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Abstract

We hypothesised that the blood levels of immune cells would be related to the progression of
colorectal cancer and regional lymph node metastasis. We investigated the association between the
blood levels of immune cells and regional lymph node metastasis in colorectal cancer patients. Patients
with American Joint Committee on Cancer (AJCC) stages | and 2 colorectal cancer were assigned to
Early stage group and those with AJCC stages 3 and 4 were assigned to Late stage group. Blood levels
of circulating immune cells, such as cluster of differentiation (CD)4* including T helper 1 (Thl) and 17
(Th17) cells, regulatory T (Treg) cells, CD8* T cells, and natural killer (NK) cells were assessed using
fluorescence-activated cell sorting (FACS). The blood levels of CD4* T, Treg, CD8* T, and NK cells did
not significantly differ between the two groups. However, the blood levels of Th1 and Th17 cells did
significantly differ between the groups. Specifically, Late stage group had higher levels of Th1 and Th17
cells than Early stage group (Thl, 11.14+1.22% vs. 16.25+1.57%, p = 0.015; Th17, 3.32+0.05% vs.
1.11£0.15%, p < 0.01). In conclusion, the blood levels of Th1 and Th17 cells significantly increased as the
N stage increased. The blood levels of Th1 and Th17 cells might be useful as predictive markers of lymph
node invasion in colorectal cancer.
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Introduction

Colorectal cancer is the most common form of
malignant tumour and the second leading cause of
cancer-related death worldwide [1]. Several serum
cancer screening markers, including carcino-
embryonic antigen (CEA), a-fetoprotein (AFP), and
carbohydrate antigen 19-9 (CA19-9), are used to
screen the colorectal cancer. However, the use of these
serum markers to diagnose colorectal cancer and
predict prognosis remains controversial [2, 3, 4].

Previous studies have demonstrated that
immune cells in the cancer tissue play important roles

in cancer progression. Indeed, they can produce
cytokines, which affect cancer growth, within the
cancer tissue. They can also recruit other immune cells
to the cancer tissue, supporting or inhibiting cancer
growth [5, 6, 7, 8].

However, the acquisition of cancer tissue to
check immune cell activity is possible only through an
invasive procedure. Moreover, not only the procedure
but the related complications may influence the
progression of the cancer. Given the relationship
between immune cell levels within the cancer tissue
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and cancer progression, the blood levels of immune
cell may be related to cancer progression. However,
there is no reported study about this issue.

We hypothesised that the blood levels of
immune cells would be related to the progression of
colorectal cancer and regional lymph node metastasis.
This study investigated the association between the
blood levels of immune cells and the progression of
colorectal cancer in colorectal cancer patients with
and without regional lymph node metastasis.

Materials and Methods

Study population

The study was approved by the Institutional
Review Board of Konkuk University Medical Centre,
Seoul, Korea (KUH1160096) and was registered at
http:/ /cris.nih.go.kr (NCT02869269). All subjects
provided written informed consent.

Patients undergoing surgery under general
anaesthesia for colorectal cancer between October
2015 and July 2016 were enrolled. Patients were
excluded if they had histories of 1) chemotherapy, 2)
radiotherapy, 3) immunosuppressive agent use, 4)
bone marrow transplantation, and 5) any present
symptom or sign of infection. Patients were assigned
to the Early stage or Late stage group according to the
presence of lymph node metastasis; the latter was
determined based on preoperative computed
tomography (CT) and bone scans, intraoperative
surgical and pathological findings, and postoperative
pathological findings.

Colorectal cancer staging

The stage of colorectal cancer was confirmed by
perioperative evaluations and pathological findings.
Staging followed the American Joint Committee on
Cancer (AJCC) scheme using TNM classifications. The
T stage describes the size of the primary colorectal
cancer tumour and whether it has invaded nearby
tissue (depth). The N stage describes the regional
lymph nodes that are involved (regional lymph node
metastasis). The M stage describes distant metastasis
[9]. We assigned patients with AJCC stages 1 and 2 to
the Early stage group and those with AJCC stages 3
and 4 to the Late stage group.

Blood sampling

In total, 12 mL blood was drawn from the
antecubital vein and collected in ethylenediamine
tetraacetic acid (EDTA) tubes to be used for
enzyme-linked immunosorbent assay (ELISA)
analyses for serum cancer markers, including CEA,
AFP, CA19-9, and circulating immune cells.

Blood levels of T Helper 1 (Thl) and 17 (Th17)
cells

Peripheral blood mononuclear cells (PBMC)
were isolated using density gradient centrifugation
for 20 min over a Biocoll separating solution
(BioChrom, German). PBMCs were washed with
phosphate-buffered saline 1x solution (PBS 1x = no
calcium, no magnesium, 1551 mM NaCl, 2.9 mM
Na,HPO,-7H>0 and 1.0 mM KHoPO4, pH 7.4; Gibco,
[Big Cabin/OK] USA).

After the isolation of PBMCs, cells were stained
with pyridine chlorophyll (PerCP) anti-human cluster
of differentiation (CD)4 (BD Biosciences, [Franklin
Lakes/NJ] USA) at room temperature for 30 min in
the dark. After staining, the cells were washed with
fluorescence-activated cell sorter (FACS) buffer (0.1%
bovine serum albumin and 0.05% sodium azide in
PBS) and stimulated with RPMI 1640 medium (Gibco,
USA) with 50 ng/mL phorbol 12-myristate 13-acetate
(Sigma-Aldrich, , [St. Louis/MO] USA), 1 pg/mL
inomycin (Sigma-Aldrich), and Golgi stop (BD
Biosciences) in a 5% carbon dioxide incubator at 37°C
for 4 h. After stimulation, the cells were washed in
FACS buffer and fixed in 4% paraformaldehyde at
room temperature for 10 min in the dark. After
fixation, the cells were permeabilised with
FACS Perm? (BD Biosciences) buffer for 10 min in the
dark. After permeabilisation, the cells were washed in
FACS ©buffer and stained with fluorescein
isothiocyanate (FITC), anti-human interferon-gamma
(IFN-y) (BD Biosciences), and phycoerythrin (PE)
anti-human  inteleukin-17A  (eBioscience, [San
Diego/CA] USA) antibodies for 30 min in the dark.

Circulating regulatory T (Treg) cells

After the isolation of PBMCs, the cells were
stained with PerCP anti-human CD4* and
allophycocyanin (APC) anti-human CD25 antibodies
at room temperature for 30 min in the dark. Next, the
cells were washed in FACS buffer and incubated with
fork head box protein P3 (Foxp3)
fixation/permeabilisation buffer (Biolegend, [San
Diego/CA] USA) at room temperature for 20 min in
the dark. After incubation, the cells were washed in
FACS buffer and stained using PE anti-human Foxp3
(Biolegend) antibody at room temperature for 30 min
in the dark. After the cells were washed again, they
were evaluated by flow cytometry, gated for
CD4+ CD25high cells.

Circulating CD8* T and natural killer (NK)
cells

After isolation of PBMCs, the CD8* T cells were
stained with PE anti-human CD8 (BD Biosciences)
and PerCP anti-human CD95 (BD Biosciences)
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antibodies for 30 min in the dark. NK cells were
stained with PE anti-human CD16 (BD Bioscience),
APC anti-human CD56 (BD Biosciences), and PerCP
anti-human CD95 (BD Biosciences) antibodies for
30 min in the dark. After staining, the cells were
washed with cell staining buffer (Biolegend, USA)
and stained using FITC anti-human annexin-V
(Biolegend) antibody for 30 min in the dark. After
staining, the cells were fixed with 4%
paraformaldehyde at room temperature for 10 min in
the dark.
All data were collected using a FACSCalibur cell
sorter (BD Biosciences, USA). Data were analysed
using the FlowJo software (ver. 10.2; Tree Star Inc.,
[Ashland/OR] USA).

Statistical analysis

The primary outcome was the blood level of Thl
cells and the secondary outcome was the blood level
of Th17 cells. In a pilot study of 10 colorectal cancer
patients, the levels of Thl cells were 15.08+£0.57% in
the Early stage group and 13.97£1.86% in the Late
stage group. The levels of Th17 cells were 3.47+1.93%
in the Early stage group and 1.72£1.74% in the Late
stage group. An a priori power analysis revealed an
effect size of 0.807 and a power of 0.8 for Th1 cells; the
effect size was 0.952 and the power was 0.8 for Th17
cells. The calculated sample size for the primary
outcome was 26 in each group, and it was 19 in each

group for the secondary outcome, the a value was
0.05.

Intergroup differences between early and late
stages were analysed using an independent t-test or
the Mann-Whitney U-test according to the normality
of the distribution of the data. One-way analysis of
variance (ANOVA) was used to compare group
differences in regional lymph node metastasis.
Categorical variables were analysed using the y? test.
To obtain cut-off values for blood levels of Thland
Th17 cells to distinguish Early and Late stages, area
under curve (AUC), using receiver operation
characteristic (ROC) curve analysis, was performed.

All data are expressed in terms of number of
patients, mean * standard deviation, or median
(interquartile range). A P value < 0.05 was considered
to indicate statistical significance. Data were analysed
using SPSS software (ver. 20.0 for Windows; SPSS,
Inc., Chicago, IL, USA).

Results

In total, 62 patients were eligible for
participation in the study from October 2015 to July
2016. Five patients were excluded for the following
reasons: one patient had undergone chemotherapy,
two had undergone radiotherapy, and two were
taking immunosuppressive agents. Thus, 57 patients
were included in the final analysis (Fig. 1).

[ Enrollment ]

Assessed for eligibility (n = 62)

_| Excluded (n=35)

Chemotherapy (n = 1)
Radiotherapy (n = 2)

57 patients met criteria

Immunosuppression agents (n =2)

}

A

Early stage (n = 26)

£
Allocation

po

0y
Analysis

.4

Late stage (n =31)

Circulating immune cells in blood and serum level of cancer markers

Figure 1. Flow chart of the study.
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Figure 2. Expression of circulating immune cells in the blood. Abbreviations: CD, cluster of differentiation; Treg cell, regulatory T cell; NK cell, natural killer cell.

Demographic data are provided in Table 1. The
only significant difference between the groups
concerned cancer TNM stage (Table 1). The serum
cancer markers assessed did not significantly differ
between Early and Late stages (Table 2).
The blood levels of CD4* T, Treg, CD8* T and NK
immune cells also did not significantly differ between
early and late groups (Fig. 2). However, the blood
levels of Thl and Th17 cells did significantly differ
between groups. Specifically, the Late stage group
had higher levels of Thl and Th17 cells than did the
Early stage group (Th1, 11.14+1.22% vs. 16.25+1.57%,
p = 0.015; Th17, 3.32£0.05% vs. 1.11+0.15%, p < 0.01;
Fig. 3). The AUCs for blood levels of Thl and Th17
cells between Early and Late stages were 0.705 with (p
= 0.014) and 0.793 (p < 0.01), respectively. The cut-off
values of blood levels of Th1l and Th17 cells, used to
distinguish Early and Late stages, were 13.88%
(sensitivity 69.6% and specificity 69.2%) and 2.27%
(sensitivity 65.2% and specificity 92.3%) (Fig. 4). The
blood levels of Thl and Th17 cells also significantly
increased as the N stage increased (Fig. 5).

Discussion

The present study showed Early and Late stages
did not differ significantly with regard to the blood
levels of immune cells or the colorectal cancer serum
markers assessed. However, the blood levels of Thl
and Th17 did significantly differ between groups.
Moreover, these cells significantly increased as the N
stage increased.

Tumourigenesis is usually accompanied by
abnormal expressions of autoantibodies or other
tumour markers in the body, and these can be used
for tumour diagnosis and prognostic predictions.
However, the serum cancer markers CEA, AFP, and
CA19-9 reflected no significant differences between
the Early and Late stages in this present study. In fact,
serum cancer markers are more useful as screening
rather than as confirmative tools for cancers, as they
demonstrate high sensitivity and low specificity.
Their cut-offs for screening for cancer vary according

to gender, age, and location of tumour [3,4]. Thus, it
was not surprising that we found no difference
between the early and late stages in this study.

Table 1. Demographic data.

Early stage Late stage p value
Age (yr) 62+7 65 +15 0.412
Gender 0.276
Male 19 (73.1) 18 (58.1)
Female 7 (26.9) 13 (41.9)
Tumor location 0.922
Ascending 6(23.1) 7 (22.6)
Transverse 1(3.8) 13.2)
Descending - 13.2)
Sigmoid 4 (15.4) 4(12.9)
Rectal 15 (57.7) 18 (58.1)
Tumor depth 0.005
T1 6 (23) 3(9.7)
T2 10 (38.5) 3(9.7)
T3 10 (38.5) 20 (64.5)
T4 - 5(16.1)
Regional lymph node 0.000
invasion Yes - 28 (90.3)
No 26 (100) 3(9.7)
Distant metastasis 0.003
Yes - 9 (29.0)
No 26 (100) 22 (71.0)
Tumor differentiation 0.532
Well 3 (11.5) 2(6.5)
Moderate 23 (88.5) 28 (90.3)
Poor - 1(3.2)
Values are expressed as the mean * standard deviation.
Abbreviations: T, Tumor depth.
Table 2. Serum cancer markers.
Early stage Late stage P value
CEA (ug/ml) 19.30 +10.63 13.18 +7.09 0.62
AFP (ug/ml) 2.85+0.53 2.55+0.33 0.62
CA19-9 (unit/ml) 12.92 +2.36 1704.6 2 £ 1687.17 0.39

Values are expressed as the mean * standard deviation.
Abbreviations: CEA, carcinoembryonic antigen; AFP, alpha-fetoprotein; CA19-9,
carbohydrate antigen19-9.
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Figure 3. Expression of circulating T helper 1 (Th1) cell and 17 (Th17) cell in
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Figure 4. Receiver operation characteristic curve analysis. Abbreviations:
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Figure 5. Expression of circulating T helper 1 (Th1) cell and 17 (Th17) cell in
the blood according to lymph node invasion using TNM stage. * p < 0.05
compared with NO stage t p < 0.05 compared with N1 stage

A previous study demonstrated that CD4* T cells
play an important role in mediating immune
responses to tumours [10]. However, the two groups
did not significantly differ with regard to levels of

CD4* T cells in this study. On the other hand, some
subsets did show differences. Th1 cells make IFN-y as
their ‘signature cytokine’, and they also uniquely
produce lymph toxin. Thus, we predicted that
circulating Thl cells would show differential
expression under conditions with and without lymph
node invasion. Another subset involves Thl7 cells,
which play important roles in inflammation and
autoimmune disease; thus, they may be relevant to
anti-tumour defence activities. Recently, it has been
shown that Thl7 cells can play promoting or
suppressing roles in different cancer models [11,12].
Zhang et al. demonstrated that the blood levels of the
Th17 cells with Th1 cells of cervical cancer patients
were strongly correlations with their levels of Th22
cells, which have been associated with lymph node
invasion [13]. Especially in colorectal cancer, Th17
cells are involved in the promotion and progression of
the tumour through angiogenesis. Angiogenesis may
be associated with local invasion and distant
metastasis [14]. Increased levels of Thl7 cells, in
addition to increased levels of Thl cells, may be
considered indicative of lymph node invasion, as
shown here. The increases in Th1 and Th17 cell levels
were remarkable in the present study. Thus, they may
be useful as blood markers to detect the presence of
lymph node invasion in colorectal cancer.

A key protein in Treg cells is Foxp3 [15]. High
levels of expression of Foxp3 in Treg cells inhibit an
effector immune cell response to a tumour, thereby
promoting tumour growth and invasion [16]. Tumour
tissue in patients with colorectal cancer with lymph
node invasion typically shows higher levels of Treg
cells compared with that in those with no lymph node
invasion, resulting in the former’s poor survival and
prognosis [17, 18]. However, we did not observe any
difference in the blood samples in this study. Thus,
the levels of Treg cells in the tumour tissue were not
reflected by their levels in the blood.

CD8* T cell and NK cells are typical innate
immune cells. They respond first to dysplastic or
tumour cells and perform anti-tumour activities. Their
levels continue to be high after initiation of an
adaptive immune response. The levels of CD 8* T cells
and NK cells have been used as indicators of the
results of cancer treatment, such as survival rate, but
not of cancer progression [19, 20, 21]. Thus, we did not
find any differences in the levels of CD8* T cells or NK
cells between those with or without lymph node
invasion in this study.

In the present study, we did not check the levels
of immune cells in the cancer tissue or lymph nodes.
Although confirmative results would be obtained
from the cancer tissue or lymph nodes, the levels of
immune cells could also be affected and changed by
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anaesthetic conditions and by the surgical procedure
used for their procurement. Moreover, the more
investigations might concrete the results although
cut-off values of blood levels of Thl and Th17 cells,
used to distinguish Early and Late stages, were
recommended in the present study.

In conclusion, patients with colorectal cancer
with lymph node invasion showed higher blood
levels of Thl and 17 cells. The blood levels of Thl and
Th17 cells increased as lymph node invasion
increased. However, the blood levels of other immune
cells did not show any significant differences
according to lymph node invasion. Thus, the blood
levels of Thl and Thl7 cells might be useful as
predictive markers of lymph node invasion in
colorectal cancer.
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