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Radiation Exposure–Induced Changes in the
Immune Cells and Immune Factors of Mice
With or Without Primary Lung Tumor
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Abstract
Recent studies have demonstrated that radiation activates in situ antitumor immunity and consequently induced a synergistic
effect of radiotherapy and immunotherapy. However, studies related to radiation-induced changes in immune system of tumor-
bearing mice are limited, which are of great significance to improve the efficacy of radioimmunotherapy. In this study, we first
established a primary lung tumor mouse model using urethane. Then part of the right lung of the mouse was exposed to X-ray
irradiation with a computed tomography–guided small animal irradiator and the changes of immune cells in both peripheral blood
and spleen were determined by flow cytometry. Besides, the levels of both cytokines and immunoglobulins in mouse serum were
detected by a protein chip. We found that B lymphocytes increased while CD8þ T lymphocytes reduced significantly. Interleukin-
3 (IL-3), IL-6, regulated upon activation, normally T-expressed, and presumably secreted factor (RANTES), and vascular endothe-
lial growth factor (VEGF) were found to be decreased after tumor formation, and the similar results have also been observed with
kappa, IgG3, IgE, IgM, and IgG2a. After irradiation, lower concentrations of IgD, kappa, and IgM were found in the serum. Our
findings indicate that localized tumor irradiation caused some obvious changes like inhibiting the ability of innate immunity, and
these changes may be useful in predicting prognosis.
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Introduction

Lung cancer is a malignant tumor with high morbidity and

mortality1 and non-small cell lung cancer (NSCLC) is the lead-

ing cause of cancer-related death. For patients with early-stage

disease, clinical treatment mainly involves surgical resection

and mediastinal lymph node dissection. However, many

patients are unsuitable for surgery. Numerous studies have

reported the efficacy of stereotactic body radiotherapy in

achieving local control in NSCLC.2,3

Radiotherapy has been used for a long time as a standard

treatment for cancer or in combination with surgery and sys-

temic therapies including immunotherapy4 and in 5% to 50% of

patients, as a partial treatment for most cancers.5 Radiotherapy

can induce various types of cell death, including apoptosis,

necrosis, necroptosis, and autophagy, all of which have been

shown to have immunosuppressive or immunogenic effects.6

Radiotherapy can also reduce cancer cell viability by inducing
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modifications in the local microenvironment.7 In addition to

these radiological indicators, other factors must be taken into

account as well as the cytotoxicity of tumor cells.

Recently, many studies have reported that radiotherapy pro-

motes an inflammatory response in tumors, which supports

tumor-specific immunity and in fact, the efficacy in preclinical

models seems to depend on concomitant immune stimulation.

Irradiation (IR) not only causes the death of tumor cells but also

causes tissue atrophy outside the exposure area. This phenom-

enon is known as a side effect of radiotherapy. Few studies

have investigated the ability of radiation to induce an abscopal

effect.8 This side effect is not only a phenomenon in radiolo-

gical biology but also a way of transmitting signals through the

immune system between local and distant cells. Cytokines,

chemokines, and other types of biological molecules play a

significant role in signal transmission and there is evidence

to prove that this side effect can alter immune function.9 In

addition, the immune system is capable of identifying and kill-

ing tumor cells; however, during proliferation and differentia-

tion, tumor cells have acquired the ability known as an immune

escape thus are not recognized by the immune system. Tumors

can cause not only the inhibition of immune function in the

solid tumor microenvironment but also inhibition of

the immune system.10 Ionizing radiation can also destroy the

immune system.11 To enhance the effect of cancer treatment,

immunotherapy, a new cancer treatment, has been developed

with the aim to stimulate the immune system to enhance its

killing effect on cancer cells and to inhibit the metastasis of

tumor cells.12 Previous evidence indicated that ionizing radia-

tion can cause inflammation in the tumor microenvironment,

and the form of inflammation contributes to specific immunity

in killing tumor cells. Other research demonstrated that a single

radiation dose of 20 Gy could lead to better local control of

tumors and promote the activation of complement in blood

serum.13 Another study proved that ionizing radiation can

affect tumor cells by inducing the secretion of a large number

of cytokines and chemokines.4 After IR, a significant increase

in the level of interleukin-5 (IL-5) and IL-13 in blood serum

was observed in tumor-bearing mice, but a decrease in inter-

feron-g (IFN-g) and IL-12.14 Previous studies also demon-

strated that IR not only stimulated immunity in the

microenvironment but also stimulated body immunity, and this

was mainly due to the infiltration of lymphocytes, especially

T lymphocytes.15 In addition to the effect on immune cells, IR

can also lead to changes in serum cytokine levels, and most

research has been focused on transforming growth factor-b
(TGF-b).16 Irradiation can also induce a significant decrease

in IL-8 in addition to TGF-b17 and an increase in IL-6 and IL-

10.18 Other cytokines such as IL-1a, IL-1b, IL-2, IL-4, IL-6,

and IL-12 also showed a distinct increase after IR, as com-

pared to IFN-g, which significantly decreased after IR.19,20

The above studies demonstrate that radiation can induce the

death of tumor cells or inhibit their growth. In addition, IR can

also influence the microenvironment and systemic immunity.

Irradiation, at the appropriate dose, can not only enhance the

function of immune cells but also promote the secretion of

cytokines to facilitate the killing of cancer cells by the

immune system.

In the present study, we used a primary lung tumor mouse

model to determine the changes in the immune system after the

right lung partially exposed to a single dose of radiation, aim-

ing to evaluate the underlying mechanisms of the side effect

phenomenon and to accurately assess the effects of

radiotherapy.

Materials and Methods

Mouse Feeding and the Establishment of a Primary Lung
Tumor Mouse Model

Male Kunming mice (6-8 weeks old, weighing 15-25 g) pur-

chased from Shanghai Lingchang Biochemistry Corporation

were fed in a pathogen-free environment for 1 week before

establishing the tumor-bearing model. Humidity in the breed-

ing environment was 55% to 65%, the temperature was 24 �C
to 26 �C, and the light-dark cycle was 12/12 hours. The mice

were divided into 4 groups, 15 mice each. The detailed infor-

mation on each group is as follows: (i) Control group (Control):

the mice received a saline injection only; (ii) IR group: the mice

received the same saline injection as the control group and then

underwent irradiation; (iii) tumor group (Tumor): tumor-

bearing mice were given an injection of urethane via the enter-

ocoelia but no IR; and (iv) tumorþ IR group (Tumorþ IR): the

mice were given an injection of urethane and then irradiated.

Twenty percent urethane (dissolved in saline) solution was

administered at a dose of 1 g/kg intraperitoneally. The control

group was injected with the same volume of saline. The mice

were weighed every week until 1 week before IR. We con-

firmed tumor formation with cone-beam computed tomogra-

phy (CBCT) and immunohistochemical staining. Peripheral

blood samples were collected and centrifuged at 10 000 g/min

for 10 minutes prior to euthanasia. The serum was frozen at

�80 �C for subsequent experiments. The remaining blood sam-

ples were prepared for flow cytometry analysis. The organs

were also collected for subsequent experiments. All animal

studies were reviewed and approved by the Soochow Univer-

sity Institutional Animal Care and Use Committee.

Irradiation

Irradiation was conducted on only a small volume of tissue

(<50% of the lung) at a dose of 22.3 Gy for every model mice

28 weeks after urethane administration. Before imaging and IR,

the mice were anesthetized with 90 mg/kg body weight sodium

pentobarbital administered intraperitoneally. The irradiated

lung volumes, as percentages of the total lung volumes, were

determined from computed tomography (CT) data sets for the

nominal 5-mm beam path, respectively. The volume percen-

tages of the irradiated lung were generated by counting the

volume based on dose-volume histogram data. We constructed

a dedicated small animal IR device for focused, high-dose IR,

which was easily mounted on an X-RAD 225Cx X-ray source
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(Precision X-Ray). Radiation planning using an open-source

treatment planning system was developed in MATLAB and

was provided by Precision X-ray. The software allows identi-

fication of a target point and treatment volume on a CBCT scan

of the animal immobilized in the treatment position. The

X-RAD 225Cx is a self-contained X-ray system with contin-

uous energy adjustment from 20 to 225 kV. The system has 3

main components: a collimation mechanism for producing

small radiation beams that exhibit a sharp lateral falloff; an

imaging subsystem consisting of a fluorescent screen coupled

to a charge-coupled device camera; and a 3-dimensional (3D)

manual positioning stage. The essential characteristics of this

device are high-dose rate, small beam size, and precise target

localization. In order to reduce extra influences on the experi-

mental mice, we did not use contrast media during the imaging

process.

Tissue Collection

Whole blood from the orbit was collected 4 weeks after radia-

tion. The lungs, livers, and hearts were also collected for pre-

servation and fixation. In addition, we conducted

immunohistochemistry and hematoxylin–eosin (HE) staining

of lung tissues. Spleen tissues were collected for flow cytome-

try analysis (BD FACSVerse).

Flow Cytometric Analysis

Peripheral blood (100 mL) was mixed with 2-mL antibody.

Phosphate-buffered saline (PBS; 500 mL) was added and cen-

trifuged at 12 000 rpm/min for 10 minutes. The samples were

then washed twice with PBS. The following antibodies were

used, APC-CD-19, PENK-1.1, PE-CD4, Per-CP-CD8e, and

FITC-CD3e (BD Pharmingen). Blood samples containing anti-

bodies were incubated at room temperature for 30 minutes in

the dark and then subjected to flow cytometry analysis (BD

Biosciences). At least 10 000 cells were analyzed for each

sample.

Immunohistochemistry and Histopathology

For histopathologic examination, the mice were euthanized

with phenobarbital, and lung tissues were fixed by tracheal

instillation of 10% neutral-buffered formalin. The lung tissues

were rapidly dehydrated and cleared with an automatic tissue

processor and embedded in wax. During the embedding proce-

dure, the temperature was maintained below 60 �C. Paraffin

sections (4-6 mm thickness) were placed on plus-coated slides,

dried, and stored with desiccant. The slices were used either for

conventional histology or for immunohistochemistry. For con-

ventional histology, the slides were stained with HE staining to

evaluate histopathological changes in animal tissues. Immuno-

histochemistry was performed on wax embedded lung cancer

sections by Ki-67 staining. Sections were incubated with

mouse serum (Zhongshan Jinqiao) for unspecific protein block-

ing and probed with the primary antibody Ki-67 (CST Biotech)

at the dilution of 1:200 overnight at 4 �C. Signals were visua-

lized using 3,30-diaminobenzidine. Ten micrographs were ran-

domly taken from each stained section at 400� magnification

and positive cells were then counted.

Cytokines and Immunoglobulins

We used the protein chip (Quantibody Mouse Cytokine Array

1; RayBiotech) to detect the level of cytokines and immuno-

globulins in mouse serum. Peripheral blood was collected in an

anticoagulant tube for 30 minutes and then centrifuged at

12 000 g/min for 10 minutes. The serum was then isolated and

stored at �80 �C. The detected cytokines were granulocyte

macrophage colony-stimulating factor (GM-CSF), IFN-g, IL-

1a, IL-1b, IL-2, IL-3, IL-4, IL-5, IL-6, IL-9, IL-10, IL-12p70,

IL-13, IL-17, keratinocyte chemoattractant (KC), monocyte

chemotactic protein-1 (MCP-1), M-CSF, RANTES, TNF-a,

and VEGF. The detected immunoglobulins were IgA, IgD, IgE,

IgM, IgG1, IgG2a, IgG2b, IgG2b, IgG3, mouse immunoglobin

light chains (lambda and kappa).

Radiological Analysis

A CT scan of the chest in anesthetized mice was carried out

using a CBCT system (X-RAD SmART, Precision X-Ray). To

measure tumor volume and generate 3D images, the final

reconstructed data were converted to the Digital Imaging and

Communications in Medicine (DICOM) format by 3D-

rendering software (IBEX, v1.0b). Voxels thresholds of

�700 and�350 Hounsfield Units (HU) were required to obtain

reasonable 3D images defining the lung surface. Volumetric

analysis was performed from 3D lung images created through

isosurface profiling. We used dicompyler (extensible radiation

therapy research platform & viewer for DICOM & DICOM

RT, Version: 0.4.2) to estimate the tumor volume. To evaluate

the radiological responses, CBCT images were obtained from

the entire thorax, using a GE eXplore Locus micro-CT scanner

(GE Healthcare). To categorize the lung density, we set the HU

scale to define normal lung, ground-glass opacity, and conso-

lidation as < �400, > �400 to < �100, and > �100 HU,

respectively.

Statistical Analysis

All data were presented as mean + SE of at least 3 independent

experiments. Student t test was used to evaluate statistical sig-

nificance. A P value less than .05 was considered as statisti-

cally significant.

Results

The Response of Primary Lung Cancer Mice to X-Ray IR

The mouse model established using urethane allowed us to

study the effects of IR on the immune system. We divided the

mice into 4 groups: (1) Control group, (2) IR group, (3) Tumor

group, and (4) Tumor þ IR group. Twenty-eight weeks after

Pan et al 3



urethane administration, we performed CT scanning to confirm

whether changes had occurred. According to the CT results,

nodules at the 32nd week were larger than those at the 28th

week, and the tumor volume at the 28th week following radia-

tion was smaller than that without radiation. Similar results

were observed in the Tumor þ IR group at the 32nd week

(Figure 1A). When the mice were killed, the lungs were iso-

lated and nodules were noted on the lung surface (Figure 1B).

The number of nodules was counted, the volumes were mea-

sured, and it was found that the number of nodules in the tumor
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Figure 1. Response of primary lung tumor to X-ray IR. A, Response of primary lung tumor to IR as revealed by computed tomography scanning
at the 28th and the 32th week. B, Lung tumors induced by urethane. C, Hematoxylin and eosin staining of tumor samples from the mouse model.
D, Representative immunohistochemical staining of Ki-67 in tumor samples. E, Quantitative analysis of the percentage of Ki-67-positive cells in
tumor samples. *P < .05; **P < .01; ***P < .001; ****P < .0001. CT indicates computed tomography; IR, irradiation; ns: no statistical significance.
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þ IR group was greater than that in the tumor group. However,

the volume of nodules post-IR (tumor þ IR) was smaller com-

pared to the tumor group (P < .05; Table 1). To ensure that

these nodules are tumor nodules induced by urethane, HE stain-

ing was conducted and increased cell atypia was found in the

nodules, indicating that the nodules in both tumor and Tumorþ
IR groups were all tumor nodules (Figure 1C). To further con-

firm the results of HE staining, we used the Ki-67 antibody to

detect cell proliferation. Ki-67 is a proliferation-related

nucleolus-associated constituent used as a marker of cell

cycling in tumor diagnosis and is used to identify cells in dif-

ferent phases of the cell cycle and in lung cancer pathol-

ogy.21,22 The immunohistochemistry figures showed that

there was no obvious change in the percentage of Ki-67 posi-

tive cells after IR compared with the control group. However,

the percentage of Ki-67 positive cells in the tumor group

showed a significant increase (P < .001) and was markedly

decreased in the Tumor þ IR group (P < .01; Figure 1D, 1E).

Changes in Mouse Immunocytes After X-Ray IR

Immune cells were detected by flow cytometry and it was

found that the number of natural killer (NK) cells in the tumor

group did not change not only in peripheral blood but also in

the spleen compared with the control group (Figure 2A and B).

However, NK cells in peripheral blood in the IR group

increased significantly (P < .05; Figure 2A). The number of

B lymphocytes either in the blood or in the spleen did not

change. Similar results were seen in the tumor group and

Tumor þ IR group (Figure 2E and F). However, the number

of B lymphocyte in the blood increased significantly in IR

group compared with the control group (P < .05; Figure 2E).

In addition, we also found that the number of CD4-positive

lymphocytes did not change markedly in the blood or spleen

(Figure 2C and D). The number of CD8-positive lymphocytes

was also unchanged in blood. However, the level of CD8-

positive lymphocytes decreased significantly in the spleen

(P < .01). But this change did not occur in the tumor group

(Figure 2G and H).

Changes in Cytokines After X-ray IR

Other factors that may promote the immune stimulatory activ-

ity of IR are cytokines, chemokines, and other immune mole-

cules.23 Thus, to further study the effect of ionizing radiation

on immune system, we determined cytokines using a protein

chip. The data showed that some molecules were markedly

changed in the tumor group and IR group, as shown in Figure

3. According to the protein chip results, we found that IL-17

decreased significantly in the IR group (P < .05; Figure 3C).

Serum VEGF also markedly decreased in the IR group (P < .05;

Figure 3E). Compared with the control group, after tumorigen-

esis, the level of IL-3 decreased (P < .05; Figure 3A) and the

same results were found for IL-6 (P < .01; Figure 3B), VEGF

(P < .05; Figure 3E), and RANTES (P < .05; Figure 3F). While

no significant change was found for other cytokines, including

IL-2, 4, 5, 9, 13, MCP-1, M-CSF, and KC, and so on. (Supple-

mental Figure 1).

Changes in Immunoglobulins in Peripheral Blood
Induced by IR

According to the cytokine data, we hypothesized that ionizing

radiation can induce changes in the levels of immunoglobulins;

thus, we used the protein chip to determine the levels of serum

immunoglobulins. The data showed that after tumorigenesis,

the level of IgE decreased markedly (P < .01; Figure 4C).

Similar results were observed for IgG2a (P < .005; Figure

4E), IgM (P < .05; Figure 4F), kappa (P < .01; Figure 4B), and

IgG3 (P < .05; Figure 4D). When the tumor group was irra-

diated, a significant decrease in the level of kappa (P < .005;

Figure 4B) was observed. A similar result was noted for IgD (P

< .05; Figure 4A) and IgM (P < 005; Figure 4F). However,

others like IgG1 and IgG2 did not change markedly (Supple-

mental Figure 2).

Discussion

Irradiation has a significant effect on the immune system by

stimulating the release of cytokines, chemokines, and growth

factors. These factors, in turn, can affect tumor metastatic

ability, tissue remodeling, and the balance between cell sur-

vival and death. Therefore, the analysis of cancer cell cyto-

kine characteristics will facilitate a better understanding of

the function of IR in regulation of the immune system of the

tumor patients. In this study, we used urethane to construct a

Kunming mouse lung cancer model to study the effect of IR

on the immune system of tumor-bearing mice. In the con-

structed tumor-bearing mouse model, the lung cancer inci-

dence rate was 100% when observed 28 weeks after

Table 1. Tumor Incidence in the 4 Groups.

Groups Tumor number Tumor incidence Tumor number/mouse (�X + s) Tumor size (�X + s)

Control 0 0/15 0 0
IR 0 0/15 0 0
Tumor 93 15/15 6.2 + 0.687 1.839 + 1.012a

Tumor þ IR 114 15/15 7.6 + 0.744 1.274 + 0.6656a,b

Abbreviation: IR, irradiation.
a Compared with control group.
b Compared with tumor group.
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urethane injection, which is consistent with previous report.

The pulmonary nodules were further confirmed as tumor

nodules by immunohistochemistry.

Previous reports have demonstrated the cytotoxic effect of

ionizing radiation on tumor cells, which was primarily due to

the production of DNA double-strand breaks followed by cell
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Figure 2. Changes in mouse immunocytes after X-ray IR analyzed by flow cytometry. A and B, NK cells were detected by NK1.1 antibody. E and
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death via apoptosis, necrosis, or autophagy.24 Due to the effects

of radiation, radiotherapy such as hypofractionated and stereo-

tactic radiotherapy has been widely used in the clinic. Stereo-

tactic ablative body radiotherapy (SABR) is a noninvasive

method of precision radiation that offers a radical departure

from conventional therapy, and it is typically delivered in a

daily dose of 2 Gy, 5 days a week for up to 7 weeks. Stereo-

tactic ablative body radiotherapy is currently used in the treat-

ment of many cancers, such as NSCLC, prostate cancer, renal

cancer, and liver cancer.25 The success of SABR in the clinic is

largely attributed to tumors treated with much larger biologi-

cally effective doses of radiation.26 Recent studies have shown

that radiotherapy does not only make a contribution to the

tumor microenvironment and the host’s antitumor immunity

but promotes an inflammatory response.27 Ionizing radiation

can also affect the release of immune molecules and co-

stimulatory molecules.28 Other studies have shown that follow-

ing radiotherapy, the toxicity of Treg cells is enhanced, and the

number of NK cells significantly increase after IR.29,30

Due to the inherent sensitivity of naive immune cells to

radiation, radiotherapy has long been viewed as an immuno-

suppressive form of cancer therapy.31 However, some data

suggest that ionizing radiation has the capacity to engage host

immune effector mechanisms that may contribute to the control

or eradication of cancer.32 For this reason, the field of

combination-based therapies is receiving more attention as it

is now abundantly clear that no single cancer therapy will be

successful in more than a very small fraction of patients.33
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Many reports have shown that radiation has the ability to sti-

mulate the immune system. A previous study showed that IR

can both induce multiple cell death such as tumor cells and

damage immune cells.7 Radiotherapy can not only kill tumor

cells but can induce reactions in the immune system and cause

modulation of major histocompatibility complex (MHC) class I

expression, which indicates that it can increase T cell recognition

of irradiated tumor cells, making them vulnerable to cytotoxic T

lymphocyte-mediated clearance.34 Clinical evidence shows that

the impact of radiotherapy on the immune system is modulated

by CD8-positive T lymphocytes.6 Notably, by increasing the

release of antigens from cancer, radiation can also result in the

transient expression of tumor-specific MHC/peptide complexes

on stromal cells.35 Recent studies have shown that radiotherapy

is effective in stimulating not only cellular immunity but also

innate immunity. Jones et al showed that radiation therapy can

stimulate innate immunity to enhance tumor control by targeting

Toll-like receptors and other innate recognition pathways.36 In

the present study, it was shown that B lymphocytes increased

significantly, and CD8þ T lymphocytes decreased markedly

after IR. Following blood analysis, the level of NK cells was

increased by IR, and a significant increase in the level of B

lymphocytes was noted. The level of B lymphocytes in the

spleen did not change markedly. In addition, there was no obvi-

ous change in CD4-positive lymphocytes both in the blood and

spleen. A significant decrease in spleen CD8-positive lympho-

cytes was observed. All these data show IR can inhibit the ability

of adaptive immunity.
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Figure 4. Changes in immunoglobulins in peripheral blood after X-ray IR analyzed by protein microarray. Changes of (A) IgD, (B) Kappa, (C) IgE,
(D) IgG3, (E) IgG2a, and (F) IgM in peripheral blood samples of mice subjected to IR. IL indicates interleukin; IR, irradiation.
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The previous study showed that radiation not only had an

influence on immune cells but also cytokines, chemokines, and

other immune molecules like promoting the secretion of cyto-

kines.37 Another research demonstrated that the production of

IFN-g and TNF-a is correlated with radiation, and the level of

intercellular adhesion molecule-1 (ICAM-1) increased after

exposure.38 On the other hand, the toxicity induced by radio-

therapy resulted in changes in 30 types of cytokines.39 In addi-

tion, radiotherapy can also induce the secretion of immune

activators to enhance the sensitivity of the tumor to immu-

nity.40 According to the reports, IR can not only play a

tumor-killing role but also regulate the immune environment

of the tumor, and this regulation is closely related to the release

of various cytokines. During the process of tumorigenesis, the

release of ILs is involved in the complex tumor microenviron-

ment, and IR can cause changes in various immune factors such

as IFN-g, IL-6, IL-10, IL-11, IL-12, IL-3, IL-33, IP-10, MCP-1,

MCP-3, MDC, MIP-1a, MIP-1b, MIP-3a, MIP-3b, TGF-b1,

TGF-b2, TGF-b3, TIMP-1, TNF-a, and VEGF.32 However, the

reaction of cytokines to radiotherapy is complicated and

involves many factors. In addition, local radiation can stimulate

tumor cells or epithelial cells to secrete TNF-a, IL-1, and IL-6,

and these cytokines were found to promote dendritic cell

maturation.41 Radiation can also induce the secretion of IFN-

g in the microenvironment by stimulating T lymphocytes and

NK cells.42 Interleukin-1a plays an important role in immune

activation after tumor cell death. It can also affect the secretion

of IL-1b.43 The same reaction was found for TNF-a and also

found increased secretion of IL-1a, IL-6, and GM-CSF.44

Interleukin-6 and IL-8 were also increased in glioma speci-

mens.45 In our study, IL-17 and VEGF significantly decreased

in the IR group, and IL-3, IL-6, RANTES, and VEGF

decreased in the tumor group. According to our results, the

tumor can promote immune evasion by suppression of

proliferation of hematopoietic cells, B cell maturation as well

as pro-inflammatory factors, while IR suppressed both innate

immunity and angiogenesis to some extent.

The abscopal effect was first described by Mole in 1953.46

The phenomenon that enhanced eradication of local and distant

tumors by genetically produced IL-12 and radiation has been

increasingly reported in both preclinical and clinical studies.47

Demaria et al reported that localized radiotherapy or hypofrac-

tionated IR plus cytotoxic T-lymphocyte-associated protein-4

blockage resulted in an abscopal effect in a mouse tumor

model.48 Some studies have demonstrated that X-ray radiation

can induce the release of some cytokines such as IL-6 and can

promote the production of MCP-1, whose main function is to

move immune cells to inflammatory regions via chemotaxis.

Another report showed that the release of MCP-1 was main-

tained at a high level for 21 days after IR, but IL-17 levels were

lower23 which are consistent with our results. Furthermore, we

also found changes in immunoglobulins. The relevant data

showed a marked decrease in IgD, IgM, and kappa in tumor

þ IR group, and significant decrease in IgE, IgM, IgG3, IgG2a,

and kappa in tumor group, indicating that IR inhibited the

biosynthesis and secretion function of innate immune cells.

In conclusion, there is a close correlation between the

immune system of the tumor-bearing organism and the IR. Our

work established a practical model for investigating the effects

of radiotherapy on immune cells and immune factors and fur-

ther found that some cytokines are involved in the response of

the tumor to radiation. Besides we found IR decreased the

secretion of IgM, which is a crucial functional component of

innate immunity, resulting in the inhibition of the innate immu-

nity. These findings paved a way for further revealing that

underlying mechanisms of radiotherapy combined with

immunotherapy.
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