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Abstract Transducin B -like 1 X-linked receptor 1 (TBL1XR1) overexpression was associated with the progression of
several solid tumors, with resulted in adverse clinical outcomes. The study aimed to determine the expression and
prognostic of TBL1XRL1 in clinical NO tongue squamous cell cancer (C(NO TSCC). TBL1XR1 expression was examined in 8
paired samples of TSCC and adjacent non-cancerous tongue tissues, and 4 TSCC lines and 1 normal oral keratinocytes
(NOK). TBL1XR1 expression levels were also assessed in 174 TSCC samples. The association of TBL1XR1 expression
with clinicopathological features and clinical outcome was analyzed. Analysis revealed TBL1XR1 expression was
significantly elevated in cNO TSCC tissue compared with the matched adjacent non-cancerous tongue tissue, and elevated in
TSCC lines compared with that of NOK. In addition, the results demonstrated TBL1XR1 expression was positively
correlated with the pathological stage (P=0.001), T classification (P=0.004) and N classification (P=0.018). Kaplan-Meier
analysis found cNO TSCC patients with increased TBL1XR1 expression have shorter overall survival time and higher
recurrence rates. TBL1XR1 expression was an independent factor for predicting the poor overall survival of TSCC patients.
In conclusion, our study demonstrated high TBL1XR1 levels is associated with poor prognosis in patients with TSCC, may
be valuable for the clinical evaluation of high-risk patients.
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Introduction exhibiting regional spread, and 36 % for cancer exhibiting

distant spread [4, 5].

Tongue cancer is one of the most common and lethal oral Though aggressive management may reduce the recurrence

cancer, the most common pathological type of oral tongue rate, result in potentially devastating consequences on

cancer is squamous cell carcinoma[1, 2]. Despite advances quality of life[6,7]. Clinical evidences indicate that

In standard treatment strategies (e.g.surgery, chematherapy, metastasis is the most important poor prognostic factors for

and radiotherapy), the 5-year survival rate in patients with patient diagnosis with TSCC [8]. Tumorigenesis is a

tongue squamous cell cancer(TSCC) has remained high [3], complex multi-step process characterized by uncontrolled

0 ibiti 0
78 % for cancer exhibiting local spread, 63 % for cancer cell growth and tumor formation. Therefore, it is of great
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value to identify the high-risk patients who may benefit
from more aggressive primary surgery or adjuvant treatment
following surgery.

Reports have shown that tumorigenesis is associated with
the progressive accumulation of genetic and epigenetic
alterations in genes and proteins that regulate cell
proliferation, cell death and genomic instability[9,10].
Increasing evidences have recognized that the epithelial to
mesenchymal transition (EMT), a driver ofinvasion and
metastasis of cancer, may play a pivotal role in multiple
types of tumor cell metastatic dissemination by endowing
cells with a more motile, invasive potential[11, 12, 13, 14].
Previous studies have established TBL1XR1 as a key player
in the regulation of multiple signaling pathways
(Wnt/B-catenin, Notch, NF-xB, and nuclear receptor) and
gene transcription, which all involved in EMT [15, 16, 17,
18].

TBL1XR1 was originally identified as a component of the
nuclear receptor corepressor complex [19], In addition,
TBL1XR1 has been found to affect carcinogenesis and
tumor progression in several solid tumors, including lung
cancer [20], breast cancer [22, 22], live cancer [23,24],
prostate  cancer[25], colorectal cancer [18] and
nasopharyngeal carcinoma [26].

Based on above materials, we have evidences to assume
TBL1XR1 promoted the progression and invasiveness of
cancer. But the clinical significance and biological function
of TBL1XR1 in the progression of tongue squamous cancer
remain poorly understood. In this study, we found that
TBL1XR1 was significantly upregulated in tongue
squamous cells and tissues, and the expression was closely
correlated with clinicopathologic features in patients with
tongue Furthermore, we have

Squamous  cancer.

demonstrated that TBL1XR1 plays an important role in

occurrence and progress of tongue squamous cancer and

require next step thorough research.

Materials and Methods

Patients and tissue specimens

For the use of these clinical materials for research purposes,
prior patient consent and approval from the Ethics
Committees of the Cancer Center, Sun Yat-sen University in
advance of the study. For RT-PCR and Western blotting
analysis, eight matched pairs of tumors tissue and adjacent
noncancerous tissue samples were obtained from
glossectomy specimens of patients diagnosed with cNO
tongue squamous cancer immediately after surgery and
stored at -—-80°C. A total of 179 individual
paraffin-embedded cNO tongue cancer samples, which were
histopathologically and clinically diagnosed tongue cancer
patients treated at the Cancer Center, Sun Yat-sen University
between 2000 and 2005. Clinical follow-up data was
available for a minimum of 5 years or until death. The
clinical information this patient cohort is summarized in

Table 1.

Cell lines

The TSCC cell lines, CAL27, SCC-25 and SCC-9, were
purchased from American Type Culture Collection
(Manassas, VA, USA). The TSCC cell lines, CAL33, and
normal oral keratinocytes (NOK) were kindly provided by J.
Silvio Gutkind (NIH, Besthesda, MD). CAL27, CAL33,
SCC-9 and SCC-25 were cultured in Dulbecco’s modified
Eagle’s medium (DMEM, Gibco, Inc., Grand Island, NY,
USA) supplemented with 10% fetal bovine serum (FBS).
NOK cells were maintained in KSFM (Gibco, USA). Cells

were incubated in a 5% CO2 atmosphere at 37°C.
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Table 1. Clinicopathologic characteristics and TBL1XR1
expression of patients with clinically NO oral tongue cancer of the

study cohort (n=174)

Characteristics Number of cases (%0)

Gender

Male 105 (60.3)
Female 69 (39.7)
Age (years)

<53 88 (50.6)
>53 86 (49.4)
Pathologic stage

I 78 (44.8)
1 64 (36.8)
11 17 (9.8)
v 15 (8.6)
T classification

T1 85 (48.9)
T2 84 (48.3)
T3 5(2.8)
N classification

NO 144 (82.8)
N1 15 (8.6)
N2 15 (8.6)
Pathologic differentiation

Well 136 (76.0)
Moderately 36 (20.1)
Poorly 7(3.9)
Recurrence

No 93 (53.4)
Yes 81 (44.6)

Vital status (at follow-up)

Alive 60 (34.5)
Dead 114 (65.5)
Expression of GOLPH3

Low or none expression 55(31.6)

High expression 119(68.4)

Real-time PCR (RT-PCR)
Total RNA from cultured cells and fresh tissues were
extracted using the Trizol reagent (Invitrogen) according to
the manufacturer’s instruction. The extracted RNA was
pretreated with RNase-free DNase, and about 2ug RNA
from each sample was used for cDNA synthesis with
iScriptcDNA Synthesis Kit (Bio-Rad Laboratories,Hercules,
CA). Real-time PCR primes were designed using the Primer
Express Software Version 2.0 and the primer sequences are:
TBL1XR1 forward primer:
GAATTTCCTTGTGCCTCCAT; TBL1XR1 reverse primer:
TGCAACTGAATATCCGGTCA;Glyceraldehyde-3-phos

(GAPDH)  forward

hate  dehydrogenase prime:

5'-GACTCATGACCACAGTCC  ATGC-3'; GAPDH
reverse primer: 5-AGAGGCA GGGATGATGTTCTG-3".
Expression data were normalized to the geometric mean of
housekeeping gene GAPDH to control the variability in

expression levels.

Western blotting

Western blot analysis was performed according to standard
methods as  described  previously [27], using
anti-TBL1XR1rabbit polyclonal antibody (1:3,000; Sigma).
Blot membranes were stripped and reprobed with
anti-GAPDH antibody (1:1,000; Sigma) as a loading

control.
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Immunohistochemistry

Immunohistochemistry methods and scoring for GOLPH3
expression were done as previously described[27]. Two
independent pathologists blinded to the clinical parameters
conducted the staining index (SI) for TBL1XR1 expression.
The staining results were scored based on the following
criteria: (i) percentage of positive tumor cells in the tumor
tissue: 0 (0%), 1 (1%-25%), 2 (26%-50%), 3 (51%—75%)
and 4 (76%-100%); (ii) staining intensity: 0 (no staining), 1
(weak staining = light yellow), 2 (moderate staining =
yellow brown), and 3 (strong staining = brown). The SI was
calculated as staining intensity score x proportion of
positive tumor cells (range from 0 to 12) [34]. An optimal
cutoff value was identified: the SI > 6 was used to define as
TBL1XR1 high expression while SI < 6 as TBLIXR1 low

expression.

Statistical analyses

All statistical analyses were carried out using the SPSS
version 17.0 statistical software packages. The correlation
between TBL1XR1 expression and the clinicopathological
characteristics was analyzed by the chi-square test. Survival
curves were plotted by the Kaplan-Meier method and
compared with the log-rank test. Multivariate survival
analysis was performed for all parameters found to be
significant in the univariate analysis using the Cox
regression model. A two-sided probability value of less than

0.05 was considered to be statistically significant.

Results

TBL1XR1 is overexpressed in oral tongue cancer cell

lines

To investigate the potential role of TBL1XR1 in the

tumorigenesis of oral tongue cancer, the expression of
TBL1XR1 mRNA and protein were determined for four oral
tongue cancer cell lines (SCC-25, SCC-9, CAL27 and
CAL33) and compared with TBL1XR1 expression in
normal oral keratinocytes (NOK). TBL1XR1 mRNA
expression was higher in oral tongue cancer cell lines than
that in NOK (Figure 1A), and GOLPH3 protein was highly
expressed in oral tongue cancer cell lines and only weakly

expressed in TEC (Figure 1B).
A p

Expression of TBL1XRI1

B NOK CAL27 CAL33 SCCY SCC25

NOK CAL27 CAL33 SCC25 SCC9

—— G —

Figure 1. Increased expression of TBL1XR1 protein in tongue

TBL1XR1

squamous cancer cell lines

(A and B) Expression of TBL1XR1 mRNA and protein in tongue
cancer cell lines (SCC-9, SCC-25, CAL27, CAL33, Tca-8113) and
normal oral keratinocytes (NOK) were examined by RTPCR (A) and
Western blotting (B). Expression levels were normalized to GAPDH.
Error bars represent standard deviation of the mean (SD) calculated

from three parallel experiments.

TBL1XR1 is overexpressed in oral tongue cancer tissues
To investigate TBL1XR1 mRNA and protein expression in
cNO oral tongue cancer, RT-PCR and Western blotting
analyses were done on eight matched pairs of oral tongue
cancer samples (T) and adjacent noncancerous tissue
samples (ANT). TBL1XR1 mRNA was expressed at higher
levels in all oral tongue cancer tissue samples than that in

adjacent noncancerous tissues (Figure 2A). Consistent with

J Med Discov | www.e-discoverypublication.com/jmd/ 4
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this data, TBL1XR1 protein was also up-regulated in cNO
oral tongue cancers compared with the matched controls

(Figure 2B).

27T 710

Expression of TBLIXRI1
wn

ANT T ANT T ANT T ANT T
B Patient 1 Patient 2

Patient1  Patient2  Patient3
ANT T ANT T ANT

Patient 4

Patient 3
Patient 4
T ANT T

TBL1XR1

GAPDH

Figure 2. Increased expression of TBL1XR1 protein in tongue
squamous cell cancer tissue

(A) Average T/N ratios of TBL1XR1 mRNA expression in paired
tongue cancer (T) and adjacent noncancerous tissues (N) was
quantified by RTPCR and normalized to GAPDH. Error bars
represent standard deviation of the mean (SD) calculated from three
parallel experiments. (B) Western blot analysis of TBL1XR1 protein
expression in four matched pairs of oral tongue cancer (T) and
adjacent noncancerous tissues (N). GAPDH was the loading control.
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TBL1XR1 overexpression is associated with clinical
features of cNO oral tongue cancer

We further investigated the link between TBL1XR1 protein
expression and the clinicopathological characteristics of
oral tongue cancer using a panel of 174 paraffin-embedded,
archived oral tongue cancer specimens. The
clinicopathological characteristics were shown in Table 1.
167 of the total 174 oral tongue cancers (95.9%) were
positive for TBL1XR1 based on immunohistochemical
staining. High TBL1XR1 protein expression was detected in
119 samples (68.4%) and weak or negative staining was
observed in 55 tumor samples (31.6%, Figure 3). Statistical
analysis showed a strong correlation between TBL1XR1
expression and clinicopathological characteristics of cNO
oral tongue cancer, including pathologic stage (P =0.001), T
classification (P = 0.004), N classification (P =0.018), and
recurrence (P =0.001). In contrast, TBL1XR1 expression
had no correlation with age,

gender and tumor

differentiation (Table 2).

Figure 3. Immunohistochemical of TBL1XR1 in tongue
squamous cell cancer sections. Representative
immunohistochemical images of cNO oral tongue cancer tissue
specimens indicating strong TBL1XR1 staining (A and B); moderate
TBL1XR1 staining (C and D); and weak TBL1XR1 staining (E and
F). Magnification is X200 (A, C and E) or X400 (B, D and F).
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Table 2. Correlation between TBL1XR1 expression and clinicopathologic characteristics of patients with clinically NO oral tongue

cancer

Characteristic

TBL1XR1 expression

Low or none,

High,

s n . (%) . (%) 2’ test P
Gender 0.097
Male 105 28 (26.7) 77 (73.3)

Female 69 27 (39.1) 42 (60.9)

Age (years) 0.331
<53 88 31 (35.2) 57 (64.8)

>53 86 24 (27.9) 62 (72.1)

Pathological stage 0.001
I 78 37 (47.4) 41 (52.6)

I 64 15 (23.4) 49 (76.6)

I 17 1(5.9) 16 (94.1)

v 15 2 (13.3) 13 (86.7)

T classification 0.004
T1 85 37 (43.5) 48 (56.5)

T2 84 17 (20.2) 67 (79.8)

T3 5 1(20) 4 (80)

N classification 0.018
NO 144 52 (36.1) 92 (63.9)

N1 15 1(6.7) 14 (93.3)

N2 15 2 (13.3) 13 (86.7)

Pathologic differentiation 0.189
Well 131 45 (34.4) 86 (65.6)

Moderately 36 7(19.9) 29 (80.1)

Poorly 7 3(42.9) 4 (57.1)

Recurrence 0.001
No 93 42 (45.2) 51 (54.8)

Yes 81 13 (26.0) 68 (84.0)

Vital status (at follow-up) 0.001
Alive 114 48 (42.1) 66 (57.9)

Dead 60 7(11.7) 53 (88.3)

Association between TBL1XR1 expression and patient
survival
Patient survival analysis showed a clear negative correlation

between the level of TBL1XR1 protein expression and both

the overall survival and recurrence -free survival of patients
with cNO oral tongue cancer (P = 0.001 and 0.001,
respectively; Figure 4A, B). The cumulative 5-year overall
and recurrence -free survival rates for patients with high
levels of TBL1XR1 expression were 59% and 41%, whereas

for patients with low TBL1XR1 expression the rates were

J Med Discov | www.e-discoverypublication.com/jmd/ 6
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84% and 67%, respectively. Cox regression revealed that N
classification (relative risk, 1.659, Cl: 1.201-2.293, P =
0.002), pathologic differentiation degree (relative risk,
2.040, CI:

1.379-3,020, P = 0.001) and TBL1XR1

Figure 4
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Figure 4. TBL1XR1 affects overall survival and disease-free survival. Kaplan—Meier curves with univariate analysis
(log-rank) for cNO oral tongue cancer patients with high TBL1XR1 expression (n=119) versus low or no TBL1XR1
expression (n=55) for overall survival (A) and disease-free survival (B).

Discussion

The pivotal finding of this study is that the elevated
expression of TBL1XR1 correlated with a poor prognosis
and reduced survival of TSCC patients. Furthermore, Cox
regression model indicated that TBL1XR1lwas an
independent prognostic factor. These findings provide
evidence that upregulation of TBL1XR1 plays an important
role in promoting progression of tongue squamous cancer.
As the most common cancer diagnosed in the oral cavity, the
poor prognosis of oral tongue cancer is mainly a
consequence of its unusual histological makeup, which
makes it poorly equipped to resist invasion and metastasis
[28, 29].

In clinical practice, TNM classification system, the most

pervasive index for developing treatment protocols and
predicting clinical outcome, is not sufficiently reliable for
predicting clinical outcome or for providing detailed
information on the biological characteristics of a
malignancy [30, 31].

TBL1XR1 is a component of SMRT/NCoR corepressor
complex and involves in the exchange between corepressor
and coactivators complexes by unliganded nuclear receptors
[32, 33].

TBL1XR1 has been confirm to affect carcinogenesis and
tumor progression in several solid tumors, including lung
cancer [20], breast cancer [21, 22], live cancer [23, 24],
prostate cancer [25], colorectal cancer [26] and
nasopharyngeal carcinoma [27]. TBL1XR1 participate in

several signal paths to mediate EMT, which is the main

J Med Discov | www.e-discoverypublication.com/jmd/ 7
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mechanism for invasion and metastasis [18, 22, 26].
Consistent with these results, our data showed that
expression of TBL1XR1 was elevated in tongue squamous
cell lines and tissue. We have evidences to assume
TBL1XR1 promoted the progression and invasiveness of
tongue squamous cancer. According to our clinical
experience, the patients with poor pathologic differentiation
or N+ stage should receive adjuvant treatment following
surgery. Our results reconfirm the role of pathologic
differentiation or N stage for developing treatment protocols
and predicting clinical outcome. Elevated levels of
TBL1XR1 protein positively correlated with pathological
stage, T classification, N classification. Moreover, cNO oral

tongue cancer patients with elevated TBL1XR1 expression

had significantly shorter overall and recurrence-free

survival time than patients with lower TBL1XR1 expression.

We therefore report that TBL1XR1 is a risk factor for cNO
oral tongue cancer. Thus, the detection of overexpressed
TBL1XR1 in cNO oral tongue cancer should identify
high-risk tumor phenotypes that require more aggressive
primary surgery or adjuvant treatment following surgery.

Although several new understandings of TBL1XRlin
tongue squamous cancer are provided in this study. The
underlying mechanism of TBL1XR1-mediated tongue
cancer progression, the role of TBL1XR1 in malignhant
transformation and cell growth and its effects on clinical
outcome remain to be defined. The predictive value of
TBL1XR1 was found by a retrospective study, which is less
convincing. But the mechanism and the prospective study

are required to stepwise research.

Conclusion

In conclusion, our studies offer some insight into the

function of TBL1XR1 in tongue squamous cell carcinoma.
We suggest that determining TBL1XR1 expression levels in
cNO oral tongue cancers may help to identify patients
harboring occult micrometastases that require more
aggressive treatment and may therefore complement the

current  TNM classification to enable better risk

stratification and election for adjuvant therapy. We further
propose that targeting TBL1XR1 may be a useful strategy

for developing novel therapeutic modalities.
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