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Abstract  

 

Several chemotherapeutic drugs have immune-modulating effects. For example, 

cyclophosphamide (CP) and gemcitabine (GEM) diminish immunosuppression by 

regulatory T cells (Tregs) and myeloid-derived suppressor cells (MDSCs), respectively. 

Here, we show that intermittent (metronomic) chemotherapy with low-dose CP plus GEM 

can induce anti-tumor T cell immunity in CT26 colon carcinoma-bearing mice. Although no 

significant growth suppression was observed by injections of CP (100 mg/kg) at 8-day 

intervals or those of CP (50 mg/kg) at 4-day intervals, CP injection (100 mg/kg) increased 

the frequency of tumor peptide-specific T lymphocytes in draining lymph nodes, which was 

abolished by two injections of CP (50 mg/kg) at a 4-day interval. Alternatively, injection of 

GEM (50 mg/kg) was superior to that of GEM (100 mg/kg) in suppressing tumor growth in 

vivo, despite the smaller dose. When CT26-bearing mice were treated with low-dose (50 

mg/kg) CP plus (50 mg/kg) GEM at 8-day intervals, tumor growth was suppressed without 

impairing T cell function; the effect was mainly T cell-dependent. The metronomic 

combination chemotherapy cured one-third of CT26-bearing mice that acquired 

tumor-specific T cell immunity. The combination therapy decreased Foxp3 and arginase-1 

mRNA levels but increased IFN- mRNA expression in tumor tissues. The percentages of 

tumor-infiltrating CD45
+
 cells, especially Gr-1

high 
CD11b

+
 MDSCs, were decreased. These 

results indicate that metronomic chemotherapy with low-dose CP plus GEM is a promising 

protocol to mitigate totally Treg- and MDSC-mediated immunosuppression and elicit 

anti-tumor T cell immunity in vivo.  
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Introduction 

 

Recent advances in tumor immunology have identified immunosuppressive cells that 

inhibit anti-tumor immune responses in tumor-bearing hosts; these include CD4
+
 CD25

+
 

regulatory T cells (Tregs) and myeloid-derived suppressor cells (MDSCs) [1,2]. Tregs can 

act as suppressive cells in anti-cancer immunotherapy, and their presence at local tumor 

sites correlates with an unfavorable prognosis [3,4]. MDSC numbers also increase in 

cancer-bearing hosts, and can inhibit T cell responses in cancer patients [5,6]. For successful 

anti-cancer immunotherapy, immunosuppression mediated by these cells must be overcome, 

and several methods have been proposed. Treg-mediated immunosuppression can be 

relieved by antibodies [7-9] and several reagents are available that can reduce MDSC 

function [10-12].  

Given the tenet in chemotherapy that the maximum tolerated dose should be 

administered, conventional chemotherapy is inevitably associated with a risk of 

deterioration in immunological competence. However, new aspects to anti-cancer 

chemotherapy have been proposed recently. Some anti-cancer drugs, such as anthracylines, 

can stimulate and promote dendritic cells (DCs) to take up dying tumor cells and process 

tumor antigens [13-15]. This immunogenic tumor cell death is crucial for 

treatment-associated prognosis and for the survival of tumor-bearing hosts [16]. 

Alternatively, some chemotherapeutic drugs, including cyclophosphamide (CP) and 

gemcitabine (GEM), can modulate immune responses; CP can mitigate Treg-mediated 

immunosuppression when administered at low doses [17-21], while low-dose GEM 

selectively decreases MDSCs in cancer-bearing hosts [22]. Additionally, a unique protocol 

called metronomic chemotherapy [23], which involves intermittent administration of 

low-dose chemotherapeutic drugs, has been proposed. Mechanistically, metronomic 
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chemotherapy using low-dose CP is thought to reduce tumor angiogenesis by up-regulating 

the endogenous angiogenesis inhibitor, thrombospondin-1, in tumor and perivascular cells 

[24]. Moreover, metronomic chemotherapy with low-dose CP can relieve Treg-mediated 

immunosuppression in rodents and cancer patients [25.26]. In addition, metronomic 

chemotherapy with low-dose GEM can cause anti-tumor effects [27].  

In this study, we determined whether metronomic chemotherapy with low-dose CP 

plus GEM could mitigate Treg- and MDSC-mediated immunosuppression concurrently 

using CT26 colon carcinoma-bearing mice as a model. Our findings indicate that this 

chemotherapy does not impair T cell function, but rather efficiently elicits anti-tumor T cell 

immunity in vivo. These results indicate that metronomic chemotherapy with low-dose CP 

plus GEM is a promising protocol to mitigate totally Treg- and MDSC-mediated 

immunosuppression and elicit anti-tumor T cell immunity in tumor-bearing hosts.  

 

Materials and Methods 

 

Mice and tumor cell lines. BALB/c and BALB/c nu/nu female mice (H-2
d
: 6–7 weeks 

old) were purchased from CLEA Japan, Inc. (Tokyo, Japan) and Japan SLC, Inc. 

(Hamamatsu, Japan), respectively. Mice were kept under specific pathogen-free conditions. 

Experiments were performed according to the ethical guidelines for animal experiments of 

the Shimane University Faculty of Medicine. CT26 and RENCA are colon and renal cell 

carcinoma cell lines of BALB/c mouse origin, respectively. They were maintained in RPMI 

1640 supplemented with 10% fetal bovine serum.  

Therapy protocol.  BALB/c mice were injected subcutaneously (s.c.) into the right 

flank with 5×10
5
 CT26 cells. On the indicated days, the mice received an intraperitoneal 

(i.p.) injection of CP (Shionogi Co. Ltd., Osaka, Japan) and/or GEM (Selleck Chemicals, 
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Houston, TX, USA) at the indicated doses. In some experiments, CP and/or GEM were 

administered i.p. with either a 4- or 8-day interval between administrations. Following 

tumor inoculation, tumor size (mm
2
) was measured twice weekly. 

In vitro culture of tumor-draining lymph node (LN) cells and ELISA. To test for 

specific T cell responses against a tumor antigen, an H-2L
d
-binding peptide (SPSYVYHQF) 

derived from the envelope protein (gp70) of an endogenous murine leukemia virus was used. 

This specific peptide is referred to as a CT26-associated tumor-derived peptide [28], and is 

designated AH1. Measles virus hemagglutinin (SPGRSFSYF) was used as an 

H-2L
d
-binding control peptide. All peptides showed >80% purity and were purchased from 

Invitrogen Corp., Carlsbad, CA, USA. For ELISA, tumor-draining LNs were harvested, 

pooled, and stimulated in vitro with the indicated peptides for three days, with 5×10
5
 

cells/well in 96-well flat plates. An ELISA MAX
TM

 Set Deluxe (BioLegend, San Diego, CA, 

USA) was used to determine IFN- levels in the culture supernatants.   

Flow cytometry. The spleen cells of BALB/c mice that had been injected i.p. with 50 

mg/kg CP and/or GEM were harvested and their subsets were determined by flow cytometry 

using the following monoclonal antibodies (mAbs):  PE-conjugated anti-CD4 mAb (AbD 

Serotec, Oxford, UK), FITC-conjugated anti-CD8 mAb (Southern Biotech, Birmingham, 

AL, USA), FITC-conjugated anti-B220 mAb (BioLegend, San Diego, CA, USA), and 

PE-conjugated anti-CD11b mAb (BioLegend). In some experiments, tumor-infiltrating 

immune cells were analyzed. Ten days after tumor inoculation, CP and/or GEM was 

injected i.p.. Two days after the CP and/or GEM injection, tumor tissues were harvested. 

The tumors were minced using slide glasses, passed through gauze mesh, and stained with 

the following mAbs: APC-conjugated anti-CD45 mAb (BioLegend), FITC-conjugated 

anti-Gr-1 mAb (R&D systems, Minneapolis, MN, USA), and PE-conjugated anti-CD11b 

mAb. The stained cells were analyzed by FACScaliber flow cytometry (Becton-Dickinson, 
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Fullerton, CA, USA).  

In vitro stimulation with anti-CD3 mAb. Spleen cells from BALB/c mice that were 

injected i.p. with 50 mg/kg CP and GEM were harvested and cultured for two days in 

96-well plates pre-coated with an anti-CD3 mAb (clone 145-2C11; BioLegend) with 5×10
5
 

cells/well. Thereafter, the IFN- level in the supernatant was determined by ELISA.  

In vitro mixed culture with tumor cells. Spleen cells (5×10
5
 /well) from naïve mice 

or mice that were cured CT26 by the metronomic combination therapy were cultured with 

inactivated CT26 or RENCA cells (5×10
4
 /well) for three days. CT26 and RENCA cells 

were inactivated by culturing in the presence of 100 g/ml mitomycin-C (MMC; Kyowa 

Hakko Co. Ltd., Japan) for 2 h. The IFN-level in the supernatant was then determined by 

ELISA.  

Real-time PCR. Total RNA was isolated using TRIzol (Invitrogen Corp.), according to 

the manufacturer’s instructions. First-strand cDNA was generated using the Superscript III 

First-Strand Synthesis System (Invitrogen) and random primers, and amplified using 

Platinum Tag DNA polymerase (Invitrogen) with EXPRESS SYBR GreenER qPCR 

SuperMixes (Invitrogen). Real-time PCR was carried out in duplicate using the ABI PRISM 

7000 Sequence Detection System. Thermal cycling included an initial denaturation step of 2 

min at 95
o
C, followed by 40 cycles of 95

o
C for 15 sec, and 60

o
C for 1 min. mRNA levels 

relative to that of -actin were calculated. The following primers (sense and antisense, 

respectively) were used for IFN-: 5’-TCAAGTGGCATAGATGTGGAAGAA-3’ and 

5’-TGGCTCTGCAGGATTTTCATG-3’;  

for Foxp3: 5’-TGCAGGGCAGCTAGGTACTTGTA-3’ and 

5’-TCTCGGAGATCCCCTTTGTCT-3’;  

for arginase-1: 5’- CAGAAGAATGGAAGAGTCAG -3’ and  

5’-CAGATATGCAGGGAGTCACC -3’;  
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and for -actin: 5’- AGAGGGAAATCGTGCGTGAC-3’ and 

5’-CAATAGTGATGACCTGGCCGT-3’.   

       Protective models. To test for protective immunity against CT26, CT26-cured mice 

after metronomic combination therapy were injected s.c. with 2×10
5
 CT26 cells 60 days 

after the initial tumor inoculation.  

Statistics.  Data were evaluated using unpaired two-tailed Student’s t-test or ANOVA 

with Dunnett’s post-hoc test.  A P value of less than 0.05 was considered statistically 

significant. 

 

Results  

  

Anti-tumor effects induced by intermittent injections of CP  

We first compared the anti-tumor effects induced by i.p. injection of CP administered at 

either 8-day (100 mg/kg) or 4-day (50 mg/kg) intervals against established CT26 tumor 

cells (Fig. 1a). Although the tumor size in mice that were treated with CP (100 mg/kg) at 

8-day intervals was smaller than those of untreated mice and of mice that were treated with 

CP (50 mg/kg) at 4-day intervals, no significant difference was observed.  We next tested the 

reactivity of tumor peptide-specific T cells from the draining LNs of mice that had been 

treated using several protocols. We tested the response to an H-2L
d
-binding AH1 peptide 

derived from the envelope protein (gp70) of an endogenous murine leukemia virus [27]. 

Tumor-draining LNs from groups of mice were pooled and cultured in vitro with each of the 

indicated peptides (Fig. 1b). In the draining LN cells from mice that were treated with CP 

(100 mg/kg) four days before (group-4), AH1 peptide-specific IFN- production was 

observed, whereas reactivity was not observed when the draining LNs were harvested eight 

days after the injection of CP (100 mg/kg) (group-5). Interestingly, the draining LN cells 
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that were harvested four days after the second injection of CP (50 mg/kg) exhibited no 

reactivity to the AH1 peptide (group-6). Taken together, these results indicate that injections 

with 8-day intervals are superior in eliciting tumor peptide-specific T cell immunity in vivo 

over those with 4-day intervals between injections.  

 

Anti-tumor effects induced by the injection of low-dose GEM against established 

CT26 tumor cells 

Next we examined the anti-tumor effects induced by i.p. injection of GEM at a dose of 

either 50 or 100 mg/kg (Fig. 2). Injection of GEM (50 mg/kg) suppressed tumor growth 

significantly when the tumor size was evaluated on day 30 after tumor inoculation. 

Although the tumor size decreased to almost half of the untreated control following 

injection of GEM (100 mg/kg), the difference was not significant. These results indicate that 

despite the smaller dose, GEM at 50 mg/kg is therapeutically superior to GEM at 100 mg/kg 

in suppressing tumor growth in vivo. 

  

Anti-tumor effects of metronomic chemotherapy with low-dose CP plus GEM 

Before testing the anti-tumor effects of low-dose CP plus GEM, we examined how this 

therapy affects immune cells. The number of spleen cells from mice that had been injected 

i.p. with low-dose CP and GEM on day -2 (once) or on days -10 and -2 (twice) showed a 

slight increase, but not significant (Fig. 3a). The combination therapy significantly 

decreased the percentage of CD11b
+
 monocytes in the spleen but did not alter CD4

+
 T cell, 

CD8
+
 T cell, or B220

+
 B cell numbers. Additionally, one or two injections of low-dose CP 

plus GEM did not interfere with the ability of splenic T cells to produce IFN- (Fig. 3b), 

suggesting that the combination of CP plus GEM chemotherapy at a dose of 50 mg/kg did 

not suppress T cell function.  
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Next, we examined the anti-tumor effects of low-dose (50 mg/kg) CP and/or GEM 

administered with 8-day intervals between injections. Although either CP or GEM alone 

suppressed tumor growth significantly, metronomic chemotherapy with CP plus GEM 

further suppressed tumor size to close to half that resulting from a single therapy (Fig. 4a 

and 4b). As shown in Fig. 4c, two injections of CP and GEM at an 8-day interval delayed 

tumor growth significantly in nude mice. However, the ‘plateau’ of growth suppression seen 

with wild-type BALB/c mice was not observed in nude mice, suggesting that T cells 

mediate the continuous growth suppression of CT26 in BALB/c mice seen after the 

metronomic combination chemotherapy.  

We next tested the response of tumor peptide-specific T cells in CT26-carrying mice 

that had received different treatment protocols (suppl. Fig.1). LN cells from mice treated 

with CP alone or CP plus GEM four days before LN harvesting produced AH1 

peptide-specific IFN- (groups-5 and -6). However, the draining LN cells from mice treated 

with GEM alone four days before LN harvesting failed to show AH1 peptide-specific 

reactivity (group-2). These results suggest that CP is more potent than GEM in inducing 

tumor peptide-specific and class I-restricted T cells in draining LNs in vivo.  

 

Tumor-specific T cell immunity in CT26-cured mice after metronomic low-dose CP 

plus GEM chemotherapy   

We next determined whether protective immunity was induced in CT26-cured mice 

after metronomic chemotherapy. As shown in Fig. 5a, when 24 CT26-bearing mice were 

treated with metronomic chemotherapy with low-dose CP plus GEM three times, CT26 

tumors were cured in eight. Furthermore, when six of these mice were challenged with 

CT26 60 days after the initial tumor inoculation, all mice rejected the tumor. Spleen cells 

from two mice that cured the CT26 tumor were cultured with inactivated CT26 or RENCA 
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cells, as controls, and their IFN- production was examined (Fig. 5b). IFN- production by 

the spleen cells from CT26-cured mice decreased upon addition of RENCA cells, but was 

restored significantly by addition of CT26 cells. In contrast, IFN- production by spleen 

cells from naïve mice decreased due to the addition of either CT26 or RENCA cells at 

similar levels. Given the non-specific suppressive effects of the inactivated tumor cells, 

these results suggest that CT26-cured mice have CT26-specific T cells capable of 

conferring protective immunity following metronomic chemotherapy.  

 

Mitigation of immunosuppression in tumor sites after the combination therapy   

We finally determined the effects of therapy with low-dose CP and/or GEM on the 

tumor microenvironment (Fig. 6a). Tregs and MDSCs in tumor tissues were evaluated by 

examining levels of Foxp3 and arginase-1 mRNA, respectively. As expected, injection of 

CP with or without GEM decreased Foxp3 mRNA expression, and injection of GEM with or 

without CP decreased arginase-1 mRNA expression. Although GEM alone increased 

mRNA expression of IFN- considerably, but not significantly, CP either with or without 

GEM significantly increased IFN- mRNA, suggesting that CP is superior to GEM in 

restoring T cell immunity. 

 We also examined tumor-infiltrating immune cells after the combination therapy by 

gating on CD45
+
 cells (Fig. 6b). The percentage of CD45

+
 immune cells in tumor tissues 

decreased after injection of either therapy, but the combination therapy decreased the 

percentage most efficiently. Given that the combination therapy did not have a suppressive 

effect on spleen cell numbers (Fig. 3a), the CP and GEM combination therapy preferentially 

decreased the tumor-infiltrating immune cells. When CD11b
+
 cells were divided into 

Gr-1
low

 and Gr-1
high

 cells, the combination therapy increased the relative percentage of 

Gr-1
low

 CD11b
+
 cells in tumor-infiltrating CD45

+
 cells. In contrast, although the 
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combination therapy failed to change the percentage of Gr-1
high

 CD11b
+
 cells amongst the 

tumor-infiltrating CD45
+
 cells, injection of GEM significantly decreased the percentage of 

Gr-1
high

 CD11b
+
 cells in tumor tissues. 

 

Discussion  

 

In this study, we determined the effects of metronomic combination chemotherapy with 

low-dose CP plus GEM in mitigating Treg- and MDSC-mediated immunosupression using 

CT26 colon carcinoma-bearing mice. Although no significant difference in the tumor size 

was observed between two protocols, intermittent injections of CP (100 mg/kg) at 8-day 

intervals and those of CP (50 mg/kg) at 4-day intervals (Fig. 1a), the former protocol 

induced tumor peptide-specific T cells in draining LNs of CT26-bearing mice more 

efficiently than did the latter protocol (Fig. 1b). CP (50 mg/kg) administered at 4-day 

intervals may deplete tumor peptide-specific T cells after the second injection. Potentially, 

the first CP injection may destroy part of the tumor and mitigate Treg-mediated 

immunosuppression, resulting in efficient priming and vigorous proliferation of tumor 

peptide-specific T cells. Then these T cells may be depleted by the second injection of CP. In 

support of this hypothesis, antigen-stimulated and proliferating T cells can be preferentially 

destroyed by an injection of CP [29,30]. On the other hand, no tumor peptide-specific T cell 

responses were observed in draining LNs of tumor-bearing mice eight days after the CP 

injection, suggesting that the Tregs re-emerged eight days after the first CP injection. These 

results suggest that intermittent injections of low-dose CP, with an 8-day interval, could 

continuously mitigate Treg-mediated immunosuppression in CT26-bearing mice. We also 

compared the anti-tumor effects induced when GEM was administered at a dose of either 50 

or 100 mg/kg (Fig. 2), and found that the lower dose (50 mg/kg) GEM was superior. This 
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result indicates that GEM at 50 mg/kg is therapeutically superior to higher doses in 

suppressing tumor growth in vivo without impairing immunological competence.   

 The main purpose of this study was to determine the anti-tumor effects of metronomic 

combination chemotherapy with low-dose CP and GEM. To this end, we first confirmed that 

the combination therapy of CP (50 mg/kg) and GEM (50 mg/kg) once or twice with an 

8-day interval showed no immunosuppressive effect on T cell function in vivo (Fig. 3).  

Although the metronomic chemotherapy with either low-dose CP or GEM alone suppressed 

tumor growth significantly, the tumor size was almost half of them when mice were treated 

with the metronomic combination chemotherapy with low-dose CP plus GEM (Fig. 4a and 

4b). Moreover, no ‘plateau’ of suppression of tumor growth was observed when 

CT26-bearing nude mice were treated with the metronomic combination chemotherapy (Fig. 

4c). Furthermore, one-third of CT26-bearing mice were cured after the metronomic 

combination chemotherapy, and they acquired protective immunity against CT26 cells (Fig. 

5a), by inducing anti-CT26 specific T cells (Fig. 5b). Thus, T cells play a crucial role in the 

in vivo anti-tumor effects induced by the metronomic combination chemotherapy with 

low-dose CP plus GEM.  

We examined the effects of the combined chemotherapy with low-dose CP plus GEM 

on the tumor microenvironment using real-time PCR (Fig. 6a). Injection of CP or GEM 

decreased Foxp3 and arginase-1 mRNA expression, respectively, but the combined 

chemotherapy with both drugs decreased arginase-1 mRNA expression most profoundly. 

Although MDSCs have the potential to develop tumor-induced Tregs [31,32], injection of 

GEM had no definite effect on Foxp3 mRNA expression in tumor tissues. The increased 

expression of IFN- mRNA seemed dependent on CP. We also examined tumor-infiltrating 

immune cells, focusing on MDSCs (Fig. 6b), because there have already been many reports 

showing that low-dose CP can decrease Tregs in tumor-bearing hosts [17-21]. Injection of 
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either low-dose CP and/or GEM decreased the percentage of tumor-infiltrating immune 

cells significantly. When MDSCs were divided into monocytic Gr-1
low

 CD11b
+
 cells and 

granulocytic Gr-1
high

 CD11b
+ 

cells [33,34], the relative percentage of Gr-1
low

 CD11b
+
 

monocytic MDSCs in tumor-infiltrating CD45
+
 immune cells increased after therapy with 

CP and GEM. In contrast, chemotherapy with GEM, with or without CP, significantly 

decreased the relative percentage of Gr-1
high

 CD11b
+
 granulocytic MDSCs. These lines of 

evidence indicate that low-dose CP, but not GEM, restores the ability of T cells to produce 

IFN- by mitigating Treg-mediated immunosuppression, and that GEM decreased 

granulocytic Gr-1
high

 CD11b
+
 MDSCs in the tumor microenvironment.  

In conclusion, we demonstrated that metronomic chemotherapy with low-dose CP plus 

GEM can mitigate Treg- and MDSC-mediated immunosuppression concurrently, resulting 

in the in vivo induction of anti-tumor T cell immunity. Since both drugs have been widely 

used as anti-cancer drugs against various types of malignancies, this type of chemotherapy 

could be safely applied clinically with or without current anti-cancer immunotherapies.   
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Figure Legends 

 

 

 

Figure 1.  Anti-tumor effects induced by intermittent injections of low-dose CP.  

(a) BALB/c mice were injected s.c. with 5×10
5
 CT26 cells into the right flank. On day 10, 

mice were injected i.p. with either CP (100 mg/kg) with an 8-day interval, or CP (50 mg/kg) 

with a 4-day interval between injections. Arrows indicate the CP injection. Tumor size 

(mm
2
) was measured twice weekly. Each group consisted of six or eight mice, and lines 

represent tumor growth. The means + SD of the results on day 34 after tumor inoculation are 

shown. Similar results were obtained in three experiments. N.S., not significant by ANOVA 

with Dunnett’s post-hoc test.  (b) BALB/c mice were injected s.c. with 5×10
5
 CT26 cells 

into the right flank. On the indicated days, mice were injected i.p. with CP (50 or 100 

mg/kg) and draining LNs were harvested, pooled, and stimulated in vitro with the AH1 or 

the control peptide. After three days, IFN- levels in the supernatant were determined by 

ELISA. Each group consisted of three mice. *P < 0.05 indicates statistical significance by 

Student’s t-test.  
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Figure 2. Injection of low-dose GEM suppresses tumor growth in vivo.   

BALB/c mice were injected s.c. with 5×10
5
 CT26 cells into the right flank. On day 10, mice 

were injected i.p. with GEM (50 or 100 mg/kg). Arrows indicate the injection of GEM. 

Tumor size (mm
2
) was measured twice weekly. Each group consisted of five or six mice, 

and lines represent tumor growth in each mouse. The means + SD of the results on day 30 

after tumor inoculation are also shown. Similar results were obtained in two experiments.  

*P < 0.05 indicates statistical significance by ANOVA with Dunnett’s post-hoc test. N.S., 

not significant.  
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Figure 3. No suppressive effect of the combination chemotherapy with low-dose CP 

plus GEM on splenic T cell function. 

(a) Naïve BALB/c mice were injected i.p. with CP (50 mg/kg) and GEM (50 mg/kg) on the 

indicated days. Spleen cells were harvested, counted, and analyzed by flow cytometry. Each 

group consisted of four mice. *P < 0.05 indicates statistical significance by Student’s t-test. 

(b) Spleen cells from individual mice were cultured in anti-CD3 mAb-coated wells for two 

days, and IFN- levels in supernatants were determined by ELISA. Numbers represent 

individual mice.  
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Figure 4. Injections of low-dose CP and GEM with an 8-day interval suppress tumor 

growth.  

 (a) BALB/c mice were injected s.c. with 5×10
5
 CT26 cells into the right flank. Ten days 

later, these mice were injected i.p. with CP (50 mg/kg) and/or GEM (50 mg/kg) with an 

8-day interval between injections. Arrows represent the injections. Tumor size (mm
2
) was 

measured twice weekly. Each group consisted of six or seven mice, and lines represent 

tumor growth. (b) The mean + SD of the results on day 42 after tumor inoculation are shown. 

*P < 0.05 indicates statistical significance by ANOVA with Dunnett’s post-hoc test. Similar 

results were obtained in three experiments. (c) BALB/c nude mice were injected s.c. with 

5×10
5
 CT26 cells into the right flank. On days 8 and 16, these mice were injected i.p. with 

CP (50 mg/kg) and GEM (50 mg/kg). Arrows indicate the injections of CP and GEM. Each 

group consisted of five mice. *P < 0.05 indicates statistical significance by Student’s t-test.   
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Figure 5. Tumor-specific T cell immunity in CT26-cured mice after metronomic 

combination chemotherapy.   

(a) BALB/c mice were injected s.c. with 5×10
5
 CT26 cells into the right flank. On days 10, 

18, and 26, these mice (n = 24) were injected i.p. with CP (50 mg/kg) and GEM (50 mg/kg). 

Arrows indicate the injections. Tumor size (mm
2
) was measured twice weekly. Lines 

represent tumor growth. Six mice that cured of CT26 were inoculated s.c. with 2×10
5
 CT26 

cells 60 days after the initial tumor inoculation. Inset shows the tumor growth in naïve 

BALB/c mice that were inoculated s.c. with 2×10
5
 CT26 cells. (b) Spleen cells from naïve 

or CT26-cured mice were cultured with MMC-treated CT26 or RENCA cells for three days, 

and IFN- levels in supernatants were determined by ELISA. Numbers represent individual 

mice. *P < 0.05 indicates statistical significance by Student’s t-test. 
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Figure 6. Effects of the combination therapy of CP and GEM on tumor-infiltrating 

immune cells.  

(a) BALB/c mice were injected s.c. with 5×10
5
 CT-26 cells into the right flank. On day 10, 

mice were injected i.p. with CP and/or GEM at a dose of 50 mg/kg. Two days later, tumor 

tissues were collected and mRNA expression was evaluated by real-time PCR. Each group 

consisted of five mice.  *P < 0.05 and **P < 0.01 indicate statistical significance by 

Student’s t-test. (b) Tumor tissue cell suspensions were stained with FITC-conjugated 

anti-Gr-1 mAb, PE-conjugated anti-CD11b mAb, and APC-conjugated anti-CD45 mAb, 

and the percentage of tumor-infiltrating immune cells was determined (upper, left).  CD45
+
 

cells were sub-divided (upper, right) into Gr-1
low 

CD11b
+
 or Gr-1

high 
CD11b

+
 cells. Each 

group consisted of four mice. *P < 0.05 and **P < 0.01 indicate statistical significance by 

Student’s t-test.  


