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Abstract: Macrophage migration inhibitory factor (MIF) is a multifunctional cytokine that contributes 13 
to the progression of several cancers. MIF overexpression has been reported in head and neck 14 
squamous cell carcinoma (HNSCC) patients. However, the exact role of MIF in HNSCC is not fully 15 
understood. Our aim was to evaluate the amount of secreted MIF and the role of MIF in the 16 
proliferation, cell cycle, and apoptosis in HNSCC cell lines. The MIF levels in conditioned media from 17 
human primary (HN18 and HN30) and metastatic (HN17 and HN31) HNSCC cell lines were 18 
evaluated using ELISA. The HNSCC cell lines were treated with recombinant MIF and its effect on 19 
proliferation, cell cycle, and apoptotic status was determined by MTT and flow cytometry, 20 
respectively. The HNSCC-secreted MIF concentration ranged from 49.33‒860 pg/ml. Exogenous MIF 21 
(25 ng/ml) significantly increased HN18, HN30, and HN31 cell proliferation. Moreover, MIF induced 22 
cell cycle progression and inhibited apoptosis in these cells. However, MIF did not affect growth or 23 
apoptosis in HN17 cell. In conclusion, the HNSCC cell lines were evaluated secrete MIF. Exogenous 24 
MIF promotes various effects on proliferation, cell cycle, and apoptosis in HNSCC cells.  25 

 26 
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1. Introduction 30 

 Head and neck squamous cell carcinoma (HNSCC) initiates from the squamous cells lining the 31 
mucosal epithelium of the upper aerodigestive tract, including the oral cavity, pharynx, larynx, and 32 
sinonasal tract [1]. HNSCC is the sixth most common malignancy with an incidence of over 500,000 33 
new cases per year worldwide. Although the understanding of HNSCC mechanisms has improved 34 
in the past few decades, current therapies are not always successful [2]. Therefore, research interest 35 
has focused on discovering new prognostic markers and targeted therapy adapted to the 36 
biomolecular profile of the patients with tumors [3].  37 

Macrophage migration inhibitory factor (MIF) was originally identified as a molecule secreted 38 
from activated T lymphocytes that inhibited the random migration of macrophages [4]. MIF is 39 
constitutively expressed in a variety of cells, such as eosinophils, neutrophils, monocytes, 40 
macrophages, B and T lymphocytes, endothelial, epithelial, and neuronal cells [5]. MIF regulates both 41 
physiological and pathological conditions. MIF is a multifunctional molecule that promotes cell 42 
proliferation, inhibits apoptosis, regulates cell differentiation, and induces inflammation. However, 43 
some of MIF’s functions can result in an oncogenic microenvironment that promotes cancer 44 
development [6]. MIF is overexpressed in several types of human cancer tissues, including breast, 45 
prostate, liver, lung, colon, bladder, ovarian, pancreas, and lymphocytic leukemia B cells [7]. The 46 
production of MIF is secreted by cancer cells and activated in autocrine mode, resulting in increased 47 
cytokine, chemokine, and angiogenic factor production that leads to tumor growth and metastasis 48 
[8-10]. MIF induces most of the hallmark cancer activities. In melanoma, bladder cancer, and 49 
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esophageal squamous cell carcinoma, MIF has a proliferative effect by stimulating cell cycle 50 
progression [11-13]. Moreover, MIF has been shown to enhance cancer invasion and metastasis in 51 
nasopharyngeal carcinoma, breast cancer, and osteosarcoma [9,14,15].  52 

Similar to other cancers, MIF was overexpressed mainly in the tumor cells and significantly 53 
increased in the serum and saliva from HNSCC patients [16-18]. MIF overexpression was 54 
significantly correlated with a poor prognosis. In addition, MIF-induced neutrophils promoted oral 55 
cancer cell migration [19]. Compared with other cancers, investigations into the effect of MIF in the 56 
HNSCC microenvironment is limited and its role remains unclear. Based on the evidence concerning 57 
the effect of MIF in various cancers, we hypothesized that MIF could promote the proliferation of 58 
HNSCC cells by inducing cell cycle progression and inhibiting apoptosis. This aim of this study was 59 
to assess if MIF is secreted by primary and metastatic HNSCC cell lines. Moreover, the effect of MIF 60 
on proliferation, cell cycle status, and apoptosis were evaluated in these HNSCC cell lines.     61 

   62 

2. Materials and Methods 63 

2.1. Cell culture 64 

 Genetically-matched HNSCC cell lines derived from primary and metastatic lesions at 65 
different clinical stages from the same patient were used in this study [20]. HN18 and HN17 cells 66 
were obtained from primary tongue lesions and neck dissections (T2N2M0), respectively. HN30 and 67 
HN31 cells were obtained from primary pharynx lesions and lymph node metastases (T3N0M0), 68 
respectively. The cells were maintained in Dulbecco's Modified Eagle's Medium (DMEM) 69 
(Invitrogen, Grand Island, NY) supplemented with 10% FBS, 100 U/ml penicillin, 100 μg/ml 70 
streptomycin (Invitrogen), and an antimycotic. The cells were cultured in a 37ᵒC and 5% CO2 71 
incubator. The cells were passaged using 0.25% trypsin-EDTA when 90–100% confluent. Only 72 
cultures with at least 95% cell viability were used in the experiments. 73 

2.2. Determination of secreted MIF amount by ELISA 74 

 Conditioned media from the HNSCC cells were collected and stored at -80C until 75 
analyzed. The MIF concentration was measured using ELISA kits (R&D Systems, Minneapolis, MN) 76 
according to the manufacturer’s instructions. 77 

2.3. MTT assay  78 

 HNSCC cell lines were seeded (5,000 cells/well) in 96-well plates and incubated in a 37ᵒC 79 
and 5% CO2 incubator. The cells were serum starved in serum-free DMEM for 24 h and treated with 80 
25, 50, or 100 ng/ml human recombinant MIF (PeproTech GmbH, Germany). Cells in serum-free 81 
DMEM served as control. After 24 h incubation, the amount of viable cells in each treatment group 82 
was determined using the thiazolyl blue tetrazolium bromide (MTT, Sigma, St. Louis, MA) assay. 83 
The medium was removed, 150 μL fresh medium was added, followed by adding 2 mg/ml MTT 84 
solution (50 μL/well). The plates were incubated for 4 h in a 37°C and 5% CO2 incubator. The 85 
precipitated formazan crystals were solubilized in DMSO (200 μL/well). The absorbance (Abs) of the 86 
resulting solution was measured at 570 nm by a microplate reader (Tecan Trading, Austria) and 87 
converted to percent cell proliferation compared with that of the control. Cell proliferation (%) was 88 
determined as follows: cell proliferation (%) = (mean Abs570treated cells - mean Abs570blank)/(mean 89 
Abs570control cells - mean Abs570blank) × 100. Three independent experiments were performed. 90 

2.4. Cell cycle analysis by flow cytometry 91 

 The cells (5×105/well in 6-well plates) were synchronized at G1 phase of the cell cycle by 92 
culturing them in serum-free DMEM for 24 h. The G1 phase-arrested cells were treated with 25 ng/ml 93 
recombinant MIF for 24 h. The cells were harvested, centrifuged at 200xg for 5 min, and washed twice 94 
with cold phosphate-buffered saline (PBS). The cell pellets were fixed in 70% ethanol and incubated 95 
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for 15 min at -20°C. The cells were then washed twice with cold PBS, centrifuged at 200xg for 5 min 96 
and RNA was eliminated by incubating with 10 µg/µl DNase-free RNaseA (USB Corporation, 97 
Cleveland, OH) at 37C for 30 min. After washing twice with PBS and centrifuging at 200xg for 5 min, 98 
the cells were incubated for 15 min at 4C in the dark with 1 mg/ml propidium iodide (Sigma). The 99 
distribution of the cells in each stage of the cell cycle was quantified in a flow cytometer and 100 
CyteExpert software (Cytoflex® , Beckman Coulter, Indeanapolis, IN). The percentage of the HNSCC 101 
cell lines in the S phase of the cell cycle was measured and compared between conditions with and 102 
without recombinant MIF treatment. Three independent experiments were performed. 103 

2.5. Assesment of apoptosis by flow cytometry  104 

 The HNSCC cells were treated with 25 ng/ml recombinant MIF for 24 h. The cells were harvested, 105 
centrifuged at 200xg for 5 min, and washed twice with cold PBS. The apoptotic cells were assessed 106 
using Annexin A5-FITC /7-AAD kits (Beckman Coulter) according to the manufacturer’s instructions. 107 
The number of apoptotic HNSCC cells was quantified in a flow cytometer using CyteExpert software 108 
(Cytoflex® , Beckman Coulter). The percentage of apoptotic cells were measured and compared 109 
between conditions with and without recombinant MIF treatment. Three independent experiments 110 
were performed. 111 

2.6. Statistical analysis  112 

The results are presented as means and standard error of the mean (SEM). The difference 113 
between the means of more than two groups was analyzed using one-way ANOVA followed by the 114 
Dunnett’s multiple comparisons test. The unpaired t-test was used to compare means between two 115 
groups. The statistical analysis was performed with Prism GraphPad 7.0 (GraphPad Software, La 116 
Jolla, CA). The significance level was set at 0.05.  117 

 118 

3. Results 119 

3.1. Endogenous MIF secreted from the HNSCC cell lines  120 

    The HNSCC cell lines used in this study all secreted MIF, ranging from 49.33‒973 pg/ml (Table 121 
1). The HN18 and HN30 cells secreted MIF at 49.33 and 860 pg/ml, repectively. Moreover, the HN17 122 
and HN31 lines secreted MIF up to 973 and 950.2 pg/ml, respectively.  123 

                  124 
                 Table 1. HNSCC cell-secreted MIF. 125 

HNSCC cell lines Secreted MIF (pg/ml) 

 (Mean ± SEM) 

HN18 49.33 ± 27.9 

HN17 973.0 ± 26 

HN30 860.0 ± 204.4 

HN31 950.2 ± 70.4 

 126 

3.2 Proliferative effect of exogenous MIF in the HNSCC cell lines 127 
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 Recombinant MIF was used to evaluate the proliferative effect of exogenous MIF in the 128 
tumor microenvironment on the HNSCC cells. The HNSCC cell lines were treated with 25, 50, or 100 129 
ng/ml recombinant MIF. The results indicated that 25 and 50 ng/ml MIF significantly dose-130 
dependently increased HN18, HN30, and HN31 cell proliferation, compared with control (p < 0.05) 131 
(Figure 1a, c, and d). When the MIF concentration was increased to 100 ng/ml, the proliferation of 132 
these cell lines declined to baseline. Howerver, when treated with exogenous MIF at all tested 133 
concentrations, there was no significant change in proliferation in the HN17 cell line, (Figure 1b). 134 
Based on these results, 25 ng/ml MIF was used in the subsequent experiments. 135 

 136 
Figure 1. Proliferative effect of MIF on the HNSCC cell lines. MTT assay was performed to 137 
evaluate the proliferative effect of recombinant MIF on (a) HN18, (b) HN17, (c) HN30, and (d) 138 
HN31 cells. Bars represent mean ± SEM percentage cell proliferation (n = 3). *, p < 0.05 compared 139 
with the control. 140 
 141 

3.3 Effect of exogenous MIF on cell cycle status in the HNSCC cell lines 142 

 Recombinant MIF (25 ng/ml) was used to determine the cell cycle status in the HNSCC cell 143 
lines. The histograms demonstrated the DNA distribution in the cell cycle of the HNSCC cell lines 144 
compared between control and MIF treatment (Figure 2a). When treated with MIF, the DNA content 145 
in the S phase of the cell cycle in HN18 cells increased (Figure 2b). In contrast, the DNA content in 146 
the S phase of the HN17, HN30 and HN31 cells were not changed after MIF exposure.  147 
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 148 
Figure 2. Effect of MIF on the HNSCC cell line cell cycle. (a) The cell cycle distribution was 149 

determined after MIF treatment compared with control. (b) The percentage of cells in each phase 150 
of the cell cycle was calculated in the MIF-treated condition compared with control.  151 
 152 

3.4 Effect of exogenous MIF on apoptotic death in the HNSCC cell lines 153 

 The cell death status of the HNSCC cells treated with 25 ng/ml recombinant MIF and control 154 
were analyzed (Figure 3a). The apoptotic fold-change of the MIF treated HN18, HN30, and HN31 155 
cells were significanlty decreased compared with control (p < 0.05) (Figure 3b). However, MIF 156 
demonstrated no effect on the apoptotic status in the HN17 cells.  157 
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 158 
Figure 3. Effect of MIF on apoptotic death in the HNSCC cell lines. (a) Apoptotic status of the 159 

MIF-treated cells compared with control. (b) The apoptotic fold-change in the MIF-treated cells 160 
compared with control. Bars represent mean ± SEM apoptotic fold change (n = 3). *, p < 0.05 161 
compared with the control.  162 
 163 

4. Discussion 164 

 Cancer has a unique microenvironment composed of cancer cells, tumor-associated cells, 165 
growth factors, matrix metalloproteinases, and inflammatory cytokines [21]. In the HNSCC 166 
microenvironment, modulating the inflammatory response is an important factor that contributes to 167 
tumor progression [22]. MIF is a potent inflammatory cytokine that is associated with poor prognosis 168 
in head and neck cancer patients [23]. Previous studies reported that HNSCC cells are the major 169 
source of MIF secreted in the tumor microenvironment [24]. In the present study, we evaluated the 170 
amount of endogenous MIF secreted by both primary and metastatic HNSCC cell lines. The HNSCC-171 
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secreted MIF ranged from 49.33–973.0 pg/ml. The higher concentrations were found in the metastatic 172 
cell lines. The MIF level in the serum of HNSCC patients ranged from 433 pg/ml‒21.3 ng/ml [17]. 173 
However, another study reported that the serum MIF in oral squamous cell carcinoma patients was 174 
approximately 30‒50 ng/ml [18]. Our findings are in line with the MIF concentrations found in clinical 175 
studies. Although several types of cancer cells have been proposed as the major source of secreted 176 
MIF, in vitro, effects were found when using exogenous MIF at a higher concentration than that of 177 
the autocrine MIF. The effective doses of MIF that induced proliferation of bladder and gastric cancers 178 
in vitro were 25‒100 ng/ml [11,25]. The present study found that 25 and 50 ng/ml recombinant MIF 179 
significantly induced HN18, HN30 and HN31 cell proliferation. Feedback inhibition effects were 180 
observed in these cell lines when the MIF concentration was increased to 100 ng/ml. Moreover, 25 181 
ng/ml recombinant MIF promoted cell cycle progression and inhibited apoptotic death in the cell 182 
lines. The MIF concentration may influence tumorigenic responses in different tumors. 183 

The mechanism of MIF has been proposed to occur by stimulating the CXCR4 (CD74) receptor 184 
to sustain cell survival and promote cell cycle progression and angiogenesis in several cancers [24]. 185 
Overexpression of CXCR4 on HNSCC cells has been found in tissues and cell lines, including HN30 186 
and HN31 cells [26,27]. The tumorigenic activities of MIF found in the present study may be 187 
associated with the CXCR4 signaling pathway. Although the HN17 cell endogenously secreted a high 188 
concentration of MIF, exogenous MIF showed no effect on proliferation, cell cycle, or apoptosis in 189 
this cell line. It should be noted that there is a variety of HNSCC cells that respond to MIF stimulation. 190 
Our findings initiate the understanding of how MIF functions in the HNSCC hallmark activities, such 191 
as proliferation, cell cycle progression, and apoptosis inhibition. However, further studies are needed 192 
to determine the exact mechanism of MIF in HNSCC progression.  193 

 194 

5. Conclusions 195 

 MIF is a pro-tumorigenic cytokine that is mainly secreted by cancer cells. Our study 196 
confirmed that the evaluated HNSCC cells all secreted MIF as high as in the reported cancers. MIF 197 
promoted proliferation and the cell cycle, and inhibited apoptosis in the HN18, HN30, and HN31 198 
cells. However, MIF was unable to stimulate HN17 cell proliferation as found in the other cell lines 199 
used in this study. In addition to the overexpression of MIF in clinical studies, the present study 200 
highlights the variety of MIF effects on growth and apoptosis among HNSCC cell lines. To confirm 201 
the MIF mechanism, further studies are required to dissect the MIF downstream signaling pathways 202 
in HNSCC cells.      203 
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