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Abstract Adaptive regulatory T cells (Tregs) contribute
to an immunosuppressive microenvironment in colorectal
cancer (CRC). Here, we examined whether the level of
Treg-mediated inhibition of antitumor immune responses in
patients with metastatic CRC (metCRC) selected for liver
resection is associated with clinical outcome. Preopera-
tively and at follow-ups, we did Xow-based phenotyping,
examined antitumor immunity using peptides from carcino-
embryonic antigen (CEA) protein in the presence or
absence of CD4+CD25+CD127dim/¡ cells (Tregs) and deter-
mined cytokine and PGE2 levels in patient blood samples.
At 18 months post-surgery, 8 patients were disease free
(7 alive and 1 dead of unrelated cause) and 10 had experi-
enced disease recurrence (7 alive and 3 dead of metCRC).
Prior to surgery, the patients demonstrated Treg-mediated
suppression of TNF� and IFN� expression that could be
perturbed through the PGE2/cAMP pathway and the
immune suppression was signiWcantly higher in the group
that later developed disease recurrence (P = 0.046). Fur-
thermore, the post-surgery plasma PGE2 levels were related

to the clinical outcome (PGE2 levels of 280 § 47 vs.
704 § 153 pg/ml (mean § SEM) for disease free and recur-
rent disease, respectively). T-cell phenotyping revealed
higher frequencies of COX-2+ cells in the patients with
recurrent disease. These Wndings support the notion that the
level of Treg-mediated suppression of adaptive antitumor
immune responses at the time of surgery may inXuence
later clinical outcome of metCRC and provide valuable
prognostic information.

Keywords Colorectal cancer · Liver metastasis · 
Regulatory T cells · COX-2 · PGE2

Introduction

Metastasis from colorectal cancer (CRC) to the liver is
common [1]. About 20% of the patients present with syn-
chronous metastases at the time of diagnosis, and 30–40%
of the patients will later develop metachronous liver metas-
tases [2]. Patients with untreated liver metastases have an
expected median survival of 6 months [3]. However, surgi-
cal resection of colorectal metastases to the liver is now
oVered to an increasing number of patients and neoadjuvant
chemotherapy further increases the number of patients with
resectable disease [3]. Patients with resectable liver metas-
tases have an estimated 5-year survival of 35–50% for
selected cases [4]. However, in the recurring population, a
signiWcant proportion develops rapidly progressing disease
and the mortality is 30% in the Wrst year and 20% in the
second year bringing the two-year survival to 50%. For the
approximately 1/3 of the patients that die in the Wrst year
from disease recurrence, the surgical procedure oVers little
beneWt [3]. On this background, tumor and immunological
factors that predict or are associated with disease

KristoVer Watten Brudvik and Karen Henjum contributed equally.

K. W. Brudvik · K. Henjum · E. M. Aandahl · K. Taskén (&)
Centre for Molecular Medicine Norway, Nordic EMBL 
Partnership and Biotechnology Centre, University of Oslo, 
Blindern, P.O. Box 1137, 0318 Oslo, Norway
e-mail: kjetil.tasken@ncmm.uio.no

K. Henjum · B. A. Bjørnbeth
Section for Gastroenterology Surgery, Department of Surgery, 
Oslo University Hospital Ullevål, Oslo, Norway

E. M. Aandahl
Section for Transplantation Surgery, 
Oslo University Hospital Rikshospitalet, Oslo, Norway
123



1046 Cancer Immunol Immunother (2012) 61:1045–1053
recurrence are important for patient selection and treatment
strategy.

In CRC, cyclooxygenase-2 (COX-2) is over-expressed in
the tumor tissue compared to the normal colonic mucosa,
and the prostaglandin E2 (PGE2) level in peripheral blood is
elevated [5]. PGE2 plays a crucial role in the neoplastic pro-
cess by stimulating tumor cell proliferation, promoting angi-
ogenesis, suppressing tumor cell apoptosis and stimulating
tissue invasion by tumor cells [6–10]. In parallel, PGE2 con-
tributes to an immunosuppressive microenvironment by sup-
pression of T-, B- and NK-cell immune responses through
the stimulation of EP-receptor signaling [11]. Suppression of
adaptive antitumor immune responses in the tumor margin
shields the tumor from the immune system and contributes to
tumor immune tolerance [12]. In addition, intrinsic immuno-
suppressive mechanisms in the adaptive immune system,
such as downregulation of co-stimulatory receptors and
upregulation of inhibitory co-receptors, secretion of immu-
nosuppressive cytokines and recruitment and induction of
regulatory T cells (Tregs), contribute to the immunosuppres-
sive microenvironment of solid malignant tumors [13].

Tumor inWltrating lymphocytes (TILs) are associated
with improved prognosis in cancer [14], and the type, den-
sity and location of immune cells in CRC may have higher
predictive power than the prognosis estimated by the con-
ventional UICC-TNM histological classiWcation [15].
Tregs are a T-cell subset with dominant immunosuppres-
sive properties. Tumor-speciWc peripherally induced or
adaptive Tregs play a signiWcant role suppressing antitumor
immunity, which may negatively aVect the prognosis [16].
CRC patients have a higher proportion of circulating Tregs
that suppress tumor immune responses [5] and tumor-
associated antigen-speciWc Tregs control tumor-speciWc
eVector/memory T-cell responses [17], and inhibition of
Treg activity may represent a future therapeutic avenue to
improve antitumor immunity. To investigate possible prog-
nostic and predictive parameters for use during the assess-
ment and treatment of metastatic CRC (metCRC), we
examined whether immune responses are associated with
the clinical outcome. We found that Treg-mediated immune
suppression at the time of surgery was more pronounced in
patients with later recurring disease.

Materials and methods

Patient material

The study protocol was approved by the Regional Committee
for Medical Research Ethics, Norway. Patients with liver
metastasis from CRC at Oslo University Hospital, Ullevål,
were enrolled in the study after obtaining the written informed
consent. Patients (n = 18; 10 men and 8 women; mean age

61.5 years; range 40–81 years) were included and presented
with 1–20 liver metastases with diameters of the largest tumor
from 8 to 75 mm. CEA levels were routinely determined in
serum preoperatively (n = 14). Blood samples from healthy
blood donors at Blood Bank, Oslo University Hospital,
Ullevål, were used as controls (n = 4). Patient data are pre-
sented in Table 1.

Isolation of cells

Peripheral blood (50 ml) was drawn from available study
subjects preoperatively and at 6 and 12 months postopera-
tively. Peripheral blood mononuclear cells (PBMC) were iso-
lated by Isopaque-Ficoll (Lymphoprep, Nycomed Pharma
AS, Oslo) gradient centrifugation. CD4+CD25+CD127dim/¡

T cells were isolated using regulatory T-cell isolation kit II
according to the manufacturer’s instructions (Miltenyi
Biotec, Auburn, CA). T cells were routinely analyzed by
Xow cytometry. The frequency of CD3+ and CD3+CD4+cells
was typically 50–55 and 25–35% in PBMC. In the
CD3+CD4+ subset in PBMC, the CD25+FOXP3+ double
positive Tregs typically constituted 5–10%, whereas pres-
ence of Tregs was typically 2–5% after depletion of
CD4+CD25+CD127dim/¡ and purity of Tregs pulled out
by this method and used for add-back experiments typically
70–95% CD25+FOXP3+ double positive. Cells were cultured
in RPMI 1640 (Gibco, Paisley, UK) supplemented with 10%
heat-treated FCS, 100 U/ml penicillin/streptomycin, 1 mM
sodium pyruvate and 1:100 non-essential amino acids (in the
following referred to as complete medium) in a humidiWed
atmosphere with 5% CO2 at 37°C in the absence or presence
of CEA peptides as indicated.

Phenotypic analysis of lymphocytes

Isolated cells were stained with antibodies against CD3
PerCP, CD38 FITC, CD69PE, HLA-A2 FITC, PD-1 FITC,
CTLA-4 PE, ICOS PE, FOXP3 Alexa-647 (BD BioSciences,
San Jose, CA), CD4 FITC, CD4 PE (Beckman Coulter,
Brea, CA), CD25 PE (Miltenyi Biotec, Germany), COX-2
FITC (Cayman Chemical, Ann Arbor, MI) and CD4 APC
(IQ Products, the Netherlands). Before staining intracellu-
lar targets, T cells were Wxed and permeabilized with a
FOXP3 buVer kit (BD BioSciences, San Jose, CA). Cells
were washed once in PBS containing 1% BSA before
acquiring data on a Xow cytometer (FACSCalibur™; BD
Biosciences, San Jose, CA) and analyzed using FlowJo
software (Tree Star, San Carlos, CA).

Prostaglandin E2 and cytokine determination

Peripheral blood from patients and controls was collected
in EDTA vacuum tubes and centrifuged, and plasma was
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isolated and stored for 6–24 months at ¡80°C, thawed and
subsequently analyzed for PGE2 levels by ELISA (R&D,
London, UK) and a panel of 17 cytokines (IL-1�, IL-2,
IL-4, IL5, IL-6, IL-7, IL-8, IL-10, IL12(p70), IL-13, IL-17,
G-CSF, GM-CSF, IFN�, MCP-1, MIP-1� and TNF�) by
multiplex assay (Bio-Rad, CA, USA) according to the man-
ufacturer’s instructions.

CEA tumor antigen

Two sequences from the carcinoembryonic antigen (CEA),
CEA61–69 [HLFGYSWYK] and CEA318–327 [TYACFVSNL],
were selected based on responsiveness in our previous studies
[5] and synthesized using an in-house Multipep automated
peptide synthesizer (INTAVIS Bioanalytical Instruments AG)
following a standard Fmoc-chemistry protocol. Scrambled
peptides were generated in the same way with sequences
LGSYHFWKY and NVLFSTCYA and used as controls as
earlier shown [5]. The peptides were subjected to high-perfor-
mance capillary electrophoresis (HPCE), isolated with >90%
purity and quality assessed by mass spectrometry. They were
dissolved in DMSO at a concentration of 5 mg/ml and further
diluted in complete medium and used at a Wnal concentration
of 5 �g/ml. Patient CEA levels were measured routinely by

ELISA (Roche, Germany) at the Department of Medical Bio-
chemistry, Oslo University Hospital, Ullevaal. In healthy
blood donors, CEA <5 �g/l was considered normal. We did
not observe any correlation between high CEA levels at the
time of liver metastasis and immune responses to CEA
peptide stimulation r = 0.0052 (Linear regression).

Stimulation and cytokine production assays

PBMC, PBMC depleted of CD4+CD25+CD127dim/¡ T
cells or PBMC co-cultured with autologous CD4+CD25+
CD127dim/¡ T cells (300,000 cells total/well, where add-
back 1:3 Tregs:CD3+ T cells) were stimulated with CEA
peptides (5 �g/ml) or complete medium alone for 18–20 h.
Brefeldin A (Sigma-Aldrich, Louis, MI) was added to a
Wnal concentration of 5 �M for the last 6 h of incubation.
When used, COX inhibitor indomethacin (25 �M) (Sigma-
Aldrich, Louis, MI) or PKA type I antagonist Rp-8-Br-
cAMPS (1 mM) (Lauras AS, Oslo, Norway) was added 2 h
prior to activation with CEA peptides. The cells were Wxed
(PFA 4%), permeabilized (Perm BuVer; BioSciences, San
Jose, CA), stained for CD3, CD4, IFN� (BD BioSciences,
San Jose, CA) and TNF� (BD BioSciences, San Jose, CA)
and analyzed by Xow cytometry as described above.

Table 1 Description of patient cohort

Clinical, histopathological and laboratory data on the eighteen patients with liver metastasis from CRC that were included in the study. Observation
time was 18 months before outcome was assessed and classiWed as follows: CRD cancer-related death, NRCD non-cancer-related death, AWD alive
with disease, FREE disease free at follow-ups. ND: CEA, PGE2 and HLA-A2 not determined in given patient. aDenotes inoperable patient; size
and number of metastases were estimated by radiography

Sex Age
(years)

Primary
site

Time to 
liver 
surgery 
(months)

Synchronous 
cancer

Number of 
metastasis

Largest 
diameter 
(mm)

CEA at 
liver 
surgery 
(�g/l)

PGE2 at 
liver 
surgery 
(pg/ml)

HLA-A2 
status

Disease-free 
survival 
(months)

Overall 
survival 
(months)

Status

F 40 Colon 8 Yes 7 75 1.426 205 ND 12 29 CRD

F 45 Rectum 6 Yes 5 50 0.9 487 Neg 8 AWD

F 45 Colon 4 Yes 9 22 17.3 411 Pos 23 AWD

F 61 Colon 1 Yes 2 22 5.1 42 Neg 4 AWD

F 61 Rectum 5 Yes 1 19 0.9 ND Pos FREE

F 63 Colon 13 No 1 16 16.6 602 Pos FREE

F 66 Colon 52 No 3 70 1.7 517 Neg 8 FREE

F 67 Rectum 7 No 1 17 3.4 350 ND FREE

M 44 Colon 6 Yes 5 10 1 353 Pos 6 NCRD

M 60 Colon 7 Yes 20a 13a ND 442 Neg AWD

M 62 Rectum 2 Yes 1 25 ND 173 Neg 7 AWD

M 64 Rectum 11 Yes 3 50 3.1 283 Pos 10 15 CRD

M 67 Colon 40 No 3 8 10.6 497 Neg 11 11 CRD

M 67 Colon 22 No 1 60 134 158 Neg 3 AWD

M 68 Colon 41 No 1 45 ND 297 Neg 1 AWD

M 72 Colon 25 No 1 18 2.4 397 Pos FREE

M 74 Rectum 4 Yes 4 32 3.4 583 Pos FREE

M 81 Colon 8 No 1 22 ND 345 Pos FREE
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Staphylococcal enterotoxin B and anti-CD2/CD3/CD28-
coated microbeads were used as positive controls for acti-
vation in the assay. The cells were washed once in PBS
containing 1% BSA before acquiring data on a Xow cytom-
eter (FACSCalibur™; BD Biosciences, San Jose, CA) and
analyzed using FlowJo software (Tree Star, San Carlos,
CA).

Statistical analysis

The data were analyzed using SigmaPlot 11.0 (CA, USA).
Paired data were compared using Wilcoxon Signed Rank
test. Mean values were compared by Student’s t test, or
when Shapiro–Wilk Normality test failed, median values
between groups were compared with Mann–Whitney Rank
Sum test. P < 0.05 was considered signiWcant.

Results and discussion

Patient material and clinical outcome

Eighteen consecutive patients with metCRC selected for
the resection of liver metastasis were included. The mean
age at time of surgery was 61.6 years (range 40–81) and
encompassed 8 female and 10 male patients (Table 1). One
patient was intraoperative assessed as inoperable due to
extensive disease. The mean time from intestinal surgery
(primary tumor) to liver surgery (metastatic disease) was
14.6 months. Ten patients presented with synchronous can-
cer and 9 patients received neoadjuvant chemotherapy prior
to surgery of the metastases. Laparoscopic surgery was per-
formed in 4 patients. Wedge resections were performed
alone or in combinations with right or left hemihepatec-
tomy in 14 of the patients. The mean size of the largest
tumor was 31.9 mm (range 8–75 mm), the number of
tumors 3.8 (range 1–20) and mean CEA levels 116 (range
0.9–1,426.0 �g/l). Twelve patients had colon and 6 patients
had rectum as primary tumor site. Of the 10 patients pre-
senting with recurrent metastatic disease, Wve went through
a second liver resection and one was subject to a third
resection.

Patients were sampled for the assessment of antitumor
immune activity in circulating T cells preoperatively
(n = 18) and to the extent available at 6- and 12-month fol-
low-ups (n = 9 and n = 3, respectively). At 18 months post
liver resection, clinical outcome was assessed and revealed
that 9 patients had experienced recurrent metCRC, 6 of
which were alive at the time of preparation of this report
(disease-free interval 1–12 months) and 3 of which were
dead (survival time 11–29 months post liver resection). In
addition, one patient presented with recurrent disease at
23 months while preparing this report and was included in

the group with recurrent metCRC, bringing the average
time to recurrence to 8.7 months. At 18 months or more
post liver resection, 8 patients remained disease free, one of
which died of a cause related to the adjuvant treatment and
not of metCRC (Table 1).

Increased frequency of COX-2 expressing regulatory 
T cells in patients with recurrent metCRC

T cells from metCRC patient blood samples pre- and post-
surgery were characterized with respect to CD4, CD8 and
Treg distribution (Fig. 1a, c), activation status (Fig. 1b, c),
and co-receptor expression (Fig. 1d) using Xow cytometry.
There were no major changes in CD3, CD4 or CD8 T-cell
subsets or in Treg frequency in patients prior to surgery
compared to 6-month postoperative controls. However,
changes were observed in the frequency of CD69- and
COX-2-expressing cells in patients presenting with recur-
rent disease (RD, n = 5) compared to patients that remained

Fig. 1 Phenotypical characterization of T cells in patients with
metastatic colorectal cancer. a–d Bars represent percent cells
(mean § SEM) in indicated subpopulations as determined by Xow
cytometry after staining with directly conjugated antibodies. Analysis
done after gating on lymphocytes and CD3+ cells. Pre-surgery and
post-surgery phenotypic analyses from patients with or without recur-
rent disease during follow-up are shown. Mean § SEM is shown, and
changes were considered signiWcant when P < 0.05. Mean values were
compared by Student’s t test, or when Shapiro–Wilk Normality test
failed, median values were compared with Mann–Whitney Rank Sum
test. Paired t test or Wilcoxon Signed Rank test was used to compare
the pre-surgery and the post-surgery data. *Compared to pre-surgical
data; #post-surgical data compared
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disease free (DF, n = 4) and also when preoperative and
postoperative frequencies were compared in the same
patients (n = 9). SpeciWcally, the CD4+CD69+ T-cell popu-
lation increased in RD patients from pre- to post-surgery
indicating immune activation upon recurrence. The fre-
quency of COX-2+ increased in the Treg and CD8 T-cell
subsets in RD patients (in comparison FOXP3+COX2+ T
cells was 1.34 § 0.12 (mean § SEM), in n = 3 normal
blood donors). Frequencies of the co-receptors inducible
T-cell co-stimulator (ICOS), programed death (PD)-1 and
cytotoxic T-lymphocyte antigen (CTLA)-4 the two latter of
which are inhibitory, were not altered.

Increased cytokine levels in metCRC patients

Multiplex analysis of a panel of cytokines on plasma sam-
ples from metCRC patients prior to (n = 18) and after
surgery (n = 8- and 6-month follow-ups) and healthy blood
donors (n = 4) revealed signiWcantly increased levels of
IL-6, IL-7, IL-8, IFN� and TNF� in patients compared to
healthy donors (Fig. 2a). Disease-free patients had signiW-
cant lower concentrations of IL-6 compared to patients with
recurrent disease at 6 months post-surgery, and a similar
trend of immune activation in recurrent disease was
observed also for IL-7, IL-8, IFN� and TNF� (Fig. 2b).

Elevated PGE2 levels in the presence of metastatic 
colorectal cancer

We have earlier reported that the plasma levels of PGE2 are
elevated in patients with primary CRC compared to normal
blood donors [5]. Examination of plasma PGE2 in patients
with metCRC also revealed high levels (431 § 52 pg/ml,
mean § SEM). As observed in studies of primary CRC,
preoperative PGE2 levels appeared not to correlate with
size or number of metastases, suggesting that tumor load is
not the only determining factor (confer COX-2 expression
also in immune cells, Fig. 1c). Furthermore, a time-depen-
dent decline in circulating PGE2 levels was observed after
surgery and followed by an increase upon recurrence of
metCRC (Fig. 3a). Again, PGE2 levels did not decline as
rapidly upon surgical debulking as would be expected in
light of its short half-life, if PGE2 levels were determined
only by tumor load. Indeed, post-surgery PGE2 levels
appeared to relate to clinical outcome as 6-month follow-up
levels went down in most disease-free patients (Fig. 3b)
and up in most recurring patients (Fig. 3c), and as levels in
the two groups diVered signiWcantly between disease-free
and recurring patients ((280 § 47 vs. 704 § 153 pg/ml,
respectively, P = 0.021; Fig. 3d, left panel). Finally, a simi-
lar tendency was observed with respect frequency of
CD3+COX-2+ cells in pre- and postoperative samples from
the same patients (Fig. 3d, right panel).

Regulatory T cells inhibit antitumor immunity 
in a COX-2-PGE2-dependent manner in patients 
with metastatic colorectal cancer

Carcinoembryonic antigen (CEA) is a tumor-associated
antigen, expressed in normal fetal tissue, but in abnormal
quantities and locations in CRC [18] and to which both
antigen-speciWc Tregs and eVector T cells have been show
to developed [17]. T-cell immune responses to CEA
(CEA61–69 and CEA318–327 peptides) were examined in

Fig. 2 Increased circulating levels of cytokines in patients with meta-
static colorectal cancer. a A multiplex cytokine assay was used to de-
tect the serum levels of 17 cytokines in patients with metastatic CRC
(n = 18) and controls (n = 4), and cytokine levels where the patients
with metastatic CRC were signiWcantly diVerent from controls are
shown. b Postoperative changes in levels of cytokines that were
elevated preoperatively stratiWed on clinical outcome. Mean § SEM is
shown, and changes were considered signiWcant when P < 0.05. Mean
values were compared by Student’s t test, or when Shapiro–Wilk
Normality test failed, median values were compared with Mann–
Whitney Rank Sum test. Paired t test or Wilcoxon Signed Rank test
was used to compare the pre-surgery and the post-surgery data. #Post-
surgical data compared
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PBMC and PBMC depleted of Treg (CD4+CD25+

CD127dim/¡) from metCRC patients pre-surgery (n = 18).
Upon stimulation with CEA61–69 peptide, CD3+ T cells (as
well as CEA318–327 peptide and CD4+ and CD8+ T cells
examined separately with similar results, data not shown)
displayed antitumor immune activity as evident from intra-
cytoplasmic expression of TNF� and INF� (Fig. 4a–c, Wrst
black bars, n = 18). The absence or presence of HLA-A2
(Table 1) did not correlate with CEA responsiveness. Treg
depletion increased the fraction of CEA-induced TNF� and
INF�-positive CD3+ T cells (Fig. 4b–d, Wrst gray bars,
n = 18), and the increase in cytokine expression was
reversed when Tregs were added back in some cases
(Fig. 4b, c, last gray bars, n = 4). This indicates that
antitumor immune responses in circulating T cells are sup-
pressed by endogenously active Treg. Addition of
indomethacin, a COX inhibitor, or Rp-8-Br-cAMPS, a PKA
type I antagonist prior to activation by CEA61–69 peptide,
reversed Treg-mediated suppression of TNF� and INF�
responses to levels comparable to those obtained by deple-
tion of Tregs (Fig. 4b–d, n = 18).

Level of Treg-mediated suppression of antitumor 
immunity predicts outcome in patients with metastatic 
colorectal cancer

Anti-CEA tumor immune responses in CD3+ T cells from
pre-surgery metCRC patients determined by intracellular
TNF� and INF� expression as described in Fig. 4b, c in the
absence and presence of Treg (CD4+CD25+CD127dim/¡)
were next stratiWed on outcome at 18 months (observation
time up to 30 months for some patients). As evident from
TNF� (Fig. 5a, c) and INF� (Fig. 5b, d) expression in
response to CEA61–69 and CEA318–327 peptide stimulation
(Fig. 5a–d, respectively), the group of patients that later
presented with recurrent disease (n = 10, right groups) had
signiWcant Treg-mediated suppression of antitumor
immune responses at the time of surgery, while the group
of patients who remained disease free (n = 8, left groups)
had little or no Treg-mediated suppression based on paired
comparisons inside the two groups. Lastly, the later dis-
ease-free patients also tended to have higher levels of anti-
tumor immunity in PBMC prior to surgery compared to the

patients that later developed recurrent disease, although this
Wnding did not reach statistical signiWcance. In conclusion,
our Wndings suggest that Treg activity is important for
outcome. The frequency of Tregs was not signiWcantly

Fig. 3 Development in plasma PGE2 concentration levels depending
on clinical outcome in patients with metastatic colorectal cancer.
a Time-dependent development of postoperative plasma PGE2 levels
in two patients, both disease free at 6 months, one (patient #7) with
recurrent metastatic disease at 12 months. b–d Concentrations of PGE2
preoperatively and at 6-month follow-up in patients that remained dis-
ease free (b, d; n = 4) or developed recurrent disease (c, d; n = 4).
Mean § SEM is shown. d Patients combined PGE2 concentrations
P = 0.021 (left panel) and COX-2 expression in peripheral CD3+ cells
measured by Xow cytometry (right panel)
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diVerent in PBMC or Treg-depleted PBMC between the
two patient groups.

Concluding remarks

The presence of liver metastases indicates systemic malig-
nant disease and breach of tumor immune surveillance.

After complete surgical resection of metCRC, eVective
antitumor immunity is critical for the eradication of
micrometastases and long-term survival. In the present
report, we show that the level of Treg-mediated suppression
at the time of surgery is associated with clinical outcome in
metCRC.

In CRC, PGE2 stimulates tumor cell proliferation [8],
angiogenesis [6, 10], induction and recruitment of Tregs
[19] and local immune suppression [13]. In our study, ele-
vated levels of PGE2 were observed in patients with recur-
rent metCRC compared to those who remained disease free
during follow-up. Both epithelial cancer cells and Tregs
express COX-2 and may contribute to PGE2 production.
Clinically, COX-2 expression and PGE2 production corre-
lates with CRC risk and metastasis [9, 20] and regular use
of COX inhibitors including aspirin and non-steroidal anti-
inXammatory drugs (NSAIDs) reduce the incidence of
CRC by 40–50% [21–23]. As PGE2 levels remained ele-
vated after surgery in patients that later developed disease
recurrence, it is possible that Tregs are a signiWcant source
of PGE2 production after tumor removal and may contrib-
ute to the immune suppression observed in these patients.

In healthy individuals, an intact immune system protects
against malignant transformation through antigen-unspeciWc

Fig. 4 Treg-mediated suppression of cytokine expression in patients
with metastatic CRC. a Representative FACSplots showing TNF� and
IFN� expression in CD3+ cells in unstimulated, CEA61–69-peptide
stimulated and scrambled CEA-peptide-stimulated cultures. b, c
Expression of TNF� (b) and IFN� (c) in CD3+ T cells stimulated with
CEA61–69 peptide before and after depletion of CD4+CD25+CD127dim/¡

cells (regulatory T cells; Tregs) or Tregs add-back in the absence or
presence of indomethacin or Rp-8-Br-cAMPS. Mean § SEM is
shown. Suppression assay, n = 18; Treg add-back assay, n = 4
(*P < 0.025 compared to the black bars in the Wrst group, **P < 0.05
compared to gray bars in the Wrst group). Wilcoxon Signed Rank test
used to compare the cytokine expression before and after Treg deple-
tion. d FACS plots showing cytokine response (TNF� and IFN�) in
PBMC cultures (top panel) and Treg-depleted PBMC cultures (lower
panel) stimulated with CEA61–69 peptide and treated with indometha-
cin, Rp-8-Br-cAMPS or not
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and antigen-speciWc immune mechanisms. Congenital and
acquired immune dysfunction is associated with increased
cancer risk [24]. In human malignant diseases, TILs are
associated with improved prognosis [14], whereas the pres-
ence of tumor inWltrating immunosuppressive Tregs are
associated with poor outcome in a variety of cancers
including ovarian carcinoma [25]. In contrast, the role of
inWltrating Tregs in CRC where high density of intratu-
moral FOXP3+ cells has been suggested to be both a posi-
tive and negative prognostic marker [26–29]. However, it is
not always clear whether the FOXP3+ inWltrating cells are
functionally suppressive [30]. Furthermore, two of the stud-
ies show a correlation between early tumor stage and
FOXP3+ cell density, raising the question of whether Treg
inWltration an early event in the tumorigenesis. In addition,
a positive correlation is seen between tumor inWltration by
CD3+ and FOXP3+ as well as CD8+ and FOXP3+ cells,
thus Tregs may be a marker for increased intratumoral
tumor immunity [26, 27]. Lastly, bacterial translocation
from the microbial Xora could trigger the production of pro-
inXammatory cytokines with proangiogenic and tumor-
enhancing eVects [31] and producing TILs and Tregs with
antigen speciWcity to the commensal microXora and not the
tumor [32].

In CRC, circulating and tumor inWltrating Tregs corre-
late with Duke stage and prognosis [33]. Here, we assessed
the level of Treg-mediated suppression of tumor-speciWc
immune responses at the time of surgery and at follow-ups
in a cohort of patients with poor expected outcome. We
observed signiWcant Treg-mediated suppression of antitu-
mor immune responses at the time of surgery in the group
of patients with later recurrent disease, while the group of
patients who remained disease free had little or no Treg-
mediated suppression. The disease-free patients also
tended to have higher levels of antitumor immunity in
PBMC prior to surgery compared to the patients that
developed recurrent disease. These data indicate that the
level of antitumor immune activity is important for the
outcome and that Tregs are an important determinant for
the immune reactivity in these patients. However, it is pos-
sible that the antitumor immune function is determined by
the extent of the disease at the time of surgery, although
we did not identify any clinical variables such as tumor
size, number of metastases, chemotherapy or co-morbidi-
ties that could discriminate between the two groups.
Furthermore, neither age nor sex appeared to diVer
between the groups. In contrast, HLA-A2 status diVered
(2/9 and 6/7 HLA-A2-positive patients in the recurrent and
disease-free groups, respectively, P = 0.012), but MHC
restriction did not appear to give bias as CEA responses
were similar in HLA-A2-positive and HLA-A2-negative
patients. Finally, when stratifying the population on
increase in TNF� responses to CEA61–69 upon Treg depletion

(delta more than 1%), we obtained a speciWcity of 88% and
a sensitivity of 70% for the identiWcation of disease recur-
rency. This, however, has to be validated in a larger and
independent material. In summary, we show in a small
metCRC patient population that the eVect of Treg inhibi-
tion of immune responses to tumor antigens correlates
with outcome and may provide useful prognostic informa-
tion.
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