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Down-regulation of tumor suppressor MTUS1/ATIP is associated with

enhanced proliferation, poor differentiation and poor prognosis in oral
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ABSTRACT

Microtubule-associated tumor suppressor gene (MTUS1, also known as mitochondrial tu-
mor suppressor) is a recently identified tumor suppressor gene that has been implicated
in several cancer types. The expression of MTUS1 gene leads to 5 known transcript variants
and codes for 5 isoforms of Angiotensin II AT2 receptor interacting protein (ATIP). In this
study, we first confirmed that the down-regulation of MTUS1/ATIP was a frequent event
in oral tongue squamous cell carcinoma (OTSCC) and the premalignant lesion (leukopla-
kia). We further demonstrated that the down-regulation of MTUS1/ATIP was correlated
with poor differentiation and enhanced proliferation (Ki67 proliferation index). Statistical
analysis suggests that the down-regulation of MTUS1/ATIP was associated with reduced
overall survival. Isoform specific quantitative RT-PCR assays revealed that ATIP1, ATIP3a
and ATIP3b were the major isoforms of the MTUS1 gene products in oral tongue epithelial
cells. Significant down-regulations were observed for all 3 ATIP isoforms in OTSCC as com-
pared to matching normal tissues. In vitro functional study showed that the restoration of
ATIP1 expression led to G1 arrest, apoptosis and reduction of cell proliferation in OTSCC
cell lines. These ATIP1-induced cellular changes were accompanied by reduced phosphor-
ylation of ERK1/2 and up-regulation of p53. Taken together, these data suggest that MTUS1
plays major roles in the progression of OTSCC, and may serve as a biomarker or therapeu-
tic target for patients with OTSCC.
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1. Introduction

Oral tongue squamous cell carcinoma (OTSCC) is one of the
most common sites for head and neck squamous cell carci-
noma (HNSCC). An estimated 10,990 new cases of tongue can-
cer are expected each year, accounting for approximately 30%
of all oral cavity and pharynx cancers (Jemal et al., 2010).
OTSCC is significantly more aggressive than other forms of
oral cancer, with a propensity for rapid local invasion and
spread, and a high recurrence rate (Franceschi et al., 1993;
Lydiatt et al., 1993; Yuen et al., 1999). OTSCC is characterized
by genetic instabilities (Ye et al., 2007; Zhou et al., 2005,
2004), including a frequent LOH at the chromosomal region 8
p21.3—p22 (Ye et al., 2007). Microtubule-associated tumor sup-
pressor gene (MTUSI, also known as mitochondrial tumor
suppressor) is one of the candidate tumor suppressor genes
that reside in this chromosomal region. It was initially identi-
fied as a potential tumor suppressor gene in pancreatic cancer
(Seibold et al., 2003). The down-regulation of MTUS1 gene ex-
pression has also been documented in several cancer types
(Bacolod and Barany, 2010; Di Benedetto et al., 2006b; Louis
et al.,, 2010; Rodrigues-Ferreira et al., 2009; Seibold et al.,
2003; Zuern et al., 2010), including head and neck squamous
cell carcinoma (HNSCC) (Ye et al., 2007). Our recent study sug-
gested that the reduction of MTUS1 expression may be associ-
ated with advanced OTSCC (Zhou et al., 2006).

Alternative exon utilization of the MTUS1 gene leads to 5
known transcript variants that code for 5 different protein iso-
forms of Angiotensin II AT, receptor interacting protein
(ATIP1, ATIP2, ATIP3a, ATIP3b, ATIP4) (Di Benedetto et al.,
2006a; Yu et al., 2009). Among these isoforms, ATIP1 and
ATIP3a/b exhibit tumor suppressor function (Rodrigues-
Ferreira et al., 2009; Seibold et al., 2003). ATIP1 is widely
expressed in many different tissues (Di Benedetto et al.,
2006a), and is transiently up-regulated during the initiation
of cell differentiation and quiescence (Seibold et al., 2003).
Our recent study demonstrated that ATIP1 expression was
regulated by p53 at the transcriptional level (Chen et al,
2011). Functional analyses indicate that ATIP1is an early com-
ponent of the growth-inhibiting signaling cascade that inter-
acts with the angiotensin II AT, receptor. It inhibits the EGF-
mediated ERK kinase activation and cell proliferation in an
AT,-receptor dependent manner (Nouet et al., 2004; Seibold
etal., 2003; Wruck et al., 2005). The initial evidence supporting
the tumor suppressor function of ATIP3a/b comes from the
study of the Xenopus Icis gene, a homolog of ATIP3a/b. Using
inactivating antibodies, Ohi et al. found that absence of Icis
caused excessive microtubule growth and inhibited spindle
formation (Ohi et al., 2003), a function consistent with tumor
suppressor activity. Frequent down-regulation of ATIP3a/
b has recently been detected in a large cohort of breast cancer
cases, and ATIP3a/b appeared to also regulate spindle dynam-
ics and to promote prolonged mitosis in breast cancer cells
(Rodrigues-Ferreira et al., 2009).

Although the tumor suppressor function of MTUS1/ATIP
has been defined, its role in the initiation and progression of
OTSCC is unclear. In the present study, we aim to assess the
clinical significance of MTUS1/ATIP deregulation in patients
with oral premalignancy lesion and OTSCC.

2. Material and methods

2.1. Pooled-analysis to extract expression values of
MTUS1/ATIP gene from existing microarray datasets

To conduct a pooled-analysis, microarray datasets for 33
OTSCC cases and 19 matching adjacent non-cancerous sam-
ples (Supplementary Table 1) were either generated from our
previous study (Zhou et al., 2006) or downloaded from the
GEO database (Ziober et al., 2006). The pooled-analysis was per-
formed as described previously (Yu et al., 2008). In brief, the CEL
files from all datasets were imported into the statistical soft-
ware R 2.4.1 (R_Development_Core_Team, 2006) using Biocon-
ductor (Gentleman et al, 2004). The Robust Multi-Array
Average (RMA) expression measures were computed for each
microarray dataset after background correction and quantile
normalization (Irizarry et al., 2003; Yu et al., 2008). Then, ex-
pression values of the overlapping probesets between U133A
and U133 Plus 2.0 arrays were extracted. Probeset-level quan-
tile normalization was performed across all samples to make
the effect sizes similar between the datasets (Yu et al., 2008).
The expression values for probesets corresponding to MTUS1/
ATIP gene (212093 s_at, 212095_s_at, and 212096_s_at) were
then extracted from each dataset. These probesets are not PRE-
LIMSspecific to the transcript variants of the MTUS1/ATIP gene,
and they target the common regions of all the MTUS1/ATIP
transcript variants. Relative mRNA level for MTUS1/ATIP
were computed for each OTSCC sample as previously described
(Liu et al., 2010).

2.2. Patients and tissues

The archived tissue samples from 80 cases of OTSCC, 27 cases
of premalignant tongue (leukoplakia) and 13 normal tongue
biopsies were utilized in this study (Supplementary Table 2).
All OTSCC patients were diagnosed and received curative sur-
gery between 1998 and 2006 at Department of Oral and Maxil-
lofacial Surgery, the First Affiliated Hospital, Sun Yat-sen
University. None of the patients received any form of adjuvant
therapy prior to surgery. The tumor extent was classified
according to the TMN system by UICC, and the tumor grade
was classified according to the WHO classification of histolog-
ical differentiation. Among 80 cases of OTSCC that we exam-
ined, follow-up results were available on 39 cases. Median
duration of follow-up was 39 months (range 8—110 months).
Survival was calculated based on the date of surgery and the
date of latest follow-up (or death). This study was approved
by the ethical committee of the First Affiliated Hospital, Sun
Yat-Sen University.

2.3. Immunohistochemistry analysis

Immunohistochemistry was performed on 5 mm sections of
formalin-fixed, paraffin-embedded tissue samples. Represen-
tative sections were first stained with H&E and histologically
evaluated by a pathologist. Heat-mediated antigen retrieval
was performed in EDTA buffer pH 9 in a water bath for
30 min. Immunohistochemical analysis was performed as
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described previously (Wang et al., 2009), using a commercially
available kit (Invitrogen, Carlsbad, CA). In brief, endogenous
peroxidase activity was quenched by incubation in a 9:1 meth-
anol/30%hydrogen peroxide solution for 10 min at room tem-
perature. Sections were then blocked with 10% normal serum
for 10 min at 37 °C followed by incubation with an anti-MTUS1
antibody (Abnova) or an anti-Ki67 antibody (ABCam) at a dilu-
tion of 1:40 or 1:200 respectively, for 16 h at room temperature.
After washing three times in PBS, the sections were incubated
with secondary antibody conjugated to biotin for 10 min at
room temperature. After additional washing in PBS, the sec-
tions were incubated with streptavidin-conjugated horserad-
ish peroxidase enzyme for 10 min at room temperature.
After the final wash with PBS, antigen—antibody complexes
were detected by incubation with a horseradish peroxidase
substrate solution containing 3,3'-diaminobenzidine tetrahy-
drochloride chromogen reagent, and counterstained with he-
matoxylin. Slides were rinsed in distilled water, cover-slipped
using aqueous mounting medium, and allowed to dry at room
temperature.

The relative intensities of the completed immunohisto-
chemical reactions were evaluated by 3 independent trained
observers who were unaware of the clinical data. All areas of
tumor cells within each section were analyzed. Image-Pro
Plus v6.0 (Media Cybernetics, USA) was used to score relative
intensity. All tumor cells in ten random high power fields
were measured for each case.

2.4. Cell culture, plasmid constructs and transfections

OTSCC cell lines (SCC-9, SCC-15, and UM1) were maintained in
DMEM/F12 supplemented with 10% FBS, 100 U/mL penicillin
and 100 pg/mL streptomycin (GIBCO). Cells were cultured at
37 °Cin a humidified incubator containing 5% CO,. Expression
vector containing the coding sequence of human ATIP1 was
a gift from Dr. Stefan Seibold at University Medical Center,
Medical Faculty University of Cologne (Seibold et al., 2003).
For functional analysis, the ATIP1 expression vector or empty
vector (pCDNAS3, Invitrogen) was transfected into cells using
Lipofectamine 2000 (Invitrogen).

2.5. Cell proliferation assays

Proliferation was measured using a MTT assay as described
previously (Jiang et al., 2010). In brief, cells were seeded in qua-
druplicate in 96-well plates at the density of 5 x 10 cells per
well. Cell proliferation was analyzed at 48 h by incubation
the cells with 1 mg/ml tetrazolium salt MTT (Sigma). Absor-
bance (A) at 570 nm was measured and cell inhibition rate
was calculated as (1—Atreated/Acontrol) X 100%.

2.6. Flow cytometry-based apoptosis and cell cycle
analysis

Cells were grown in 6-well plates to about 60% confluence and
transiently transfected with the desired expression vector. For
cell cycle analysis, the cells were harvested and resuspended
in PBS and then fixed in ethanol at —20 °C overnight. The cells
were washed with PBS and resuspended in Staining Solution
(50 pg/mL of propidium iodide, 1 mg/mL of RNase A, 0.1%

Triton X-100 in PBS). The stained cells (1 x 10°) were then an-
alyzed with a flow cytometer (FACScan, Becton—Dickinson,
CA, USA). The percentage of cells residing in the G0/G1 phase,
S phase and G2/M phase were counted using ModiFit software
and CellQuest programs. For apoptosis measurement, the
cells were harvested and washed twice in PBS, and then resus-
pended in 500 pul of PBS plus AnnexinV-PE and 7-AAD (Annex-
inV-PE/7-AAD staining kit, BioVision, Mountain View, CA).
The stained cells (1 x 10°) were then analyzed with a flow
cytometer (FACScan, Becton—Dickinson, CA, USA).

2.7. Western blot analysis

Western blots were performed as described previously (Liu
et al., 2009) using antibodies specific to MTUS1 (Abnova),
ERK1/2, pERK1/2, p53 (Cell Signaling Technology, Beverly,
MA), beta-actin (Sigma—Aldrich, USA), and a Immu-Star HRP
Substrate Kit (BIO-RAD, USA). The intensities of the Western
blot bands were quantified by image analyzing software
Quantity One (Bio-Rad, USA).

2.8.  ATIP isoform-specific quantitative RT-PCR

The expression of ATIP isoforms were determined in 6 pairs of
frozen OTSCC and normal tongue tissue samples using ATIP
isoform-specific quantitative RT-PCR assays described previ-
ously by Di Benedetto et. al. (Di Benedetto et al., 2006a). In
brief, total RNA from tumor or normal samples was isolated
using RNeasy Mini kit (Qiagen). First-strand cDNA was synthe-
sized by MLV-RT (Promega) using random hexamer primers
(Promega). ATIP isoform-specific quantitative RT-PCR was
performed using exon-specific primer pairs corresponding to
5 ATIP isoforms (ATIP1, ATIP2, ATIP3a, ATIP3b, and ATIP4)
(Di Benedetto et al., 2006a). All reactions were performed in
triplicate. Melting curve analyses were performed to ensure
the specificity of the quantitative RT-PCR reactions. The data
analysis was performed using a modified 2~9¢t@ delta Ct ypathod
described by Di Benedetto (Di Benedetto et al., 2006a), with
PPIA (peptidylprolyl isomerase A) as an internal reference.

2.9. Statistical analysis

Data were analyzed using the Statistical Package for the Social
Science (SPSS, Chicago, IL), Version 17.0. Spearman Correlation
Coefficient was used to assess correlations among the gene ex-
pression and clinical and histopathological parameters. One-
way ANOVA and student’s t-test was used to compare differ-
ences between groups. Kaplan—Meier plots were constructed
to present the survival outcomes. Cox regression was used
for both univariate and multivariate analysis. For all statistical
analyses, p < 0.05 was considered statistically significant.

3. Results

3.1.  The expression of MTUS1/ATIP in OTSCC and oral
premalignancy

Pooled-analysis was performed on existing microarray data-
sets to determine the expression of MTUS1/ATIP at mRNA
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levels in OTSCC (n = 33) and normal control samples (n = 19).
As illustrated in Supplementary Figure 1, MTUS1/ATIP is sig-
nificantly down-regulated in OTSCC when compared to the
normal control tissues (p = 0.0166).

To confirm our observation and further elucidate the role
of MTUS1/ATIP, the expression of the MTUS1/ATIP gene was
examined by immunohistochemistry (IHC) in 80 cases of
OTSCC, 27 cases of premalignant dysplasia (leukoplakia) and
13 normal tongue biopsies. As illustrated in Figure 1A, in nor-
mal tissues, MTUS1/ATIP was detectable in the entire epithe-
lium (both cytoplasmic and nuclear staining) with the
strongest staining observed in basal layers. As illustrated in
Figure 2A, significant reductions in MTUS1/ATIP staining
were observed in premalignant (Figure 1B) and cancer cells
(Figure 1C and D). The loss of MTUS1/ATIP staining was ob-
served in both cytoplasmic and/or nuclear compartments
(Supplementary Figure 2). Among OTSCC cases, MTUS1/ATIP
levels were significantly lower in poorly and moderately dif-
ferentiated cases as compared to well differentiated OTSCC
(Figure 2B). No difference in MTUS1/ATIP was observed in
OTSCC cases of different pT, pN, and clinical stages
(Supplementary Figure 3).

3.2. Correlation among MTUS1/ATIP expression and
clinicopathological features in OTSCC

Correlations were tested among gene expression (e.g., MTUS1/
ATIP and Ki67), clinical and pathological features in the OTSCC
patient cohort (Table 1). As expected, strong correlations were
observed among pT, pN, and the Clinical stage. Significant

inverse correlations were observed between MTUS1/ATIP ex-
pression and Grade (differentiation) and Ki67 proliferation in-
dex. The Ki67 proliferation index is also correlated with
Grade. Interestingly, the correlation was also observed be-
tween MTUS1/ATIP expression and gender. However, the bio-
logical significance of this observation is not clear.

3.3.  The prognostic value of MTUS1/ATIP deregulation
for OTSCC patients

As illustrated in Figure 3A, a striking difference in prognosis
was observed between the high MTUS1/ATIP expression group
(mean survival = 61.8 months) and the low MTUS1/ATIP ex-
pression group (mean survival = 33 months). A statistically sig-
nificant difference in survival was also observed when patients
were grouped based on grade (differentiation) (Figure 3B). Asl-
lustrated in Supplementary Table 3, univariate analysis indi-
cated that grade and MTUS1/ATIP were significant prognostic
factors for patients with OTSCC. These are consistent with
the observed differences in overall survival. Multivariate anal-
ysis indicated that neither grade nor MTUS1/ATIP was inde-
pendent prognostic factor. This may be due to the strong
correlation between grade and MTUSI1/ATIP. Alternatively,
this may be due to our relative small sample size.

3.4.  The relative down-regulation of the ATIP isoforms
in OTSCC

To assess the relative levels of each ATIP transcript variant in
normal and OTSCC samples, ATIP isoform-specific
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Figure 1 — Immunohistochemistry analyses of MTUS1/ATIP expression in normal tongue, premalignant dysplasia and OTSCC tissue samples.

Immunohistochemistry analyses for MTUS1/ATIP were performed as described in material and methods on A: normal tongue mucosa (n = 13),

B: premalignant dysplasia (leukoplakia, n = 27), C: well differentiated primary SCC (n = 46), and D: moderately to poorly differentiated primary

SCC (n = 34). Representative Images (X200) were shown.
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Figure 2 — Relative expression of MTUS1/ATIP in normal mucosa, premalignant dysplasia and OTSCC tissue samples. Box plots were presented

for comparing the MTUS1/ATIP immunohistochemistry staining intensities in normal mucosa, premalignant dysplasia (leukoplakia) and OTSCC
cases (A), and in OTSCC cases with different grade (differentiation) (B). The p-values were computed using one-way ANOVA. The boxes

represent 25th to 75th percentile of the observations, and the lines in the middle of the box represent the median. The whiskers represent maximum

(or minimum) observations below (or above) the 1.5 times of the interquartile range, respectively. Outliers are also indicated in the plots as *.

quantitative RT-PCR were performed on 6 paired OTSCC and
normal mucosa samples. As illustrated in Figure 4, a signifi-
cant reduction of overall MTUS1/ATIP expression in OTSCC
was confirmed. In normal mucosa, the relative proportions
of ATIP1, ATIP3a, ATIP3b transcripts were 22.5%%, 22.6%,
and 54.7%. In OTSCC, the relative proportions of these 3 tran-
scripts were 14.1%, 27.8% and 56.8%. The ATIP2 and ATIP4 ex-
pression was minimal (<1% for both OTSCC and normal
mucosa). Significant reductions in ATIP1, ATIP3a, ATIP3b
were observed in OTSCC (86.5%, 77.5%, 32.3%, respectively,
and p < 0.05), as compared with normal mucosa.

3.5.  The effects of MTUS1/ATIP on proliferation and
apoptosis in OTSCC cell lines

To validate the role of MTUS1/ATIP in OTSCC tumorigenesis,
functional analyses were performed to test the effects of

ATIP1 on proliferation, cell cycle and apoptosis. UM1 is one
of the OTSCC cell lines that exhibit low MTUS1/ATIP expres-
sion (Supplementary Figure 4). As illustrated in Figure 5A,
when UM1 cells were transfected with a ATIP1 expression vec-
tor, a statistically significant inhibition in cell proliferation
was observed as compared to cells transfected with empty
vector. As shown in Figure 5B, a statistically significant in-
crease in apoptosis was observed in UM1 cells transfected
with ATIP1 expression vector. Ectopic expression of ATIP1 in
UM1 cells also led to changes in cell cycle, where statistically
significant reduction in S and accumulation in G1/Go were ob-
served in UM1 cells transfected with the ATIP1 expression
vector (Figure 5C). Given that sub-G1/Go DNA content is indic-
ative of apoptosis, these data also supported our observations
on apoptosis. As shown in Figure 5D, while ectopic expression
of ATIP1 increased the protein level of total ERK1/2, a clear de-
crease in phosphorylation of ERK1/2 (pERK1/2) was observed.

Table 1 — Correlations among clinical and histopathological features of OTSCC.

Gender Age Grade pT stage PN stage C stage Ki67 MTUS1/ATIP

Gender 0.0932 0.2290* 0.1220 0.2128 0.0808 0.0712 0.2274*
Age 0.0211 0.0346 0.0051 —0.0316 0.1801 0.0615
Grade 0.0834 0.3144* 0.1606 0.3106™ —0.3568™
pT stage 0.5472** 0.8297** —0.0627 0.2059

PN stage 0.8453* 0.1285 0.1577

C stage 0.0307 0.1155
Ki67 —0.2680"
MTUS1/ATIP

pT: pathological T-stage; pN: pathological N-stage; C stage: clinical stage.

*p < 0.05. *p < 0.01. The p values were computed using Fisher’s transformed z-score test.

a Spearman Correlation Coefficients were presented.
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Figure 3 — The effects of MTUS1/ATIP expression on prognosis Kaplan—Meier plots of overall survival in patient groups defined by MTUS1/
ATIP immunohistochemistry (A, High ATIP: higher than mean staining, Low ATIP: lower than mean staining) and differentiation (B). The

differences in survival rates are statistically significant (p < 0.05).

This resulted in a statistically significant decrease in pERK/
ERK ratio [1.00 + 0.18 (ctrl) vs. 0.35 + 0.26 (ATIP1 over-
expression), p < 0.05, based on 3 independent experiments].
An enhanced expression of p53 was observed in UM1 cells
transfected with the ATIP1 expression vector as compared to
cells transfected with empty vector.

4. Discussion

Our previous study identified one of the most frequent LOH
(87.9%) in HNSCC located in a genomic region of ~7 Mb at
8p22—p21.3 (Ye et al., 2007). MTUS1/ATIP is one of the candi-
date tumor suppressor genes located in this region. Our pre-
liminary analyses showed that 9 out of 10 HNSCC cell lines
examined (include 5 OTSCC cell lines), and 7 out of 10 OTSCC
tissue samples exhibited reduced expression of MTUS1/ATIP
gene when compared to normal control. In the present study,
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Figure 4 — Relative expression of ATIP isoforms in OTSCC and
adjacent normal tissues. ATIP isoform-specific quantitative RT-PCR
assays were performed as described on 6 paired OTSCC and adjacent
normal mucosa samples. Relative proportions of ATIP1, ATIP3a,
ATIP3b transcripts were presented for normal mucosa and OTSCC.
Significant reductions in ATTP1, ATIP3a, ATIP3b and overall ATTP
transcripts were observed in OTSCC as compared with normal
mucosa. The ATIP2 and ATIP4 expression was minimal (less than
1% for both OTSCC and normal mucosa). * indicates p < 0.05.

we examined the expression of MTUS1/ATIP by a pooled-
analysis of existing microarray datasets and a retrospective
analysis of a large cohort of OTSCC and premalignancy pa-
tients. Our results demonstrate that down-regulation of
MTUS1/ATIP is a frequent event during the progression of
OTSCC. Further analyses reveal that down-regulation of
MTUS1/ATIP correlates with poor differentiation and en-
hanced proliferation. These results suggested that deregula-
tion of MTUS1/ATIP gene is involved in the loss of
proliferative control and failure to undergo cellular differenti-
ation during carcinogenesis. Furthermore, down-regulation of
MTUS1/ATIP associates with short overall survival of the
OTSCC patients. Thus, these findings underscore the critical
contribution of MTUS1/ATIP deregulation in the tumorigene-
sis of OTSCC.

Alternative promoter utilization and alternative splicing
are important features involved in the regulation of MTUS1/
ATIP gene expression which lead to 5 different isoforms of
protein products (ATIP1, ATIP2, ATIP3a, ATIP3b and ATIP4)
(Di Benedetto et al., 2006a; Yu et al., 2009). Difference in tissue
distribution has been reported previously for ATIP1, ATIP3a/
b and ATIP4 (Di Benedetto et al., 2006a). While ATIP1 is ubiqui-
tously expressed and ATIP4 is brain-specific, the relative
levels of ATIP3a and ATIP3b vary among tissues. In saliva
gland tissue, the level of ATIP3b is higher than ATIP3a. High
levels of ATIP3a were observed in all other tissues previously
examined as compared to ATIP3b (Di Benedetto et al,
2006a). Our results indicate that while ATIP2 and ATIP4 are
not expressed to any significant extent, ATIP1, ATIP3a and
ATIP3b are highly expressed in oral tongue mucosa cells.
The ratio of ATIP3a/ATIP3b in oral mucosa cells was similar
to that of the salivary gland, which may be due to the similar
developmental lineages of cells from the salivary gland and
oral mucosa. Compared to the normal mucosa, ATIP1, ATIP3a
and ATIP3b were all significantly down-regulated in OTSCC.
The most dramatic reduction was observed in ATIP1 (86.5%).
The existence of ATIP2 is not entirely certain. As a result of al-
ternative splicing, exon 3, which contains an in-frame stop co-
don, is incorporated into the ATIP2 transcript. This sequence
feature makes ATIP2 transcript a candidate for nonsense-
mediated mRNA decay (NMD). Indeed, it is absent (or weakly
expressed) in all normal tissues examined (data not shown).
Nevertheless, it is possible that this alternative splice to
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Figure 5 — The effects of ATIP1 on proliferation, cell cycle, apoptosis, levels of ERK1/2, pERK1/2 and p53 in OTSCC cell line UM1 cells were
transiently transfected with an ATIP1 expression vector, or an empty vector. Cell proliferation (A), apoptosis (B), cell cycle (C) and the levels of

ATIP1, ERK1/2, pERK1/2 and p53 (D) were measured. Data represents at least 3 independent experiments with similar results. * indicates

P < 0.05.

include exon 3 in the transcript may provide a mechanism to
switch-off the expression of MTUS1/ATIP at posttranscrip-
tional level.

While down-regulation of MTUS1/ATIP has been reported
in OTSCC (and HNSCC), the effects of MTUS1/ATIP at the cellu-
lar level have not been documented before in OTSCC cells. Our
in vitro study demonstrated that restoring ATIP1 expression in
OTSCC cell lines induce G1/Go arrest, apoptosis and reduction
in cell proliferation. This is consistent with our observed in-
verse correlation between MTUS1/ATIP expression and prolif-
eration index (Ki67) in our OTSCC patient cohort. The
knowledge of ATIP1 regulated molecular pathways is relatively
limited. ATIP1 has previously been shown to be involved in the
trans-inactivation of the EGF receptor and the subsequent inhi-
bition of extracellular-regulated ERK kinase activity and cell
proliferation (Nouet et al., 2004; Seibold et al., 2003; Wruck
et al.,, 2005). We observed a reproducible up-regulation of
ERK1/2 expression in UM1 cells upon the ATIP1 transfection.
This is not consistent with previous observations in the pros-
tate PC3 cell line, where ectopic expression of ATIP1 reduced
total ERK1/2 levels (Louis et al., 2010). It is possible that this ap-
parent difference may be due to differences in cancer types, or
may be cell line specific. Nevertheless, a reduction in ERK1/2
phosphorylation was observed in our cell line upon the trans-
fection of ATIP1. This is in agreement with the observation in
PC3 cells (Louis et al., 2010) and the earlier observation in
CHO cells (Nouet et al., 2004). Furthermore, the present study
provided evidence suggesting that p53 may be an additional
player that regulates the crosstalk between EGF signaling and
the angiotensin II AT,-receptor signaling. We demonstrated
that ectopic expression of ATIP1led to up-regulation of p53. In-
terestingly, our recent study also demonstrated that ATIP1 ex-
pression is regulated by p53 at the transcriptional level (Chen
et al,, 2011). This evidence suggests a positive feedback loop
of p53 and ATIP1 as well as a potential link between p53 and
the signaling pathway(s) mediated by the angiotensin II AT,-
receptor. More in-depth analysis will be needed to fully assess
the functional relevance of these interactions and their contri-
butions to tumorigenesis.

In summary, we described the expression pattern of
MTUS1/ATIP in OTSCC. We demonstrated that the down-
regulation of MTUSI/ATIP was associated with de-
differentiation, enhanced proliferation and correlated with
poor prognosis. Furthermore, the tumor suppressor function
of ATIP1 is achieved, at least in part, by regulating the
ERKs- and P53-dependent signaling path(s). Thus, our results
provide evidence suggesting a critical role of MTUS1/ATIP in

the tumorigenesis of OTSCC, and MTUS1/ATIP may serve as
a biomarker or a novel therapeutic target for patients with
OTSCC.
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