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Abstract

AIM: To assess the absolute number of T-regulatory
cells (Tregs; CD4"CD25Foxp3™) in the peripheral blood
of gastric and colorectal cancer patients.

METHODS: We enrolled 70 cancer patients (33 gastric
cancer, 37 colorectal cancer) and 17 healthy volunteers.
The CD3*CD4" lymphocytes and CD4"CD25 Foxp3*
Tregs in the peripheral blood were analyzed with flow
cytometry. The absolute numbers of Tregs were cal-
culated based on the CD4*CD25 Foxp3™ cells percent-
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age of CD3"CD4" cells and the absolute numbers of
CD3*CD4" cells per microliter.

RESULTS: The mean number of CD4"CD25"Foxp3* cells
per microliter in colorectal cancer patients was 15.7 (SD:
21.8), for gastric cancer patients 12.2 (SD: 14.3), and
for controls 17.5 (SD: 11.4). The absolute number of
Tregs was significantly lower in gastric cancer patients
than in controls (P = 0.026). There was no statistically
significant difference for gastric vs colorectal cancer or
colorectal cancer vs controls. The absolute humber of
Tregs was also significantly depressed in N* vs N cancer
patients [22.0 (27.7) vs 10.1 (9.0), # = 0.013], and in
the subgroup of gastric cancer patients [30.3 (27.6) vs
9.6 (8.0), Z = 0.003]. No statistical difference was ob-
served in the proportion of Tregs in the CD4" population
between the groups.

CONCLUSION: The absolute number of Tregs in pe-
ripheral blood of gastric cancer but not colorectal cancer
patients was significantly decreased in comparison with
that in healthy controls.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

There is evidence that regulatory T lymphocytes Tregs
might be important for immunotolerance to self- and
allo-antigens'". Activity of these cells is one of the mecha-
nisms of immune evasion by tumors, which inhibits the
antitumor activity of effector cells. They also suppress
the antigen-presenting function of dendritic cells and the
activity of natural killer cells™. Tregs are the subset of
CD4" cells that express high levels of the interleukin-2
receptor o chain CD25. Therefore, Tregs are described as
CD4'CD25™" cells. However, the value of CD25 as a spe-
cific marker is limited, because it is also expressed on acti-
vated CD4" cells. Recent studies have shown that Foxp3,
a member of the transctiption factor family, represents a
specific marker for Tregs". However, Foxp3 is a nuclear
protein and it is impossible to use it for isolation of cells.
Many previous studies on Tregs in neoplastic diseases
that were petformed before the discovery of Foxp3 used
CD4'CD25"" subpopulation as an equivalent to Tregs. Re-
cently, flow cytometric detection of CD4"CD25 Foxp3” in
human cancer studies has been described". The main out-
come from studies in human cancer is the increase in the
proportion of Tregs/CD4" cells among tumor-infiltrating
lymphocytes (TILs), metastatic lymph nodes and periph-
eral blood"”. The increase in Tregs was in some studies a
prognostic factor of poor survival. However, these data are
not uniform for all types and locations of tumors’ .

The aim of our study was to assess the absolute number
of Tregs (CD4 CD25 Foxp3") in the peripheral blood of

gastric and colorectal cancer patients.

MATERIALS AND METHODS

The study consisted of 70 patients (33 gastric cancer and
37 colorectal cancer) treated in a single institution between
2006 and 2009. All these patients had histologically con-
firmed disease. The median age was 68 years (range: 32-
82 years). There were 42 male and 28 female patients. All
these patients underwent laparotomy. The details of clini-
copathological characteristics are summarized in Table 1.

None of the patients received chemotherapy, radio-
therapy, immunotherapy or other form of therapy that
influenced the immune system. Patients had no history of
autoimmune disease or recent infection.

The blood of 17 healthy volunteers was tested as con-
trols. The control group consisted of 10 men and seven
women with a mean age of 42 years (range: 25-52 years).

The study was approved by the Ethical Committee of
Jagiellonian University.

Blood samples were collected prior to any interven-
tional procedure in sterile EDTA vacutainers. Peripheral
blood samples (100 ul) obtained from cancer patients
were incubated in TruCount tubes (BD Biosciences, San
Jose, CA, USA) with a monoclonal antibody cocktail:
FITC-conjugated anti-CD3 and PE-conjugated anti-CD4
(5 uL; BD Biosciences) for 30 min at 4°C. The samples
were treated with 400 pL. FACS Lysing Solution (BD Bio-
sciences), and after erythrocyte lysis, 10000 CD3°CD4"
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No. of cases

Sex

Male 42

Female 28
Age (y1)

< 65 32

> 65 38
Tumor grade

1 9

20r3 61
Lymph node metastases

No 24

Yes 46
Distant metastases

No 41

Yes 29
Stage (AJCC 2002)

I 13

i 9

il 13

v 35

cells along with beads were acquired on a FACSCanto
flow cytometer and analyzed with FACSDiva Software
(BD Biosciences). The absolute numbers of CD3 CD4"
lymphocytes in samples were calculated on a basis of
bead and lymphocyte counts. Tregs (CD4 CD25 Foxp3")
were stained in 200 ul. EDTA peripheral blood samples
using the Human Regulatory T' Cell Staining Kit (eBiosci-
ences, UK), according to manufacturer’s instructions, and
acquired on the flow cytometer. The absolute numbers of
Tregs were calculated based on the CD4+CD25+Foxp3+
cells percentage of CD3"CD4" cells and the absolute
numbers of CD3"CD4" cells per microliter.

Statistical analysis

All quantitative variables were described as mean (SD).
The Mann-Whitney U test and the Xz test were used when
appropriate to compare distribution of individual vari-
ables between groups. P < 0.05 was considered statistically
significant. Statistical analysis was performed using SPSS
version 14 software (SPSS Inc., Chicago, IL, USA).

RESULTS

Absolute number of CD4'CD25'Foxp3' cells in peripheral
blood

The mean number of CD4 CD25 Foxp3” cells per mi-
croliter in colorectal cancer patients was 15.7 (21.8), for
gastric cancer patients 12.2 (14.3) and for controls 17.5
(11.4) (Figure 1).

The difference between colorectal cancer patients and
the control group was not significant (P = 0.079). There
was a significant difference between the gastric cancer
patients and the control group (P = 0.026). The difference
between the gastric cancer and colorectal cancer patients
was not significant.

The absolute number of CD4"CD25 Foxp3" cells did
not differ according to sex in either the colorectal or gastric
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Colorectal cancer P Gastric cancer P! Overall P
Overall 15.7 (21.8) 12.2 (14.3) 0.449
Sex 0.779 0.912 0.801
Male 16.9 (25.2) 11.3 (11.9) 14.4 (20.3)
Female 13.5 (14.6) 13.4 (17.5) 13.5 (15.9)
Age (yr) 0.849 0.080 0.309
<65 18.7 (28.5) 10.3 (16.9) 15.0 (24.1)
> 65 127 (12.2) 13.7 (12.4) 13.2 (12.2)
Tumor grade 0.501 1.000 0.865
1 16.8 (15.5) 14.9 (15.5)
20r3 159 (24.8) 15.2 (21.9)
Lymph node metastases 0.210 0.003 0.013
No 19.9 (28.1) 30.3 (27.6) 22.0 (27.7)
Yes 11.0 (10.4) 9.6 (8.0) 10.1 (9.0)
Distant metastases 0.596 0.882 0.447
No 17.6 (24.6) 15.8 (20.4) 17.0 (23.1)
Yes 10.0 (7.8) 9.9 (8.3) 9.9 (8.0)
Stage 0.267 0.195 0.088
Iorll 19.9 (28.9) 33.4 (30.9) 22.4 (29.0)
I or IV 10.9 (10.4) 9.4 (7.8) 9.9 (8.9)

"Mann-Whitney U test. NA: Not applicable.
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Figure 1 The absolute number of CD4'CD25'Foxp3” cells in peripheral
blood of colorectal and gastric cancer patients and controls.

cancer patients. Patients aged << 65 years and > 65 years
had similar results for both cancer types (Table 2). The
analysis of TNM stage revealed that, for more advanced-
stage cancet, Treg count was lower but the difference was
not significant.

In colorectal cancer patients, Treg absolute count was
not related to tumor grade, lymph node status or distant
metastases. There was also no difference between gas-
tric cancer subgroups according to Lauren’s histological
classification. In gastric cancer patients, the number of
CD4+CD25+Foxp3+ cells was significantly lower in pe-
tipheral blood of N patients (P = 0.003). For the pooled
group of patients (gastric and colorectal cancer), this differ-
ence was also significant (P = 0.013). There was no differ-
ence between M an M gastric cancer patients for absolute
number of Tregs, or in the entire group of cancer patients.

Ratio of CD4'CD25'Foxp3' cells/CD4" cells in peripheral
blood

The CD4'CD25 Foxp3'/CD4" lymphocyte ratio did not
show any differences between N* and N" and M" and M’
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patients for both types of cancer. This proportion was not
related to sex or age (Table 3). There was no difference
between stages [ /Il and I /IV for either type of cancer,
nor in the pooled group of cancer patients.

DISCUSSION

The prevalence of Tregs in various compartments in pa-
tients with tumors has been described as a potential prog-
nostic factor. Tregs have been found in TILs (primary and
metastatic tumors), in metastatic lymph nodes, malignant
ascites, pleural effusion, and peripheral blood™'". The
prognostic significance of these findings is not uniform.
Morteover, the impact of Tregs has been reported as their
density in tumor stroma, proportion of TILs, Tregs/CD4
ratio, Tregs/CD3 ratio, or Tregs/CDS8 ratio! Y. Mostly,
the proportion of CD25 Foxp3” cells among CD4" TILs
has been analyzed.

Most of these studies were retrospective and based
on the immunohistochemical examination of paraffin-
embedded, previously collected specimens. On the other
hand, peripheral blood is easily accessible and enables re-
peated measurements prior to surgery or in the follow-up
petiod. Therefore, it is important to establish the pattern
of Tregs in peripheral blood of patients with vatious tu-
mors. However, the number of Tregs in peripheral blood
changes less markedly than in TTLs"".

The present study was a pilot study, therefore, assess-
ment of the number of cells was performed preopera-
tively only. The results of the assessment in the early post-
operative period would probably be influenced by the pro-
inflammatory and anti-inflammatory post-injury reactions.
This might change the lymphocyte subpopulations. Our
present results can form a background for subsequent
studies on Tregs in the preoperative period and follow-up
of cancer patients.
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Colorectal cancer P Gastric cancer P Overall P
Overall 218 (1.79) 2,01 (1.56) 0.760
Sex 0.332 0.455 0.820
Male 2.31 (1.68) 1.89 (1.62) 2.12 (1.65)
Female 1.98 (2.01) 2.18 (1.51) 2.08 (1.75)
Age (yr) 0.456 0.610 0.777
<65 2.32 (1.58) 1.88 (1.63) 2.13 (1.59)
> 65 2.05 (2.00) 2.11 (1.54) 2.08 (1.76)
Tumor grade 0.477 1.000 0.758
1 2.46 (1.72) 0 2.19 (1.80)
2o0r3 2.11 (1.90) 2.10 (1.36) 2.09 (1.80)
Lymph node metastases 0.316 0.388 0.172
No 2.60 (2.13) 2.73 (2.04) 2.63 (2.07)
Yes 1.73 (1.25) 1.94 (1.53) 1.85 (1.41)
Distant metastases 0.818 0.854 0.798
No 2.23 (1.98) 1.95 (1.72) 2.14 (1.88)
Yes 2.03 (1.09) 2.05 (1.49) 2.04 (1.36)
Stage 0.254 0.423 0.138
Lorl 2.56 (2.22) 2.75 (2.35) 2.59 (2.18)
I or IV 1.66 (1.33) 1.66 (1.32) 1.66 (1.31)

"Mann-Whitney U test. The Tregs/CD4" ratio in healthy volunteers group was 2.1%, and this was equal to that observed in gastric cancer patients.

In our study, the absolute number of CD25+Foxp3+
cells in peripheral blood did not differ between gastric
and colorectal cancer patients. There was no difference
between sex and age groups. Some authors have described
increased prevalence of Tregs among T-lymphocyte pop-
ulations in eldetly patients“s]. Others have not observed
this tendencyml. There is also no clear evidence in the lit-
erature that the Tregs population is sex-related.

The absolute number of Tregs was significantly lower
in gastric cancer patients than in controls. This is probably
in contrast with other studies in gastric cancer patients,
however, it is impossible to compare these results directly.
The main problem is the difference in description of
Tregs. Some eatly studies have analyzed the population of
CD4"CD25" cells, others CD4 " CD25™" cells, and more
recently, CD4"CD25 Foxp3" lymphocytesm’13’17’20]. Most
probably this is not the last word in the identification of
functionally active Tregs. Even if these populations have a
common core, they are not identical. Moreover, the tech-
nical process of identification can vary and bias the final
result.

In colorectal cancer patients, the absolute number
of Tregs in peripheral blood did not differ from that in
healthy controls. There are not sufficient data to compare
this result with other studies, because the main colorectal
cancer studies have concentrated on prevalence of Tregs
Ls"*"". The pattern of Tregs localization and
its correlation with tumor stage and prognosis also differs

among TI

between gastric and colorectal cancer. The high preva-
lence of Tregs in colorectal cancer has been reported as a
positive factor, contrary to gastric cancer for which it has
been reported as a negative factor!™*'""** The reason for
these differences might also be related to the different re-
sults observed in gastric and colorectal cancer patients in
our study. However, the regulatory mechanisms of Treg

maturation, activation and distribution are not fully under-
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stood. Therefore, we could not clarify the observed differ-
ences between the results in gastric and colorectal cancer.

We found that N* gastric cancer patients had signifi-
cantly lower absolute counts of Tregs in peripheral blood
than had N patients.

Our study included 25 node-positive patients and this
probably influenced the mean Treg count in the whole
group. Several studies have revealed an increase in Tregs
in metastatic lymph nodes in gastric and esophageal can-

er™. Our study might have demonstrated Treg migration
to the metastatic lymph nodes and accumulation in the
peritumoral infiltrate in more advanced tumors. There is
some evidence that, in gastric cancer, Tregs might migrate
to the tumor microenvironment #zz a chemokine-mediated
mechanism®.

The increase in Tregs among TILs has also been ob-
served in colorectal cancer patientsm], but we did not
observe a significant drop in peripheral blood Tregs in
node-positive colorectal cancer patients. However, for the
pooled N s N group, the difference was significant. The
lack of difference between M and M patients supports
the hypothesis that the peripheral Tregs population does
not change significantly during metastasis formation. The
increase in CD4"CD25™" to CD4" cell ratio in compari-
son to that in healthy donors has been described in meta-
static cancer™. However, the absolute numbers of Tregs
in these populations have not been reported.

In our study, the number of patients was < 40 for
each cancer type. These relatively small numbers preclude
statistical analysis of Tregs counts at single TNM stages.
Therefore, we performed our analysis on I /I »s /IV
stages. The absolute number of Tregs was lower in the
more advanced group, but the difference did not reach
statistical significance.

The proportion of Tregs to CD4" cells was 2.18% for
colorectal cancer and 2.01% for gastric cancer patients.
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This value is located between that reported in the litera-

ture of 4%-6% for gastrointestinal cancer and 1%-3%

for the healthy populationm. However, the calculated

percentages of Tregs (of CD4 or of CD3) or proportions
of Tregs/CD8 is influenced by at least two vatiables. It
should be considered that subpopulations of lymphocytes
can change during tumor progression”, Therefore, the
ratio and absolute numbers should be included.

In conclusion, our study was focused on the periph-
eral blood Tregs as a potential marker of disease, which
was relatively easy to measure during the pretreatment and
follow-up petiods. The absolute number of Tregs in the
peripheral blood of gastric cancer patients was significant-
ly decreased in comparison to that in the healthy controls.
This phenomenon was even strongly expressed in patients
with lymph node metastasis. This was not observed in
colorectal cancer patients. Our findings suggest that the
population of Tregs in peripheral blood does not simply
mimic stromal Tregs. Further studies on larger groups of
patients are necessary to evaluate the Treg population in
cancer patients.

COMMENTS

Background

The prevalence of T regulatory lymphocytes (Tregs) in various cancers has
been described as a prognostic factor. The assessment of the absolute number
of Tregs (CD4'CD25'Foxp3") in the peripheral blood of gastric and colorectal
cancer patients can be used to monitor disease during treatment.

Research frontiers

Our study was focused on peripheral blood Tregs as a potential disease marker,
which was relatively easy to measure during pretreatment and follow-up peri-
ods. The prevalence of Tregs in various compartments in patients with tumors
has been described as a potential prognostic factor. Tregs have been found
in tumor-infiltrated tissues and fluids, but the prognostic significance of these
findings is not uniform. The impact of Tregs has been reported as their density
in tumor stroma or the proportion of Tregs among tumor-inflitrating lymphocytes
(TILs), Tregs/CD4 ratio, Tregs/CD3 ratio, or Tregs/CD8 ratio. However, overall,
the proportion of CD25'Foxp3” cells amongst CD4" TILs is analyzed.

Innovations and breakthroughs

Many studies of Tregs as a prognostic factor have been retrospective and
based on immunohistochemical examination of paraffin-embedded, previously
collected specimens. On the other hand, peripheral blood is easily accessible
and enables repeated measurements prior to surgery or in the follow-up period.
Therefore, it is important to establish the pattern of Tregs in peripheral blood of
patients with various tumors.

Applications

In utilizing peripheral blood Tregs as a potential disease marker, this study
demonstrates a way of improving the assessment and management of patients
with gastric cancer.

Peer review

The authors assessed the absolute number of Tregs (CD4'CD25 Foxp3’) in the
peripheral blood of gastric and colorectal cancer patients. The absolute num-
bers of Tregs were calculated based on the CD4'CD25 Foxp3" cells percentage
of CD3'CD4" cells and the absolute numbers of CD3°CD4" cells per microliter.
The absolute number of Tregs in the peripheral blood of gastric cancer patients
was significantly decreased in comparison to the healthy controls. This phe-
nomenon was even strongly expressed in patients with lymph node metastasis,
but not observed in colorectal cancer patients. The findings suggest that the
population of Tregs in peripheral blood does not simply mimic stromal Tregs.
Further studies on larger groups of patients are necessary to evaluate the Treg
population in the blood of cancer patients.
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