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Abstract: Objective: Radiotherapy is an important treatment for cancer. The main irradiated action is thought to
be the irreversible damage to tumor cell DNA, but recent studies showed that high dose radiotherapy related to
the tumor immune response. This study was designed to determine the relationship between Lewis lung tumor
radiosensitivity and CD4+CD25+ regulatory T cells (Tregs) infiltration and elucidate the underlying mechanisms in
vitro. Methods: With tumor transplantation method to establish mice Lewis lung tumor mice model, to observe the
inhibition rate of radiotherapy to tumor growth. Proliferation profiles of CD4+CD25+ Tregs and CD4+ T cells were
assessed by flow cytometry. MiR-545 and CCL-22 mRNA were determined by Quantitative Real-Time PCR. CCL-22
protein was determined by western blot assay. Results: Radiotherapy caused a time-dependent inhibition of tumor
growth as well as a decrease in the percentage of tumor-infiltrating CD4+CD25+ Tregs of CD4+ T cells compared
with no treatment group. And the miR-545 was significantly upregulated and CCL-22 was significantly down-regu-
lated in irradiated tumor and Lewis lung cancer cells. In Lewis lung cancer cell transfection experiments, mimic
or inhibitor for miR-545 negatively regulated CCL-22 expression when cells treated or treated without irradiation.
Silenced miR-545 promotes CD4+CD25+ Treg proliferation. Additionally, silenced miR-545 reversed radiosensitivity
of Lewis lung cancer. Conclusion: Radiotherapy suppressed specific recruitment of regulator CD4+CD25+ Treg cells
in Lewis lung carcinoma via up-regulating microR-545.
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Introduction

Lung cancer is still to be one of the most preva-
lent malignancies worldwide and in China, more
people die from lung cancer than from any
other kind of cancer. Therefore, the focus of
present study is to explore effective method to
improve therapeutic efficacy for lung cancer
patients. For conveniently be located, approxi-
mately 70% of patients with lung cancer receive
external beam radiation treatment as one com-
ponent of their treatment [1]. Based on this sit-
uation, detailed description on mechanism of
radiation therapy is extremely essential.

Traditionally, radiation therapy has been viewed
as having tumor-suppressive effect due to the
result of direct damage to radiosensitive tumor
cell DNA, but there is evidence that irradiation
mobilizes tumor-specific immunity [2, 3]. It was
confirmed by tumor-associated antigens (TAAs)

that are targeted by T cells are readily detected
in blood, tumors and draining lymph nodes of
individuals with cancer [4]. Theoretically, radio-
therapy can enhance anti-tumor immunity via
increasing the expression of TAAs, inducing
immune-mediated targeting of the tumor stro-
ma, and diminishing regulatory T cell (Treg)
activity [5]. Tregs, acted as immune suppres-
sion for body tissues, have been demonstrated
to played an essential role in self-tolerance,
transplantation, allergy and tumor/microbial
immunity [6]. Indeed, accumulating evidence
implicates Tregs as one of the principal cell
types suppressing TAA-specific lymphocyte
activity and tumor eradication, and thus one of
the major obstacles to effective anti-tumor
immunotherapy [7-10]. CD25+CD4+ regulatory
T cells (Treg), comprised 5-10% of the circulat-
ing CD4+ T cell population, suppress tumor
immune responses [11]. Indirect evidence sug-
gests that CD4+CD25+ T cells (Tregs) are
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important in suppressing TAA-specific immunity
[12, 13], and they suppress nonspecific T cell
responses in vitro. Thus, it is clear that
CD4+CD25+ Treg may be as the obstacle for
radiotherapy [14]. However, direct evidence
supporting a role for Treg cells in the radiation
therapy for lung cancers and the underlying
mechanism are lacking.

It is critical that the mechanism that contrib-
utes to Treg accumulation in tumors is not fully
understood. It has been suggested that Tregs
display an enhanced capacity for infiltration of,
and accumulation within, the tumor in compari-
son to effector T cells [7]. In support of this,
preferential recruitment has been observed in
ovarian carcinoma [4] and human prostate car-
cinoma cells [15]. It is well known that T cells
recruitment is reliant on chemokine-driven
mechanisms, and chemokine (C-C motif) ligand
22 (CCL22) has been shown to be produced by
both tumor cells and tumor-infiltrating macro-
phages [16]. Although blockade of CCL22
reduced Treg infiltration into tumors has been
demonstrated in a murine xenograft model,
there is no evidence focus on its role in lung
cancer radiotherapy.

In this study, we established a radiation model
of Lewis lung carcinoma in C57BL/6 mice and
aimed to identify tumor infiltration of CD4+
CD25+ Treg in irradiating tumor. We also direct-
ly assessed whether CCL-22 was involved in
this process and aimed to identify the underly-
ing mechanism.

Material and methods
Mice, cell lines and reagents

Animal experiments were conducted in 8-12-
week-old female C57BL/6 mice that obtained
from the Institute of Laboratory Animal Science
(Chinese Academy of Sciences, Shanghai) and
were housed under specific pathogen-free
conditions.

Lewis lung carcinoma cell line was purchased
from ATCC (USA) and cultured in RPMI 1640
medium containing 10% fetal bovine serum.
After grew against the wall of flask, formed a
monolayer, the cells were digested by 0.25%
trypsin to prepare cell suspensions at 1 x 107/
ml. T Cells were obtained from blood and
tumors as described [17-19]. CD4+ T cells were
purified with Untouched kits (Miltenyi). CD4+
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CD25+ T cells were purified with paramagnetic
beads (Miltenyi) and sorted with phycoerythrin
(PE)-conjugated antibodyto CD25 (PharMingen).
Cell populations were assessed to be more
than 90% pure by flow cytometry as below.

RPMI 1640 medium and fetal bovine serum
were purchased from Gibco (Invitrogen Com-
pany, USA). Lipofectamine 2000 transfection
reagent was obtained from Invitrogen Life
Technologies (Grand Island, NY, USA). Anti-
CCL-22 antibody was obtained from Santa Cruz
Biotechnology Inc. (Santa Cruz, CA, USA).

Tumor xenograft and irradiation therapy

Tumors were generated by subcutaneous injec-
tion into the abdomen of C57BL/6 mice with 1
x 107 cells/ml of Lewis lung carcinoma cells
with or without transfection with miR-545 inhib-
itor that suspended in 100 yL PBS and mixed
with 20% matrigel. Seven days after the cell
inoculated, tumors were irradiated with a single
fraction of 12 Gy/1f/1 d for 16 days. The tumor
volume was regularly measured using calipers
as length x width x depth per two days. After
inoculation, animals were euthanized and
tumors were removed for T cells count,
Quantitative Real-Time PCR or protein expres-
sion assay.

Lewis lung carcinoma cells treated with or with-
out miR-545 inhibitor were exposed to radia-
tion single in a fraction of 5 Gy. After 24 hours
irradiation, the cells used for analysis on mRNA
or CCL-22 protein expression.

Flow cytometry

Flow cytometric analysis CD4+CD25+ prolifera-
tion was performed using primary labeled anti-
bodies matched with the appropriate isotype
controls and the experiment was conducted 48
hours after co-cultured Lewis lung cancer cells
with T cells. The cells were first washed with
phosphate-buffered saline and stained with
anti-CD4 antibody (BD Bioscience, San Jose,
CA, USA). The antibody-bound splenocytes
were then washed and resuspended in fluores-
cence-activated cell-sorting (FACS) buffer.
Finally, the antibody-bound cells were analyzed
by FACS. To analyze the CD4+CD25+ Treg cell
population, cells were first stained with anti-
CD4 and CD25 antibodies, then fixed and per-
meabilized before they were stained with
PE-Cy5-labeled anti-FoxP3 antibody (eBiosci-
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ence Co.). After washing, cells were detected by
FACS Calibor and analyzed with Cellquest soft-
ware (BD Bioscience).

Cell migration assay

After 24 hours stimulated by medium superna-
tant, CD4+CD25+ Treg cells were washed with
phosphate-buffered saline and resuspended in
RPMI 1640 medium. 0.1 mL cells (1 x 10%)/mL
containing 0.15% BSA was placed in the upper
chamber of the Transwell culture system
(Falcon, Franklin Lakes, NJ). And DMEM (0.6
mL) containing 0.5% FCS or 100 ng/mL chemo-
kine (interleukin-8, lymphotactin, or monocyte
chemoattractant protein-2) was added to the
lower chamber. Background (control) levels of
migration were determined by placing DMEM
(0.6 mL) containing 0.5% BSA in the lower
chamber. The Transwell culture system was
incubated at 37°C with 5% CO,, for 6 h. Cells on
the upper membrane surface were gently
removed with a cotton bud. The microporous
membrane was fixed in methanol for 20 min at
room temperature and stained using 5% crystal
violet for 15 min. The cells on the downside sur-
face of the membrane were counted. The
experiment was repeated at least three times,
each in triplicate.

Cell treatment with miRNA inhibitor or mimics

Lewis lung carcinoma cells were treated with
miR-545 mimic or miR-545 inhibitor (Ambion
Pre-miR miRNA Precursors, Life Technologies)
using Oligofectamine (Life Technologies)
according to the manufacturer’s instructions.
miRNA mimics negative control (mimic-NC) and
miRNA inhibitor negative control (inhibitor-NC)
was severed as negative controls in the experi-
ments respectively. Further analysis of the
samples (infection or RNA isolation) was per-
formed at 24 h post-transfection unless specif-
ic indication. While the Lewis lung cancer cells
were irradiated for 6 h before transfection. The
sequence for this experiment as follows: Hsa-
MiRNA-545 mimic: Sense strand: 5-UCAGCAA-
ACAUUUAUUGUGUGC-3’; Anti sense strand: 5'-
GCACACAATAAATGTTTGCTGA-3'. Hsa-miR-545
inhibitor:  5-mMGMCmMAMCMAMCMAMAMUMA-
MAMAMUMGMUMUMGMCmUmMGmMA-3’.

MTT assay

After locally irradiation, Lewis lung carcinoma
tumors were isolated and were made into cell
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suspension. The cells were seeded at a density
of 1400 cells/well. On the next day, the wells
were added with 50 mL of 5 mg/mL
3-(4,5-Dimethylthiazol-2-yl) 22,5-diphenyltetra-
zolium bromide (MTT) and incubated for 4 h
with 5% CO,, and then the reaction was stopped
by media replaced with DMSO. Optical density
was analyzed by using an mQuant Microplate
Spectrophotometer (BioTek, UK) at a wave-
length of 540 nm.

Quantitative real-time PCR

Total RNA was extracted from the Lewis lung
carcinoma cells with the Trizol Reagent
(Invitrogen, Carlsbad, CA, USA). The mature
miR-545 and CCL-22 mRNA were quantified by
using Quantitative Real-Time PCR (Q-RT-PCR)
assays with fluorescent nucleic acid dye. Each
sample (1 pg) was reverse-transcribed into
cDNA by using the RealMasterMix First Strand
cDNA Synthesis Kit (Tiangen). Real-time PCR
was conducted by using SYBR Premix ExTagTM
(Takara) according to the manufacturer’s proto-
cols and performed in the Applied Biosystems
7500 Real-time PCR system. The threshold
cycle (CT) is defined as the fractional cycle
number at which the fluorescence passes the
fixed threshold. The miRNA expression levels
were normalized to U6 RNA and the CCL-22
MRNA levels were normalized to actin mRNA.
All reactions were run in triplicate.

Western blot

Proteins in Cells were extracted by inM-PER
mammalian protein extraction reagent (Pierce
Biotechnology) followed by centrifugation at 15
000 g for 10 min. Protein concentration of cell
lysates was measured by using DC protein
assay kit (Bio-Rad). Proteins (10-20 mg) were
separated by 10% SDS-polyacrylamide gel
electrophoresis and transferred to PVDF mem-
brane from Bio-Rad (Hercules, CA, USA). Two
hours after blocking in 5% nonfat milk, the pro-
tein blots were then incubated with primary
antibodies (CCL-22, 1:200; B-actin, 1:1000) in
3% bovine serum albumin at 4°C overnight, fol-
lowed by incubation with secondary antibodies
(1:12000) at room temperature for 2 h. The pro-
tein signals were detected by ECL method.

Statistical analysis

All statistical analyses were performed using
SPSS 16.0 software (Chicago, IL). Student’s t
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Figure 1. Radiotherapy in mice bearing Lewis lung carcinoma tumor. Seven days after C57BL/6 mice injected
with Lewis lung cancer cell lines, transplanted tumors were irradiated with a single dose of 12 Gy/1f/1 d for 16
days, whereas control mice received no radiotherapy. A. Tumor growth in the period of irradiation therapy. Sixteen
days after irradiation therapy, mice were euthanized, and tumor infiltrate was moved to analyzed; B. Percentage
of CD4+CD25+/CD4+T cells by using flow cytometry, C. miR-545 level by using Quantitative Real-Time PCR, D.
mRNA and protein expression level of CCL-22 by using Quantitative Real-Time PCR and western blot, respectively.
Experimental groups consisted of six mice. The data are represented as mean + SD. “P < 0.05 compared with cor-

responding control.

test was used to analyze the significance
between two groups. One-way Analysis of
Variance (ANOVA) was used to test the signifi-
cance of the tumor growth. Error bars represent
SD. P-values < 0.05 were considered statisti-
cally significant. Data are representative of four
independent experiments.

Results

Local high-dose radiotherapy suppressed
tumor growth in mice bearing Lewis lung car-
cinoma tumor and reduced CD4+CD25+ Treg
infiltration

C57BL/6 mice bearing Lewis lung carcinoma
tumors were locally irradiated with a single
dose of 12 Gy/1f/1 d for 16 days, which result-
ed in a continuously significant reduction in
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tumor growth (Figure 1A). Upon flow cytometric
analysis of digested tumors 7 days after radia-
tion, we found a striking decrease in the per-
centage of tumor-infiltrating CD4+CD25+ T
cells of CD4+ T cells (Figure 1B). To identify the
possible mechanism underlying radiotherapy,
we determined signaling molecular expression
in transplanted tumor. As shown in Figure 1C
and 1D, compared to tumor without irradiation
treatment, radiotherapy promoted miR-545
expression and sharply decreased CCL-22
expression in levels of both mRNA and protein.

miR-545 is crucial for CCL-22 expression in
Lewis lung cancer cells

To examine whether exist the possible regula-
tion effect of miR-545 on CCL-22 expression in
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Figure 2. Negative regulation of CCL-22 expression by miR-545 in Lewis lung cancer cells. A. Forty-eight hours after
Lewis lung cancer cells transfected with miR-545 mimic or negative control, the cells were lyzed to determine levels
of miR-545 and CCL-22 mRNA expression by using Quantitative Real-Time PCR and CCL-22 protein expression by
western blot. B. Lewis lung cancer cells were transfected with miR-545 inhibitor and expression of miR-545 and
CCL-22 was determined 48 hours post treatment. The data are represented as mean + SD. *P < 0.05 compared

with negative control.

Lewis lung cancer cells, we treated cells with
mimic or inhibitor for miR-545 and then evalu-
ated mRNA and protein level of CCL-22 in vitro.
miR-545 mimic transfection largely enhanced
miR-545 expression, whereas the over-
expressed miR-545 had a potential inhibitor
effect on CCL-22 expression in both mRNA and
protein level (Figure 2A). To further ascertain
the negative regulating role of miR-545, the
miR-545 was silenced by miR-545 inhibitor
treatment and CCL-22 expression was deter-
mined. As shown in Figure 2B, both miRNA and
protein level of CCL-22 expression was upregu-
lated when miR-545 was silenced.

Involvement of up-regulated CCL-22 by
miR-545 inhibition in Lewis lung cancer cell
radiotherapy

In vivo experiment has showed that miR-545

and CCL-22 are involved in Lewis lung cancer
tumor radiotherapy. We next irradiated Lewis
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lung cancer cells with fraction of 5 Gy/1f/1 d in
vitro. Consistent with result from irradiated
tumor, we identified an up-regulation of miR-
545 expression (Figure 3A) and decreases in
levels of CCL-22 mRNA and protein (Figure 3B).
Notably, the above results indicating the nega-
tive regulation of CCL-22 expression by miR-
545. To testify the process is involved in Lewis
lung cancer cell radiotherapy, cells were treat-
ed with miR-545 inhibitor before exposed to
irradiation. The result showed that silenced
miR-545 abrogated radiotherapy-inhibited
down-regulated CCL-22 expression in levels of
mRNA and protein (Figure 3C).

Silenced miR-545 promoted migration and
infiltration of CD4+CD25+ Treg

CD4+CD25+ Treg is essential for caner cells
survival via suppressing immune responses. As
described above, we identified a reduction in
tumor infiltration of CD4+CD25+ Treg in trans-
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Figure 3. Radiation treatment upregalated CCL-22 expression through inactivating miR-545 in Lewis lung cancer
cells. Cells were irradiated with a signal dose of 5 Gy/1f/1 d, whereas the control cells did not expose to radiation.
A. miR-545 level was determined by using Quantitative Real-Time PCR. B. Levels of CCL-22 mRNA and protein were
assessed by using Quantitative Real-Time PCR and western blot, respectively. The cells were incubated with miR-
545 inhibitor for 48 hours before single dose of 5 Gy/1f/1 d radiotherapy. C. Levels of CCL-22 mRNA and protein
were assessed as described above. The data are represented as mean + SD. “P < 0.05 compared with correspond-

ing control.

planted tumor, suggesting the possible thera-
peutic target for radiotherapy. It has been
reported that the infiltration of Treg relied on
chemokine-driven mechanisms. To evaluate
whether induced CCL-22-driven infiltration, we
next obtained culture supernatant from cul-
tured Lewis lung cancer cells that has been
transfected with miR-545 inhibitor and testified
its impact on migration of CD4+CD25+ Treg. As
shown in Figure 4A, silenced miR-545 promot-
ed CD4+CD25+ Treg migration, whereas the
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migration was abolished by cells treated with
CCL-22 antibody. To further determine the
impact of CCL-22 on CD4+CD25+ Treg prolifer-
ation, rats T cells were co-incubated with Lewis
lung cancer cells transfected with miR-545
inhibitor and proliferation of the CD4+CD25+
Treg was evaluated by flow cytometry. The
result showed that percentage of CD4+CD25+
Treg was significantly increased, which can
attenuated by CCL22 antibody treatment
(Figure 4B).

Int J Clin Exp Pathol 2015;8(3):2535-2544
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Figure 4. Silenced miR-545 promote CD4+CD25+ Treg proliferation. A. Forty-eight hours after miR-545 transfection,
supernatant of cultured Lewis lung cancer cells was separated and was used to culture CD4+CD25+ Treg cells.
After 24 hours incubation, followed with 4 hours cell migration experiment. B. CD4+ Treg cells were co-cultured
with Lewis lung cancer cells which has been incubated with miR-545 inhibitor for 24 hours. After 48 hours culture,
CD4+CD25+ Treg cells analyzed by flow cytometry. The data are represented as mean + SD. "P < 0.05 compared

with corresponding control.

Silenced miR-545 attenuated radiosensitivity
of Lewis lung cancer

The above-mentioned data suggest that irradi-
ation negatively related with tumor specific
effector CD4+CD25+ Terg, which mediated by
miR-545 up-regulation. To address the ques-
tion whether the presence of miR-545 is suffi-
cient to control the tumor or CD4+CD25+ Terg
proliferation, we treated Lewis lung cancer cells
with miR-545 inhibitor before tumor transplan-
tation. C57BL/6 mice bearing Lewis lung carci-
noma tumors were locally irradiated with a sin-
gle dose of 12 Gy/1f/1 d for 16 days. The result
showed that compared with its negative con-
trol, miR-545 inhibitor treatment leaded to
Lewis lung cancer tumor radioactive insensitiv-
ity that caused an increase in tumor growth
under irradiation treatment (Figure 5A). We
next identified high percentage of infiltrated
CD4+CD25+ Terg of CD4+ effector T cells in
transplanted tumor when miR-545 was
silenced (Figure 5B). Whereas, miR-545 inhibi-
tor has no effect on growth of CD4+CD25+ Terg
(Figure 5C).

2541

Discussion

In this study, Lewis Lung Carcinoma bearing
mice model was established and locally irradi-
ated with high dose of X-Irradiation. The data
showed that radiation effectively suppressed
tumor growth. Notably, the transplanted Lewis
lung tumor contained a decreased percentage
of infiltrated CD4+CD25+ T regulator cells/
CD4+ effector T cells, suggesting that radio-
therapy attenuated tumor immune suppres-
sion. We next confirmed that reduction in tumor
CD4+CD25+ Treg infiltration was mediated by
down-regulated CCL-22. Moreover, our data
also showed that miR-545 was the key regula-
tor for CCL-22 expression in both vivo and vitro.
Thus, these results suggested that radiothera-
py suppressed tumor growth via up-regulating
miR-545 expression, which effectively inhibited
CCL-22 recruiting CD4+CD25+ Treg.

It is well accepted that miRNAs were the key
regulatorforvariouscellularfunctions[20]2541q.
Accumulated evidence pointed out that miR-
NAs are also involved in many signaling path-

Int J Clin Exp Pathol 2015;8(3):2535-2544
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Figure 5. Silenced miR-545 reversed radiosensitivity of Lewis lung cancer. C57BL/6 mice were injected with Lewis
lung cancer cells which has been transfected with miR-545 inhibitor. Seven days after transplantation, tumors were
irradiated with a single dose of 12 Gy/1f/1 d for 16 days. A. Tumor growth was measured every two days. Sixteen
days after irradiation therapy, mice were euthanized, and tumor infiltrate was moved to analyze. B. percentage of
CD4+CD25+/CD4+T cells by using flow cytometry. C. Cells were transfected with miR-545 inhibitor and its viability
was determined by using MTT assay. The data are represented as mean + SD. “P < 0.05 compared with correspond-

ing control.

ways and DNA damage repair processes, which
is essential for cancer radiotherapy [21].
Previously, miR-545 has been reported to sup-
press cell proliferation by targeting cyclin D1
and CDK4 in lung cancer cells [22]. Thus, we
hypothesized that miR-545 may be involved in
the process of radiotherapy in lung cancer,
which was supported by up-regulation of miR-
545 during irradiation of xenograft tumor and
Lewis lung cancer cells. Based to its inhibition
effect on proliferation of lung cancer cell [22],
overexpression of miR-545 was assumed to
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exert resistance impact on tumor growth during
radiotherapy, which was supported by tumor
growth inhibition in vivo and Lewis cell apopto-
sis in vitro in our research.

Strategies for tumor eradication have focused
mainly on either enhancing tumor immunoge-
nicity or promoting anti-tumor effector respons-
es, although both have been largely unsuccess-
ful [23]. This is thought be due primarily to the
highly immunosuppressive environment found
within the tumor. Regulatory T cells (Tregs) are

Int J Clin Exp Pathol 2015;8(3):2535-2544
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crucial in mediating immune homeostasis and
promoting the establishment and maintenance
of peripheral tolerance. In this study, high dose
of local 12 Gy/1f/1 d irradiation largely sup-
pressed mice xenograft tumor growth as well
as blocked CD4+CD25+ Treg infiltration. As
cancer cells express both self- and tumor-asso-
ciated antigens, Tregs are key to dampening
effector cell responses, and therefore repre-
sent one of the main obstacles to effective anti-
tumor responses. Thus, fully elaborate relation-
ship between immune suppression and radio-
therapy is conducive to cancer responds to
treatment.

It is well known that chemokine-driven mecha-
nisms are essential for CD4+CD25+ Treg infil-
tration. Among these, CCL-22 has been shown
to be produced by both tumor cells and tumor-
infiltrating macrophages. Although, previously,
blockade of CCL22 has been demonstrated to
reduce Treg infiltration into ovarian tumors and
induce tumor rejection in a murine xenograft
model [16], few research focus on its role in
radiotherapy for lung cancer. The data in our
study showed that radiation therapy induced
reduction of CCL-22 expression in both trans-
planted tumor and Lewis lung cancer cells.
Notably, this process was mediated by up-regu-
lated miR-545. Given to this, we culture miR-
545-silenced cancer cells and applied culture
supernatant to stimulate CD4+CD25+ Treg.
The results showed facilitation of CD4+CD25+
Treg migration and proliferation. Inhibitor for
miR-545 treatment reduced radio-sensitivity of
mice xenograft tumor. These data indicated the
key role of CCL-22 in lung cancer radiotherapy.

In conclusion, we established Lewis Lung
Carcinoma bearing mice in C57BL/6 mice. The
findings suggest that CD4+CD25+ Treg plays
an important role in the mechanism underlying
the radioresistance of Lewis Lung Carcinoma in
vivo and in vitro. Further studies to elucidate
the molecular mechanism underlying the radio-
resistance of the Lewis Lung Carcinoma cell
lines indicated that over-expressed miR-545
inhibited CCL-22 activity. These founding will
contribute to a better understanding of not only
the molecular mechanisms of radiotherapy in
lung cells, but also the development of combi-
nation between new gene therapies and radio-
therapies for types of malignancies.

Disclosure of conflict of interest

None.

2543

Address correspondence to: Dr. Mei Hong, Depart-
ment of Radiotherapy, Nanjing Chest Hospital
Affiliated to Southeast University, Nanjing, 215
Guangzhou Road, Jiangsu 210029, P. R. China. Tel:
+86 (25) 83728558; Fax: +86 (25) 83728558;
E-mail: MeiHong_MH@163.com

References

[1] Esposito L, Conti D, Ailavajhala R, Khalil N and
Giordano A. Lung cancer: are we up to the chal-
lenge? Curr Genomics 2010; 11: 513-518.

[2] Gupta A, Probst HC, Vuong V, Landshammer A,
Muth S, Yagita H, Schwendener R, Pruschy M,
Knuth A and van den Broek M. Radiotherapy
promotes tumor-specific effector CD8+ T cells
via dendritic cell activation. J Immunol 2012;
189: 558-566.

[3] Roses RE, Xu M, Koski GK and Czerniecki BJ.
Radiation therapy and Toll-like receptor signal-
ing: implications for the treatment of cancer.
Oncogene 2008; 27: 200-207.

[4] Curiel TJ, Coukos G, Zou L, Alvarez X, Cheng P,
Mottram P, Evdemon-Hogan M, Conejo-Garcia
JR, Zhang L, Burow M, Zhu Y, Wei S, Kryczek I,
Daniel B, Gordon A, Myers L, Lackner A, Disis
ML, Knutson KL, Chen L and Zou W. Specific
recruitment of regulatory T cells in ovarian car-
cinoma fosters immune privilege and predicts
reduced survival. Nat Med 2004; 10: 942-
949.

[5] Ahmed MM, Guha C, Hodge JW and Jaffee E.
Immunobiology of radiotherapy: new para-
digms. Radiat Res 2014; 182: 123-125.

[6] Wing K, Fehervari Z and Sakaguchi S. Emerg-
ing possibilities in the development and func-
tion of regulatory T cells. Int Immunol 2006;
18:991-1000.

[7]  Menetrier-Caux C, Curiel T, Faget J, Manuel M,
Caux C and Zou W. Targeting regulatory T cells.
Target Oncol 2012; 7: 15-28.

[8] Zhou G and Levitsky HI. Natural regulatory T
cells and de novo-induced regulatory T cells
contribute independently to tumor-specific tol-
erance. J Immunol 2007; 178: 2155-2162.

[9] Ladoire S, Martin F and Ghiringhelli F. Prognos-
tic role of FOXP3+ regulatory T cells infiltrating
human carcinomas: the paradox of colorectal
cancer. Cancer Immunol Immunother 2011;
60: 909-918.

[10] Nizar S, Copier J, Meyer B, Bodman-Smith M,
Galustian C, Kumar D and Dalgleish A. T-regu-
latory cell modulation: the future of cancer im-
munotherapy? Br J Cancer 2009; 100: 1697-
1703.

[11] Zou W. Regulatory T cells, tumour immunity
and immunotherapy. Nat Rev Immunol 2006;
6: 295-307.

[12] von Herrath MG and Harrison LC. Antigen-in-
duced regulatory T cells in autoimmunity. Nat
Rev Immunol 2003; 3: 223-232.

Int J Clin Exp Pathol 2015;8(3):2535-2544



[13]

(14]

[15]

(16]

[17]

Recruitment of CD4+CD25+ Tregs in radiotherapy

Levings MK, Sangregorio R and Roncarolo MG.
Human ¢d25 (+) cd4 (+) t regulatory cells sup-
press naive and memory T cell proliferation
and can be expanded in vitro without loss of
function. J Exp Med 2001; 193: 1295-1302.
Schreiber H, Wu TH, Nachman J and Kast WM.
Immunodominance and tumor escape. Semin
Cancer Biol 2002; 12: 25-31.

Bernstein MB, Garnett CT, Zhang H, Velcich A,
Wattenberg MM, Gameiro SR, Kalnicki S,
Hodge JW and Guha C. Radiation-induced
modulation of costimulatory and coinhibitory
T-cell signaling molecules on human prostate
carcinoma cells promotes productive antitu-
mor immune interactions. Cancer Biother Ra-
diopharm 2014; 29: 153-161.

Bhattacharyya S, Deb J, Patra AK, Thuy Pham
DA, Chen W, Vaeth M, Berberich-Siebelt F,
Klein-Hessling S, Lamperti ED, Reifenberg K,
Jellusova J, Schweizer A, Nitschke L, Leich E,
Rosenwald A, Brunner C, Engelmann S, Bom-
mhardt U, Avots A, Muller MR, Kondo E and
Serfling E. NFATc1 affects mouse splenic B cell
function by controlling the calcineurin--NFAT
signaling network. J Exp Med 2011, 208: 823-
839.

Curiel TJ, Wei S, Dong H, Alvarez X, Cheng P,
Mottram P, Krzysiek R, Knutson KL, Daniel B,
Zimmermann MC, David O, Burow M, Gordon
A, Dhurandhar N, Myers L, Berggren R, Hem-
minki A, Alvarez RD, Emilie D, Curiel DT, Chen L
and Zou W. Blockade of B7-H1 improves my-
eloid dendritic cell-mediated antitumor immu-
nity. Nat Med 2003; 9: 562-567.

2544

(18]

[20]

[21]

[22]

(23]

Taylor PA, Noelle RJ and Blazar BR. CD4 (+)
CD25 (+) immune regulatory cells are required
for induction of tolerance to alloantigen via co-
stimulatory blockade. J Exp Med 2001; 193:
1311-1318.

van Maurik A, Herber M, Wood KJ and Jones
ND. Cutting edge: CD4+CD25+ alloantigen-
specific immunoregulatory cells that can pre-
vent CD8+ T cell-mediated graft rejection: im-
plications for anti-CD154 immunotherapy. J
Immunol 2002; 169: 5401-5404.

Bartel DP. MicroRNAs: genomics, biogenesis,
mechanism, and function. Cell 2004; 116:
281-297.

Du B, Wang Z, Zhang X, Feng S, Wang G, He J
and Zhang B. MicroRNA-545 suppresses cell
proliferation by targeting cyclin D1 and CDK4
in lung cancer cells. PLoS One 2014; 9:
e88022.

Cellini F, Morganti AG, Genovesi D, Silvestris N
and Valentini V. Role of microRNA in response
to ionizing radiations: evidences and potential
impact on clinical practice for radiotherapy.
Molecules 2014; 19: 5379-5401.

Khong HT and Restifo NP. Natural selection of
tumor variants in the generation of “tumor es-
cape” phenotypes. Nat Immunol 2002; 3:
999-1005.

Int J Clin Exp Pathol 2015;8(3):2535-2544



