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Combination of Plasma MIF and VCA-IgA
Improves the Diagnostic Specificity for
Patients With Nasopharyngeal Carcinoma
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Zhiliang Huang, MM4, and Qingxia Xu, MM1

Abstract
Introduction: The purpose of this study is to evaluate the diagnostic value of macrophage migration inhibitory factor in patients
with nasopharyngeal carcinoma. Materials and Methods: The expression levels of macrophage migration inhibitory factor in
nasopharyngeal carcinoma cell lines, tumor tissues, and plasma were measured by real-time polymerase chain reaction, Western
blotting, enzyme-linked immunosorbent assay, and immunohistochemistry. Plasma Epstein-Barr virus viral capsid antigen was
determined by immunoenzymatic techniques. Results: Both the messenger RNA and protein expression levels of macrophage
migration inhibitory factor were upregulated in nasopharyngeal carcinoma cell lines and nasopharyngeal carcinoma tissues.
Macrophage migration inhibitory factor in plasma was significantly elevated in patients with nasopharyngeal carcinoma compared
to Epstein-Barr virus viral capsid antigen–negative and Epstein-Barr virus viral capsid antigen–positive healthy donors. The
combination of macrophage migration inhibitory factor and Epstein-Barr virus viral capsid antigen was better for diagnosing
nasopharyngeal carcinoma (area under receiver operating characteristic curve ¼ 0.925, 95% CI: 0.898-0.951) than macrophage
migration inhibitory factor (area under receiver operating characteristic curve ¼ 0.778, 95% CI: 0.732-0.824) and Epstein-Barr
virus viral capsid antigen. Combining macrophage migration inhibitory factor and Epstein-Barr virus viral capsid antigen had higher
specificity (82.40% vs 69.96%) and higher positive predictive value (79.17% vs 67.44%) without an obvious reduction in sensitivity
(95.25%) compared to Epstein-Barr virus viral capsid antigen alone. Macrophage migration inhibitory factor was highly expressed
in nasopharyngeal carcinoma cell lines, whereas it was not associated with Epstein-Barr virus infection. The level of macrophage
migration inhibitory factor in plasma was not related to the titer of Epstein-Barr virus viral capsid antigen. Conclusion: The
combination of macrophage migration inhibitory factor and Epstein-Barr virus viral capsid antigen increases the specificity and
positive predictive value of detecting nasopharyngeal carcinoma and improves the diagnostic accuracy of nasopharyngeal carci-
noma in high-risk individuals.
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Introduction

Nasopharyngeal carcinoma (NPC) is a malignant tumor of the

head and neck; over 84 000 new patients with NPC are diag-

nosed per year, with a higher incidence in Southeast Asia and

North Africa.1,2 In China, the incidence and mortality of NPC in

2015 were 60 600 and 34 100, respectively.3 The mortality of

NPC has decreased due to the improvements in treatment, espe-

cially radiotherapy. However, the survival rate is still dissatis-

factory. Early diagnosis is important to improve the survival of

patients with NPC. Epstein-Barr virus (EBV) infection was

strongly associated with the development of the nonkeratinizing

and undifferentiated nasopharyngeal carcinoma, which has been

postulated since 1966.4-6 Thus, EBV-based biomarkers are use-

ful for NPC diagnosis and continuous surveillance of disease. In

recent years, the immunoglobulin antibodies against the EBV

viral capsid antigen (VCA-IgA), EBV early antigen (EA/IgA),

EBNA1-IgA, Zat-IgA, Rat-IgG, and EBV DNA were commonly

used as screening biomarkers for NPC.7-9 As a large number of

people have been infected with EBV, these EBV-based biomar-

kers were not satisfactory for NPC diagnosis, especially for

distinguishing patients with NPC from high-risk individuals who

have positive anti-EBV antibodies.10,11

The combination of EBV-based biomarkers has been devel-

oped to improve diagnostic value of NPC. Yu et al reported that

VCA-IgA and EA-IgA are closely associated with NPC, but

neither of them is particularly specific.12 Additionally, EBV

DNA tests showed limited diagnostic significance for the

patients of early-stage and local recurrence NPC.8,13 These

results have proven insufficient to accurately diagnose NPC.

Therefore, novel biomarkers for increasing the specificity of

NPC diagnosis are urgently needed.

Macrophage migration inhibitory factor is a pleiotropic

cytokine of the immune response produced by macrophages

and cancer cells, which induces expression of inflammatory

cytokines including interleukin (IL)-2, tumor necrosis factor-

a, interferon (INF)-g, IL-1b, IL-6, INF-7, IL-12, and so on.14

Macrophage migration inhibitory factor may function to reg-

ulate cellular proliferative and differentiation in the epidermis

in addition to regulate immunity and inflammation.15 In recent

years, MIF has been reported to be overexpressed in many

cancers, such as gallbladder cancer, gastric cancer, liver cancer,

and lung cancer.16-18 Furthermore, high expression of MIF has

been found to be a poor prognosis in NPC, hepatocellular can-

cer, colorectal cancer, and breast cancer.19-22 In addition,

serum MIF has been suggested as a potential biomarker for the

diagnosis of these cancer.23-25 Nevertheless, the diagnostic sig-

nificance of plasma MIF in patients with NPC was unknown.

The aim of this study is to investigate the plasma MIF levels in

patients with NPC and provide further validation of the diag-

nostic potency of MIF in detecting NPC. We demonstrated that

MIF would be a good supplement marker to improve the spe-

cificity and PPV of NPC diagnosis.

Materials and Methods

Cell Lines

The immortalized NPEC1, NPEC2,26,27 and C666 cells were

grown in keratinocyte/serum-free medium (Invitrogen). The

NPC cell lines (S18, HK1, CNE1, HNE1, SUNE1, CNE2,

6-10B, CNE2-EBV, HNE1-EBV) were grown in RPMI 1640

medium (Invitrogen) supplemented with 10% fetal bovine

serum in a humidified incubator containing 5% CO2 at

37 �C. CNE2-EBV and HNE1-EBV cell lines were created

by infecting CNE2 and HNE1 cell lines with EBV-containing

green fluorescent protein (GFP). The virus was established as

previously described.27 The supernatants of cell lines were

collected and centrifuged at 1000g for 5 minutes to eliminate

suspended cells and stored at �80 �C until use.

Plasma and Tissue Specimens

The plasma samples were obtained from 147 primary patients

with NPC (ages 15-69 years, median 45 years, 107 males and

40 females) at the Sun Yat-sen University Cancer Center from

2011 to 2013. All patients with nasopharyngeal cancer received

confirmed diagnoses by pathological examination. Tumor-

node-metastasis (TNM) stage was established based on the

7th edition of the UICC/AJCC staging system for NPC. The

127 VN healthy controls (without otolaryngological-related

diseases, infection, or other cancer diseases) were collected

from Sun Yat-sen University Cancer Center (ages 17-75 years,

median 38 years, 59 males and 68 females). The 106 VCA-IgA

positive healthy controls (VP) cases (ages 21-88 years, median

53 years, 45 males and 61 females) were confirmed to have

non-neoplastic diseases in the nasopharynx by nasopharyngeal

biopsy during the 3 years of follow-up. Plasma was separated

after centrifugation at 4 �C and stored at �80 �C until use.

A total of 20 formalin-fixed and paraffin-embedded NPC

tumor specimens were used for immunohistochemistry. Nine

nontumor NP tissues and 9 primary NPC tissues were obtained

by biopsies. All these samples were obtained at the Sun Yat-sen

University Cancer Center.

Prior to use of these plasma and tissues, informed consent

was obtained from each of the participants. All patients pro-

vided written informed consent. This experiment was approved
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by the Institute Research Ethics Committee of the Cancer Cen-

ter of Sun Yat-sen University, Guangzhou, China.

Quantitative Real-Time Polymerase Chain Reaction

Total RNA was extracted from the cell lines and tissue speci-

mens and using the TRIzol reagent (Invitrogen) according to

the manufacturer’s instructions. Reverse transcription of total

RNA (2 mg) was done by a reverse transcriptase kit

(Invitrogen).

The messenger RNA (mRNA) levels of target and reference

(b-Actin) genes were performed on a LightCycler 480 II

(Roche, Applied Science) using a SYBR green-based assay

(BioRad). The primers for detecting MIF and EBV as follows:

MIF forward: 50-CACAGTGCCCAGACCCTACAGC-3’

MIF reverse: 5’-GCTTGCTGTAGGAGCGGTTCTG-3’

BKRF1 forward: 5’-GTAGGGGATGCCGATTATTTTG-3’

BKRF1 reverse: 5’-CTCCTTGACCACGATGCTTTC-3’

EBER1 forward: 5’-GAGGTTTTGCTAGGGAGGAGAC-3’

EBER1 reverse forward: 5’-GAAGACGGCAGAAAGCA-

GAGT-3’

BMRF1 forward: 5’-TCTCAAGGGAGGAGTGCTGC-3’

BMRF1 reverse forward: 5’-TCTGGGCTCTGGTGATT-

CTG-3’

BZLF1 forward: 5’-CCCAGTCTCCGACATAACCC-3’

BZLF1 reverse forward: 5’-CAGGCTGTGGAACAC-

CAATG-3’

b-Actin forward: 5’-GTGAAGGTGACAGCAGTCGGT-3’

b-Actin reverse: 5’-AAGTGGGGTGGCTTTTAGGAT-3’

Western Blotting Analysis

Nasopharyngeal carcinoma cells were harvested and lysed in

sodium dodecylsulfate (SDS) sample buffer. Cellular proteins

were separated by SDS-PAGE and transferred to polyvinyli-

dene difluoride membranes. Then, the membranes were incu-

bated with MIF (1:1000, Abcam, ab65869) and a-tubulin

(1:3000, Abcam, ab126165) antibodies at 4 �C overnight. At

last, the blots were treated with a horseradish peroxidase

(HRP)-conjugated secondary antibody.

Immunohistochemistry

Formalin-fixed, paraffin-embedded NPC tissues were incu-

bated with anti-MIF antibody (1:250, Abcam) overnight at 4
�C. After washing, these slides were incubated with a HRP-

conjugated antirabbit secondary antibody at 37 �C for 30 min-

utes. The tissue sections were immersed in 3-diaminobenzidine

tetrahydrochloride for 45 seconds, followed by counterstaining

with 10% Mayer’s hematoxylin. All tissues were reviewed by 2

independent observers.

ELISA

Plasma MIF levels were detected using the RayBiotech sand-

wich ELISA kits (RayBiotech Systems). The test plasma or

standard (100 mL/well) was added into 96-well plates and

incubated for 2.5 hours. Then, the biotinylated antibody solu-

tion (100 mL/well) was added and incubated for 1 hour. After

washing, streptavidin solution (100 mL/well) was added at 37
�C for 45 minutes. Finally, The TMB (100 mL/well) was

added, and the reaction was terminated with 50 ml stop solu-

tion. The absorbance was determined at 450 nm using a

microplate reader. Each test included a standard control (coef-

ficient of variation < 10%).

Immunoenzymatic Assay of Plasma EBV VCA-IgA

Immunoenzymatic assay method supplied by the Shanghai

Institute of Biological Products was used to determine the

plasma EBV titers. B95 cell lines were prepared for test on

glass slides. Plasma at a dilution of 1:10 was applied, and

this was followed by 2-fold serial dilutions. The reciprocal

of the highest dilution showing brown within 15% of the

cells was the plasma antibody titer. The levels of EBV

VCA-IgA were determined by titration, with cutoff values

set at 1:40.

Statistical Analysis

Data analyses were performed using SPSS 20.0 (SPSS Inc).

Mann-Whitney U tests were applied to analyze the relation-

ships between MIF expression and the clinicopathological fea-

tures. Kruskal-Wallis tests were used to analyze the differences

in MIF concentration among different groups. The area under

the receiver operating characteristic curve (AUC) was used to

perform the efficacy of MIF. The cutoff value for MIF was

defined as the value with the maximization of Yuden index.

A 2-sided P value less than 0.05 was considered to be statisti-

cally significant.

Results

Overexpression of MIF in Nasopharyngeal Carcinoma
Cells and Tumor Tissues

To investigate the expression of MIF in NPC, 9 nontumor NP

tissues and 9 NPC tissues were used. Compared to the nontu-

mor NP tissues, MIF mRNA was significantly upregulated in

tumor tissues (Figure 1A). Then, we detected the levels of MIF

in several NPC cell lines (S18, HK1, CNE1, HNE1, SUNE1,

CNE2, 6-10B,) and immortalized nasopharyngeal epithelial

cell lines (NEPC1, NEPC2) using real-time -polymerase chain

reaction and Western blotting. We demonstrated that tumor cell

lines exhibited higher MIF mRNA and protein expression lev-

els (Figure 1B and C). Next, we performed an ELISA to deter-

mine the MIF levels in the supernatant of the culture cells. The

tumor cell lines also showed higher levels of MIF protein

expression in supernatant than that of immortalized nasophar-

yngeal epithelial cell lines (Figure 1D). Then, a total of 20 NPC

tissues were used to detect the expression of MIF. The levels of

MIF protein were highly expressed at cytoplasm of tumor cells

in 17 of 20 NPC samples (85%). Various levels of MIF protein

were observed in tumor cells: low (Figure 1E, c and d), medium
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(Figure 1E, e and f) and high (Figure 1E, g and f). However,

MIF was lower or no expression in the normal nasopharyngeal

epithelium (Figure 1E, a and b).

Plasma MIF Levels in NPC and the Association Between
Plasma MIF and Clinicopathological Characteristics

The results in Figure 2A demonstrate the plasma levels of MIF

in the VN (n ¼ 127), VP (n ¼ 106), patients with NPC

(n ¼ 147), and patients with early-stage NPC (n ¼ 21, 3 cases

of stage I, 18 cases of stage II). The median levels of MIF were

6.08 ng/mL (range, 0.88-40.22) in VN, 11.96 ng/ml (range,

1.98-62.60) in VP, 24.54 ng/ml (range, 2.99-69.86) in patients

with NPC, and 16.46 ng/ml (range, 4.78-62.62) in early-stage

patients with NPC. The plasma levels of MIF in patients with

NPC were significantly higher than VN (p < 0.001) and VP (p <

0.001), the plasma levels of MIF in VP were significantly

higher than VN (P < 0.001), and the plasma levels of MIF in

Figure 1. Expression of MIF messenger RNA (mRNA) or protein in nasopharyngeal carcinoma (NPC) cell lines, and immunohistochemical

staining of MIF in NPC tumor tissue. The levels of mRNA in non-tumor NP tissues and NPC tissues (A). The levels of mRNA and protein in the

immortalized nasopharyngeal epithelial cell lines (NPEC1, NPEC2) and NPC cell lines were determined by real-time-polymerase chain reaction

(PCR) (B), Western Blotting (C) and ELISA (D). Expression level was normalized by b-actin and a-tubulin, respectively. Error bars represent

calculated from three parallel experiments. The normal nasopharyngeal epithelial tissue showed lower of MIF (E a-b). Low (E c-d), medium (E

e-f), and high (E g-h) expression of MIF were showed in the nasopharyngeal carcinoma (NPC) tissues.
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the early-stage patients with NPC were also significantly

higher than VN (P < 0.001) but similar to VP (P ¼ 0.095)

(Figure 2A). The median plasma levels of MIF were 16.46

ng/ml (range, 4.78-62.62) in early-stage patients with NPC

(I þ II) and 25.81 ng/ml (range, 2.99-69.86) in advanced-

stage patients with NPC (III þ IV), which has not a significant

difference (P ¼ 0.103) (Figure 2B).

Table 1 presents the relationship between the plasma levels

of MIF and the clinicopathological parameters in patients with

NPC. The MIF levels had a significant association with gender

(P ¼ 0.007) and T classification (P ¼ 0.016). However, the

expression of MIF was not correlated with age, N classifica-

tion, or overall stage.

Diagnostic Values of Plasma MIF and VCA-IgA
for Patients With NPC

The ROC curve was plotted to identify the optimum diagnostic

cut-off value to distinguish 147 patients with NPC from 233

healthy people (127 VN and 106 VP). In Figure 3, we show that

the AUC of MIF for distinguishing NPC from the VN cohort or

VP cohort was 0.841 (95% CI: 0.796-0.885) and 0.703 (95%CI:

0.638-0.767), respectively. The AUC value of MIF and VCA-

Figure 2. The plasma concentration of MIF in the test cohort. Plasma levels of MIF were measured in VCA-IgA negative cohort, VCA-IgA

positive cohort, patients with early-stage NPC and patients with NPC, left side. Right side, MIF plasma levels in different groups(A). The plasma

levels of MIF in patients with early-stage NPC (Iþ II) and patients with advanced-stage NPC (IIIþ IV), left side. Right side, MIF plasma levels

in two groups (B). P value was obtained by Kruskal-Wallis test.

Table 1. Levels of MIF and Clinical Characteristics in 147 Untreated

Patients With NPC.

Characteristics No. of patients

MIF (ng/mL)

P valueaMedian (range)

Age

<45 74 22.30 (4.78, 62.62)

�45 73 27.50 (2.99, 69.86) 0.058

Gender

Female 40 13.80 (3.45, 69.86)

Male 107 27.50 (2.99, 62.63) 0.007

pT status

pT1-2 34 20.91 (2.99, 62.63)

pT3 66 24.31 (3.45, 69.86) 0.016

pT4 47 37.92 (6.17, 62.62)

pN status

pN 0-1 66 21.21 (3.45, 62.62)

pN 2-3 81 29.62 (2.99, 69.86) 0.115

Overall stage

Stage I-II 21 16.46 (4.78, 62.62)

Stage III 65 23.66 (2.99, 62.63) 0.215

Stage IV 61 32.32 (4.47, 69.86)

Abbreviations: MIF, macrophage migration inhibitory factor; NPC, nasophar-

yngeal carcinoma.
aKruskal-Wallis test.
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IgA combination was 0.925 (95%CI: 0.898-0.951). Table 2

demonstrates that the sensitivity of MIF was much lower, but

the specificity of MIF (82.40%) was higher than VCA-IgA

(69.96%). More importantly, the combination of MIF and

VCA-IgA exhibits a higher specificity (82.40%) without sig-

nificant decrease in sensitivity (95.25%). In addition, the PPV

of the combination (79.17%) was also higher than that of MIF

(67.97%) or VCA-IgA (67.44%) alone in the NPC. In

Figure 3. Diagnosis efficacy of MIF and VCA-IgA in the diagnosis of nasopharyngeal carcinoma (NPC). ROC curves for diagnosing NPC from

VN cohort (AUC ¼ 0.841) (B), VP cohort (AUC ¼ 0.703) (A) and (VN þ VP) cohort (AUC ¼ 0.778) (C). ROC curves for the diagnostic

strength to identify NPC using MIF and VCA-IgA (MIF: AUC ¼ 0.778; VCA-IgA: AUC ¼ 0.863; MIFþVCA-IgA: AUC ¼ 0.925) (D).

Table 2. Diagnostic Values of MIF and VCA-IgA for NPC.

Optimal cutoff

point Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Positive

likelihood

ratio

Negative

likelihood

ratio AUC 95% CI

MIF

VN vs NPC 20.92 ng/mL 59.20 90.55 87.88 65.71 6.263 0.190 0.841 0.796-0.885

VP vs NPC 19.49 ng/mL 59.90 72.64 75.21 56.61 2.188 0.377 0.703 0.638-0.767

(VN þ VP) vs NPC 20.72 ng/mL 59.20 82.40 67.97 76.19 3.363 0.214 0.778 0.732-0.824

VCA-IgA 1:40 96.60 69.96 67.44 98.79 4.019 0.316 0.863 0.825-0.901

MIF þ VCA-IgA 0.518 95.25 82.40 79.17 96.48 5.412 0.214 0.925 0.898-0.951

Abbreviations: AUC, area under the curve; CI, confidence interval; MIF, macrophage migration inhibitory factor; NPC, nasopharyngeal carcinoma; NPV,

negative predictive value; PPV, positive predictive value; VCA-IgA, viral capsid antigen; VN, VCA-IgA negative healthy controls; VP, VCA-IgA positive

healthy controls.
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conclusion, the specificity and PPV of NPC diagnosis was

improved by combination of MIF and VCA-IgA.

The MIF Levels Were Not Associated With EBV Infection

Epstein-Barr virus is a crucial factor in NPC development, so

we further investigated whether EBV plays a role in the altered

MIF levels of NPC cells. First, we used 2 stable cell lines with

persistent GFP-labeled EBV infection, confirmed by immuno-

fluorescence (Figure 4A). We used 4 markers (BMRF1,

BKRF1, EBER1, BZLF1) to further verify that CNE2-EBV

and HNE1-EBV cell lines were indeed infected with EBV

(Figure 4B). The results show us that the expression of MIF

protein (Figure 4C and E) and mRNA (Figure 4D) was not

significantly different in NPC cell lines with or without EBV

infection. Moreover, there was no significant association

between the levels of plasma MIF and the levels of serum

VCA-IgA (P ¼ 0.612; Figure 4F). All of these results suggest

that EBV infection does not have a significant effect on the

expression of MIF.

Discussion

Nasopharyngeal carcinoma is a disease different from other

cancers, which commonly metastasized to other sides of the

body such as the lymph node of the neck.28 The etiology of

NPC is complex, containing genetic susceptibility, environ-

mental factors, and EBV infection.29 Usually, nasopharyngeal

biopsy examination is the most important tools for NPC diag-

nosis, which provide the most definitive evidence to determine

the clinical stage. However, nasopharyngeal biopsy is an inva-

sive and painful examination, which is not suitable for

Figure 4. Green fluorescence of cells post-infection show green fluorescent protein (GFP; A, 200�). Real-time-polymerase chain reaction (RT-

PCR) was used to detected four markers (BMRF1, BKRF1, EBER1, BZLF1) in NPC cell lines with (HNE1-EBV, CEN2-EBV, C666) or without

EBV (HNE1, CNE2) (B). The level of MIF protein in supernatant in the cell lines with EBV (HNE1-EBV, CEN2-EBV, C666) or without EBV

(HNE1, CNE2) was measured by ELISA (C). The levels of messenger RNA (mRNA) and protein were determined by RT-PCR (D) and Western

Blotting (E). The correlations between MIF concentrations and VCA-IgA titers (F) by Spearman’s rank correlation test. Expression level was

normalized by b-actin and a- tubulin, respectively. Error bars represent standard deviations (SD) calculated from three parallel experiments.
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screening for NPC. Thus, detection of antibodies against EBV

antigens, such as VCA-IgA and EA-IgA, has been used as

noninvasive tools for NPC diagnosis.9 However, the specificity

and PPV of these markers are not satisfactory. Therefore, other

non-EBV-related serological biomarkers of NPC have been

explored for NPC diagnosis.

In this study, we confirmed that MIF was upregulated at the

protein and RNA levels in NPC cell lines and tumor tissues. In

addition, MIF expression was observed mostly in the cyto-

plasm of tumor cells but not in normal nasopharyngeal epithe-

lia. The levels of plasma MIF in the NPC cohort were

significantly higher than that of the VP cohort (P < 0.001) and

VN cohort (P < 0.001), and the AUC values of MIF for diag-

nosing NPC from VN and VP were 0.841 and 0.703, respec-

tively. VCA-IgA is one of the most common biomarkers for

NPC, which showed limited specificity (69.96%), despite its

high sensitivity (96.60%) when 1:40 was used as the reference

cutoff value. Our results demonstrate that MIF exhibited low

sensitivity but high specificity for NPC detection. When com-

bined with VCA-IgA, the sensitivity was 95.25% and the spe-

cificity (82.40%) was much higher than that of VCA-IgA alone

(69.96%). Moreover, the combination scheme increased the

PPV from 67.44% to 79.17% for detecting NPC, suggesting

that the combination of MIF and VCA-IgA could more accu-

rately differentiate patients with NPC from individuals who

have anti-EBV antibodies. Macrophage migration inhibitory

factor may complement VCA-IgA well in NPC diagnosis.

There was a significant association between plasma MIF

concentration and gender (P ¼ 0.007) and T classification

(P ¼ 0.016), but not with other clinicopathological character-

istics. Compared with the VP and VN group, NPC group had

higher expression of MIF (P < 0.001). Our data show that the

levels of MIF had no significant differences between the VP

cohort and early-stage NPC (P ¼ 0.095). This may be due to

the small sample size of patients with early-stage NPC in this

study. We need much larger sample scale to assess MIF in early

diagnosis of NPC. In addition, we observed no significant

differences in plasma MIF levels between patients with

early-stage tumors (I-II) and patients with advanced-stage

tumors (III-IV) (P ¼ 0.103).

Macrophage migration inhibitory factor is an inflammatory

cytokine expressed by macrophage and various organs.14

Macrophage migration inhibitory factor promotes the genera-

tion and recruitment of Th17 cells mediated by NPC tumor

cells. This effect was dependent on the mammalian target of

rapamycin pathway and mediated by the MIF-CXCR4 axis.30

Tumor-derived MIF promotes cell invasion and migration and

modulates cell biological behaviors by activating the NF-kB,

Erk1/2, AP-1, and PI3K/Akt pathway.31 All these results sug-

gested that MIF play important roles in the processing of NPC.

Our study was aimed to explore the application of plasma MIF

for NPC diagnosis. We also explored the correlation about the

MIF levels of NPC cells and EBV infection. Our results show

that EBV infection does not have a significant effect on the

expression of MIF.

This study is the first to suggest that MIF represents a poten-

tial non-EBV plasma marker for the diagnosis of NPC. More-

over, the specificity and PPV for screening and diagnosis of

NPC was increased by combined detection of MIF and VCA-

IgA. Our next efforts to increase test specificity for NPC

screening would benefit from marker combinations, such as

the incorporation of measures of nasopharyngeal EBV DNA

levels.

In conclusion, this study evaluated the diagnostic signifi-

cance of plasma MIF and the traditional NPC tumor marker

VCA-IgA for NPC. The results showed that MIF protein was

highly expressed in tumor cells, tumor tissues, and plasma of

patients with NPC. Moreover, we found that MIF was not

associated with EBV infection. The plasma MIF levels were

not associated with the levels of VCA-IgA. Combination with

MIF and VCA-IgA may significantly improve the specificity

and PPV of NPC diagnosis.
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