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Abstract: Apoptosis-related protein B-cell lymphoma-extra large (Bcl-xL) has a crucial role in the control of cell death 
through its inhibition of apoptosis. This study was designed to investigate the expression of Bcl-xL in relation to the 
development of tongue carcinoma and whether it has potential as a marker for the clinical diagnosis of tongue 
carcinoma and as a therapeutic target to evaluate the dynamic of tongue carcinoma progression. A statistical analy-
sis of 100 cases oral tongue carcinoma tissue specimens were performed using pathological grading and clinical 
TNM staging, and 14 cases corresponding non-tumor tissues as control. The changes in Bcl-xL mRNA expression 
between different pathological grades and clinical TNM stages of tissue were analyzed by RT-PCR. Additionally, 
immunohistochemical SP method and Western blot assays were employed to detect changes in Bcl-xL protein ex-
pression in different tongue carcinoma tissues. The results showed the expression of Bcl-xL was significantly higher 
in tongue carcinoma tissues than in normal tongue tissues and was positively associated with the degree of differ-
entiation and the clinical TNM staging, but negatively correlated with the degree of malignancy of the tumor. There 
was higher expression of Bcl-xL in oral tongue squamous cell carcinoma (OTSCC) tissues compared with oral tongue 
adenocarcinoma (OTA) tissues, but Bcl-xL expression in tissue with lymph node metastasis was significantly higher 
than that without lymph node metastasis. Thus, Bcl-xL overexpression may be closely related to the dynamic of the 
pathogenesis and development of tongue carcinoma. It may be a useful marker for clinical diagnosis and an aid to 
evaluating the efficacy of therapeutics in tongue carcinoma.

Keywords: Tongue carcinoma tissues, Bcl-xL, immunohistochemistry, real-time polymerase chain reaction, West-
ern blot

Introduction 

In recent years, on the one hand, the incidence 
of oral cancer has declined, on the other hand, 
the number of newly diagnosed cases of tongue 
carcinoma has increased [1-4], however, attrib-
uting to tumors of the oral mucosa have differ-
ent epidemiological characteristics, previously 
epidemiological data had indicated that young 
women tended to be more susceptible to devel-
oping tongue carcinoma [3, 5]. Thus, early diag-
nosis and timely intervention in cases of this 
cancer is still a critical issue for treatment. 
Generally, tumor cell apoptosis is the desired 
outcome in cancer treatment. To understand 
the precise mechanisms of cell apoptosis and 
then to intervene the relevant genetic regula-
tion have already been the subject of tumor 

research. Currently studies have suggested 
that cell apoptosis is the process of pro-
grammed cell death that may occur in single- or 
multi-celled organisms. This process can not 
only maintain a stable structure and homeosta-
sis as well as promote structural development 
of the individual, also eliminate damaged or 
infected cells which cause disease, as well as 
those cells which have no function in support-
ing development and maintaining homeostasis 
[6, 7]. So cell apoptosis is an important element 
in developing treatments for tumors as well as 
in evaluating their efficacy [8, 9]. 

The mitochondrial apoptotic signaling pathway 
is one of the classical apoptotic pathways [10-
13]. The Bcl-2 gene family, as a main gene in 
the mitochondrial apoptotic pathway, has 

http://www.ijcem.com


Bcl-xL overexpression and tongue carcinoma

7361 Int J Clin Exp Med 2014;7(11):7360-7377

attracted attention because of its regulatory 
role in cell apoptosis [10-16]. Previous studies 
have indicated that Bcl-2 and other members 
of the family constitute a complex and intercon-
nected network that regulates cell apoptosis 
[17, 18]. So Bcl-xL is the core member of the 
Bcl-2 family [19], it is highly homologous to Bcl-
2, with 74% homology in its protein sequence. 
Its main function is to inhibit apoptosis and 
regulate apoptosis-related proteins, thereby 
participating in the apoptotic regulatory sys-
tem. And Bcl-x has two subtypes: Bcl-xL with 

241 amino acids has synergistic effects on Bcl-
2, but for Bcl-xs, which lacks the conserved 63 
amino acid sequence present in the BH1 and 
BH2. Because both the BH1 and BH2 lack the 
domain that is required for the inhibitory effect 
of Bcl-2. Therefore, Bcl-xs and Bcl-xL are formed 
through differential mRNA cleavage. Addtionally, 
Bcl-xL has a BH4 domain that is homologous to 
Bcl-2 and forms a heterodimer with Bax and 
Bak to inhibit apoptosis [20, 21]. Conversely, 
Bcl-xs has the opposite function.

Previous studies have investigated the mecha-
nisms underlying the involvement of the Bcl-2 
family in the interaction between mitochondria 
and the cytoplasm [22-25]. Investigations on 
other Bcl-2 family members have confirmed 
that the Bcl-2 family is responsible for the syn-
ergistic effects between the anti-apoptotic 
members and the pro-apoptotic members [26-
28]. Especially, Bcl-xL may play a leading role in 
the process of apoptotic regulation. Therefore, 
the association of Bcl-xL expression with tumor-
igenesis or apoptosis in the dynamic process of 
carcinoma development needs to be investi-
gated to understand the significance of the 
apoptosis-relevant protein Bcl-xL in the regula-
tion of apoptosis. Recent studies have ascer-
tained that Bcl-xL genes are closely involved in 
the genesis, development, and prognosis of 
some malignant neoplasms, such as small-cell 
lung cancer [29-31], gastric cancer [32], mam-
mary carcinoma [33], laryngeal squamous cell 
carcinoma [34], ovarian carcinoma [35], neuro-
blastoma [10], malignant glioma [36], pancre-
atic cancers [37, 38], prostate cancers [39], 
and rectal cancer [40, 41]. However, no relevant 
research addressing of the tongue carcinoma 
has been reported [42]. Thus, our purpose was 
to detect Bcl-xL expression and to analyze the 
relation between Bcl-xL expression and the 
genesis, development, differentiation, clinical 
stages, and lymph node metastasis of tongue 
carcinoma, with a view to the possibility of pro-
viding references for clinical diagnosis and the 
evaluation of therapeutics in tongue carcino- 
ma.

Materials and methods

Patients and tissue samples

A total of 114 cases archival specimens with 
100 oral tongue carcinoma tissues and 14 cor-
responding non-tumor tissues as control were 
collected from patients who were treated at the 

Table 1. Clinicopathologic characteristics and 
Bcl-xL expression of patients with clinically 
oral tongue carcinoma (n = 100 cases) of the 
study cohort
Characteristics Number of cases (%)
Gender
    Male 54 (54.0)
    Female 46 (46.0)
Age (years)
    < 50 72 (72.0)
    ≥ 50 28 (28.0)
Pathologic stage
    I 22 (22.0)
    II, III 30 (30.0)
    IV 48 (48.0)
T classification
    T1 49 (49.0)
    T2 48 (48.0)
    T3 3 (3.0)
N classification
    N0 71 (71.0)
    N1 16 (16.0)
    N2 13 (13.0)
Nodal status
    N0 71 (71.0)
    N + (N1 and N2) 29 (29.0)
Pathologic differentiation
    Well 32 (32.0)
    Moderately 50 (50.0)
    Poorly 28 (28.0)
Recurrence
    No 67 (67.0)
    Yes 33 (33.0)
Vital status 
(at follow-up)
    Alive 72 (72.0)
    Dead 28 (28.0)
Expression of Bcl-xL
    Low or no expression 46 (46.0)
    High expression 54 (54.0)
Abbreviations: The wording of pathologic stage in this 
study is equal to the clinical TNM stage.
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Second Hospital of Lanzhou University and 
Tumor Hospital of Gansu province between the 
years 2000 and 2012, none of whom had 
received radiotherapy or chemotherapy pr- 
ior to surgery. These 100 oral tongue carcino-
ma specimens included 80 oral tongue squa-
mous cell carcinoma (OTSCC) and 20 oral 
tongue adenocarcinoma specimens (OTA). All 
tissues were fixed in 4% buffered formalin and 
embedded in paraffin. The study was per-

phic data of oral tongue carcinoma patients are 
shown in Tables 1 and 2.

Real-time PCR detection of Bcl-xL mRNA 
expression

Total RNA was isolated from cells using RNeasy 
Mini Kit (TaKara Biomedicals, Dalian, China). 
For cDNA synthesis, Taqman reverse transcrip-
tion reagents were used according to the 

Table 2. Correlation between Bcl-xL expression and clinicopatho-
logic characteristics of 114 specimens consist of oral tongue carci-
noma (n = 100 cases) and non-tumor tongue tissues as the control 
(n=14 cases)
Characteristics

N 
(cases)

Bcl-xL expression χ2 test p value  
(Fisher’s 

exact test p)
Low or none, 

No. (%)
High,  

No. (%)
Gender
    Male 54 20 (37.0) 34 (63.0) 0.839
    Female 46 18 (39.1) 28 (60.9)
Age (years)
    < 50 72 27 (37.5) 45 (62.5) 0.522
    ≥ 50 28 11 (39.3) 17 (60.7)
Tumor size (cm)
    < 2 36 11 (30.6) 25 (69.4) 0.288
    ≥ 2 64 27 (42.2) 37 (57.8)
Clinical TNM stage
    I 22 17 (77.3) 5 (22.7) 0.004
    II, III 30 12 (40.0) 18 (60.0)
    IV 48 17 (35.4) 31 (64.6)
T classification
    T1 49 29 (59.2) 20 (40.8) 0.011
    T2 48 16 (33.3) 32 (66.7)
    T3 3 0 (0) 3 (100)
N classification
    N0 71 36 (50.7) 35 (49.3) 0.036
    N1 16 5 (31.3) 11 (68.7)
    N2 13 2 (15.4) 11 (84.6)
Pathologic differentiation
    Well 32 4 (12.5) 28 (87.5) 0.001
    Moderately 50 17 (34.0) 33 (66.0)
    Poorly 28 25 (89.3) 3 (10.7)
Nodal status in OTSCC
    Yes (N+) 30 4 (13.3) 26 (86.7) 0.028
    No (N0) 50 18 (36.0) 32 (64.0)
Nodal status in OTA
    Yes (N+) 4 1 (25.0) 3 (75.0) 0.033
    No (N0) 16 15 (93.7) 1 (6.3)
Recurrence
    No 67 36 (53.7) 31 (46.3) 0.018
    Yes 33 9 (27.2) 24 (72.8)
Vital status (at follow-up)
    Alive 72 38 (52.7) 34 (47.2) 0.014
    Dead 28 7 (25.0) 21 (75.0)

formed after patients’ writ-
ten consent and with the 
approval of the Institutional 
Research Ethics Committee 
of Lanzhou University. All 
patient data were collected 
from their medical records. 
Each specimen was labeled 
with a single number and 
only these numbers were 
recorded in the study docu- 
ments.

Tumor staging was histo-
pathologically classified ac- 
cording to the 5th edition 
TNM classification criteria of 
the Union for International 
Cancer Control (UICC) [39]. 
Tumor histological differenti-
ation grades were defined 
according to the classifica-
tions of the World Health 
Organization (WHO) [43]. But 
the results of Bcl-xL immu-
nostaining were evaluated 
as described previously [44]. 
Cancer cells with positive 
staining in the cytoplasm 
were counted in at least 10 
representative fields select-
ed randomly by an oral-
pathologist who was unawa- 
re of the clinicopathological 
data and clinical outcomes 
of the patients. So, the per-
centage of positive tumor 
cells was graded as follows: 
0, none; 1, 1-25%; 2, 26- 
50%; 3, 51-75%; and 4, 
76-100%. The intensity of 
the tumor cells was rated as 
follows: 0, none; 1, weak; 2, 
moderate; and 3, intense 
[45]. Then, the detailed clini-
copathologic and demogra- 
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instructions of the ABI Prism 7500 sequence 
detection system with which real-time PCR 
amplification was performed, and according to 
the Taqman Universal PCR Master Mix protocol 
(Perkin-Elmer Applied Biosystems, CA). So, 
cDNAs were amplified using primers and 
Taqman probes that had been selected with 
the Primer Express Applications-Based Primer 
Design Software by Beijing Genomics Institute. 
But for the gene of Bcl-xL, primers with the 
sequences 5’-TCCTTGTCTACGCTTTCCACG-3’ 
and 5’-GGTCGCATTGTGGCCTTT-3’ were used 
together with a 5’-ACAGTGCCCCGCCGAAGG- 
AGA-3’ Taqman probe, and the probes were 
labeled at the 59 end with the reporter dye mol-
ecule 6-carboxy-fluorescein and at the 39 end 
with the quencher dye molecule 6-carboxy-tet-
ramethylrhodamine. Additionally, a Basic Local 
Alignment Search Tool search of the National 
Center for Biotechnology Information database 
revealed no homology of the primer and probe 
sequences to other known human genes. 
Relative data were presented in using β-actin 
as an internal calibrator chosen as a compari-
son with the control sample and so the results 
were displayed by the comparative gray value 
method. 

Immunohistochemical detection of Bcl-xL 
protein expression

Immunostaining and evaluation of Bcl-xL pro-
tein expression were performed according to 
methods described previously [46]. The pre-
pared tissues were sectioned into 4 µm-thick 
sections and mounted onto glass slides with 
poly-L-lysine coating (P4832; Sigma, USA). 
These sections first had their wax removed, 
and were then hydrated, after being treated 
with 3% hydrogen peroxide in phosphate-buff-
ered saline (PBS) for 15 minutes to block 
endogenous peroxidase, and washed in PBS 
three times, 5 minutes each time. The sections 
were then subjected to the following antigen 
retrieval procedures: soaked in citrate buffer 
(10 mM, pH 6.0) in an oven at 100°C boiling for 
20 minutes, the section was naturally cooled to 
room temperature, removed the slices, first 
rinsed with distilled water twice, again washed 
in PBS three further times. Then, a sealing fluid 
of normal goat serum was added and left at 
room temperature for 20 minutes, after which 
the excess liquid drops were shaken off. Next, 
the primary antibodies, anti-Bcl-xL (dilution 
1:100; Abcam, ab15274, USA), were incubated 
with the slides overnight at 4°C. Then the sec-
tions were washed with PBS and reacted with 

Envision reagent (Maxim Technology, China) for 
30 minutes; after that, they were stained with 
diaminobenzidine. They were then rinsed with 
PBS for 10 minutes and the stained sections 
were counterstained with 10% Meyer’s hema-
toxylin. After dehydration, permeabilizing, and 
the addition of sealing pieces, the completed 
sections were observed under a light micro-
scope. Incubation without the primary antibody 
was used as a negative control. Lastly, Image 
Pro-Plus 6.0 (IPP) software (Media Cybernetics, 
USA) was used to calculate the mean density of 
Bcl-xL protein expression in a region.

Western blot assay analysis of Bcl-xL protein 
expression

Each specimen (300 µg) including both the 
cancerous and non-cancerous tissue was fro-
zen in liquid nitrogen immediately after surgical 
resection. At the beginning of the experiment, 
the specimens were immersed in 10 volumes 
of lysis buffer (250 mmol/L sucrose in 10 
mmol/L Tris-NaCl, pH 7.5), and were fractionat-
ed by centrifugation at 10,000 g for 4 minutes 
at 4°C. The protein concentrations in the super-
natants were measured using the Lowry meth-
od [47]. Subsequently, 35 µg protein of disrupt-
ed tissues was placed in each lane. The 
samples were then electrophoresed on 12% 
polyacrylamide gels and transferred to PVDF 
membranes, which were blocked with 5% 
skimmed milk in Tris-buffered saline (20 
mmol/L Tris, 500 mmol/L NaCl, pH 7.5) at 4°C 
overnight, and then anti-Bcl-xL rabbit polyclonal 
antibody (Abcam, ab15274, USA) was added. 
After this, the horseradish peroxide-conjugated 
secondary antibody (Amersham Biosciences, 
USA) was added, using an ECL Western Blotting 
Kit (ECL plus Western Blotting Substrate, 
Pierce, USA) to detect the Bcl-xL. Then, the 
blots were visualized on PVDF film (Millipore, 
Germany), and were scanned by Chemi Doc 
XRS (Bio-Rad, USA). The same β-actin was 
adopted as an internal control, and the results 
were quantified with Image J software (National 
Institutes of Health, NIH) by comparing the data 
of all blots with form normal tissues.

Statistical analysis

All statistical analyses were executed using the 
SPSS17.0 software (SPSS for Windows, version 
17; Stanford, USA). The Pearson’s Chi-square 
test and Fisher exact test were used to analyze 
the relationship between Bcl-xL expression and 
clinicopathological characteristics of the pa- 
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tients. Moreover, overall survival was defined 
as the time from surgery to death, and disease-
free survival was de fined as the time from sur-
gery to the onset of recurrence (diagnosed by 
clinical assessment or imaging). Kaplan-Meier 
survival curves were plotted and compared 
using 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 consid-
ered to be statistically significant.

Results 

mRNA expression of Bcl-xL in tongue carci-
noma and normal tongue tissues

To investigate mRNA level of Bcl-xL in oral 
tongue carcinoma, RT-PCR analysis were con-

Figure 1. Overexpression of Bcl-xL mRNA in tongue car-
cinoma tissues (A). Relative expression of Bcl-xL mRNA 
in OTC, OTA, OTSCC, LOW, MODERATE, HIGH, OTA-N+/
OTA-N0, OTSCC-N+/OTSCC-N0 and Control group were 
examined by qPCR (B-E). Expression levels were normal-
ized to β-actin. Error bars represent standard deviation 
of the mean (SD) calculated from three parallel experi-
ments. In the above histogram, black asterisk showed 
statistically differences between representative groups. 
Control vs. OTC, P = 0.00, P < 0.05; Control vs. Low, P = 
0.00, P < 0.05; Control vs. Moderate, P = 0.00, P < 0.05; 
Control vs. High P = 0.00, P < 0.05; Control vs. OTSCC, 
P = 0.00, P < 0.05; Control vs. OTSCC-N+, P = 0.00, P < 
0.05; Control vs. OTSCC-N0, P = 0.00, P < 0.05; Control 
vs. OTA, P = 0.00, P < 0.05; Control vs. OTA-N+, P = 0.00, 
P < 0.05; Control vs. OTA-N0, P = 0.00, P < 0.05.
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ducted in 100 oral tongue carcinoma tissues 
and 14 corresponding non-tumor tissues as 
control. The results showed that the Bcl-xL 
gene expression was obviously higher in oral 
tongue squamous carcinoma tissues than nor-

mal tongue tissues (P < 0.05). The expression 
of Bcl-xL gene was proportional to the degree of 
differentiation in OTSCC, where this difference 
was shown to be statistically significant (P < 
0.05). As shown in Figure 1B, the relative 

Figure 2. Immunohistochemical staining of paraffin-embedded sections in tongue carcinoma (D-F) and control group 
(A-C) were performed using an antibody against Bcl-xL using the streptavidin peroxidase (SP) method. The picture 
showed that the expression of Bcl-xL in tongue carcinoma groups was observed by light microscopy at different 
magnifications. Representative slides of normal structure and tongue carcinoma (matched pairs), (original mag-
nification 100 ×, 200 ×, 400 ×). Repeat biopsies taken at the time of the tongue carcinoma tissue demonstrated 
overexpression of Bcl-xL.
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expression of Bcl-xL mRNA was initially from 
8.87 ± 0.61 up to 11.98 ± 0.44, which was 
higher in oral tongue carcinoma tissue com-
pared with normal tissue (Figure 1).

Differential expression of Bcl-xL genes in 
tongue squamous carcinoma tissues and 
adenocarcinoma tissues

In analyzing the potential role of Bcl-xL in the 
two types of tumor through the RT-PCR analysis 
method, our results indicated that Bcl-xL gene 
expression in OTSCC tissues was significantly 
higher than in OTA tissues (P < 0.05) (Figure 
1C), and that the level of Bcl-xL gene expres-
sion in the two types of tumor tissues was sig-
nificantly different from that in normal tissues 
(P < 0.05). In Figure 1C, the relative expression 
of Bcl-xL in OTSCC group and in OTA group was 
13.19 ± 0.48 and 9.91 ± 0.90, respectively, 

and there was obviously an upward trend com-
pared with control tongue tissue (Figure 1).

Variation of Bcl-xL genes expression in differ-
ent categories of tongue carcinoma tissues 
using pathologic grading and clinical TNM 
staging criteria

The results showed a negative correlation 
between Bcl-xL genes expression and the 
degree of OTSCC malignancy. And this study 
also found that Bcl-xL genes expression levels 
in well-differentiated tissues were significantly 
stronger than those in the poorly differentiated 
tissues (P < 0.05) (Figure 1D). Moreover, the 
level of Bcl-xL expression of III, IV stages in 
OTSCC was higher than the I, II stages (P < 
0.05). However, there was no significant corre-
lation between Bcl-xL gene expression and the 
age, the gender or the tumor size of the patients 
(P > 0.05). 

Figure 3. Low, moderate and high differentiation of tongue carcinoma tissues. Expression of Bcl-xL protein at dif-
ferent levels of low, moderate or high differentiation in tongue carcinoma tissue (A-G) with immunohistochemical 
stains analysis. In the picture, (A-C) in low differentiated tissue indicated the original magnification from 100 × to 
400 ×, the picture of (D-F) indicated the observation from low to high levels in medium differentiated tissue, and the 
picture of (G-I) shown the observation of high differentiated tissue.
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Bcl-xL overexpression is associated with the 
clinical status of lymph node metastasis in 
tongue carcinoma

Furthermore, Bcl-xL mRNA expression in the 
presence of lymph node metastases of the 
patient’s samples was fully investigated. 
RT-PCR results showed that the expression of 
Bcl-xL with lymph node metastasis in tongue 

carcinoma tissue was higher than that in carci-
nomas without lymphatic metastasis (P < 0.05) 
(Figure 1E). Regardless of whether the tongue 
carcinoma tissue had lymph node metastases, 
when compared with normal tongue tissue 
there was a clear statistical difference in Bcl-xL 
expression. In detail, the expression level of 
Bcl-xL in OTSCC tissues ranged from 12.83 ± 
0.54 to 12.01 ± 0.87 between tissue samples 

Figure 4. Oral tongue adenocarcinoma (OTA) and oral tongue squamous cell carcinoma (OTSCC). Immunohistochem-
ical staining was used to analyze the expression of Bcl-xL protein between oral tongue adenocarcinoma (A-C) and 
oral tongue squamous cell carcinoma (D-F). As shown in figure, the picture of (A and D) indicated the 100 × magnifi-
cation, the picture of (B and E) indicated 200 × magnification, the picture of (C and F) indicated 400 × magnification.
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with lymph node metastasis and those without 
lymphatic metastasis of OTSCC (Figure 1E). 
However, the values of relative expression of 
Bcl-xL in OTA tissue ranged from 10.23 ± 0.73 
to 9.07 ± 0.36. In other words, the Bcl-xL gene 
expression of OTSCC tissue with lymph node 
metastasis (OTSCC-N+) was also up-regulated 
compared with the OTSCC without lymphatic 
metastasis (OTSCC-N0). In this regard, as for 
the OTA group, there was a similar result with 
OTSCC groups (Figure 1).

Changes of Bcl-xL expression in tongue car-
cinoma tissues determined by immunohisto-
chemical staining

The internal relation between Bcl-xL protein 
expression and the clinicopathological charac-
teristics of tongue carcinoma was further stud-
ied by immunohistochemical staining. Based 
on clinical TNM staging criteria, a panel of 100 
paraffin-embedded tongue carcinoma speci-
mens were classified according to four stages, 

Figure 5. Lymph node metastasis. Immunohistochemical staining for analysis of the expression of Bcl-xL protein in 
oral tongue adenocarcinoma tissue, oral tongue squamous cell carcinoma tissue, non-metastatic and metastatic 
carcinoma tissue sections. Representative immunohistochemical images of N+ oral tongue cancer tissue speci-
mens indicated a strong Bcl-xL staining (A-C), the picture of (D-F) was no transfer of cases, and for the absence of 
lymph node metastases, and it presented the weak or negative expression. The magnification is × 100 (A, D, G and 
J), × 200 (B, E, H and K) or × 400 (C, F, I and L).
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including 22 at stage I, 30 at stage II and stage 
III, and 48 at stage IV. Bcl-xL protein expression 
of III, IV stages in OTSCC tissues showed an 
increasing occurrence compared with those in 
the I, II stages. According to the criteria of path-
ological differentiation, 64 cases of the total of 
100 tongue carcinoma samples were positive 
for Bcl-xL using immunohistochemical staining 
(64.00%) (Table 2). There were 28 cases of 
high expression of Bcl-xL protein in 32 cases of 
well-differentiated carcinoma samples (28/32, 
positive rate 87.50%); 4 cases of weak expres-
sion or negative staining of Bcl-xL protein in 32 
cases of well-differentiated carcinoma samples 
(4/32, positive rate 12.50%); and 33 cases of 

between the two type tumor carcinoma com-
pared with corresponding normal tongue tis-
sues (P < 0.05).

Further, in order to obtain comparable quanti-
tative results of protein expression, Image Pro-
Plus 6.0 software was used to calculate the 
relative expression of Bcl-xL protein. The results 
showed a fold change of 0.24 in OTSCC tissues 
and a fold change 0.17 in OTA tissues, respec-
tively, but a fold change of 0.15 in the control 
(Figures 4 and 6). Finally, considering the clini-
cal status of lymph node metastasis in tongue 
carcinoma, the results indicated a higher 
expression of Bcl-xL protein in cancerous tis-

Figure 6. Histogram of mean density values of Bcl-xL protein expression as 
biomarkers among normal tissue, oral tongue carcinoma tissue, low differ-
entiated, moderate differentiated and high differentiated carcinoma tissue, 
oral tongue squamous cell carcinoma tissue, oral tongue adenocarcinoma 
tissue, non-metastatic and metastatic carcinoma tissues. But for the calcu-
lation of the mean density, uniformly, according to a fixed area of immuno-
histochemical section at 20 times magnification by optical microscopy, with 
the help of Image pro-Plus 6.0 software to calculate the mean density of 
specific target protein Bcl-xL expression. Then, the difference of all the data 
were analyzed by SPSS 17.0 software. Mann-Whitney U-tests revealed that 
OTC was significantly stronger in metastatic OTSCC than in non-metastatic 
OTSCC. Wilcoxon Signed Ranks test confirmed that significantly increased of 
the expression of Bcl-xL in oral tongue carcinoma (P < 0.05), in detail, Con-
trol vs. OTC, P = 0.00, P < 0.05; Control vs. Low, P = 0.00, P < 0.05; Control 
vs. Moderate, P = 0.00, P < 0.05; Control vs. High P = 0.00, P < 0.05; Control 
vs. OTSCC, P = 0.00, P < 0.05; Control vs. OTSCC-N+, P = 0.00, P < 0.05; 
Control vs. OTSCC-N0, P = 0.00, P < 0.05; Control vs. OTA, P = 0.00, P < 0.05; 
Control vs. OTA-N+, P = 0.00, P < 0.05; Control vs. OTA-N0, P = 0.00, P < 0.05; 
In the picture, Bcl-xL expression in OTC, low differentiated, moderate differ-
entiated, high differentiated groups immune reactivity increased compared 
with normal tissues (Wilcoxon Signed Ranks test, P < 0.05), but differential 
expression of Bcl-xL between non-metastatic and metastatic cancer, the dif-
ference in mean values is significant (P < 0.05, by Mann-Whitney U-test).

high expression of Bcl-xL pro-
tein in 50 cases of moderately 
differentiated carcinoma sam-
ples (33/50, positive rate 
66.00%). There were 17 cases 
of weak expression or nega-
tive staining of Bcl-xL protein 
in 50 cases of moderately dif-
ferentiated carcinoma sam-
ples (17/50, positive rate 
34.00%); 3 cases of high 
expression of Bcl-xL protein in 
28 cases of poorly differenti-
ated carcinoma samples 
(3/28, positive rate 10.70%); 
and 25 cases of weak expres-
sion or negative staining of 
Bcl-xL protein in 28 cases of 
poorly differentiated carcino-
ma samples (25/28, positive 
rate 89.30%) (Table 2). 
Regarding the degree of tumor 
differentiation, Bcl-xL protein 
overexpression was propor-
tional to the development of 
OTSCC, and was statistically 
significant in the two type 
tumor groups (Figures 3 and 
6).

Additionally, the results also 
showed that the expression of 
Bcl-xL protein in OTSCC tis-
sues was evidently higher 
than in OTA tissues (Figure 6), 
the expression of Bcl-xL pro-
tein in OTSCC tissue was sig-
nificantly higher than the nor-
mal tongue tissue (P < 0.05) 
(Figure 2), and also showed 
significant the difference 
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sue samples with lymph node metastasis than 
in those without lymphatic metastasis (P < 
0.05), and also the expression of Bcl-xL protein 
in the two type tongue carcinoma was higher 
than in the corresponding control tissue (P < 
0.05) (Figures 5, 6 and Table 2). In contrast, 
the expression of Bcl-xL protein in all studied 
samples did not correlate with the age, gender, 
and tumor size of the patients (P > 0.05) (Figure 
6; Tables 2 and 3).

Variation of Bcl-xL expression in tongue carci-
noma tissues by Western blotting analysis

Because our qualitative scoring system of clini-
cal TNM stage and clinicopathological method 
completely corresponded to the NIH image 
scoring ratio of Western blotting. And the data 
revealed that there was a higher expression of 
Bcl-xL protein in cancerous tongue tissues than 
in non-cancerous tongue tissues (Figure 7A). It 
appeared to be a remarkable upward trend, 
and these data also showed a correlation 
between the expression of Bcl-xL and the devel-
opment of tongue carcinoma (Figure 7B-E). The 
relative quantified expression of Bcl-xL protein 
was given by an internal reference of β-actin.

Prognostic significance of Bcl-xL expression 
in cumulative survival of tongue carcinoma 
specimens

Patient survival analysis indicated a clear nega-
tive correlation between the Bcl-xL expression 

level and overall survival (OS), (P = 0.001), so 
did disease-free survival (DFS) of tongue carci-
noma specimen subjects (P = 0.002) (Figure 
8A and 8B). The cumulative five-year overall 
survival and disease-free survival rates of 
specimen subjects with a high Bcl-xL expres-
sion were 65.3% and 61.1%, respectively, 
whereas those with a low or non Bcl-xL expres-
sion were 83.4% and 81.0%, respectively 
(Figure 8A and 8B). 

Furthermore, in a subgroup of OTSCC patients 
who tested positive for lymph node metastasis 
(LNM), a significant difference in cumulative 
survival between the high and low Bcl-xL score 
groups was observed (P = 0.001) (Figure 8C). 
However, for the high Bcl-xL score and the low 
Bcl-xL score of OTSCC patients, the five-year 
cumulative survival rate of LNM-positive sub-
jects was 35.5% and 61.8%, respectively. In 
the LNM-positive OTA patient’s samples, the 
five-year cumulative survival rates of high Bcl-
xL score group and low Bcl-xL score group were 
3.8% and 36.4%. There was a significant differ-
ence between the high and low Bcl-xL score 
groups (P = 0.001) (Figure 8D).

Ultimately, Kaplan-Meier curve analysis indi-
cated that patients with a high Bcl-xL score had 
a significantly lower cumulative survival rate 
than those in the low Bcl-xL score groups. The 
results showed that the expression of Bcl-xL in 
cancerous tissue could affect the patients’ sur-
vival, but this mainly depends on clinical pre-
sentation, TNM staging, and the type of oral 

Table 3. Univariate and multivariate analyses of various prognostic parameters in 100 patient’s 
specimens with clinically oral tongue carcinoma with Cox-regression mode

Cancer-specific survival Tongue carcinoma recurrence-
free survival

Univariate 
analysis Multivariate analysis Univariate 

analysis
Multivariate 

analysis
P HR (95% CI) P P HR (95% CI) P

Characteristics
Gender (male/female) 0.156 NS, p = 0.078 0.332 NS
Age (≥ 50/< 50) years 0.627 NS, P = 0.313 0.052 NS
Tumor size (< 2/≥ 2) cm 0.743 NS, P = 0.372 0.167 NS
Clinical TNM stage 0.014 P = 0.007 0.431 NS
Pathologic differentiation 0.034 P = 0.018 0.425 NS
LNM (positive/negative) 0.018 4.573 (0.556-8.580) P = 0.009 0.364 NS
Bcl-xL score (high/low) 0.017 5.010 (1.091-8.928) P = 0.009 0.410 NS
Abbreviations: CI = confidence interval; CSS = cancer-specific survival; HR = hazard ratio; LNM = lymph node metastasis, NS = 
not significant; OTC = oral tongue carcinoma.
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tongue carcinoma. Moreover, the results indi-
cated that survival was not affected by the 
patient’s age, gender, or tumor size (Tables 2 
and 3). 

Association between Bcl-xL expression and 
tongue carcinoma development

The Pearson correlation analysis determined a 
strong correlation between Bcl-xL expression 
and the development of tongue cancer, and 
found that there was a clear positive correla-

tion among the level of Bcl-xL gene expression, 
pathology classification, clinical TNM staging, 
lymph node metastasis, and recurrence (P < 
0.05) (Table 3). Thus, Table 3 showed the 
results of univariate and multivariate Cox 
regression analyses with regard to the CSS and 
tumor carcinoma recurrence free survival. 
Through the Univariate analysis revealed that 
tumor stage, tumor grade, presence of LNM, 
and Bcl-xL score were significantly associated 
with CSS. Also, multivariate analysis revealed 
that the presence of LNM and a high Bcl-xL 

Figure 7. The expression of Bcl-xL protein in all the 100 tumor carcinoma and 14 control samples. (A) Western blot 
analysis of Bcl-xL protein expression in different types of tongue carcinoma tissues, and the β-actin was the load-
ing control. The picture of (B-E) represented the mean density value expression of Bcl-xL protein from three parallel 
experiments in different groups, and the asterisk showed statistically differences between representative groups. In 
detailed, Control vs. OTC, P = 0.00, P < 0.05; Control vs. Low, P = 0.00, P < 0.05; Control vs. Moderate, P = 0.00, P 
< 0.05; Control vs. High P = 0.00, P < 0.05; Control vs. OTSCC, P = 0.00, P < 0.05; Control vs. OTSCC-N+, P = 0.00, 
P < 0.05; Control vs. OTSCC-N0, P = 0.00, P < 0.05; Control vs. OTA, P = 0.00, P < 0.05; Control vs. OTA-N+, P = 0.00, 
P < 0.05; Control vs. OTA-N0, P = 0.00, P < 0.05.
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score were independent prognostic factors of 
CSS (P < 0.01 and P = 0.009, hazard ratio = 
4.573 and 5.010, respectively). No clinicopath-
ological feature or Bcl-xL score was indepen-
dently associated with tumor carcinoma recur-
rence-free survival. Taken together, the results 
suggest that Bcl-xL score levels are indepen-
dent prognostic factors of cumulative survival 
in the onset process of tongue carcinoma.

Discussion

Chemotherapy or radiotherapy, combined with 
biophysical therapy or traditional Chinese med-
icine have been confirmed as reducing the inci-
dence of cancer throughout the world [48]. 
However, without a clear understanding of the 
complicated etiology and pathogenesis of 
tumors, the currently available medical treat-

Figure 8. Kaplan-Meier curves with univariate analysis (log-rank) of cumulative survival (CS) in tongue carcinoma 
tissue specimens according to the expression of Bcl-xL score. In the figure, (A) CS curve in overall specimens; (B) 
Disease-free survival (DFS) curve in overall specimens; (C) CS of LNM (lymph node metastasis) positive and nega-
tive specimens in OTSCC and (D) CS of LNM positive and negative specimens in OTA.



Bcl-xL overexpression and tongue carcinoma

7373 Int J Clin Exp Med 2014;7(11):7360-7377

ment methods cannot cure most of the tumors. 
In clinical practice, squamous cell carcinoma 
and adenocarcinoma of the tongue can occur 
at many different ages and in diverse peoples 
of both sexes. Case report studies have shown 
that squamous cell carcinoma has the highest 
incidence rate and is the most difficult to con-
trol of all the oral cancers. Additionally, in the 
particular case of those patients with multiform 
adenocarcinoma, as a rare carcinoma, because 
it has multiple pathological characteristics that 
differ from squamous cell carcinoma, so it is 
often difficult to provide effective clinical treat-
ment [6, 49]. In spite of the clinical diagnosis 
and treatment of this type of cancer has been 
addressed in previous studies [49]. However, 
research into the phenotypes associated with 
adenocarcinoma of the oral cavity indicates 
that, except for the minor salivary gland, such 
as the palate and tongue base, 35% of tongue 
adenocarcinomas in those regions are second-
ary carcinomas [49, 50]. Therefore, based on 
this situation, this study focused on the Bcl-xL 
apoptotic pathway to examine the pathogenetic 
mechanism of squamous cell carcinoma and 
adenocarcinoma to elucidate the underlying 
mechanisms and facilitate the development of 
curative treatments.

Cell apoptosis is one of the basic biological 
behaviors of most tumor cells. Within the Bcl-2 
family, Bcl-2, Bcl-xL, and other core proteins 
with highly interactive regulatory effects partici-
pate in different interconnected cell signaling 
pathways. This results in a complex signaling 
network that integrates the regulatory informa-
tion and ultimately controls cell apoptosis prog-
ress [51]. By conducting clinical studies at the 
molecular level, the aim is to stimulate the cas-
cade reactions of the signaling pathways rele-
vant to tumor cell apoptosis so as to eliminate 
the tumors. Previous studies have shown that 
apoptosis inhibition is closely associated with 
the incidence of tumors. The Bcl-2 family mem-
bers can form homo- or heterodimers. This phe-
nomenon is not only an important feature of 
the Bcl-2 protein family, but also an important 
manifestation of the regulatory role of these 
proteins in cell apoptosis [52]. In general, Bcl-
xL expression is higher in many carcinomas, 
which helps to inhibit apoptosis induced by 
anti-tumor agents [53, 54]. Mozzetti et al. 
investigated endometrial cancer and cervical 
carcinoma and found that the expression of 

Bcl-2 and Bcl-xL was different. The expression 
of Bcl-xL was higher than that of Bcl-2 in endo-
metrial cancer, and in cervical carcinoma tis-
sues, Bcl-2 expression was lower than that in 
normal tissues. Bcl-xL expression did not differ 
between carcinoma tissues and normal tissues 
[55]. These results suggested that the expres-
sion of members of the Bcl-2 family was tissue 
specific. Yoshimine et al. used immunohisto-
chemical methods to evaluate Bcl-xL expres-
sion in 175 patients with upper-tract urothelial 
carcinoma (UTUC). The results indicated that 
patients with higher Bcl-xL scores had a signifi-
cantly lower 5-year specific survival rate 
(53.2%) compared to those with lower Bcl-xL 
scores (77.2%) (P = 0.001) [45]. Therefore, Bcl-
xL can be used as an important molecular 
marker for UTUC. Other studies have reported 
that Bcl-xL plays an important role in malignant 
transformation and tumor development. Wang 
et al. analyzed Bcl-xL expression in human 
osteosarcoma from the perspective of function 
and biology. They found that the overexpres-
sion of Bcl-xL played an important role in the 
pathogenesis of osteosarcoma and could be a 
potential molecular target for chemotherapy 
and radiotherapy in osteosarcoma [56]. Karcz- 
marek-Borowska et al. also evaluated the diag-
nostic value of the Bcl-xL gene in non-small cell 
lung cancer, and the results indicated that over-
expression of Bcl-xL was associated with poor 
prognosis in patients with non-small cell lung 
cancer [57]. Taken together, these research 
results described above suggest that Bcl-xL 
expression is connected to the pathogenesis 
and prognosis of many human tumors, and it 
acts as the main regulator of cell apoptosis and 
death. Therefore, analysis of the expression of 
the Bcl-xL gene/protein could benefit the pre-
diction, evaluation of the progression, curative 
effects and prognosis of different tumors [25, 
58, 59].

This study indicated that the anti-apoptotic pro-
tein/gene Bcl-xL expressed at activated levels 
in different tongue carcinoma tissues, as the 
expression of Bcl-xL in tongue carcinoma tissue 
was significantly higher than that in the normal 
group. In general, for normal tongue tissue, Bcl-
xL expression was confined to the epithelial 
basal layer and the spinous layer, which con-
tributed to the stability of the cells. But in 
OTSCC tissues, Bcl-xL expression was detected 
in the cytoplasm of tumor cells, indicating that 
Bcl-xL protein expression was closely connect-
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ed to the development of OTSCC. It was possi-
ble that Bcl-xL could inhibit apoptosis in cells 
with carcinogenic potential and finally triggered 
carcinoma of the tongue. In addition, the data 
was also discussed the detail from the mRNA 
level of tongue carcinoma tissue by RT-PCR 
method, which suggested that the Bcl-xL gene 
expression was obviously higher in tongue car-
cinoma tissue than normal tongue tissue, but 
the Bcl-xL gene expression in OTSCC tissue was 
significantly higher than that in OTA tissue. As 
for the clinical stage, Bcl-xL expression of III, IV 
period in OTSCC was higher than the level of 
gene expression of I, II period. Moreover, Bcl-xL 
expression was significantly different among 
squamous cell carcinoma of tongue tissue with 
different degrees of differentiation, and the 
expression of well-differentiated groups were 
stronger than those of the poorly differentiated 
tissues, there were statistically significant dif-
ferences between well-, moderately and poorly 
differentiated groups. Regarding the clinical 
status of lymph node metastasis of tongue car-
cinoma, the results showed that the expression 
of the Bcl-xL gene was higher in these cases 
than in those without lymphatic metastasis at 
both the transcriptional and translational lev-
els. The article further analyzed the level of pro-
tein expression, the results revealed that Bcl-xL 
expression positively correlated with the patho-
logical grading of OTSCC, Also, positively corre-
lated with lymph node metastasis and clinical 
TNM stage. Finally, oral tongue carcinoma 
patients with increased Bcl-xL expression had 
significantly shorter overall and disease-free 
survival time than patients with lower or no Bcl-
xL expression (P = 0.001 and P = 0.002). But 
the present study results also indicated that 
Bcl-xL expression was not related to the age, 
the gender or the tumor size of the patients.

Combining these findings with the above dis-
cussion, we may be not difficult to indicate that 
the up-regulation of Bcl-xL expression is closely 
related to the proliferation, invasion and metas-
tasis of cancer cells in tongue carcinoma. Also, 
the over-expression of Bcl-xL in cancers with a 
high degree of differentiation promotes tumor 
growth, and that the rapid growth and differen-
tiation of certain tumors activates specific 
antagonistic factors, thereby inhibiting the 
expression of Bcl-xL. Meanwhile, Bcl-xL expres-
sion could be connected to the staging of squa-
mous cell carcinoma, i.e. related to the maturity 
of squamous cell carcinoma in the horn pearl. It 

is hard to exclude the possibility that the up-
regulated Bcl-xL expression not only helps the 
early progression of squamous cell carcinoma 
of the tongue, but also inhibits the differentia-
tion of the cancer. These findings were consis-
tent with studies assessing Bcl-xL expression 
in different tumors [41, 56, 60]. 

Thus, remarkably Bcl-xL overexpression occurs 
during the clinical progression of tongue carci-
noma, it can be used as a biomarker of inde-
pendent prognostic diagnosis and an efficacy 
evaluation factor for the treatment of tongue 
carcinomas cases. It could be asserted that 
Bcl-xL is a vital risk factor for the development 
of tongue cancer, and that up-regulation of Bcl-
xL expression indicates a poor prognosis for a 
patient. This may be associated with differenc-
es in biological behaviors. Highly differentiated 
squamous cell carcinoma has a more active 
state between cell proliferation and apoptosis. 
Adenocarcinoma presents with multiple patho-
logical characteristics and a lower level of dif-
ferentiation. These factors could result in dif-
ferences in Bcl-xL expression between squ- 
amous cell cancer and adenocarcinoma. In the 
present study, quantitative analysis of Bcl-xL 
expression in squamous cell carcinoma and 
adenocarcinoma provides insight into the regu-
latory mechanisms of cell apoptosis during the 
progression of tongue cancer. It is possible that 
the use of small molecule inhibitors of Bcl-xL 
could renew the normal apoptotic pathway of 
tumor cells, which in turn may overcome the 
resistance of tumor cells to apoptosis. Th- 
erefore, the detection of overexpressed Bcl-xL 
in tongue carcinoma patients should identify 
high-risk tumor phenotypes that require more 
aggressive primary surgery or subsequent 
additional treatment. It is also possible that the 
application of Bcl-xL protein inhibitors could be 
developed into a new generation of anti-cancer 
drugs. Meanwhile, Bcl-xL can be used as a 
molecular marker to evaluate the genesis, 
development, metastatic tendency, and prog-
nosis of tumors [54, 61], which is important for 
diagnosis, treatment, and therapeutic efficacy 
evaluation in tongue cancer.
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