
MIEN1 promotes oral cancer progression
and implicates poor overall survival

Smrithi Rajendiran1,y, Marilyne Kpetemey1,y, Sayantan Maji1,y, Lee D Gibbs1, Subhamoy Dasgupta1,2, Rebecca Mantsch3,
Richard J Hare3, and Jamboor K Vishwanatha1,*

1Department of Molecular and Medical Genetics; Institute for Cancer Research and Texas Center for Health Disparities; University of North Texas Health Science Center;

Fort Worth, TX USA; 2Department of Molecular and Cellular Biology; Baylor College of Medicine; Houston, TX USA; 3Department of Pathology; Plaza Medical Center;

Fort Worth, TX USA

yThese authors contributed equally to this work.

Keywords: filopodia, invasion, longitudinal study, MIEN1, migration, NF-kB, oral cancer, survival, TCGA HNSCC database

Abbreviations: CRS, current reformed smoker; CS, current smoker; GFP, green fluorescent protein; HNSCC, head and neck squa-
mous cell carcinoma; MIEN1, migration and invasion enhancer 1; MMP-9, matrix metallopeptidase 9; NF-kB, nuclear factor kappa-
light-chain-enhancer of activated B cells; OSCC, oral squamous cell carcinoma; siRNA, small interfering RNA; TCGA, the cancer

genome atlas; uPA, urokinase plasminogen activator; VEGF, vascular endothelial growth factor

Oral squamous cell carcinoma is a highly malignant tumor with the potential to invade local and distant sites and
promote lymph node metastasis. Major players underlying the molecular mechanisms behind tumor progression are
yet to be fully explored. Migration and invasion enhancer 1 (MIEN1), a novel protein overexpressed in various cancers,
facilitates cell migration and invasion. In the present study we investigated the expression and role of MIEN1 in oral
cancer progression using an in vitro model, patient derived oral tissues and existing TCGA data. Expression analysis
using immortalized normal and cancer cells demonstrated increased expression of MIEN1 in cancer. Assays performed
after MIEN1 knockdown in OSC-2 cells showed decreased migration, invasion and filopodia formation; while MIEN1
overexpression in DOK cells increased these characteristics and also up-regulated some Akt/NF-kB effectors, thereby
suggesting an important role for MIEN1 in oral cancer progression. Immunohistochemical staining and analyses of oral
tissue specimens, collected from patients over multiple visits, revealed significantly more staining in severe dysplasia
and squamous cell carcinoma compared to mildly dysplastic or hyperplastic tissues. Finally, this was corroborated with
the TCGA dataset, where MIEN1 expression was not only higher in intermediate and high grade cancer with
significantly lower survival but also correlated with smoking. In summary, we demonstrate that MIEN1 expression not
only positively correlates with oral cancer progression but also seems to be a critical molecular determinant in
migration and invasion of oral cancer cells, thereby, playing a possible role in their metastatic dissemination.

Introduction

Oral cancers belong to a group of cancers commonly referred
to as head and neck cancers. Though it is estimated that only
about 3% of the newly diagnosed cancers in 2014 may be oral
cancers, it still accounts for about 42,000 cases, with an estimated
over-all mortality of 8,000 according to National Cancer Insti-
tute and The Oral Cancer Foundation. Interestingly, it is pre-
dicted that while oral cancers would be 4% of new cancer cases
diagnosed in men, in women it will be one of the less commonly
occurring cancers.1 Oral cancers constitute 85% of total number
of head and neck cancers in the United States with the 5-year sur-
vival being just over 60%. Despite advances made in diagnosis
and treatment of various other cancers over the last decade, prog-
ress in treating oral cancers has been unsatisfactory primarily due
to advanced stage disease presentation which in turn could be

attributed to difficulty in early diagnoses.2 Oral cancer initiation
and progression is a multistep process involving various genetic
alterations apart from environmental influences and exposure to
carcinogens.3,4 Molecular pathogenesis includes progression
from normal oral mucosa to hyperplasia to dysplasia, which then
becomes poorly differentiated invading carcinoma and finally
oral squamous cell carcinoma (OSCC), a highly malignant
tumor that usually results in metastasis.3

Extensive research demonstrates the importance of various
oncogenes and tumor suppressors along with associated signal
transduction pathways in oral cancer progression.5-9 It is evident
that many of these pathways converge to facilitate invasion and
migration of cells to the lymph nodes, characteristic of OSCC.
Migration and invasion of cancer cells are hallmarks of cancer
metastasis,10,11 facilitated by processes including loss of cell adhe-
sion and epithelial properties, cytoskeletal rearrangement, gain of
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mesenchymal form and ability to cleave the extracellular matrix
by secreting proteases, and formation of new blood vessels by
secreting angiogenic factors.3 Some of these characteristics could
be attributed to transcription factor nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-kB), which has been
shown to be overexpressed in OSCC with increasing stage of the
disease.12,13 Although oral cancer has been studied in some
detail, the major players and underlying molecular mechanisms
are yet to be identified and fully explored. Thus, there is a need
to study the molecules that facilitate these processes in OSCC.

A novel gene, migration and invasion enhancer 1 (MIEN1),
located in 17q12 region of the human chromosome, next to the
Her-2/neu loci, is differentially expressed in cancerous tissues.14

While overexpression of this protein is seen in breast and prostate
cancers, there is basal expression in the normal cells and tis-
sues.14,15 MIEN1, predominantly localized to the inner leaflet of
the plasma membrane, increases matrix metallopeptidase 9
(MMP-9), urokinase plasminogen activator (uPA) and vascular
endothelial growth factor (VEGF), key proteases and angiogenic
factors that are downstream of NF-kB pathway, thus facilitating
migration and invasion of prostate cancer cells.15 MIEN1 also
promotes migration by enabling actin cytoskeletal rearrangement
through enhancement of finger-like actin filaments called filopo-
dia.16 Hence, though MIEN1 is not an oncogene directly, it aids

cancer progression by playing key roles in distinct processes of
migration and invasion of cancer cells.

In this study, we demonstrated that MIEN1 is overexpressed
in OSCC compared to normal and hyperplastic cells and tissues.
We also confirmed the role of MIEN1 in altering migratory and
invasive potential of cells. Interestingly, this is the first study to
show higher nuclear and perinuclear staining of MIEN1 in tissue
sections with severe dysplasia or OSCC compared to mild and
minimal staining of the protein in moderate dysplasia and hyper-
plasia. Such a localization pattern for MIEN1 has never been
observed in any other solid tumors studied, thus making this
staining pattern a distinguishable characteristic for oral cancer.
Finally, analysis of the head and neck squamous cell carcinomas
(HNSCC) in the The Cancer Genome Atlas (TCGA) database
strengthens the importance of MIEN1 in oral cancer by revealing
that a higher expression of MIEN1 significantly lowers the sur-
vival probability.

Results

MIEN1 is upregulated in oral cancer cell lines
Increased expression of MIEN1 has been linked to several

solid epithelial malignancies.14,15,17 In the present study, we
analyzed the expression of MIEN1 in immortalized normal

Figure 1. MIEN1 is differentially expressed in oral cancer cells. (A) MIEN1 expression in different oral cancer cells as shown by qualitative PCR. (B) Graphi-
cal representation of MIEN1 mRNA expression in dysplastic and carcinoma cells, normalized to GAPDH, from qPCR experiments. (C) MIEN1 protein
expression normalized to GAPDH as shown by protein gel blotting. (D) Immunofluorescence staining of OSC-2 cells showing MIEN1 localization. Repre-
sentative image as captured using confocal microscopy.

www.tandfonline.com 877Cancer Biology & Therapy



(HOK-16B), dysplastic (DOK), squamous cell carcinoma-
derived (SCC-25) and metastatic (OSC-2) oral cell lines. The
MIEN1 mRNA expression was significantly elevated in DOK,
SCC-25 and OSC-2 compared to HOK-16B (Fig. 1A). To
determine if there was any alteration in MIEN1 mRNA levels
between dysplastic and SCC cells, we compared the expression
by qPCR. Though our results showed a slight increase in
MIEN1 in OSC-2 and SCC-25 compared to DOK, this eleva-
tion was insignificant (Fig. 1B). Next, we examined the correla-
tion between MIEN1 protein and transcript levels. Despite
similar mRNA levels, OSC-2 exhibited a much higher level of
MIEN1 protein compared to DOK and SCC-25, while HOK-
16B was negative for MIEN1 (Fig. 1C) suggesting possible post-
transcriptional and/or post-translational regulation of
MIEN1.16,18 Confocal analysis (Fig. 1D) showed cytoplasmic
localization of MIEN1. Interestingly, we found strong staining
of MIEN1 in the perinuclear region of
OSC-2 cells; an observation made for
the first time.

MIEN1 inhibition reduces
migration and invasion of oral
cancer cells

OSCCs have a very high potency to
metastasize to the lymph nodes and dis-
tant organs, thereby resulting in death.
Migration and invasion are key pro-
cesses in such a metastatic dissemina-
tion. To determine the effect of
MIEN1 in oral cancer cell migration
and invasion, we silenced endogenous
MIEN1 using siRNA against MIEN1
(siMIEN1) in OSC-2 cells. After con-
firming effective knockdown (Fig. 2A)
compared to control (siNT), we
observed significant suppression of
invasion in siMIEN1 transfected OSC-
2 cells (Fig. 2B). In vitro agarose gel
bead assay showed that siMIEN1 sig-
nificantly reduced the ability of OSC-2
cells to migrate out of the bead
(Fig. 2C) after both 72 and 96 hours
by about 80% compared to control
transfected cells at the respective time
points.

Knocking down MIEN1
diminishes filopodia forming
capabilities of OSC-2 cells

Cell migration is a result of coordi-
nation between membrane protrusions
at the leading edge, translocation of cell
body, and retraction of lagging edge
from the substratum.19 In migrating
cells, filopodia pioneer at the leading
edge and probe the environment for

cues.20 Since MIEN1 has previously been associated with
dynamic changes in actin filaments, we transfected OSC-2 cells
with siMIEN1 or siNT, stimulated them with a wound after
48 hours (depicted as 0 hrs) and immunostained for F-actin at
the specific time points. Confocal analysis not only showed lesser
actin polymerization at the membrane upon siMIEN1 transfec-
tion but also displayed significantly lower number and length of
filopodia protrusions per migrating cell compared to control
(Fig. 3).

MIEN1 overexpression enhances migration and invasion
of oral cancer cells

We demonstrated previously that knocking down MIEN1 in
OSCC derived metastatic cells reduced their potency to migrate
and invade (Fig. 2). Successively, to determine if an increase in

Figure 2. Knocking down MIEN1 reduces the migratory and invasive potential of OSC-2 cells. (A) West-
ern blotting shows MIEN1 expression upon siNT or siMIEN1 transfection, 72 hours after transfection
and the MIEN1 expression after re-seeding at 72 hours (72C24 hours after transfection) normalized to
GAPDH. (B) Quantification of invasive potential of transfected cells 24 hours after re-seeding trans-
fected cells (cells were trypsinized 72 hours after transfection and re-seeded for 24 hours, totaling to
96 hours after transfection) on inserts. (C, left) Representative images of agarose beads at the respec-
tive time points after re-seeding siNT or siMIEN1 transfected cells (cells were trypsinized, counted and
seeded 24 hours after transfection; images were captured at the respective time points from the point
of bead formation); (C, right) Quantification of the number of cells migrated out from 10 fields
between 3 technical replicates and averaged between 2 such independent experiments.
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MIEN1 was sufficient to accelerate the ability of dysplastic cells
to migrate and invade the environment, we stably overexpressed
green fluorescent protein (GFP) tagged MIEN1 (GFP-MIEN1)
or empty GFP vector (GFP) in DOK cells (Fig. 4A). In addition
to the invasive potential of GFP-MIEN1 containing DOK cells
being significantly higher (~1.35-fold) than the controls (Fig. 4B),
their migration also was higher as represented and quantified
(Fig. 4C). These results confirm that an increase in MIEN1
expression could facilitate migration and invasion of dysplastic
cells of the oral cavity, thus enhancing their propensity for
metastasis.

MIEN1 promotes phosphorylation of Akt and NF-kB
resulting in activation of MMP-9

Overexpression of MIEN1 as observed by western blotting in
DOK cells (Fig. 5) was associated with a significant increase in
MMP-9 expression as previously reported.15 Although there was
a slight increase in VEGF protein levels upon overexpression of
MIEN1, it was statistically insignificant; suggesting the involve-
ment and/or predominance of other signaling pathways in oral

cancers when compared to prostate cancer. Akt and NF-kB
mediated activation of pro-invasive genes are known to be
essential for migration and invasion of tumor cells. We found
overexpression of MIEN1 led to a significant increase in phos-
phorylated Akt and NF-kB compared to the control, while the
levels of total Akt and NF-kB were unaffected. These data are
consistent with our previous findings showing that MIEN1 pro-
motes Akt and NF-kB mediated signaling, resulting in down-
stream activation of pro-invasive genes like MMP-9.15,18

MIEN1 is overexpressed in high grade dysplasia as well as
squamous cell carcinoma tissues of the oral cavity

Our previous reports show increased cytoplasmic expression
of MIEN1 with increasing grades of prostate cancer.15,18 Here,
we have shown that MIEN1 expression is high in oral cancer cells
compared to immortalized normal cells (Fig. 1). To determine
use of MIEN1 as a marker for oral cancer progression, we per-
formed immunohistological analysis of MIEN1 in longitudinal
sections from 4 patients (Fig. 6). Tissues obtained during multi-
ple visits were independently graded by pathologists as benign
hyperplasia, mild dysplasia, severe dysplasia or squamous cell car-
cinoma. For the first time, high staining of MIEN1 was predomi-
nantly observed in the nucleus, a localization pattern distinct
from the previously reported pilot study in prostate cancer. In
order to obtain clear distinctions in MIEN1 expression patterns
between different stages of oral cancer, staining intensities in
both the nucleus and cytoplasm were independently assessed.
Though some difference in cytoplasmic MIEN1 was observed
between low grade dysplasia and OSCC, these were marginal
and not significant enough to distinguish between stages. Most
of the cytoplasmic MIEN1 were graded as 1C to 2C based on an
intensity scale range of 0 to 4 (for no staining to very high stain-
ing). In contrast, nuclear MIEN1 expression was significantly
stronger in severe dysplasia (scored as 2C or 3) and OSCC
(scored as 3C or 4) compared to the mild dysplastic tissues
(scored as 1 or 2). Also, staining intensity for MIEN1 in benign
tissue adjacent to the carcinoma in 2 patients showed very mini-
mal to negligible expression of MIEN1 (Fig. 6A); thereby con-
firming potential use of nuclear MIEN1 as a marker to
distinguish between different grades of oral cancer.

Higher expression of MIEN1 correlates with poor survival
To determine if the results observed in our patient cohort was

of clinical relevance, we examined the expression of MIEN1 in
the Illumina RNA-SeqV2 data set from TCGA for HNSCCs.
We observed that the survival function was significantly lower in
the group which exhibited relatively higher expression of MIEN1
(Fig. 7A). Next, we sought out to determine if the MIEN1
expression correlated with grades of oral cancer. Our analysis
showed that MIEN1 was significantly lower in the low grade
(G1) cancers compared to the intermediate (G2) and high grade
tumors (G3) (Fig. 7B). Since it is known that tobacco, alcohol
and HPV are well characterized risk factors for oral cancer, we
determined if a correlation exists between relative expression lev-
els of MIEN1 and these risk factors to the patient survival. Alco-
hol consumption and HPV statuses were unavailable in over

Figure 3. Inhibition of MIEN1 attenuates migration by decreasing filopo-
dia formation in OSC-2 cells. (Top) Representative confocal microscopy
images of the filopodia in the siNT or siMIEN1 transfected cells around
the wound immediately, 6 hours after and 12 hours after creating the
wound; depicted by immunostaining for F-actin with phalloidin at the
respective time points. Arrows indicate the site of wound; (Bottom)
Quantification of the number of filopodia per cell taken from 5 indepen-
dent fields with about 3 cells per field.
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60% of our dataset and hence were not used further in the study.
Based on their tobacco smoking history the patients were classi-
fied into current smokers (CS) and current reformed smokers
(CRS). The Kaplan-Meier curve clearly indicates that higher
expression of MIEN1 in either of these patient groups depict
lower survival compared to lower expression of MIEN1 in both
groups (Fig. 7C). Taken together, our analysis of the TCGA
data set not only confirms that higher MIEN1 expression has a
lower survival probability and the MIEN1 expression is higher in
G2 and G3 tumors but also that current or reformed smokers
with higher levels of MIEN1 have lower survival rates.

Discussion

Previous studies show that MIEN1 is overexpressed in breast,
prostate, and ovarian cancers and plays an important role in bio-
logical processes underlying tumor metastasis.14-17,21 However,
the role of MIEN1 in the tumor biology of OSCC has not been
investigated. Here, we inquired whether MIEN1 is altered in
OSCC, thus contributing to tumor progression and metastasis.

Our data, for the first time, show signifi-
cant increase of MIEN1 in OSCC-
derived cell lines as well as severely dys-
plastic and OSCC tissues of the oral cav-
ity; a finding corroborated by RNA
expression analysis of TCGA dataset.

Nearly 90% of cancer related deaths
are attributed to invasion and metasta-
sis.22 Invasion is initiated and main-
tained by specific signaling molecules,
pathways that control cytoskeletal
dynamics and changes in cell-cell adhe-
sion and/or cell-extracellular matrix
interaction, finally culminating in migra-
tion and extravasation/intravasation of
cells into adjacent tissues.23,24 This study
indicates that MIEN1 is a critical molec-
ular determinant in these processes,
resulting in metastatic dissemination of
tumor cells. Using RNA interference, we
transiently suppressed MIEN1 expres-
sion in OSCC-derived OSC-2 cells that
have high endogenous MIEN1 expres-
sion. Knockdown of MIEN1 dramati-
cally inhibited their migratory and
invasive potentials, a finding consistent
with previous reports in prostate cancer
cells.15

Invasive and metastatic potential of
cells also depends on the cytoskeletal
dynamics.25 The ability of cells to extend
their apical end in order to become
motile is a result of reorganization of the
macro-, intermediate- and/or micro-fila-
ments.26 This process can further be

facilitated by various stimuli including physical space (wound) as
well as tumor microenvironment. Here, using confocal micros-
copy, in the presence of a stimulus, we confirmed that a decrease
in MIEN1 protein interferes with the ability of OSC-2 cells to
form filopodia protrusions, an event required during cell-cell
adhesion and cell motility. This significant change could possibly
be the culmination of many synchronized events, including actin
filament rearrangement, and needs further investigation. Further-
more, to examine if increasing the expression of MIEN1 could
replicate the biological role of elevated endogenous MIEN1 in
OSCC progression, we stably overexpressed MIEN1 in DOK, a
dysplastic cell, which exhibits relatively lower levels of endoge-
nous MIEN1 protein. Ectopic expression of MIEN1 significantly
promoted migration and invasion of DOK cells, thus indicating
that an increase in MIEN1 expression could drive a dysplastic
cell to become more migratory and invasive compared to its par-
ent phenotype, resulting in hastening the progress of oral cancer.
Together, our data not only alludes to the involvement of
MIEN1 in migration and invasion of OSCCs but also supports
the hypothesis that an increase in MIEN1 may, in turn, be an
important step in the facilitation of oral cancer metastasis.

Figure 4. MIEN1 overexpression in DOK cells results in increased migration and invasion. (A) Western
blotting shows MIEN1 expression upon GFP empty vector or GFP-MIEN1 plasmid transfection. (B)
Quantification of invasive potential of transfected cells 24 hours after reseeding transfected cells on
inserts. (C, left) Representative images of agarose beads at respective time points after reseeding
GFP or GFP-MIEN1 transfected cells; (C, right) Quantification of number of cells migrated out from at
least 10 independent fields.
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One of the initial steps in the elaborate process of metastasis to
a distant organ is the initial step involving the ability of the cells
to detach from their substratum.27,28 This is usually enabled by
secretion of proteases that can cleave the extracellular matrix,
thus providing the cell an opportunity to become motile.29

Matrix metalloproteinases (MMPs) have long been associated
with this mechanism of cancer cell migration and invasion. Our
previous studies showed that MIEN1 alters expression of MMPs
in prostate cancer via the transcription factor, NF-kB.15 Here, in
oral cancer, we demonstrated a similar pattern; a significant
increase in phosphorylated NF-kB and MMP-9 upon overex-
pression of MIEN1 in DOK cells. Yan et al. and Bindhu et al.
provided evidences that the nuclear translocation of NF-kB
(p50-p65) gradually progresses from the premalignant phase of
oral tissue to the invasive phase.13,30 Given that the NF-kB pool
that translocates to the nucleus is the phosphorylated frac-
tion,31,32 the observed increase indirectly demonstrates activation
of the NF-kB mediated signaling. Additionally, significant
increase in pAktS473, a regulator of NF-kB, compared to the
unaltered total protein in MIEN1 overexpressing DOK cells con-
firms that the Akt/NF-kB signaling axis is exploited by MIEN1
to induce expression of MMP-9. These results provide compel-
ling evidence supporting the role of MIEN1 in OSCC dissemi-
nation by a variety of ways; from enabling signaling cascades that
facilitate migration and invasion of cells to furthering the physical
movement of the cells by altering filopodia formation
capabilities.

The in vitro cell system does not necessarily account for the
effects of the overall anatomical and physiological processes
involved in humans. Instead, it is a de-convoluted system that

forms an idealistic representation to study mechanisms. Hence,
to determine if MIEN1 expression patterns were indeed altered
in a clinical setting, we first used clinical specimen from oral
cavity of 4 subjects. Since oral cancer is much more prevalent
in men compared to women, our subjects were all men. The
present study is the first to show the protein expression of
MIEN1 in a cohort of tissues obtained longitudinally from the
same patients. Our results indicate that the increased expres-
sion of MIEN1 in patients correlate with tumor progression. It
is noteworthy to mention that we saw, for the first time, a dis-
tinct nuclear and perinuclear expression of MIEN1 in OSCC
derived tissues, unlike previous reports in other epithelial can-
cers.15 These observations coincide with our in vitro

Figure 5. MIEN1 alters expression of key signaling molecules. Western
blotting showing the expression of GFP tagged MIEN1 (MIEN1), pAktS473,
Akt, pNF-kBp65, NF-kB, MMP-9, VEGF and b-actin (loading control) in
GFP and GFP-MIEN1 transfected DOK cells; Quantification of the specific
proteins normalized to b-actin from 2 independent experiments.

Figure 6. MIEN1 expression in clinical specimens obtained over multiple
visits (longitudinal specimens from 4 patients). (A, left) Control IgG nega-
tive staining; (A, right) Benign hyperplastic tissue adjacent to the tumor.
(B) Patient 1 showing (left) mild dysplasia and (right) squamous cell carci-
noma. (C) Patient 2 displaying (left) mild dysplasia and (right) squamous
cell carcinoma. (D) Patient 3 and (E) Patient 4 demonstrating (left) severe
dysplasia and (right) squamous cell carcinoma. (B-E) Left and right
images are representations from 2 different visits. Scale: 20£ (100 mm)
magnifications.
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observations showing a predominant expression of MIEN1 in
the perinuclear region of OSC-2 cells. We hypothesize that
nuclear localization of MIEN1 might be an important event
leading to modulation of multiple signaling cascades and
finally, oral cancer progression. Interestingly, localization of
MIEN1 in the nucleus parallels the increased nuclear transloca-
tion and activation of NF-kB. Given the importance of NF-kB
in OSCC, further investigation will be needed to reveal the
relationship of MIEN1 and NF-kB mediated pathways in facil-
itation of OSCC progression in cells. In an effort to validate
our immunohistochemical analysis, we utilized the RNA-Seq
data from TCGA for MIEN1 expression in HNSCCs. The
larger sample size not only supported our findings that
MIEN1 expression is less in low grade cancers but also pro-
vided evidence correlating MIEN1 expression levels to the
overall survival; higher MIEN1 indicating significantly lower
survival probability. This finding is the first report demonstrat-
ing the significance of MIEN1 through a survival function.
Though the sample size is still relatively small and the expres-
sion determined here is that of MIEN1 mRNA levels, these
results show promise for the use of the novel gene MIEN1 in
oral cancer clinical diagnosis. Additional studies with a large
number of subjects need to be conducted to obtain the
MIEN1 protein expression and localization in tissues of the
oral cavity. Among the known factors that influence oral cancer
progression, data combining the smoking habits with higher
expression of MIEN1 showed a trend toward poor survival. It
is known that smoking enforces oxidative stress triggering a
series of events to follow, resulting in tumor.33-35 MIEN1 has
a redox motif and has previously been classified as a selenopro-
tein in the Rdx thioredoxin family with glutathione peroxidase
1 as its target.36 The role of glutathione peroxidases is linked
to reducing free radicals and thus the oxidative stress in the
cells, leading to an inverse correlation between oxidative stress
and the glutathione peroxidases.33 A very recent study con-
firmed another member of the peroxidase family, glutathione
peroxidase 4, to also be a target of MIEN1 37, making MIEN1

a very strong reductase for these enzymes and hence indicating
its role in oxidative stress during cancer. Future studies, with a
better understanding of MIEN1s role in conjunction with
other oral cancer drivers, may predict the use of MIEN1 as a
target for preventing oral cancer metastasis.

Conclusions

In conclusion, it is well known that the maintenance of cellu-
lar homeostasis is extensively dependent on the response of cells
to multiple parameters including the external physical stimuli,
signaling cascade triggered, alterations of molecules involved in
cell-to-cell and/or cells-matrix contact that result in the microen-
vironment remodeling, and genetic alterations in expression pat-
terns, to name a few. In this study, for the first time, we provide
evidence that MIEN1 is crucial in altering many of the processes
that disrupt this homeostasis, thus facilitating OSCC migration
and invasion in vitro, eventually resulting in rapid oral cancer
progression. Our data shows that MIEN1 expression is elevated
in cancer and this protein could be a key player in increasing
invasiveness and thus also the aggressiveness of cancer. We also
demonstrate the clinical relevance of this gene by correlating its
high levels with poor survival.

Materials and Methods

Cell lines and cell culture
Immortalized normal oral keratinocyte derived human epithe-

lial cells HOK-16B were obtained as a gift from Dr. N. H. Park
(UCLA School of Dentistry, Los Angeles) while oral epithelial
dysplastic cells DOK, primary OSCC cells SCC-25, and lymph
node metastasized OSCC cells OSC-2 were obtained as gifts
from Dr. S. Hsu (Medical college of Georgia, Atlanta). HOK-
16B cells were maintained and cultured in keratinocyte growth
media supplemented with pituitary extract, while DOK, SCC-25

Figure 7. Lower MIEN1 expression indicates better survival. (A) Kaplan–Meier curves of HNSCC patients with low (red) and high (blue) MIEN1 expression
levels respectively. (B) Box-whisker plot of normalized MIEN1 expression in the patients from TCGA data set for HNSCCs exhibiting G1, G2 or G3 patholog-
ical tumor grades. (C) Kaplan-Meier survival curve segregating MIEN1 high (blue) with MIEN1 low (red) expression in the subjects who were current
smokers (CS-solid lines) or current reformed smokers (CRS-dotted lines) at the time of the study.In all the figures: *P -value < 0.05 **P -value < 0.01
***P -value < 0.001.
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and OSC-2 were maintained and cultured in DMEM/F-12 with
10% FBS and other required supplements.38-40

Transfections
Plasmid and RNAi transfections were performed using Lipo-

fectamine 2000 and Lipofectamine RNAiMAX (Life Technolo-
gies, Cat. Nos. 11668 and 13778) according to the
manufacturer’s protocols. Complete media was added 6 to
12 hours after transfection. For selection and maintenance of sta-
ble cells, G418 (Sigma, Cat. No. G8168) was used. Complete
media was added 24 or 6 hours after transfection, respectively.

Antibodies, siRNA and reagents
The following antibodies were used: GAPDH (mouse mono-

clonal, SantaCruz Biotechnology, Cat. No. 32233), total Akt,
pAktS473, MMP-9, total NF-kB, pNF-kBp65 (Cell Signaling
Technology, Cat. Nos. 4691, 4060, 6956 and 3033), VEGF
(BD Biosciences, Cat. No. 554539), and Isotype control Rabbit
IgG (mouse, Sigma, Cat. No. I5006). Highly specific MIEN1
antibodies: mouse monoclonal (Abnova, Cat. No. H00084299)
and rabbit polyclonal (Life Technologies, Cat. No. 404000) were
used. Smart pool siRNAs against MIEN1 and GFP-targeting
siRNA (as non-targeting - NT) control were purchased from
Dharmacon (Cat. Nos. L-014864-00 and P-00248-01). Phalloi-
din (Alexa-Fluor-488 conjugated, Life Technologies, Cat. No.
A12379) was used to stain F-actin. All other reagents were pur-
chased from Sigma.

PCR
Total RNA was isolated from various cell lines using TRI-

zol (Life Technologies, Cat. No. 15596) and quantified.
Equal amount of RNA was used for the one-step qPCR anal-
ysis, performed according to manufacturer’s instructions (Life
Technologies, Cat. No. 11736). The primers were designed
using Primer 3 and synthesized by integrated DNA technolo-
gies (MIEN1-FP: 50CAGTGCTGTGGAGCAGT30, MIEN1-
RP: 50 GACGGCTGTTGGTGATCTTT 30; GAPDH-FP:
50 GAGCGAGATCCCTCCAA 30, GAPDH-RP: 50 ACTG-
TGGTCATGAGTCCTTC 30) and qPCR was performed
using realplex2 epgradient S Mastercycler (Eppendorf, NY,
USA). For qualitative PCR, the cDNA from the first step
synthesis was used in PTC-100 thermal cycler (MJ Research
Inc.., Canada) with MIEN1 and GAPDH primers and the
product was run on an agarose gel.

Western blotting
Total protein was isolated and estimated using Pierce Micro

BCA Protein Assay kit (Fisher Scientific, Cat. No. 23225).
NuPAGE� Novex� 4-12% Bis-Tris Gels (Cat. No. NP0335)
were used to run the samples which were then transferred into
nitrocellulose membranes (Cat. No. IB301002) using an iBlot
(Life Technologies, NY, USA). Membranes were blocked in 5%
non-fat dry milk or 1% bovine serum albumin prior to antibody
subjection. Bands were analyzed using the NIH ImageJ
software.41

Invasion assay
Cell invasion assay was performed with transwell-invasion

assay inserts (BD Biosciences, Cat. No. 353097) and 24-well
plates according to manufacturer’s protocol. In brief, 72 hours
after transfection, cells were trypsinized, re-suspended to a con-
centration of 5 £ 104 cells/ml, and plated in duplicates into
matrigel pre-coated (overnight) and non-coated inserts with
750 ml of fetal bovine serum (Life Technologies, Cat. No.
10082147) as a chemo-attractant. Twenty-four hours after seed-
ing, cells on the bottom of the transwell membranes were fixed
and stained with 0.05% crystal violet. The% invasion was calcu-
lated as a ratio of cells invading the matrigel matrix pre-coated
membrane to cells migrating through the uncoated membrane.

Migration assay
Soft agar bead assay was used to determine the migratory

potential of cells. In brief, transfected cells were trypsinized,
counted and re-suspended in 1% low melt agar solution to obtain
a final concentration of 5 £ 104 cells/ml. About 30 ml of agar-
cell suspension was used to form beads in individual wells, pre-
coated with fibronectin (Sigma, Cat. No. F0895). Beads were
incubated at 4�C for 15 minutes before adding complete media.
The plates were left undisturbed for specific times and images
were captured around the edge of each bead. At least 5 indepen-
dent fields were recorded for each experiment.

Immunofluorescence
Cells were plated, fixed, permeabilized and stained with MIEN1

primary antibody and Alexa-Fluor-488 tagged secondary antibody
for localization. For F-actin staining, cells were plated on coverslips
and transfected with siRNA. A scratch wound was created as stimu-
lus for filopodia formation 72 hours after the transfections. At spe-
cific time points, cells were fixed with 4% paraformaldehyde,
permeabilized and stained. At least 5 cells were obtained per wound
created and the experimental replicates were quantified.

Tissue specimens, immunohistochemistry and imaging
Archived formalin fixed-paraffin embedded tissues from 4

male patients over multiple visits (longitudinal specimen) from
University of Nebraska Medical Center College of Dentistry
were used in this study. The samples were procured and proc-
essed upon approval by the Institutional Review Board. Immu-
nohistochemistry was performed using MIEN1 and isotype-
specific rabbit IgG antibodies on 5 mm tissue sections according
to standard protocols, using previously well-characterized anti-
bodies. Two anatomic pathologists independently read the slides
and provided nuclear and cytoplasmic intensity scores (0-4) for
MIEN1 staining. Hematoxylin & Eosin (H&E) stained sections
were used to determine the pathological diagnosis. Representative
images were captured as described previously.42,43

Bioinformatics
TCGA-Assembler was executed in R to download, assemble,

and process public Head and Neck Squamous Cell Carcinoma
(HNSCC) Illumina RNA-SeqV2 normalized gene expression
data from TCGA for 218 HNSCC patients.44,45
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Statistical analyses
The results were represented as mean § SEM of at least 3

independent experiments, unless mentioned otherwise. The
P-values were calculated according to Student’s t-test using
GraphPad P-value calculator or by ANOVA test, as considered
appropriate. The appropriate number of samples, as indicated in
the figures, were used for the analysis of TCGA derived data,
based on exemption of outliers. The Kaplan-Meier curves were
generated and analyzed using GraphPad Prism 4.0. Results were
considered significant if P-value was at least � 0.05.
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