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It has well studied that immune cells are strongly related to tumor progression and tumor suppression. To identify the 
difference of immune cell between tumor bearing mice and normal mice, we examined systemically the immune cell of 
CT26 tumor bearing mice on 21 days after tumor cell administration. As previously reported, CD4+ and CD8+ T cells 
population of tumor bearing mice significantly decreased 38% and 30% on day 21 compared to that of normal mice, 
respectively. All subpopulation of CD4 and CD8+ T cell significantly decreased, except CD49b+ T cell subpopulation. 
But, myeloid cell population (CD11bhigh and all Gr-1+ subpopulation) of tumor bearing mice significantly increased on 
day 21. Especially, all subpopulation of CD11b+Gr-1+ cell of tumor bearing mice significantly increased on day 21. 
Also, Foxp3+CD25high CD4 T cell (regulatory T cells) population significantly increased on day 21. These results 
suggest that tumor can induce the decline of T lymphocyte and the expansion of myeloid cells and regulatory T cells, 
and provide the basic information for the study of tumor immunology. 
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INTRODUCTION 

 
The association of immune system in tumor development 

has been well reported, but there is no direct evidence 
between tumor development and its alleviation of immune 
system (Whiteside, 2006). It is clear that hosts generally 
use the immune response against the tumor. Tumor-specific 
cytotoxic T cell was identified in cancer bearing host 
(Naito et al., 1998; Kim et al., 2009; Heo et al., 2012). But, 
many tumor-associated antigen are largely self-antigen, there- 
fore tumor-associated antigen-specific immune responses 
are tolerant (Dunn et al., 2002; Willimsky and Blankenstein, 

2005). Also, tumors have complicated environments, com- 
prising cancer cells and stromal cells. In addition, tumor 
infiltrating immune cells and the host's immune system 
reaction to the tumor are also complicated. The host 
immune system plays a dual role of tumor eradication or 
tumor promotion (Coussens and Werb, 2002; Buell et al., 
2005). There is much evidence that a lack of immune 
surveillance in individuals shows high risk for cancer. 

It is clear that T lymphocyte precursors capable of 
responding to self-antigens are enriched in tumor tissues. 
The host is immunocompetent, but tolerance to self-antigen 
prevents effective anti-tumor immunity. Pre-malignant and 
early tumor lesions are generally well infiltrated with immune 
cells, largely T lymphocytes, macrophages and dendritic 
cells (Kulbe et al., 2004). Tumor-infiltrating lymphocytes 
(TIL), are considered to be a component of an inflammatory 
host response to the tumor (Klebanoff et al., 2006). Tumor 
produces chemotactic factor that recruit mononuclear cells 
(Balkwill, 2004). But, the role of the immune system 
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protecting host from tumor progression and metastasis 
remains controversial. 

Mechanism responsible for immune cell dysfunction in 
patients with cancer are numerous and varied. Especially, 
regulatory T cells (Treg cells) or myeloid derived suppressor 
cells (MDSCs) have been shown to play a key role in down-
regulation of anti-tumor immunity (Nomura and Sakaguchi, 
2005; Nagaraj and Gabrilovich, 2007). Regulatory T cell 
(Treg) was identified as a population of CD4+ T cells with 
highly CD25 expression and preventing autoimmune disease. 
Naturally occurring CD4+CD25high T reg, induced Treg, 
CD4+CD25high Treg cells in the periphery by conversion of 
CD4+CD25- T cells was categorized. In the mouse, CD25 
is a good marker for regulatory T cells. As more specific 
regulatory T cell marker, the transcription factor Foxp3 has 
been identified as uniquely expressed in the mouse 
(Sakaguchi, 2005). Regulatory T cell actively inhibits CD4+ 
CD25- T cells, CD8+ T cells, dendritic cells, natural killer 
cells, and B cells. Local depletion of CD4+ T cells inside 
the tumor led to eradication of well-established tumors and 
development of long-term antitumor immunity (Sakaguchi 
and Sakaguchi, 2005; Yu et al., 2005). It has reported the 
suppression of antitumor immunity by regulatory T cells 
occurs predominantly at the tumor site and the local reversal 
of suppression can be an effective treatment. Whether there 
is a systemic increase of regulatory T cells in tumor bearing 
mice has not yet been clearly determined, as there have 
been conflicting reports. 

Generally, immunosuppressive effects of tumors are best 
seen locally, at the tumor site. Most tumor infiltrating cell 
are activated T cells containing variable proportions of 
CD8+ and CD4+ T cells (Zippelius et al., 2004). Several 
groups have recently demonstrated the critical importance 
of CD4+ T cell in the induction and maintenance of antigen 
specific memory CD8+ T cells (Sallusto et al., 1999). 
Activated T cells are antigen-experienced cells that lose 
CD62L expression. By contrast, Naïve CD8+ T cell have 
CD62L expression. NKT cells produce Th1 and Th2 cyto- 
kines after stimulation, and performed the important role in 
anti-tumor immunity (Moodycliffe et al., 1999). CD49b is 
well known as a common marker for NKT cells in 
NK1.1negative mice strains. But, several groups has also 

reported that CD49b+ NKT cells are not typical CD1-
dependent NKT cells (Pellicci et al., 2005). 

Feature common to all MDSCs are their myeloid origin, 
immune state and a remarkable ability to suppress T cell 
responses (Youn and Gabrilovich, 2010; Youn et al., 2012). 
MDSC promote tumor angiogenesis, tumor cell invasion, 
and metastasis (Murdoch et al., 2008; Nagaraj and 
Gabrilovich, 2010). MDSCs represent a part of the myeloid 
cell population, and are heterogeneous population. In healthy 
individuals, immature myeloid cells generated in bone 
marrow promptly differentiate into mature granulocytes, 
macrophages, or dendritic cells. Under pathological con- 
ditions, normal differentiation is blocked and the expansion 
of MDSC population results. (Nagaraj and Gabrilovich, 
2007). In mice, MDSCs are characterized by the co-
expression of the myeloid lineage differentiation antigen 
Gr-1 and CD11b. These cells make up only a small portion 
of spleen cells (2~4%). Recently, the role of MDSCs to 
facilitate the development of regulatory T cells has been 
described (Movahedi et al., 2008; Nagaraj et al., 2010). 

There are no reports that showed the overall systemic 
differences of immune cells between tumor bearing mice 
and normal mice. In this report, we analyzed splenocytes of 
tumor bearing mice and normal mice to identify the systemic 
difference of the immune cell phenotype and detail sub- 
population on 21 days after CT26 tumor cell inoculation. 

 
MATERIALS AND METHODS 

Mice 

6~8 week old female Balb/c mice were purchased from 
OrientBio (Korea). Mice were housed and maintained 
under pathogen-free conditions and treated according to 
approved institutional protocols for animal care. 

Cell lines 

CT26 cell lines were obtained from the American Type 
Culture Collection (Manassas, VA). All cell lines were 
grown in DMEM containing 10% FBS, 10 mM L-glutamine, 
100 U/ml Penicillin/streptomycin, and 0.1% Gentamicin. 
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Tumor studies 

CT26 mouse colorectal cancer cells (3×105) in 100 μl 
PBS were injected subcutaneously on the right flank of 
Balb/c mice. Tumors were measured in two dimensions in 
a blinded fashion using calipers as follows: tumor area 
(mm2) = length × width. All experiments were repeated 
two or three times. 

Evaluation of immune cell phenotype 

Mice were sacrificed at 21 days after tumor cell injection 
and spleen were collected aseptically and homogenized 
and pass through a mesh to take single-cell suspensions. 
After the cells were washed twice with PBS, erythrocytes 
were removed by treating RBC lysis buffer (20 mM 

Tris-HCl, 140 nM ammonium chloride) at 37℃ for 5 min 
and cells were labeled with the following mAbs: APC-
conjugated anti-CD4, CD49b, and PE-conjugated CD8, 
CD25, Gr-1, and FITC-conjugated CD11b, CD62L, FoxP3. 
All antibodies were purchased from eBiosciences. For FoxP3 
staining, splenocytes were treated by using Foxp3 staining 
Buffer kit (eBioscience, San Diego, CA) according to the 
manufacturer's instructions. After splenocytes were stained 
cell surface antigen, add Foxp3 Fixation/permeabilization 
working solution to each tube and incubate at 4℃ for 30 
min. After incubation, add 2 mL of 1× permeabilization 
buffer and centrifuge samples at 300 ×g at room tem- 
perature for 5 min. FITC conjugated ant-Foxp3 antibody 
was added, and incubate in the dark at room temperature 
for 30 min. Samples were acquired using a FACScaliburTM 
flow cytometer and CELLquestTM software, and FACS 
data was analyzed by Flowjo program. 

Statistical analysis 

The data are defined as the means ± S.E.M. Differences 
among the percentage of each immune cell population 
were analyzed using the two-tailed student's t-test. P values 
were considered significant at P<0.05:*, P<0.01:**, P< 
0.001:***. 

 
RESULTS 

Systemic lymphocytic population between tumor bearing 
mice and normal mice on day 21 

To check tumor area on day 21, we inoculated CT26 
mouse colorectal cancer cell on the flank of Balb/c mice. 
Tumors were measured with caliper on day 21. A palpable 
tumor was seen on 5~7 days after tumor cell inoculation. 
An average tumor area on day 21 is 98.9±17 mm2. 

To identify the change of systemic immune cell in tumor 
bearing mice, we analyze lymphocytic population (CD4, 
CD8) from the spleen. We prepared splenocytes from CT26 
tumor bearing mice and normal Balb/c mice on 21 days 
after tumor cell inoculation and conducted FACS analysis. 
The percentage of CD4+ and CD8+ T cell population of 
tumor bearing mice decreased 37% and 30% on day 21 
compared to that of normal mice (Fig. 1). 

Fig. 1. The distinction of T lymphocyte between tumor bearing
mice and normal mice. CT26 mouse colorectal cancer cells were 
administrated subcutaneously on the flank of Balb/c mice. The 
splenocytes were collected on 21 days after tumor inoculation, 
and a representative dot plot and the percentage of individual 
immune cell population (CD4, CD8 positive population) was 
analyzed by flow cytometry. Three mice are used for each experi-
ment group. The results are depicted as mean ± S.E.M. of three 
independent experiments. Tumor bearing mice versus normal mice;
*P<0.05. 
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Fig. 2. The variation of CD62L and CD49b expression in the CD8+ T cell on tumor bearing mice. Mice were treated by described
Fig. 1. The splenocytes were collected on 21 days after tumor cell inoculation and the percentage of individual immune cells was analyzed
by flow cytometry. (A) A representative dot plot and the percentage of CD62L expression in the CD4+ and CD8+ cell population. (B) A 
representative dot plot and the percentage of CD49b expression in the CD4+ and CD8+ cell population. Three mice are used for each 
experiment group. The results are defined as mean ± S.E.M. of three independent experiments. Tumor bearing mice versus normal mice; 
*P<0.05, **P<0.01, ***P<0.0001. 
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Fig. 3. The variation of myeloid cell on population tumor bearing mice. Mice were treated by described Fig. 1. The splenocytes were 
collected on 21 days after tumor cell inoculation and the percentage of individual immune cells was analyzed by flow cytometry. (A) A 
representative dot plot and the percentage of CD11b+ cell population. (B) The representative dot plot and the percentage of Gr-1+ cell 
population. (C) A representative dot plot and the percentage of Gr-1 expression in the CD11b+ cell population. Three mice are used for 
each experiment group. The results are defined as mean ± S.E.M of three independent experiments. Tumor bearing mice versus normal 
mice; *P<0.05, **P<0.01, ***P<0.0001. 
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Systemic T cell subpopulation between tumor bearing 
mice and normal mice on day 21 

Since tumor bearing mice decrease the percentage of 
lymphocytic cell population as previously well reported, 
we check the detail subpopulation of CD4+ and CD8+ T 
cells related to tumor growth. We collected splenocytes 
from tumor bearing mice and normal mice. On day 21 after 
tumor cell inoculation, total percentage of CD4+ T and 
CD8+ T cells decreased, and the overall distribution of 
CD4+ and CD8+ T cell subpopulation also decreased about 
37% and 35% in tumor bearing mice regardless of CD62L 
expression pattern, respectively (Fig. 2A). But, the per- 
centage of CD49b+CD4+ and CD49b+CD8+ T cell sub- 
population of tumor bearing mice increased about 73% and 
about 35% compared to that of normal mice, respectively. 
On day 21 after tumor inoculation, the percentage of 
CD49b+CD4low T cells of tumor bearing mice increased 
about 59% compared to that of normal mice (Fig. 2B). The 
percentage of CD49b-CD4+ T cell and CD49b-CD8+ T 
cell subpopulation decreased about 176% and 27% in tumor 
bearing mice, respectively. 

Systemic myeloid cell population between tumor bearing 
mice and normal mice on day 21 

To identify the change of systemic immune cell in tumor 
bearing mice, we analyze myeloid cell population (CD11b, 
Gr-1) from the spleen. The percentage of CD11bhigh cell 
population of tumor bearing mice increased 198% on day 
21 compared to that of normal mice, but the percentage of 
CD11blow cell population is not changed between them 
(Fig. 3A). The percentage of Gr-1low, Gr-1med, and Gr-1high 
cell population of tumor bearing mice increased 23%, 77%, 
and 300% on day 21 compared to that of normal mice. 
And we wanted to identify the detail subpopulation of 
CD11bGr-1 cell related to tumor growth. On 21 days after 
tumor administration, the percentage of CD11bhighGr-1low, 
CD11bhighGr-1med, and CD11bhighGr-1high cells of tumor 
bearing mice increased 143%, 178%, and 346% compared 
to that of normal mice, respectively (Fig. 3C). 

 

Systemic regulatory T cell subpopulation between tumor 
bearing mice and normal mice on day 21 

Since it is well reported that regulatory T cell population 

Fig. 4. The variation of Foxp3 and CD25 expression in the 
CD4+ T cell on tumor bearing mice. Mice were treated by 
described Fig. 1. The splenocytes were collected on 21 days after 
tumor cell inoculation and the percentage of individual immune 
cells was analyzed by flow cytometry. (A) A representative dot plot
of CD4+ cell population and Foxp3 and CD25 expression in the 
CD4+ cell population. (B) The percentage of Foxp3+CD25high and
Foxp3+CD25low CD4+ T cell population. Three mice are used for 
each experiment group. The results are defined as mean ± S.E.M.
of three independent experiments. Tumor bearing mice versus 
normal mice; *P<0.05. 
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is related to tumor progression, we check the detail sub- 
population of Foxp3CD25CD4+ T cells. We harvested 
splenocytes from tumor bearing mice and normal mice. On 
21 days after tumor administration, the overall population 
of CD4+ T cells significantly decreased compared to that 
of normal mice. But, in the CD4+ T cell population, the 
percentage of Foxp3+CD25high CD4+ T cell increased (Fig. 
4A). On 21 days after tumor inoculation, the percentage of 
Foxp3+CD25high CD4+ T cells of tumor bearing mice 
increased 36% compared to that of normal mice (Fig. 4B). 

 
DISCUSSION 

 
In this report, we showed the distinction of systemic 

immune cells between tumor bearing mice and normal 
mice, and identified the subpopulation of each immune cell 
related to tumor growth. 

As previously reported (Alexander et al., 1993; Kandil et 
al., 2001; Gabrilovich and Nagaraj, 2009), in our hands, 
lymphocytic cell (CD4+ and CD8+ T cell) population of 
tumor bearing mice significantly decreased on day 21 com- 
pared to that of normal mice (Fig. 1). These data suggest 
that tumor growth may influence the negative proliferation 
of lymphocytic cell population. 

The representative FACS data and the percentage of 
CD4+ and CD8+ T cells with CD62L expression showed 
that the percentage of both CD62L- (activated) T cell 
subpopulation and CD62L+ (naïve) T cell subpopulation 
remarkably decreased on day 21 irrespective of CD62L 
expression (Fig. 2A). These data showed that both activated 
T cells and naïve T cells are inhibited during tumor pro- 
gression. In case of CD49b (NK cell marker) expression, 
the percentage of CD49- T cell decreased. But, the per- 
centage of CD49b+CD4+ T cell and CD49b+CD8+ T cell 
increased (Fig. 2B). Our data show that NKT (T cell with 
CD49 expression) population expands during tumor pro- 
gression. This means that CD49b+ NKT cell population is 
related to inhibit tumor immunity. But the exact role of 
NKT cells involved in tumor growth is still controversial 
(Terabe and Berzofsky, 2008). In our study, CD49+ CD4low 
T cell subpopulation also increased. But, this cell subpopu- 
lation was not reported formerly, so much more research is 

required. 
Myeloid cells (CD11b+ and Gr-1+ cells) are hetero- 

geneous population, and are related to tumor progression 
(Gabrilovich and Nagaraj, 2009). CD11b+ cells are defined 
as granulocytic population. In our data, CD11b expression 
level is distinguished as CD11blow and CD11bhigh. Only 
CD11bhigh population is associated with tumor growth. Gr-1 
expression level is distinguished as Gr-1low, Gr-1med, and 
Gr-1high (Fig. 2A). All Gr-1+ population are associated with 
tumor growth. Especially, Gr-1med, and Gr-1high population 
remarkably increased during tumor progression (Fig. 2B). In 
case of CD11b+Gr-1+ cells, CD11bhighGr-1high and CD11b+ 
Gr-1med significantly increased. There is no difference of 
CD11blowGr-1- population between tumor bearing mice 
and normal mice. These data show that CD11b+Gr-1+ 
subpopulation are related to tumor progression. 

We identified the systemic change of Foxp3+CD25+ 
CD4+ T cell of tumor bearing mice. Our FACS data show 
that Foxp3+CD25+CD4+ T cell was divided Foxp3+ 
CD25high and Foxp3+CD25low subpopulation. Only the per- 
centage of Foxp3+CD25high CD4+ T cell subpopulation of 
tumor bearing mice was remarkably increased on day 21 
(Fig. 4A and 4B). These data showed that regulatory T 
cells defined as CD4+CD25+ T cells without regard to 
Foxp3 expression or Foxp3+CD25+ CD4+ T cell in the 
mouse tumor model were re-considered, and tumor bearing 
condition can induce the expansion of Foxp3+CD25high T 
cell to suppress the normal anti-tumor immune response. 

In summary, our data showed the differences of detail 
subpopulation of immune cells between tumor bearing 
mice and normal mice, and Foxp3+CD25high CD4+ T cells 
and CD11b+Gr-1+ cells are major immune cells involved 
in the promotion of tumor growth and the suppression of 
anti-tumor immune responses, especially. 
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