fig. 1). The CD137 protein level in cancerous
colon tissue (126±11.6 pg/mg) was nearly the same as that in
normal colon tissue (133±22.7 pg/mg). In the rectum, 62.5%
(25/40) of cases were up-regulated and 37.5% (15/40) of
cases were suppressed when comparing the CD137 protein
expression in tumours with adjacent normal tissue. The CD137
protein level in cancerous rectal tissue (116±13.7 pg/mg) was
significantly higher (P<0.05) compared with the level in
normal rectal tissue (78±9.9 pg/mg) (Fig. 1).
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Figure 1. Relationship between CD137 protein levels in human colorectal
cancer (T) and paired normal tissue (N). The tissue level of CD137 protein
in rectal cancer has a significantly higher value compared with paired
normal tissue. The difference of CD137 protein level between total tumours
and paired normal tissues and the colon cancer subgroup was not significant.

Figure 2. Relationship between CD137L protein levels in human colorectal
cancer (T) and paired normal tissue (N). The tissue level of CD137L protein
in the total tumours and the colon cancer subgroup was significantly lower
compared with paired normal tissues. The tissue level of CD137L protein in
rectal cancer was not significantly different compared with paired normal
tissue.
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Protein levels of CD137L in colorectal tissue. CD137L
protein concentration was measured by ELISA in protein-
lysates of cancerous colorectal tissues and matched normal
tissues from 76 patients. We found undetectable CD137L
protein expression in 19.7% (15/76) of colorectal cancer, as
well as corresponding normal tissue (7 cases located in the
colon and 8 cases located in the rectum), and up-regulation
and suppression in 36.8% (28/76) and 43.4% (33/76)
respectively. There was a significantly lower (P<0.05) protein
expression of CD137L in cancerous tissue (48±9.2 pg/mg)
compared with normal tissue (115±32.3 pg/mg) (Fig. 2). 

When subdividing the patients (Fig. 2) into groups of
colon (n=36) and rectum (n=40) cases, the relative CD137L
expression (tumour vs. normal tissue) was up-regulated in
30.6% (11/36) and suppressed in 50% (18/36) of the colon
subgroup. The level of CD137L protein concentration in colon
cancer (49±11.1 pg/mg) was significantly lower (P<0.05)
when compared with normal adjacent tissue (184±60.6 pg/mg)
(Fig. 2). In the rectal cancer subgroup, the CD137L protein
level (46±14.6 pg/mg) was not significantly different compared
with the level in normal rectal tissue (53±25.5 pg/mg) (Fig. 2).

Protein levels of CD137 and CD137L in plasma from
colorectal patients. The plasma levels of CD137 was

significantly higher (P<0.05) in colon cancer patients
(3931±1268 pg/ml) compared with that in rectal cancer
patients (1194±581 pg/ml). The plasma levels of CD137L
tended to be higher (P=0.069) in patients with a tumour
localised in the colon (6206±2392 pg/ml) compared with the
rectum (1674±800 pg/ml) (Fig. 3). Furthermore, the plasma
levels of CD137 and CD137L of the entire patient collective
were significantly correlated (r=0.911, P<0.001) (Fig. 4).

The levels of CD137 and CD137L protein in all analysed
tissues and plasma did not correlate with clinical characteristics
such as age, gender and Dukes' stage (data not shown).

Discussion

It is hypothesized that cancers are normally eliminated by
immune responses. Tumours contain leukocytes that have
infiltrated the tumour and are involved in the antitumour
response (1,2).

CD137 has been found on activated T cells positive for
CD4/CD8, (3,4). The CD137 ligand (CD137L) is expressed
and released by activated antigen-presenting cells such as
macrophages and B cells. CD137 signalling is very complex.
Ligation of CD137 with CD137L plays an important role in
sustaining T cell activation and proliferation by amplifying
the cytotoxic T lymphocyte response. However, CD137
ligation has also been found to inhibit proliferation and
induce apoptosis (4,15,16). CD137/CD137L also causes the
proliferation or apoptosis of B cells (10,17). 

In this study, the protein level of CD137 and CD137L
was determined in colorectal cancer and paired normal tissue.
Collectively, we noted a significantly lower CD137L level in
cancerous tissue and a significantly lower CD137L level in
colon cancer compared with paired normal tissue. We did not
observe a significant difference regarding CD137L expression
in the rectal cancer subgroup compared with paired normal
rectal tissue. A similar difference for CD137 in cancerous
colorectal tissue was not observed. However, we found a
significantly higher CD137 level in the cancerous rectal tissue
compared with paired normal rectal tissue. The differences
regarding CD137 and CD137L expression in tumours from
the colon and rectum may reflect a different mechanism
involved in the pathogenesis of cancer in colon and rectum. It
has been reported that there may be a difference in the
carcinogenesis of colorectal cancers based on the tumour
location (18). The discrepancy of CD137 and CD137L
expression that we demonstrated may in part be explained by
different tumour immunity between the two types of location. 

Tumour-infiltrating leukocytes including T cells and
macrophages could at least in part be modulated by molecules
from tumour cells following differential expression of
CD137 and CD137L. It has been reported that CD137L is
expressed on varying human colon carcinoma cell lines (11).
To our knowledge, no studies have been published on the
expression of CD137L in rectal carcinoma cell lines or rectal
tumours. Our results indicate a suppressed level of CD137L
in colon cancer. This phenomenon may be involved in the
escape of tumours from immune surveillance resulting in
decreased T cell-colon tumour and T cell-macrophage
interactions following a low antitumour immune response.
Moreover, we showed an up-regulated level of CD137 in
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Figure 3. Plasma CD137 and CD137L protein concentration in human
colorectal cancer. Colon cancer patients have a significantly higher CD137
protein concentration compared with rectal cancer patients. The plasma
concentration of CD137L tends to be higher in colon cancer patients
compared with rectal cancer patients.

Figure 4. Correlation between CD137L and CD137 concentrations in the
plasma of colorectal cancer patients.
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rectal cancer, which possibly means a higher protective
immunity against the rectal tumour via T cell-macrophage
interaction.

Soluble CD137 and CD137L did not seem to be selective
for a specific disease, and can be detected in high levels in
the sera of patients with several diseases. Elevated soluble
forms of CD137 are found in the sera of patients with
rheumatoid arthritis (RA) (19,20) and leukemia (21). Moreover,
soluble CD137L in sera is enhanced from patients with RA
(19) and haematological malignancies (9). Soluble CD137 is
released by activated T cells and has been shown to be
involved in negative feedback control of the inflammation
response, and the level of soluble CD137 is inversely correlated
with T cell proliferation (20). Likewise, soluble CD137L has
been suggested to control T cell function by inhibiting the
CD137-CD137L interaction in an antagonistic manner (19).
In the present study, we showed that the plasma levels of
soluble CD137 and CD137L is higher in patients with colon
cancer than in patients with rectal cancer. Interestingly,
CD137 and CD137L levels were strongly and significantly
correlated (r=0.911, P<0.001) and may indicate a feedback
loop to reduce further activation.

It is important to investigate whether CD137/CD137L is
related to colorectal carcinogenesis and carries significant
clinical relevance. Further studies are being performed in our
laboratory to clarify the influence of immunological features
in colorectal cancer.
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