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Abstract 

Background and aim: Both macrophage migration inhibitory factor (MIF) and DJ-1 protein have 
been shown to relate with cell invasion and metastasis in tumors. However, the role of DJ-1 in 
invasion and metastasis of nasopharyngeal carcinoma (NPC) and its relation to MIF expression in 
NPC are not fully understood. The aim of present study is to determine whether or not MIF and 
DJ-1 are correlated with tumor invasion and influence a worse outcome in NPC, as well as its 
related mechanism. 
Methods: 125 cases of NPC and 45 normal tissues of nasopharynx were collected. The expression 
of MIF and DJ-1 in tissue microarray was evaluated by immunohistochemical staining. Correlation 
between immunostainings and clinicopathological parameters, as well as the follow-up data of 
patients, was analyzed statistically. The association of MIF and DJ-1 with cell invasion and migration 
in NPC cell line were evaluated by small interfering RNA (siRNA) transfection, invasion assay and 
Western blotting. 
Results: MIF and DJ-1 staining was diffused and strong in tumor cells, whereas they were generally 
weaker and less common in normal lining epithelia of nasopharynx. High MIF expression in tumor 
cells (71.2%, 89/125 cases) were significantly associated with advanced clinical stage, lymph node 
metastasis, and worse prognosis of NPC patients. High expression of DJ-1 (75.2%, 94/125 cases) 
were closely correlated to lymph node metastasis and MIF high-expression. Only MIF high ex-
pression (P = 0.010) and lymph node metastasis (P = 0.004) emerged as strong independent 
prognostic factors for overall survival of NPC patients. In vitro, down-regulated expression of DJ-1 
in NPC cell lines by siRNA was observed to reduce cell migration and invasion potential, however, 
exogenous MIF promoted cells invasion. 
Conclusions: The data provided evidence that increased expression of MIF and DJ-1 induced cell 
invasion and metastasis of NPC, supporting the idea that MIF and DJ-1 may play important roles as 
regulators in the progression of NPC. 

Key words: nasopharyngeal carcinoma (NPC); macrophage migration inhibitory factor (MIF); DJ-1; 
invasion and metastasis; prognosis 

Introduction 
Nasopharyngeal carcinoma (NPC) is an Ep-

stein-Barr virus (EBV)-associated malignant tumor 
that has a high incidence in southern China, Southeast 

Asia, Alaska, and North Africa [1-2]. Despite sub-
stantial improvements in treatment for NPC patients 
in recent decades, the 5-year overall survival rate is 
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only 50-60% because of the frequency of distant me-
tastasis and local recurrence [3-4]. Unlike other head 
and neck cancer, NPC tumor cells are likely to invade 
to the surrounding tissue or metastasize to lymph 
nodes in the early stage of tumor development [5], 
which is the major cause for advanced clinical stage 
and poor prognosis of this tumor. In clinical practice, 
the early symptoms of this tumor are usually quite 
non-specific, over 75% of NPC patients present with 
late stage disease when it is being diagnosed [6]. Alt-
hough various studies on NPC have been performed 
recently to try to identify the mechanism of invasion 
and metastasis, the precise molecular mechanism re-
mains to be clarified. In fact, to date, none has been 
proven to be sufficiently reliable to be of practical use 
clinically. 

 Macrophage migration inhibitory factor (MIF) is 
a multi-functional cytokine, which is associated with 
inflammation and tumorigenesis [7]. Current studies 
have shown that MIF is over-expressed in a variety of 
human tumors, including those of the colon, prostate, 
breast, lung, and liver, as well as in melanoma and 
glioblastoma multiforme [8-14]. It has also been indi-
cated that MIF modulates malignant transformation 
and promotes tumor cell invasion, proliferation, an-
giogenesis, and metastasis [15-16]. Various studies 
have suggested that MIF can influence the cellular 
biological response by inducing the nuclear fac-
tor-kappa B (NF- kB), Erk1/2 and activating protein-1 
(AP-1) signaling pathways, or by binding 
CD74/CD44 receptor complex [17]. MIF-induced ac-
tivation of PI3K/Akt pathway and αvβ3 integrin has 
been also demonstrated to involve in the development 
and progression of breast, gastric cancer and chon-
drosarcoma [18-20]. Recently, tumor-derived MIF has 
been shown to closely correlate with tumor aggres-
siveness and metastatic potential. The high expression 
of MIF in tumor is considered to be a poor prognostic 
factor in patients with lung adenocarcinoma, breast, 
and hepatocellular carcinomas. In NPC, our previous 
study demonstrated that increased expression of MIF 
in neoplastic cells was closely in relation to higher 
expression of matrix metalloproteinases-2, -9 and 
lymph node metastasis of NPC [21]. MIF may also 
contribute to angiogenesis by inducing upregulation 
of IL-8 expression in an autocrine EBV-independent 
pathway [22]. However, whether or not MIF as an 
independent factor for predicting the prognosis of 
NPC patients remains to be investigated.  

DJ-1 gene is a mitogen dependence oncogene, 
which maps at chromosome 1p 36.2-p36.3, and first 
identified to synergically transform mouse NIH 3T3 
cells with activated ras [23]. Early study showed that 
the mutation of DJ-1 gene might cause Parkinsonism 
disease [24]. Subsequent studies have shown that DJ-1 

is a ubiquitous and highly conserved protein that af-
fects cell death, proliferation, and cell cycle progres-
sion exhibiting closely relationship to the develop-
ment, progression and prognosis of the malignant 
tumors. Recent studies have demonstrated that DJ-1 
expression is increased in breast cancer, lung cancer, 
prostate cancer and ovarian cancer [25-27]. DJ-1 has 
also been shown to promote the invasion and metas-
tasis of tumor cell and to be a prognostic factor pre-
dicting poor outcome in cancers patients [28-30]. So 
far, to our knowledge, there is no study to investigate 
the role of DJ-1 in the development and progression of 
NPCs. 

Previous studies have shown that MIF modu-
lates cell migration and invasion in human cancer 
cells, including NPC. Although both MIF and 
DJ-1might play their roles in modulating tumor cells 
biological behavior via some universal pathways, 
such as Erk, JNK MAPK and the PI3K signaling 
pathways, their effect on invasion and metastasis in 
NPC are mostly unknown. In this study, the expres-
sion of DJ-1 in NPC was explored and the correlation 
between MIF and DJ-1 in NPCs was evaluated for the 
first time. In addition, the role of the DJ-1 on invasion 
and migration in NPC cells was also investigated by 
transfecting the specific siRNA in NPC cells in vitro. 
We postulated that there exist some potential links 
between MIF and DJ-1 in the progression of NPC. 

Methods 
Specimens of NPC and normal nasopharyngeal 
tissue 

Archival formalin-fixed, paraffin-embedded 
specimens from 125 primary NPC patients before 
treatment during 2004-2010 in the first Affiliated 
Hospital of Sun Yat-sen University and Huizhou 
Municipal Central Hospital were collected. There 
were 85 males and 40 females with a median age of 51 
years (range 23-77). According to World Health Or-
ganization (WHO) histological classification, 119 pa-
tients were diagnosed as undifferentiated 
non-keratinized carcinoma (UNKC) and 6 were di-
agnosed as differentiated non-keratinized carcinoma 
(DNKC). The patients were classified the disease stage 
according to the criteria of China NPC 92 staging 
system [31], and 5 in stage I, 37 in stage II, 51 in stage 
III, and 32 in stage IV. All the patients were treated 
with standard curative radiotherapy with or without 
chemotherapy. Forty five normal tissues of naso-
pharynx were also collected as healthy control from 
individuals undergoing NPC screening in the first 
Affiliated Hospital, Sun Yat-sen University in the 
same period. 
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Paraffin tissue microarray construction 
In this study, the paraffin tissue microarray con-

struction was conducted by previous description [32]. 
Briefly, section was cut from each paraffin block and 
stained with hematoxylin and eosin (H&E). Each do-
nor block was overlaid with the corresponding H&E 
slide and observed by experienced pathologists. The 
area in donor block for tissue microarray sampling 
was verified according to the H&E slide and marked. 
A manual tissue arrayer (Beecher Instruments, Inc., 
Sun Prairie, WI) was used for array construction. Two 
representative 1.0 mm cores were removed from each 
donor block and transferred to pre-molded recipient 
paraffin block with designed orientation. An addi-
tional 6 cores derived from tonsil, lymph node and 
breast carcinoma were used as control materials. The 
serial sections with 4-mm thickness were cut from 
arrayed block and mounted on APES-coated glass 
slides and stored at 4℃ for further detection. 

Immunohistochemistry and scoring 
The sections were subjected to immunostaining 

using a ChemMate Envision/HRP Kit (DAKO Co., 
Glostrup, Denmark). Slides were deparaffinized in 
xylene and rehydrated in decreasing concentrations of 
ethanol and rinsed in phosphate buffered saline. After 
blocking with normal serum for 10min, the slides 
were incubated with a 1:100 dilution of mouse mono-
clonal MIF antibody (Abcam, Cambridge, MA), and a 
1:200 dilution of the goat anti-human polyclonal DJ-1 
antibody (Santa Cruz Biotechnology, Santa Cruz, CA) 
for 60min, respectively. Slides were detected by 
ChemMate Envision/HRP Kit for 30min at room 
temperature and followed by developing with dia-
minobenzidine (DAB) for visualization. Negative 
controls were carried out by substituting non-immune 
serum for the primary antibodies. The immunostain-
ing results were evaluated and scored semiquantita-
tively by two pathologists without knowledge of the 
clinical data of patients. Evaluation of the MIF and 
DJ-1 expression was performed by stain intensity and 
stain area (double scoring system) as previously de-
scribed [22, 30]: (score 0), no staining; (score 1), weak 
staining; (score 2), moderate staining; (score 3), strong 
staining. Staining area less than 30% (score 1); 31-75% 
(score 2); more than 75% (score 3) of tumor cells. The 
high-expression of MIF and DJ-1 was defined when 
immunostaining score was equal or more than 4 (stain 
intensity score times stain area score), whereas the 
other cases were grouped into the low-expression 
category. 

Cell culture and reagents  
In this study, the human NPC cell lines CNE-1 

and CNE-2 were used. Both cell lines were stored in 

the Department of pathology, the first affiliated hos-
pital, Sun Yat-sen University and maintained in Dul-
becco’s modified Eagle’s medium (DMEM) culture 
medium with 10% heat-inactivated fetal calf serum 
(FCS) and antibiotics (50 U/ml penicillin and 100 
ug/ml streptomycin, Invitrogen, Carlsbad, CA) at 
37℃ in a humidified incubator with 5% CO2. Human 
recombined MIF (Abnova corporation, Taiwan) was 
dissolved in culture medium for in vitro experiments. 

Small interfering RNA (siRNA) targeting DJ-1 
Human DJ-1 siRNAs (si DJ-1) and its unrelated 

siRNA used as negative control (si Control) were de-
signed and synthesized by Ribo Biotechnology Co. 
(Beijing, China). Three pairs of DJ-specific siRNA 
were designed in this study. si RNA 1 targeted 
GATTAAGGTCACCGTTGCA, RNA2 targeted 
GAATTTATCTGAGTCTGCT, and si RNA3 targeted 
TGATGAATGGAGGTCATTA. However, in current 
study, only si RNA 2 was used for in vitro study be-
cause it worked well in preliminary experiment. The 
siRNA sequence: positive-sense strand, 
5’-GAAUUUAUCUGAGUCUGCU-3’; antisense 
strand, 3’-CUUAAAUAGACUCAGACGA-5’. si Con-
trol: TTCTCCGAACGTGTCACGT (positive-sense 
strand, 5’-UUCUCCGAACGUGUCACGU-3’; anti-
sense strand, 3’-AAGAGGCUUGCACAGUGCA-5’). 
siRNAs were reconstituted, and subsequent transfec-
tions were conducted in six-well plates using Tur-
boFect siRNA Transfection reagent (Fermentas, Mar-
yland, USA), according to the manufacturer’s instruc-
tions. In brief, CNE-1 and CNE-2 cells were seeded 
into six-well plates with a density of 2×105 cells/well. 
Once the cells reached 80% confluence, they were 
treated with either specific siRNA or siControl (50 
nM) complexed with TurboFect. Ten percent FCS was 
added 4h after transfection, and fresh DMEM with 
10% FBS was added as needed after 24h. Cells were 
collected at 48h after transfection to assess DJ-1 pro-
tein levels by Western blot and the other functional 
assays listed in the following sections. 

Western blotting assay 
CNE-1 and CNE-2 cells were cultured in DMEM 

medium with 10% FCS until 70% cell confluence. 
Medium was changed to DMEM with 1% FCS (v/v), 
and the cells were treated with final concentration of 
25 ng/ml MIF for 48 h. After treatment with MIF, cell 
lysates were prepared as previously described [33]. si 
DJ-1transfected CNE-1 and CNE-2 cells were also 
lysed. The equal protein samples were subjected to 
12% SDS-PAGE electrophoresis, followed by the 
transfer to a polyvinylidene fluoride (PVDF) mem-
brane, blocking in 5% fat-free milk and incubation 
with MIF (Abcam, 1:500 dilution), DJ-1 (Santa Cruz 
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Bio., 1:1000 dilution), Akt (Abcam, 1:500 dilution), 
pAkt (Abcam, 1:500 dilution) or Actin antibody 
(Abcam, Cambridge, MA ) at 4℃ overnight. Detection 
was performed using horseradish peroxi-
dase-conjugated secondary antibody and enhanced 
chemiluminescence reagents from Amersham 
(Amersham Life Sciences, UK). The relative optical 
density (ROD, ratio to Actin) of each blot band was 
quantified by NIH Image software (Image J 1.36b). 

Immunofluorescence staining  
MIF-treated or si DJ-1transfected CNE-1 and 

CNE-2 cells were plated on coverslips, fixed with 4% 
paraformaldehyde/phosphate-buffered saline (PBS) 
for 15 min and permeabilized with 0.1% Triton X-100 
in PBS for 2 min, and then incubated in PBS contain-
ing 5% skim milk for 1h at room temperature. Cells 
were incubated with anti-MIF or anti-DJ-1 antibody 
for 1h at room temperature, followed by incubation 
with IgG/Cy3 (1:500, Invitrogen, Carlsbad, CA) for 1h 
and nuclear counter staining with DAPI.  

In vitro wound healing assay 
Migratory ability of NPC cells was measured 

using the in vitro wound healing assay. Cells were 
seeded in six-well plates and transfected with specific 
siRNAs or siControl for 48h. MIF-treated or si 
DJ-1transfected cells were grown to 100% confluence. 
Wounds were created by scraping monolayer cells 
with a sterile pipette tip. At 0, 12, and 24 h after the 
creation of wounds, wound distances were measured 
at each time point and expressed as the average per-
cent of wound closure by comparing the zero time. 

Cell invasion assay 
Tumor cell invasion was assayed by Transwell 

chamber (Becton Dickinson, Franklin Lakes, NJ) with 
8-um-porosity polycarbonate filter membrane. The 
upper layers of membranes were precoated with 30 ul 
Matrigel matrix, a material that mimics the basement 
membrane, containing 10% DMEM, 5% 10×HEPES, 
35% acidic collagen (rat tail), and 50% Matrigel in each 
Transwell chamber. MIF-treated or si DJ-1 transfected 
CNE-1 and CNE-2 cells (500ul, 1×105 cell/ml medium 
with 1% FCS) were placed into the upper side of the 
coated and rehydrated cell chamber, respectively. 
This chamber was inserted into each well of a 24-well 
plate filled with 500 ul medium (DMEM with 5%FCS). 
The cells in the chamber were incubated for another 
24 h at 37℃, and the cells which went through the 
coated membrane to the underside of the filter were 
counterstained by 1% crystal violet to reveal the nu-
clei. For each chamber, the number of invasive tumor 
cells was counted in five random high-power fields 
(HPF; 10×40) by reversed light microscopy. 

Statistical Analysis 
All statistical analysis was carried out by using 

SPSS 13.0 software for Windows. Chi-square test was 
used to assess MIF and DJ-1 expression with respect 
to clinicopathological characteristics. The survival 
curve of patients was determined by Kaplan-Meier 
method and Cox regression, and statistical evaluation 
was performed using the log-rank test. Results de-
rived from in vitro study were presented as mean ± 
standard deviation (SD). Data were analyzed by 
one-way analysis of variance (ANOVA) with Dun-
nett’s post hoc test and Turkey’s post hoc test for 
multigroup comparisons. A P value<0.05 was con-
sidered statistically significant. 

Results 
MIF and DJ-1 expression in normal tissue of 
nasopharynx and NPCs  

Both MIF and DJ-1 positive staining signals were 
observed within the cytoplasm of cells. MIF and DJ-1 
staining was diffused and strong in tumor cells, 
whereas they were generally weaker and less com-
mon in normal lining epithelia of nasopharynx. A 
significant difference in expression level of DJ-1 or 
MIF was demonstrated between NPC and normal 
tissues (both P<0.001) (Figure 1a-d). Among 125 NPC 
cases, MIF high-expression was observed in 71.2% 
(89/125) of NPC tissues. High expression of MIF was 
significantly associated with the advanced clinical 
stage (stage III and IV) (P=0.002) and lymph node 
metastasis (P=0.006). 75.2% (94/125) of NPCs were 
assessed as high-expression of DJ-1, and only lymph 
node metastasis was observed to link to DJ-1 
high-expression (P=0.002). There was not any signifi-
cant association between overall DJ-1 expression and 
patient age, gender, and tumor stage. Furthermore, 
high expression of DJ-1 exhibited a close correlation 
with high expression of MIF in tumor cells (Table 1). 

High expression of MIF, but not DJ-1was 
associated with poor prognosis of NPC 
patients 

In this study, 92 cases were followed up from 3 
to 60 months with mean period of 32.5 months, 
whereas 33 cases were excluded from survival analy-
sis because the patients were not to be contacted 
during the period of follow-up. The overall survival 
rate of patients was 64.1%, and 33 patients had died of 
tumor in this period. The survival rates of patients 
with early clinical stage (stage I-II) and advanced 
stage (stage III-IV) were 76.4% and 56.8%, respective-
ly. In univariate survival analyses, we analyzed the 
impact of all of the clinicopathological parameters on 
overall survival. The lymph nodal status and MIF 
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expression level reached significance for overall sur-
vival (Table 1). Figure 1e and 1f illustrate the impact 
of lymph nodal status and MIF expression on survival 
times. In multivariate analysis, we found that the 
overall survival time was significantly dependent on 
lymph node metastasis, clinical stage and MIF ex-
pression level in tumor cells. However, DJ-1 expres-
sion was not associated with the survival time of pa-
tients (Table 2).  

 

MIF and DJ-1 regulate NPC cell migration and 
invasion 

Wound healing assay showed that the migration 
in MIF-treated NPC cells was remarkably increased 
compared with those untreated NPC cells. The num-
ber of cells that had passed through the chamber 
membrane in cell invasion assay was also significantly 
increased in MIF-treated cells. However, si DJ-1 
transfected NPC cells showed lower migratory and 
invasion ability than those with si control transfection 
or without MIF treatment (Figure 2). These results 
indicated that both exogenous MIF and silencing of 
DJ-1 exhibited their effect on NPC cell migration and 
invasion. 

 
Figure 1. Immunohistochemical staining of NPC tissue microarray and their correlation with survival of NPC patients. (a). High expression of MIF shown under lower power 
field in the microarry section. (b). Cytoplasmic weak staining of MIF in lining epithelium of nasopharynx. (c). High expression of DJ-1 showed positive immunostaining signal was 
localized in the cytoplasm of tumor cells. (d). The DJ-1 staining in normal epithelia of nasopharynx was weaker and local. (e). By Kaplan-Meier survival analysis, patients with lymph 
node metastasis had a lower overall survival rate than those without lymph node metastasis. (f). There was a significant difference in overall survival rate between the patients with 
MIF high-expression and low-expression. (a: Immunohistochemical staining with original magnification, 100×; b-d: Immunohistochemical staining with original magnification, 400×) 
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Figure 2. MIF and DJ-1 regulate NPC cell migration and invasion. (a). Optical microscopic images of in vitro wound healing at 0, 12, and 36 h after the creation of wounds in NPC 
cells. The decreased cell migration in CNE-2 NPC cells by si DJ-1 was observed. However, exogenous MIF-treated NPC cells displayed significantly faster wound closure at all 
time points. (b). In invasion assay using Transwell chamber, the count of cells which had passed through the 8-um-pore membrane and attached to the undersurface was almost 
equal in untreated and si Control-transfected CNE-2 NPC cells. However, in si DJ-1-transfected CNE-2 NPC cells, the passed cells was obviously decreased. MIF-treated CNE-2 
cells showed significantly increased invasive ability. (c). Cell count evaluated in CNE-1 and CNE-2 NPC cells with or without treatment. *, Significant difference in cell count 
compared with untreated or si Control-transfected cells. 

 

Table 1. Correlation between proteins expression and clinicopathological parameters of NPC patients 

Variable MIF expression a DJ-1 expression a Survival time (months) b 
Low (n=36) High (n=89) Low (n=31) High (n=94) 

Age (year)      
<51 (n=61) 19 42 14 47 44 (39-49) 
≥51 (n=64) 17 47 17 47 41 (35-48) 
 P=0.599 P=0.572 P=0.296 
Gender      
Male (n=85) 26 59 18 67 42 (37-47) 
Female (n=40) 10 30 13 27 40 (35-46) 
 P=0.423 P=0.102 P=0.460 
WHO Histotype      
DNKC (n=6) 2 4 2 4 43 (39-48) 
UNKC (n=119) 34 85 29 90 32 (15-49) 
 P=0.611 P=0.233 P=0.506 
Tumor size      
T1-2 (n=55) 13 42 13 42 44 (39-50) 
T3-4 (n=70) 23 47 18 52 37 (31-42) 
 P=0.233 P=0.777 P=0.471 
Lymph node metastasis      
N0 (n=33) 15 18 14 19 46 (41-51) 
N1-3 (n=92) 21 71 17 75 40 (35-45) 
 P=0.006 P=0.002 P=0.031 
Clinical stage      
 Stage I-II (n=42) 19 23 13 29 43 (38-49) 
 Stage III-IV (n=83) 17 66 18 65 41 (35-46) 
 P=0.002 P=0.216 P=0.113 
MIF expression      
 Low (n=36)   20 16 46 (41-51) 
 High (n=89)   11 78 39 (34-45) 
  P<0.001 P=0.017 
DJ-1 expression      
 Low (n=31) 20 11   43 (38-48) 
 High (n=94) 16 78   42 (37-47) 
 P<0.001  P=0.290 

a, Chi-square test; b, Kaplan-Meier analysis 
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Table 2. Cox regression model for multivariate analyses of prognostic factor in NPC 

Variable Hazard ratio 95% confidence interval  P value 
Age (<51 vs. ≥ 51) 1.713 0.803-3.655 0.163 
Gender (male vs. female) 0.803 0.335-1.925 0.623 
WHO Histotype (DNKC vs. UNKC) 0.316 0.066-1.510 0.149 
Tumor size (T1-2 vs.T3-4) 0.726 0.348-1.517 0.395 
Lymph node metastasis (N0 vs. N1-3) 10.503 2.089-52.787 0.004 
Clinical stage (Stage I-II vs. III-IV) 0.240 0.059-0.971 0.045 
MIF expression (low vs. high) 5.136 1.464-18.008 0.010 
DJ-1 expression (low vs. high) 0.662 0.224-1.959 0.457 

 
 

 
Figure 3. MIF and DJ-1 expression in NPC cells in vitro. Immunofluorescence assay showed that DJ-1 protein expression was significantly decreased in CNE-1 NPC cells with 
si DJ-1 transfection when compared with untreated or control siRNA transfected cells. However, DJ-1 expression level was observed to increase in MIF-treated NPC cells. MIF 
expression level was stable in CNE-1 NPC cells regardless of treatment (Immunofluorescence staining with original magnification, 400×). 

 
MIF altered the expression of DJ-1 and pAkt 
level in NPC cells in vitro 

MIF and DJ-1 could be detected in the cytoplasm 
of CNE-1 and CNE-2 NPC cells by immunofluores-
cence staining. After treatment by MIF for 48 h, the 
DJ-1 protein level of NPC cells was significantly in-
creased than those without MIF treatment (Figure 3). 
We determined whether DJ-1 was capable of regulat-
ing migration and invasion via the Akt pathway in 
these NPC cells. Silencing of DJ-1 reduced phosphor-
ylation of Akt, but not total Akt in NPC cells. In addi-
tion, the level of pAkt was found to be increased in 
tumor cells with MIF treatment (Figure 4). These re-
sults indicated that both MIF and DJ-1 might exert 
their influence in NPCs through the Akt pathway.  

Discussion 
Lymphatic spread in NPCs is an important early 

event. The current study exhibited that lymph node 
status is a strong independent prognostic factor of 
NPC. The result of relationship between MIF high 
expression and lymph node metastasis, as well as 
advanced clinical stage of tumor indicated that MIF 
might be a possible mediator to contribute to the ex-
tensive lymph node metastasis and accelerate the 
poor progression of NPC. High expression of MIF was 
closely in relation to lower survival rate of NPC pa-

tients either on univariate analysis or on multivariate 
analysis. These results indicate that MIF alone may be 
an independent prognostic factor for patients with 
NPC. These findings were consistent with the role of 
MIF in prognostic prediction in hepatocellular carci-
noma, colon cancer, and prostate cancer [34-36]. In 
those studies, high expression of MIF is a valuable 
marker for prognostic prediction in tumors. The as-
sociation of cell invasion and migration with lym-
phatic metastasis has been investigated in many ma-
lignant tumors. The numerous contributions of cell 
invasion and migration during metastasis such as 
matrix metalloproteinase (MMPs), CD44 and several 
angiogenic molecules, including VEGF, IL-8 to the 
metastatic potential of tumors have been evaluated 
[37-38]. In the present study, exogenous MIF treat-
ment resulted in significantly increased cell migration 
and invasion of NPC cells in vitro. It suggests that 
MIF is likely to be a local mediator though autocrine 
or paracrine regulatory loop to promote cell invasion 
[18, 39]. Although the current examinations in this 
study were not sufficient to allow us to make definite 
conclusion, these results indicated that MIF may con-
tribute to lymph node metastasis in NPC through the 
enhancement of cell migration and invasion. 
MIF-related cell invasion may play some important 
roles in NPC progression and influence the prognosis 
of NPC patients. Thus, we consider that the meas-
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urement of MIF in tumor cells of NPC is able to be a 
valuable clinical parameter to directly predict the 
prognosis of NPC patients, because it exhibits closely 
correlation to lymph node status and clinical stage. 

 

 
Figure 4. MIF and DJ-1 regulate the expression of Akt. (a). Western blot assay 
exhibited that the expression of DJ-1 and pAkt in CNE-1 NPC cell was significantly 
decreased by si-DJ-1 treatment. However, after MIF treatment, CNE-1 NPC cells 
showed increased expression of DJ-1 and pAkt. (b) and (c) showed significantly 
altered expression of DJ-1 and pAkt in CNE-1 and CNE-2 cells, respectively. *, 
Significant difference in expression level compared with untreated or si Con-
trol-transfected cells. 

 
As a mitogen dependent oncogene, DJ-1 has 

been identified to play some important roles in vari-
ous physiological and pathophysiological processes. 
DJ-1 can be induced by oxidative stress and is an im-
portant mediator of the hypoxia-induced cellular re-
sponses [40]. The expression of DJ-1 has been found to 
be increased in the serum, effusion and tumor sam-
ples of patients with cancer of the breast, lung, ovary, 
and esophagus [25, 27, 41]. The measurement of DJ-1 
antibodies in peripheral blood was thought be a use-

ful marker of detection the occurrence and develop-
ment of breast cancer [42]. DJ-1 has been shown to be 
a prognostic factor predicting poor outcome in can-
cers patients [30, 43]. The recurrence rate of patients 
with high-level of DJ-1 obviously was higher than that 
with low-level of DJ-1. Positive relationship of DJ-1 
with tumor invasion and metastasis was also found in 
various cancers, including hepatocellular carcinoma, 
glioma and non-small cell lung cancer [29, 44-45]. In 
the present study, we found that high-expressed DJ-1 
protein was closely associated with lymph node me-
tastasis of NPC patients. Concurring in vitro study 
demonstrated that significantly decreased cell migra-
tion and invasion of NPC cells was due to the inter-
ference of DJ-1 protein. These results provided evi-
dence of effect of DJ-1 on NPC progression by the way 
of promoting lymph node metastasis, and at least, 
partly through enhancing the cell invasion and mi-
gration. However, the high level of DJ-1 expression 
might not indicate advanced clinical stage of patient, 
and unexpectedly, we did not find any associations of 
DJ-1 expression with prognosis of NPCs. Thus, we did 
not find evidence of the role of DJ-1 in prognostic 
prediction of NPCs although its expression level was 
indeed in relation to lymph node metastasis. We 
speculate that the relevance of DJ-1 in NPCs may be 
limited and locally. Of course, further studies are 
clearly necessary to clarify the involved mechanisms 
in larger cohorts.  

At the present study, we found that DJ-1 high 
expression in NPCs was significantly correlated with 
MIF high expression. Exogenous MIF treatment in 
NPC cells in vitro was found to induce up-regulation 
of DJ-1 protein. Although DJ-1 protein level in tumor 
cells was not an independent predictive factor for 
prognosis of NPCs, it should be considered to take 
part in the development and progression of NPC. 
Recently, increasing evidence has suggested that the 
function of DJ-1 was associated with Akt activation or 
ERK/uPA pathway [28, 46]. Down-regulation of DJ-1 
inhibits endogenous Akt phosphorylation in cancer 
cell lines [46-47]. Accumulated researches also show 
MIF can modulate cell biological behaviors by acti-
vating the NF-kB, Erk1/2, AP-1, and PI3K/Akt 
pathway, which is similar to the DJ-1 mechanism. In 
the present study, the results showed that both MIF 
and DJ-1 might exert their influence in NPC cells 
through the Akt pathway in vitro, and exogenous MIF 
induced up-regulated expression of DJ-1 in tumor 
cells. We postulate that there exist some potential in-
teraction between MIF and DJ-1 in tumor cell, but the 
precise mechanism involved is still to be investigated 
further. The lymphatic metastasis in NPC may be a 
complex process, and multiple induce factors, in-
cluding MIF and DJ-1 involved in this process 
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through their own specific pathways. Just for these 
reasons, high expression of MIF and DJ-1 might be 
associated with lymph node metastasis of NPC; 
however, a single molecule expression status in tumor 
might not be a strong independent factor for prog-
nostic prediction of NPC patients. 

In conclusion, the present data firstly provide a 
correlation between MIF and DJ-1 expression in 
NPCs. On the one hand, MIF and DJ-1 showed higher 
expression in tumor cells than that in normal naso-
pharyngeal lining epithelium, both high expression of 
MIF and DJ-1 promote cell invasion and migration in 
vitro, and play important role in contributing to 
lymph node metastasis in NPC. On the other hand, 
only MIF, but not DJ-1, is able to be a valuable prog-
nostic factor to predict the patients’ prognosis. Cur-
rently, clinical stage alone sometimes is inadequate to 
precisely predict the patients’ prognosis. These two 
cell invasion-related molecules could help clinicians 
improve the prognostic prediction. From this stand-
point, diminishing the expression of MIF or DJ-1 in 
tumor appears to be a promising strategy for devel-
oping new therapeutic approaches to treat this ma-
lignant tumor. 
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