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Abstract
AIM: To investigate whether cisplatin (DDP) enhances 
the anti-tumor activity of cytokine- induced killer (CIK) 
cells in a murine colon adenocarcinoma model.

METHODS: Tumor size and weight served as indica-
tors of therapeutic response. Immunohistochemistry 
was performed to observe intratumoral lymphocyte 
infiltration and tumor microvessel density. Changes in 
the percentage of regulatory T (Treg) cells within the 
spleens of tumor-bearing mice preconditioned with 
DDP were monitored using flow cytometry.

RESULTS: A marked T cell-dependent, synergistic anti-
tumor effect of the combined therapy was observed 
(1968 ± 491 mm3 vs  3872 ± 216 mm3; P  = 0.003). 
Preconditioning chemotherapy with DDP augmented the 
infiltration of CD3+ T lymphocytes into the tumor mass 
and reduced the percentage of both intratumoral and 
splenic Treg cells.

CONCLUSION: Preconditioning with DDP markedly en-

hances the efficacy of adoptively transferred CIK cells, 
providing a potential clinical modality for the treatment 
of patients with colorectal cancer.
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INTRODUCTION
Colorectal cancer is one of  the most common malignan-
cies in the world[1]. Despite advances in surgery, chemo-
therapy and radiotherapy, the prognosis of  the  patients 
with advanced colorectal cancer remains poor[2,3]. There-
fore, new and effective treatment modalities, such as im-
munotherapy, are urgently needed.

Cytokine-induced killer (CIK) cells are ex vivo-expanded 
T lymphocytes that share phenotypic and functional prop-
erties with both natural killer (NK) and T cells[4]. CIK 
therapy is a promising approach for the treatment of  a 
broad array of  malignant hematopoietic diseases and solid 
tumors[4-8]. However, clinical trials in CIK therapy did not 
show any noticeable improvement in cure rates or long-
term survival[6-8], suggesting that the treatment needs to be 
refined to maximize its efficacy. 

Recent advances in molecular immunology have un-
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masked the crucial mechanisms that inhibit anti-tumor 
immune responses in vivo. In particular, regulatory T (Treg) 
cells, which are a distinct lymphocyte lineage that inhibits 
both adaptive and innate immunity[9], have received a great 
deal of  attention. Treg cells can also hinder the anti-tumor 
activity of  CIK cells[10,11]. Thus, strategies aimed at deplet-
ing Treg cells may increase the efficacy of  CIK cells.

A number of  studies have shown that some chemo-
therapeutic agents, in addition to their direct cytotoxic ef-
fects on tumor cells, possess the ability to modulate anti-
tumor immune responses[12,13]. Cisplatin (DDP) is one of  
the conventional anticancer agents endowed with immu-
nomodulating features. It can sensitize tumor cells to lysis 
by NKG2D-expressing lymphocytes by up-regulating the 
expression of  the NKG2D ligand (NKG2DL) on tumor 
cells[14]. It may also increase the vulnerability of  tumor cells 
to Fas ligand (FasL)-positive immune effectors by increas-
ing Fas expression on the targets[15]. However, there have 
been no studies characterizing the potential suppressive 
effects of  DDP on Treg cells.

In this study, to investigate whether DDP can enhance 
the anti-tumor activity of  CIK cells, we used a combined 
therapy consisting of  pretreatment with DDP followed by 
adoptive CIK therapy in a murine colon adenocarcinoma 
model. A marked T cell-dependent synergistic anti-tumor 
effect was observed. Preconditioning chemotherapy with 
DDP also increased the infiltration of  CD3+ T lympho-
cytes into the tumor mass and reduced the percentage 
of  both intratumoral and splenic Treg cells, suggesting a 
potential mechanism underlying the immunostimulatory 
capacity of  DDP. These results provide an immunologi-
cal rationale for the combined chemoimmunotherapy and 
suggest a potential clinical modality for the treatment of  
patients with colorectal cancer.

MATERIALS AND METHODS
Animals
BALB/c wild type (WT) and BALB/c nu/nu male mice 
were purchased from the Chinese Academy of  Military 
Medical Sciences (Beijing, China), and those at 6-8 wk of  
age were used for the experiment. All mice were main-
tained at controlled temperature and humidity, with a 12 h 
light-dark cycle, and sterile food and water ad libitum. The 
animal studies were conducted in accordance with the Ani-
mal Experiment Guidelines of  the Ethics Committee of  
Jingling Hospital.

Tumor cells
Murine CT-26 colon adenocarcinoma cells were obtained 
from the Shanghai Institute of  Biochemistry and Cell Biol-
ogy (Shanghai, China) and maintained in cRPMI-1640 (Hy-
clone, Waltham, MA, USA) supplemented with 10% fetal 
calf  serum, 100 U/mL penicillin and 100 μg/mL strepto-
mycin at 37℃ in a humidified atmosphere of  5% CO2.

Generation of Cytokine-induced killer cells
Murine CIK cells were obtained as previously described[16]. 

Briefly, spleen single cell suspensions were prepared from 
BALB/c WT mice and enriched for lymphocytes by Ficoll-
Hypaque (Beijing Chemical Reagents Company, Beijing, 
China) density gradient centrifugation. Cells were then 
resuspended in cRPMI-1640 medium supplemented with 
1000 U/mL interferon γ (PEPROTECH, Rocky Hill, NJ, 
USA) on the first day of  culture. After 24 h, interleukin-2 
(PEPROTECH, Rocky Hill, NJ, USA) and an anti-CD3 
antibody (eBioscience, San Diego, CA, USA) were added 
at 500 U/mL and 50 ng/mL, respectively. Thereafter, 
cRPMI-1640 supplemented with interleukin-2 (300 U/mL) 
was added every other day for two weeks and to generate 
CIK cells.

In vivo experimental design
CT-26 cells (1 × 106/100 mL phosphate buffered saline) were 
subcutaneously  inoculated into the right flank of  BALB/c 
WT and BALB/c nu/nu mice. When tumors became ap-
proximately 5 mm in mean diameter, animals were randomly 
divided into four groups,  five in each group, and subjected 
to the corresponding treatment. The preconditioning chemo-
therapy used in this study was a single intraperitoneal injec-
tion of  2.5 mg/kg DDP; and adoptive immunotherapy con-
sisted of  two intravenous transfusions of  CIK cells at a 1-d 
interval (4 × 106 cells per dose in a total volume of  100 mL).  
The treatment scheme of  each group is shown in Figure 1 
and the detailed grouping was as follows: (1) Group normal 
saline (NS), treated with normal saline; (2) Group CIK, treat-
ed with CIK cells alone; (3) Group DDP, treated with DDP 
alone; and (4) Group DDP-CIK, preconditioned with DDP 
followed by transfusion of  CIK cells. The tumor size (mm) 
was measured every other day using a caliper and tumor vol-
ume was calculated as: 0.5 × length × width2.

Immunohistochemical analysis
Twenty days after the treatment, the tumor mass was ex-
cised, fixed in 10% formalin, embedded in paraffin and sec-
tioned  at 3 μm for histological and immunohistochemical 
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Figure 1  Treatment scheme. BALB/c WT or BALB/c nu/nu mice were injected s.c 
with 1 × 106 CT-26 cells on Day 7 and were treated with the respective regimens 
according to the treatment scheme. Group cytokine-induced killer cells (CIK) re-
ceived two i.v infusions of 4 × 106 CIK cells at a 1-d interval; Group cisplatin (DDP) 
was treated with DDP (2.5 mg/kg, i.p); Group DDP-CIK was given preconditioning 
DDP followed by infusions of CIK cells 3 d later; Group normal saline (NS) was 
treated with normal saline as control.
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studies. Anti-CD3 (1:500, rat monoclonal, Abcom, Cam-
bridge, MA, USA), anti-FoxP3 (1:1000, rabbit polyclonal, 
Abcom, Cambridge, MA, USA) and anti-CD31 antibodies 
(1:100, rat polyclonal, Abcom, Cambridge, MA, USA) were 
used for immunostaining. All procedures were carried out 
according to the manufacturer’s instructions. Images of  
the sections were acquired using an Olympus BX-60 mi-
croscope to determine the CD3+, FoxP3+ or CD31+ cell 
density. The number of  positive cells was counted in 10 in-
dependent fields (0.16 mm2 at ×400 magnification) within 
each section by two independent observers.

Flow cytometry
Spleen single cell suspensions were prepared from untreated 
or DDP-pretreated tumor-bearing mice at the indicated time 
points and enriched for lymphocytes using Ficoll-Hypaque 
density gradient centrifugation. A mouse regulatory T cell 
staining kit (eBioscience, San Diego, CA, USA) was used 
to determine the percentage of  Treg cells. All operations 
were performed according to the manufacturer’s instruc-
tions. Phenotypic analysis of  splenocytes was performed 
using a FACSCalibur (BD Biosciences, San Jose, CA, USA). 
Splenic lymphocytes were gated by plotting forward vs side 
scatter and then by the expression of  CD4 and CD25. 
CD4+CD25hi T cells were further analyzed for expression of  
FoxP3. Ten thousands gated events  were collected and ana-
lyzed using CellQuest software (BD Biosciences, San Jose, 
CA, USA). The following conjugated antibodies were used: 
PE-conjugated anti-FoxP3, FITC-conjugated anti-CD4, 
APC-conjugated anti-CD25, and isotype-matched controls 
(eBioscience, San Diego, CA, USA).

Statistical analysis
Differences between groups were compared using ANO-
VA, and LSD was used for multiple mean comparisons. A 
P value < 0.05 was considered significant. Statistical analy-
sis was conducted using SPSS software v13.0 (SPSS Inc., 
Chicago, Illinois, USA).

RESULTS
DDP pretreatment and CIK therapy synergistically inhib-
its tumor growth in BALB/c WT mice
To investigate whether DDP pretreatment enhanced the an-
ti-tumor activity of  CIK therapy, CT-26 carcinoma-bearing 
BALB/c WT mice were injected i.p. with DDP and then 
i.v. with CIK cells. Tumor size change was monitored every 
other day throughout experiment (Figure 2A, left panel). On 
Day 19, the tumor mass was isolated (Figure 2B, left panel). 
Treatment with either DDP or CIK cells alone inhibited 
tumor growth compared with the NS control (Figure 2, left 
panel). However, a significantly greater inhibition of  tumor 
growth was observed after the combined therapy in terms 
of  tumor volume (Figure 2C, left panel) and tumor weight 
(Figure 2D, Left panel) compared with that seen in the 
single regimen or the NS control.

T cells are required for synergistic anti-tumor effect of 
the combined therapy
Previous studies showed that an intact immune system is 
essential for the immunostimulatory anti-tumor effects of  
chemotherapeutic agents[17,18]. To examine the mechanisms 
by which DDP treatment increased the efficacy of  CIK 
therapy, the combined treatment protocol (DDP pretreat-
ment plus CIK therapy) was also evaluated in a CT-26 car-
cinoma-bearing nude mouse model (Figure 2, right panel). 
With no treatment, the intrinsic tumor growth pattern in 
nude mice was similar to that in WT mice (Figure 3). In the 
therapeutic setting, tumor volume was monitored every 
other day (Figure 2A, right panel) up until Day 19, when 
the tumor mass was isolated (Figure 2B, right panel). DDP 
treatment efficiently inhibited tumor growth in WT mice 
(Figure 2, left panel) but showed only minor inhibitory ef-
fects on tumor growth in nude mice (Figure 2, right panel). 
In addition, CIK therapy alone did not inhibit tumor 
growth (Figure 2, right panel) when compared with the NS 
control. Moreover, no synergy between DDP treatment 
and CIK therapy was observed in the nude mice (Figure 2, 
right panel).

DDP enhances accumulation of CD3+ T lymphocytes 
within tumor mass
Since the synergistic anti-tumor effects of  the combined 
therapy rely on the presence of  T lymphocytes, we analyzed 
the intra-tumoral accumulation of  lymphocytes. Tumor 
tissues from all the experimental groups were removed on 
Day 19 and CD3 was used as a specific marker for counting 
T lymphocytes (Figure 4A). Tumor tissues from untreated 
hosts were infiltrated by a small number of  CD3+ T lym-
phocytes, and DDP or CIK treatment alone only slightly 
increased the density of  intratumoral CD3+ T lymphocytes, 
but this was not significant. In contrast, DDP pretreatment 
combined with CIK therapy reversed this phenomenon, 
significantly enhancing the influx of  CD3+ T lymphocytes 
into the tumor parenchyma (Figure 4B). This was consis-
tent with the marked retardation of  tumor growth seen in 
the combined treatment group.

DDP reduces percentage of Treg cells in tumor microen-
vironment
Because some chemotherapeutic agents selectively elimi-
nate Treg cells[19,20], we tested whether DDP possessed this 
Treg-reducing immunostimulatory effect. We examined the 
changes in intra-tumoral Treg cell numbers in mice treated 
with CIK, DDP or combination therapy on Day 19. Nu-
clear transcription factor forkhead box protein P3 (FoxP3), 
the most specific Treg cell marker identified to date, was 
used to label Treg cells infiltrating the tumor (Figure 4C). 
The number of  Treg cells, as assessed by the density of  
intra-tumoral FoxP3+ cells, was not significantly different 
among the four groups (Figure 4D). However, due to the 
degree of  lymphocyte infiltration into the tumor mass, it 
may be not accurate to determine the actual level of  intra-
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Figure 2  Anti-tumor effect of cisplatin and cytokine-induced killer cells therapy in BALB/c WT and nude mice. BALB/c WT and BALB/C nu/nu mice were in-
oculated s.c. with 1 × 106 CT-26 cells on Day 7 and treated according to the treatment scheme. Tumor size was monitored every other day (A). On Day 19, the tumors 
were isolated (B), and tumor volume (C) and weight (D) were measured. The results for BALB/c WT mice are shown in the left panel of each figure, while the results 
for nude mice are shown in the right panel. Points and columns : mean tumor volume or weight (n = 5); Bars: SE. aP < 0.05.
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tumoral Treg cells using the absolute number of  FoxP3+ 
cells. Therefore, two consecutive sections from each tumor 
sample were prepared and stained for CD3 and FoxP3, 
respectively. The percentage of  Treg cells, represented as 
the ratio of  FoxP3+ lymphocytes to CD3+ lymphocytes, 
was calculated to determine the adjusted level of  Treg cells 
within the tumor microenvironment. We found that the 
percentage of  intratumoral Treg cells in Group DDP and 
Group DDP-CIK was significantly reduced compared 
with that in Group NS and Group CIK (Figure 4E). This 
suggests that the systemic administration of  DDP locally 
reduced the percentage of  Treg cells in the tumor mass. 

DDP reduces percentage of Treg cells in spleens of 
tumor-bearing mice
To profile the kinetics of  Treg accumulation in the spleens 
of  CT-26 carcinoma-bearing mice after DDP treatment, 
splenic lymphocytes were obtained at various time points 
and analyzed by flow cytometry. In tumor-free mice, the 
percentage of  Treg cells in spleen was approximately 2% 
(data not shown). In the absence of  intervention, the level 
of  Treg cells in the tumor-bearing hosts increased in line 
with increasing tumor burden (Figure 5A and B). After 
DDP administration, the percentage of  Treg cells declined 
at all time points compared with that in untreated mice 
(Figure 5A and B), suggesting that DDP significantly re-
duced the percentage of  splenic Treg cells. We monitored 
the duration of  Treg depletion induced by DDP, and found 
that the nadir was around Day 3 after treatment. Treg cell 
numbers then rebounded and expanded, following the pat-
tern of  tumor growth (Figure 5A and B). However, the 
number of  Treg cells in tumor-bearing mice receiving DDP 
treatment was consistently lower than that in untreated 
mice throughout the period of  observation.

Tumor microvessel density is not affected by DDP treat-
ment
Chemotherapeutic agents have been shown to exert toxic 
effects on the endothelium of  the growing vasculature[21]. 
Therefore, we tested whether, in addition to its action 
on the immune system, DDP possessed antiangiogenic 

effects. To this end, we compared the tumor microvas-
culature in all the experimental groups by determining 
microvessel density (MVD). The MVD within the tumor 
tissues was estimated from tumor sections stained with an 
antibody to CD31 (Figure 6A) and quantified as described 
in Materials and Methods. We found that the MVD was 
comparable among all four groups (Figure 6B), suggesting 
that DDP had no toxic effect on the tumor microvascula-
ture in this model. 

DISCUSSION
Immunosuppression is a significant obstacle to the gen-
eration of  effective anti-tumor immunity. During tumor 
progression, tumor cells foster a tolerant and resistant 
microenvironment by employing various immunosuppres-
sive mechanisms[22]. It is now clear that successful cancer 
immunotherapy will be achieved only after the removal 
of  immunity-hampering barriers. Previous studies showed 
that preconditioning a host with immunomodulating che-
motherapy can effectively augment the anti-tumor effects 
of  adoptively transferred effectors[23]. In the present study, 
DDP pretreatment in combination with adoptive CIK 
therapy was tested in a murine model of  colon adeno-
carcinoma. Our data showed a marked synergy between 
DDP chemotherapy and CIK immunotherapy in treating 
established CT-26 carcinomas in immunocompetent mice, 
suggesting that a single dose of  DDP was sufficient to 
“groom” the immune system, eventually enhancing the ef-
ficacy of  subsequent CIK therapy.

A number of  murine tumor models show that eradica-
tion of  tumors requires T cells[17,18,24]. In accordance with 
these studies, the synergic anti-tumor effect in our study 
was not evident in the BALB/c nu/nu mice which lack 
T cells, implying that T lymphocytes were the effectors in 
our model of  anti-tumor therapeutic synergy. The natural 
growth pattern of  CT-26 carcinomas in untreated nude 
mice was similar with that in immune replete WT mice, 
suggesting that “default” endogenous immunity was not 
able to prevent the growth of  tumors, or to eradicate es-
tablished tumors. Furthermore, DDP treatment efficiently 
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inhibited the growth of  CT-26 carcinomas in WT mice, but 
failed to induce tumor growth retardation in the absence 
of  T lymphocytes. This is in line with previous findings 
suggesting that inhibition of  tumor growth by chemothera-
peutic agents is strictly dependent on T cells[17,18,24]. Based 
on these results, we proposed that most of  the anti-tumor 
effect seen in  DDP could be attributed to its immunos-
timulating capacity, rather than to any direct cytotoxicity 
against tumor cells. Similarly, the efficacy of  CIK therapy 
was observed only in immune-replete hosts, implying that 
endogenous T lymphocytes participate in the fight against 
tumor cells by assisting, or co-operating with, exogenously 

infused CIK cells. Therefore, in T lymphocyte-deficient 
nude mice, neither DDP pretreatment nor CIK therapy 
could induce tumor shrinkage. Moreover, preconditioning 
with DDP lost its capacity to enhance the effect of  CIK 
therapy in the nude mouse model, and the synergy seen 
with combination therapy was abrogated. We speculate that 
endogenous T lymphocytes comprise both pro-tumor and 
anti-tumor subpopulations. The anti-tumor subpopulation 
collaborates with CIK cells to inhibit tumor growth, and is 
essential for the effect of  CIK therapy. Also, the protumor 
subgroup is suppressed by DDP, whereas the anti-tumor 
subgroup is stimulated by DDP, leading to DDP-induced 
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suppression of  tumor growth and increased CIK efficacy.
Because of  the important effector role played by T 

lymphocytes in anti-tumor therapeutic synergy, the intra-
tumoral accumulation of  T lymphocytes was observed. 
Our data showed that, compared with the NS control and 
single therapy alone, the combination therapy significantly 
augmented the number of  CD3+ T lymphocytes infiltrat-
ing into the tumor mass, which correlated well with the 
inhibition of  tumor growth. 

However, as mentioned above, T lymphocytes com-
prise both protumor and antitumor subpopulations. Of  

the protumor subpopulations, Treg cells were mainly in-
volved in tumor-induced immunosuppression. Treg cells 
are CD4+CD25+ T lymphocytes with the ability to sup-
press anti-tumor immune response. These cells accumulate 
in the peripheral blood, lymph node and tumors in many 
human cancers and animal tumor models[25]. Elimination 
of  Treg cells in vivo using cytotoxic agents or antibodies 
enhances anti-tumor responses and results in tumor re-
gression[26]. In this study, we determined the percentage of  
Treg cells in the local tumor microenvironment and found 
that DDP decreased the percentage of  intratumoral Treg 
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Figure 5  Dynamic changes in the percentage of splenic Tregs after cisplatin (DDP) administration. BALB/c WT mice were injected s.c. with 1 × 106 CT-26 
cells 7 d before treatment. The tumor-bearing mice were treated with DDP (2.5 mg/kg, i.p., D0) and the spleen single cell suspensions prepared to analyze the Treg 
percentage by flow cytometry at the indicated post-treatment time points (A). Typical data from a representative experiment are shown (B). Points: mean Treg cell per-
centage (n = 3); Bars: SD. All experiments were performed twice with similar results. NS: Normal saline; DDP: Cisplatin.
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the endothelial cell (EC) adhesion molecules involved in 
leukocyte adhesion to blood vessel walls, and that inhibi-
tion of  angiogenesis may increase leukocyte-vessel wall in-
teractions and the subsequent infiltration of  lymphocytes 
into the tumor mass[27]. Some chemotherapeutic agents are 
characterized by their antiangiogenic effect when admin-
istered at small doses on a frequent schedule (sometimes 
referred to as metronomic chemotherapy). Metronomic 
administration of  DDP showed toxic effects on the tumor 
microvasculature[28]. However, in this study, a single dose 
of  DDP was used as the pretreatment therapy and we did 
not observe any antiangiogenic effect, ruling out any puta-
tive anti-angiogenic effect of  DDP in this model.

In conclusion, our data showed that DDP pretreatment 
acted synergistically with CIK therapy to efficiently inhibit 
tumor growth in a murine colon adenocarcinoma model. 
This anti-tumor synergy was T lymphocyte-dependent. Pre-
conditioning with DDP enhanced the infiltration of  CD3+ 
T lymphocytes into the tumors and reduced the percent-
age of  both intratumoral and splenic Treg cells, revealing 
a potential mechanism underlying the immunostimulatory 
effects of  DDP. In summary, the results of  this study pro-
vide a potential combination regimen incorporating pre-
conditioning chemotherapy and adoptive CIK therapy for 
the treatment of  colon cancer.
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cells. Based on these results, we propose that the DDP-in-
duced reduction in the percentage of  Treg cells could en-
able the development of  an anti-tumor immune response, 
leading to the retardation of  tumor growth.

We also examined the longitudinal changes in the per-
centage of  splenic Treg cells in tumor-bearing mice after 
DDP treatment. It is noteworthy that, of  the several cell 
types within the spleen, Treg cells were preferentially tar-
geted by DDP. We found that the percentage of  splenic 
Treg cells in pretreated tumor-bearing mice was reduced 
at all time points compared with that in untreated tumor-
bearing hosts, implying that, besides its immunomodulat-
ing effect, DDP may also ameliorate systemic immunosup-
pressive factors by depleting splenic Treg cells. Regarding 
the DDP-induced dynamic changes in the number of  Treg 
cells, the nadir was around Day 3 after treatment. Interest-
ingly, the time points we chose for the transfer of  CIK 
cells in the combined schedule were Days 3 and 5 after 
treatment, when the percentage of  Treg cells was relatively 
low. Nevertheless, the percentage of  Treg cells seemed to 
rebound and rise quickly on Day 5 after treatment. There-
fore, CIK cells infused on Day 5 may have encountered a 
more “hostile” environment and were unable to exert their 
anti-tumor effects. Further studies are needed to determine 
the optimal schedule for combined therapy which triggers 
the maximal synergistic anti-tumor effects. 

In addition to the immunosuppressive factors in vivo, 
angiogenesis, a pivotal process in tumor growth and 
metastasis, also plays a role in the failure of  cellular im-
munotherapy. Angiogenesis suppresses the expression of  

Figure 6  Tumor microvessel density after combination therapy. BALB/c WT mice were injected s.c. with 1 × 106 CT-26 cells and the treatment protocols were 
initiated 7 d later. On day 19, tumor sections were prepared and analyzed by CD31 staining (A). Ten individual fields (0.16 mm2) at × 400 magnification were chosen to 
assess the tumor microvessel density (B). The experimental groups consisted of five mice per group. Representative sections from all groups are shown. Scale bars: 
25 μm; Columns: mean microvessel number; Bars: SE.
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COMMENTS
Background
Immune suppression constitutes a large obstacle to hinder the generation of 
effective anti-tumor immunity. It now becomes clear that successful cancer 
immunotherapy can be achieved only after the removing of immunity-hampering 
barriers. A number of studies have shown that preconditioning a host with 
immunomodulating chemotherapy can effectively augment the anti-tumor efficacy 
of adoptively transferred effectors.
Research frontiers
Regulatory T (Treg) cells, a distinct lymphocyte lineage inhibiting both adaptive 
and innate immunity, were mainly involved in tumor-induced immunosuppression. 
Elimination of Treg cells in vivo using agents targeting Treg cells such as cytotoxic 
agents or antibodies have been shown to enhance the anti-tumor responses, 
resulting in tumor regression.
Innovations and breakthroughs
To our knowledge, this is the first study to evaluate the potential synergy between 
Cisplatin (DDP) pretreatment and subsequent adoptive cytokine-induced killer cells 
(CIK) therapy in treatment of colon cancer. A dramatic T cell-dependent synergistic 
anti-tumor effect of the combination therapy was revealed in the model established 
in this study. Preconditioning chemotherapy with DDP could augment the infiltration 
of CD3+ T lymphocytes into the tumor and diminish the percentages of both intra-
tumoral and splenic Treg cells, thus improving the anti-tumor effect of CIK therapy.
Applications 
This is a potential combination regimen incorporating the preconditioning 
chemotherapy to the adoptive CIK therapy for the patients with colorectal cancer.
Terminology
Preconditioning chemotherapy: Chemotherapy administered at a special dose 
and time point to modulate the host immune environment, thus providing a better 
ground for the subsequent adoptive cell therapy. 
Peer review 
How did the authors come upon the timeline for preconditioning and timing of 
sacrifice? Especially with the curves demonstrated in Figure 3, are we catching this 
too early?  In Figure 3, it still appears that the slope of all of the curves continues to 
go up.  As such, is this an initial impediment to grow more slowly but the end result 
is no difference?  This is especially in light of the clinical trials that demonstrate no 
improvement in cure rate or long-term survival.
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