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Abstract

Background

Potential clinical application values of certain cytokines and chemokines that participate in

the process of tumor growth, invasion, and metastasis have been reported. However, there

still lack of biomarkers for a great many of malignancy. This study identified cytokines or

chemokines involved in the occurrence and development of nasopharyngeal carcinoma

(NPC), which might be a biomarker for noninvasive early diagnosis.

Methods

The plasma levels of 19 cytokines and chemokines were detected by the luminex liquid

array-based multiplexed immunoassays in 39 NPC patients before and after treatment by

definitive intensity-modulated radiotherapy (IMRT).

Results

Plasma levels of almost all of the 19 cytokines and chemokines in NPC patients were higher

than healthy controls, while only IFN-γ, IL-1b IL-6, MCP-1, TNF-α, FKN, IL-12P70, IL-2, IL-5

and IP-10 showed significant differences. However, expression levels of most of the 19 cyto-

kines and chemokines decreased after therapy, especially IFN-γ, IL-10, IL-1b, IL-6, IL-8,

MCP-1, TNF-α, VEGF, IL-17A, IL-2, IL-5 and MIP-1b, have a dramatic decline. Taking

together, plasma levels of IFN-γ, IL-1b, IL-6, MCP-1, TNF-α, IL-2 and IL-5 are significantly

increased in NPC patients and dramatically decreased after treatment, suggesting these

cytokines and chemokines might play important roles in the progress of NPC. More interest-

ingly, the expression level of MPC-1 is significantly associated with clinical stage.
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Conclusion

MCP-1 might involve in the genesis and development process of NPC, which might serve

as a noninvasive biomarker for early diagnosis.

Introduction

Recent researches have revealed that not only tumor cells themselves, but also many host fac-

tors such as immune status in tumor microenvironment have deep influence on formation,

development and biological behavior of tumor [1]. Many cytokines/chemokines and their

receptors have been found in cancers, which are networked and involved in regulating the

immune response of tumor microenvironment to promote tumor cell growth, survival, inva-

sion and transfer [2].

Nasopharyngeal carcinoma (NPC) is a squamous cell carcinoma arising from the epithelial

lining of the nasopharynx, which has a high incidence in Southern China and been called

“Guangdong Tumor” because of its unique geographic distribution characteristic [3]. The vast

majority of NPC patients are diagnosed as advanced metastasis disease due to its hidden path-

ogenic site [4]. Blood biomarkers may contribute to noninvasive early diagnosis of NPC.

Since numerous immune cells and their secreting cytokines and chemokines with regulat-

ing functions have been found in nasopharyngeal carcinoma, some cytokines/chemokines

showed the potential of served as biomarkers for diagnosis and treatment of NPC [5]. High

serum expression levels of CCL2 (chemokine C–C motif ligand 2 or monocyte chemotactic

protein-1, MCP-1) and TNF-α have been reported can predicted bone invasion, distant metas-

tasis and poor overall survival in NPC patients [6]. Plasma Epstein-Barr (EB) viral load and

level of interleukin (IL)-8 and IL-10 had been found associated with the stages of NPC and

consider as prognostic indicators for NPC[7]. However, there still lack of biomarker for nonin-

vasive early diagnosis of NPC.

In the present study, expression levels of 19 plasma cytokines and chemokines have been

detected by luminex liquid array-based multiplexed immunoassays in 39 NPC patients before

and after treatment by definitive intensity-modulated radiotherapy (IMRT). Results show that

the expression levels of almost all of 19 cytokines and chemokines are higher than healthy

controls, and 10 of them increase significantly. However, most of these cytokines and chemo-

kines decrease after therapy, and 12 of them have a dramatic decline. Taking together, plasma

levels of 7 cytokines and chemokines are significantly increase in NPC patients and dramatic

decrease after treatment, suggesting they might play important roles in the progress of NPC.

More interestingly, one of them showed significantly associated with clinical stage, and might

serve as a noninvasive biomarker for NPC early diagnosis.

Materials and methods

Study population

A total of 39 ethnic Chinese patients from Foshan Hospital of Sun Yat-sen University, were ini-

tially enrolled in this study from Dec.25.2012 to May.13.2015. All were newly-diagnosed with

non-metastatic NPC patients and subsequently treated with definitive intensity-modulated

radiotherapy (IMRT), which is the preferred choice of treatment for NPC patients with a

favorable toxicity profile and achieves very high loco regional control [8]. All patients under-

went pretreatment evaluations, including MRI of the neck and nasopharynx, chest radiogra-

phy, abdominal sonography and whole-body bone scan, and obtained good therapeutic

Changes of plasma cytokines and chemokines in NPC patients

PLOS ONE | DOI:10.1371/journal.pone.0172264 February 16, 2017 2 / 9

(2015AG10002; Wei Luo) & Science and

Technology Planning Project of Guangdong

Province (2016A020215005; Yue-jian Wang) &

"Guangdong TeZhi program" youth science and

technology talent of project (2015TQ01R462; Wei

Luo).

Competing interests: The authors have declared

that no competing interests exist.



efficacy after treatment with IMRT. Medical records and imaging results were reviewed, and

all patients were restaged according to the AJCC tumor-node-metastases (TNM) staging sys-

tem, 2010. Besides, sixty-four healthy individuals were included as controls, which showed no

significant difference on sexuality, age, smoking status, and history of alcohol intake compar-

ing with NPC patients (Chi-square test).

Ethics statement

This study was conducted in accordance with the Declaration of Helsinki. All participants

agreed and signed informed consent forms prior to participation. The study was approved by

the Ethics Committee at Sun Yat-Sen University.

Plasma samples

Two milliliter peripheral blood were respectively collected from NPC patients before and after

treatment and healthy controls in the presence of EDTA anti-coagulant and centrifuged for 10

minutes at 1000×g. Plasma samples were separated and kept at -80˚C until use. Prior to cyto-

kine assays, frozen plasma samples were thawed completely, mixed well by vortexing, and cen-

trifuged for 10 minutes at 10000×g to remove particulates.

Cell culture supernatant

PBMC was isolated from 2 ml of peripheral blood by Ficoll-Paque, and then 5×105/200ul of

cells were added in each well of 96 wells plate and cultured by RPMI-1640 with 10% fetal

bovine serum, after incubated at 37˚C, 5% CO2 for 48h, the cell supernatants were collected

and stored at -80˚C until use.

Multiplexed cytokine assay

The milliplex map kit containing magnetic beads for quantification of 19 human cytokines

and chemokines was purchased from Merck Millipore (Darmstadt, Germany). Multicytokine

analyses were performed using Luminex technology. Sensitivity and specificity of the assay

were calculated. Assays were performed according to the manufacturer’s instructions. Briefly,

after plates were pre-wet, 50 μl of precombined beads was added and washed twice. Plasma

samples (25 μl) were diluted 1:1 with serum matrix and added to the plate. The plate was

shaken for 30 seconds at 500 rpm and then incubated for one hour on a plate shaker at 700

rpm at room temperature. Plates were washed twice, 25μl of detection antibody was added per

well, and plates were incubated for one hour on a plate shaker. 50μl of strepatavidin-PE conju-

gate was added to each well, and the plate was shaken at 500 rpm for 30 minutes at room tem-

perature. Finally, plates were washed three times and 150 μl of sheath fluid were added to each

well. Plates were read using a Luminex machine (Luminex, Austin, USA). Data was analyzed

according to the Luminex Instrument instructions. ProcartaPlex Analyst 1.0 was used. A stan-

dard curve for each cytokine was generated by mixing known concentrations of recombinant

human cytokines.

Statistical

GraphPad Prism 5 was used to generate plots and SPSS 17.0 was used to perform statistical

analyses. Shapiro-Wilk was chosen to conducte the normality test of our data. A paired t-test

was performed to compare the cytokines/chemokines between pre- and post-treatment when

our data was accorded with normal distribution, otherwise Wilcoxon Signed Rank test was

used. The Mann-Whitney rank test was used to compare samples between pre-treatment
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patients group and healthy control group. Chi-square test was used to compare categorical

data between groups. One-way analysis of variance (ANOVA) was used to compare cytokines/

chemokines of the NPC patients with different clinical stages. Limited Slip Differential (LSD)

post-hoc tests were performed between every two stages. P values< 0.05 were considered sta-

tistically significant.

Results

Description of demographic characteristics

Thirty-nine subjects diagnosed as NPC without chronic diseases (such as heart failure, autoim-

mune diseases, and other bacterial or viral infections) were enrolled in the prospective study.

NPC patients were classified according to the UICC (2002) staging system of NPC, of whom 2

with stage I, 8 with stage II, 12 with stage III and 17 with stage IV. In addition, the distributions

of NPC patients based on other classification systems are also given in Table 1.

Plasma cytokine/chemokine expression levels in NPC patients and

healthy controls

Luminex was used to determine the expression level of plasma cytokines and chemokines in

NPC patients and healthy samples. Plasma levels of cytokines and chemokines between NPC

patients and healthy donors were compared, and the results showed that the expression

levels of most cytokines and chemokines are increase in NPC patients but only 10 of 19 have

statistical significances, namely IFN-γ (P<0.001), IL-1b (P = 0.01), IL-6 (P<0.001), MCP-1

(P<0.001), TNF-α (P<0.001), FKN (P<0.001), IL-12P70 (P<0.001), IL-2 (P = 0.001), IL-5

(P<0.001), IP-10 (P = 0.04) (Fig 1A and 1B).

Plasma cytokine/chemokine expression levels in NPC patients before

and after treatment

The change of plasma levels of cytokines and chemokines after treatment has been evaluated.

Almost all of the 19 cytokines and chemokines decrease after treatment, and 12 of them

decline dramatically, which has been shown in Fig 1A and 1C. Taken together, IFN-γ, IL-1b,

IL-6, MCP-1, TNF-α, IL-2 and IL-5 are significantly higher in pre-treated NPC patients and

decrease after therapy (Fig 1A), which may play important roles in the development of NPC.

Relationship between plasma levels of cytokine/chemokine and clinical

stages

The relationship between plasma levels of cytokines and chemokines and clinical stages has

been analyzed. The expression level of MPC-1 is significantly associated with clinical stage,

there is significant difference between four clinical stages (P = 0.034, one-way ANOVA, Fig 2),

suggesting that MCP-1 might be a biomarker in the genesis and development process of NPC.

Discussion

NPC is a multifactorial malignancy disease, and immune state may be a crucial factor in gene-

sis and development of NPC [5]. Cytokines and chemokines secreted by immune cells play

important roles in immune response by mutual influence and interaction with each other [9].

Many previous literatures had revealed that several cytokines and chemokines were associated

with the development of NPC and played indispensable roles in regulating the complex tumor

microenvironment [10–12].
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The vast majority of patients diagnosed with NPC is already in the middle-late stage due to

pathogenic sites is hidden and lack of effective early diagnosis methods. To find blood bio-

markers for noninvasive early diagnosis of NPC, we determined 19 plasma cytokines and che-

mokines by luminex technology in 39 NPC patients, which contained 10 patients with stage I

and stage II (2 with stage I, 8 with stage II) as well as 29 age-matched advanced stages patients

(12 with stage III, 17 with stage IV). NPC patients with early stage are usually younger than

late stage patients in our hospital, so a relatively younger cohort than those in the global popu-

lation was recruited in this study.

Table 1. Clinical characteristics of NPC patients.

Characteristics NPC patients (n = 39)

Age

�40 18

<40 21

Gender

Male 33

Female 6

Smoking status

No 23

Yes 16

History of alcohol intake

No 24

Yes 15

Clinical staging

I 2

II 8

III 12

IVa+b 17

T staging

T1 5

T2 12

T3 10

T4 12

N staging

N0 8

N1 9

N2 16

N3 6

M staging

M0 39

M1 0

Co-morbidities

Yes 15

No 24

Histological grade

non-keratinizing carcinoma 39

keratinizing carcinoma 0

doi:10.1371/journal.pone.0172264.t001
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Fig 1. Expression levels of 19 plasma cytokines and chemokines in NPC patients before and after

therapy. A. The ones increasing in NPC patients and declining after therapy. B. The ones increasing in NPC

patients but no change after therapy. C. The ones no change in NPC patients but decreasing after therapy. D.

The ones no change before and after therapy. Total 39 NPC patients (PRE: pre-treated samples; POST: post-

treated samples) and 64 healthy donor (HD). The plasma cytokine/chemokine contents (pg/ml) had been

transformed by log 10 to correct the non-normal data. The horizontal line (HD) and squares (PRE and POST)

represent the median in each group. *P<0.05; **P<0.01; ***P<0.001.

doi:10.1371/journal.pone.0172264.g001
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Our results show that 10 cytokines and chemokines increase in NPC patients, and 7 of

them decrease after therapy, which might be important in the development of NPC. MPC-1 is

a protein secreted by the infiltrated inflammatory cells and associated with the maturation and

attraction of tumor-associated macrophages (TAMs). It have been confirmed that MPC-1 is

secreted steadily and continuously in mouse mammary tumor, and over expression of MPC-1

can directly inhibit T cells to secret IFN-γ [13, 14]. Besides, macrophage infiltration has be

stunted after blocking the binding of MCP-1 to monocytes expressing the receptor of CCL2

(CCR2), which let mice to delay the progression of metastatic cancer and extend survival [15].

In our study, the expression level of MPC-1 increase in NPC patients and decrease after treat-

ment significantly. More interestingly, we firstly find that the expression level of MPC-1 is sig-

nificantly associated with the clinical stage of NPC. This result is consistent with a previous

study, which has proved that MCP-1 play a role in improving the proliferation, migration and

invasion of prostate cancer cells [16]. Consequently, the results suggest MCP-1 play a very

important role in the growth, invasion and metastasis of NPC.

NPC is known as a highly malignant and frequently metastasized tumor with a poor prog-

nosis [17]. The regulatory mechanism of cytokines and chemokines effecting on tumor

growth, invasion, metastasis and deterioration is complicated and remains unknown. The aim

of this study is to explore special cytokines and chemokines which may make a contribution to

providing new strategies for the diagnosis and treatment of NPC as well as novel insights in

anti-NPC immunity.

Fig 2. Expression levels of MCP-1 in NPC patients with different stages. Data was analyzed by one-way

analysis of variance (ANOVA). Limited Slip Differential (LSD) post-hoc tests were performed between every

two stages. The error bars indicate the mean with the SEM.

doi:10.1371/journal.pone.0172264.g002
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Conclusion

Nineteen Plasma cytokines/chemokines in NPC patients before and after therapy were

detected by luminex technology. The expression levels of 10 cytokines/chemokines increase in

NPC patients, and 7 of them decrease after treatment with IMRT, which might be important

biomarkers in the development of NPC. More interestingly, the expression level of MPC-1 is

significantly associated with clinical stage suggest that MCP-1 might play a very important role

in the growth, invasion and metastasis of NPC.

Acknowledgments

This work was funded by Grants from National Natural Science Foundation of China

(81402255) & Guangdong Province Natural Science Funds for Distinguished Young Scholar

(2016A030306050) & Guangdong Province Natural Science Funds (2014A030313803) & Sci-

ence and technology innovation platform in Foshan city (2015AG10002) & Science and Tech-

nology Planning Project of Guangdong Province (2016A020215005) & "Guangdong Te Zhi

program" youth science and technology talent of project (2015TQ01R462).

Author Contributions

Conceptualization: WL YW.

Data curation: XC.

Formal analysis: JC.

Funding acquisition: WL YW.

Investigation: YJ GZ KL XC JC WL YW.

Methodology: YJ GZ.

Project administration: WL YW.

Resources: WL YW.

Supervision: WL YW.

Validation: WL YW.

Visualization: WL YW.

Writing – original draft: KL.

Writing – review & editing: WL.

References
1. Zhu Z, Singh V, Watkins SK, Bronte V, Shoe JL, Feigenbaum L, et al. High-avidity T cells are preferen-

tially tolerized in the tumor microenvironment. Cancer Res. 2013; 73:595–604. doi: 10.1158/0008-

5472.CAN-12-1123 PMID: 23204239

2. Salazar N, Castellan M, Shirodkar SS, Lokeshwar BL. Chemokines and chemokine receptors as pro-

moters of prostate cancer growth and progression. Crit Rev Eukaryot Gene Expr. 2013; 23:77–91.

PMID: 23557339

3. Cao SM, Simons MJ, Qian CN. The prevalence and prevention of nasopharyngeal carcinoma in China.

Chin J Cancer. 2011; 30:114–9. doi: 10.5732/cjc.010.10377 PMID: 21272443

4. Lin JC, Jan JS, Hsu CY. Outpatient weekly chemotherapy in patients with nasopharyngeal carcinoma

and distant metastasis. Cancer. 1998; 83:635–40. PMID: 9708925

Changes of plasma cytokines and chemokines in NPC patients

PLOS ONE | DOI:10.1371/journal.pone.0172264 February 16, 2017 8 / 9

http://dx.doi.org/10.1158/0008-5472.CAN-12-1123
http://dx.doi.org/10.1158/0008-5472.CAN-12-1123
http://www.ncbi.nlm.nih.gov/pubmed/23204239
http://www.ncbi.nlm.nih.gov/pubmed/23557339
http://dx.doi.org/10.5732/cjc.010.10377
http://www.ncbi.nlm.nih.gov/pubmed/21272443
http://www.ncbi.nlm.nih.gov/pubmed/9708925


5. Chang KP, Chang YT, Wu CC, Liu YL, Chen MC, Tsang NM, et al. Multiplexed immunobead-based pro-

filing of cytokine markers for detection of nasopharyngeal carcinoma and prognosis of patient survival.

Head Neck. 2011; 33:886–97. doi: 10.1002/hed.21557 PMID: 21560180

6. Lu X, Qian CN, Mu YG, Li NW, Li S, Zhang HB, et al. Serum CCL2 and serum TNF-alpha—two new bio-

markers predict bone invasion, post-treatment distant metastasis and poor overall survival in nasopha-

ryngeal carcinoma. Eur J Cancer. 2011; 47:339–46. doi: 10.1016/j.ejca.2010.09.025 PMID: 20951575

7. Savitri E, Haryana MS. Expression of interleukin-8, interleukin-10 and Epstein-Barr viral-load as prog-

nostic indicator in nasopharyngeal carcinoma. Glob J Health Sci. 2015; 7:364–72.

8. Guo R, Tang LL, Mao YP, Zhou GQ, Qi ZY, Liu LZ, et al. Clinical Outcomes of Volume-Modulated Arc

Therapy in 205 Patients with Nasopharyngeal Carcinoma: An Analysis of Survival and Treatment Toxic-

ities. PLoS One. 2015; 10:e0129679. doi: 10.1371/journal.pone.0129679 PMID: 26146828

9. Raman D, Baugher PJ, Thu YM, Richmond A. Role of chemokines in tumor growth. Cancer Lett. 2007;

256:137–65. doi: 10.1016/j.canlet.2007.05.013 PMID: 17629396

10. Kan R, Shuen WH, Lung HL, Cheung AK, Dai W, Kwong DL, et al. NF-kappaB p65 Subunit Is Modu-

lated by Latent Transforming Growth Factor-beta Binding Protein 2 (LTBP2) in Nasopharyngeal Carci-

noma HONE1 and HK1 Cells. PLoS One. 2015; 10:e0127239. doi: 10.1371/journal.pone.0127239

PMID: 25974126

11. Liu SC, Chang YS. Role of leukemia inhibitory factor in nasopharyngeal carcinogenesis. Mol Cell

Oncol. 2014; 1:e29900. doi: 10.4161/mco.29900 PMID: 27308310

12. Yang ZH, Dai Q, Gu YJ, Guo QX, Gong L. Cytokine and chemokine modification by Toll-like receptor

polymorphisms is associated with nasopharyngeal carcinoma. Cancer Sci. 2012; 103:653–8. doi: 10.

1111/j.1349-7006.2012.02210.x PMID: 22320262

13. Liu Y, Cao X. The origin and function of tumor-associated macrophages. Cell Mol Immunol. 2015;

12:1–4. doi: 10.1038/cmi.2014.83 PMID: 25220733

14. Vitiello PF, Shainheit MG, Allison EM, Adler EP, Kurt RA. Impact of tumor-derived CCL2 on T cell effec-

tor function. Immunol Lett. 2004; 91:239–45. doi: 10.1016/j.imlet.2003.12.009 PMID: 15019295

15. Qian BZ, Li J, Zhang H, Kitamura T, Zhang J, Campion LR, et al. CCL2 recruits inflammatory mono-

cytes to facilitate breast-tumour metastasis. Nature. 2011; 475:222–5. doi: 10.1038/nature10138

PMID: 21654748

16. Lu Y, Cai Z, Galson DL, Xiao G, Liu Y, George DE, et al. Monocyte chemotactic protein-1 (MCP-1) acts

as a paracrine and autocrine factor for prostate cancer growth and invasion. Prostate. 2006; 66:1311–

8. doi: 10.1002/pros.20464 PMID: 16705739

17. Liu X, Lu J, He ML, Li Z, Zhang B, Zhou LH, et al. Antitumor effects of interferon-alpha on cell growth

and metastasis in human nasopharyngeal carcinoma. Curr Cancer Drug. 2012; 12:561–70

Changes of plasma cytokines and chemokines in NPC patients

PLOS ONE | DOI:10.1371/journal.pone.0172264 February 16, 2017 9 / 9

http://dx.doi.org/10.1002/hed.21557
http://www.ncbi.nlm.nih.gov/pubmed/21560180
http://dx.doi.org/10.1016/j.ejca.2010.09.025
http://www.ncbi.nlm.nih.gov/pubmed/20951575
http://dx.doi.org/10.1371/journal.pone.0129679
http://www.ncbi.nlm.nih.gov/pubmed/26146828
http://dx.doi.org/10.1016/j.canlet.2007.05.013
http://www.ncbi.nlm.nih.gov/pubmed/17629396
http://dx.doi.org/10.1371/journal.pone.0127239
http://www.ncbi.nlm.nih.gov/pubmed/25974126
http://dx.doi.org/10.4161/mco.29900
http://www.ncbi.nlm.nih.gov/pubmed/27308310
http://dx.doi.org/10.1111/j.1349-7006.2012.02210.x
http://dx.doi.org/10.1111/j.1349-7006.2012.02210.x
http://www.ncbi.nlm.nih.gov/pubmed/22320262
http://dx.doi.org/10.1038/cmi.2014.83
http://www.ncbi.nlm.nih.gov/pubmed/25220733
http://dx.doi.org/10.1016/j.imlet.2003.12.009
http://www.ncbi.nlm.nih.gov/pubmed/15019295
http://dx.doi.org/10.1038/nature10138
http://www.ncbi.nlm.nih.gov/pubmed/21654748
http://dx.doi.org/10.1002/pros.20464
http://www.ncbi.nlm.nih.gov/pubmed/16705739

