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Abstract: Background: The expression of P21 and TBX2 in laryngeal squamous cell carcinoma (LSCC) and their cor-
responding adjacent normal laryngeal tissues, as well as their association with clinical pathological features and 
survival remain unclear. Method: we used the RT-PCR and immunohistochemistry to detect their mRNA and protein 
levels in 75 LSCC patients. We also use log-rank test and Cox models to compare survival among different groups. 
Results: The mRNA expression level of TBX2 was up-regulated, while P21 was down-regulated in LSCC compared 
with their matched adjacent laryngeal tissues (All P < 0.001). The expression of P21 was correlated with tumor 
stage, lymph node metastasis and smoking; and TBX2 expression was associated with lymph node metastasis, 
differentiation degree and smoking (All P < 0.05). Patients with high TBX2 and low P21 expression had significantly 
worse survival than those with low TBX2 and high P21 expression, respectively (All P < 0.05). A significant correla-
tion between expression of TBX2 and P21 (Pearson, P < 0.05) was observed. Furthermore, multivariable analysis 
showed that patients with low TBX2 and high P21 expression alone had a significantly reduced risk for overall death 
compared with those with low TBX2 and high P21 expression. The risk for overall death was even lower for patients 
with both low and high expression of both genes than any other co-expression status of both genes (HR, 0.1; 95% 
CI, 0.0-0.9). Conclusion: These results suggest that abnormal expression of P21 and TBX2 in tumors may jointly, or 
individually, predict poor prognosis of LSCC.
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Introduction

Head and neck squamous cell carcinomas 
(HNSCC) rank among the sixth most common 
type of tumor worldwide, with poor prognosis 
[1]; and among the HNSCC laryngeal squamous 
cell carcinoma (LSCC) ranks second [2]. It 
accounts for approximately half of all HNSCC 
cases in China [3]. The development and pro-
gression of LSCC involve various factors and 
molecular processes, with an obvious expres-
sion anomalism of numerous cellular mole-
cules. P21, also known as CDK-interacting pro-
tein 1 (CIP1), senescent cell-derived growth 
inhibitor 1 (SDI1), wild-type p53-activated frag-
ment 1 (WAF1), melanoma-derived antigen 6 
(MDA6) and cyclin-dependent kinase inhibitor 

1A (CDKN1A), functions as a cyclin-dependent 
kinase inhibitor, which is a key cell cycle regula-
tory protein for cell cycle regulation [4]. It is a 
well-known mediator of p53-induced cell growth 
arrest [5] and exerts a determinant role as a 
regulator of CDK activity [6]. Furthermore, P21 
is induced in the context of cellular senescence 
and affects cell apoptosis. The activation of 
P21 transcription can activate p53 in senes-
cence and thus leads to cell cycle arrest [7]. 
Noel et al indicated that p21 is frequently down-
regulated in human cancers, and its expression 
can either inhibit or promote carcinogenesis, 
depending on the cellular context [4].

The T-box gene family is an archaic gene family 
as demonstrated by phylogenetic analysis, the 
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members of T-box family are transcription fac-
tors that are characterized by a highly con-
served region of nearly 200 amino acid resi-
dues corresponding to the DNA binding 
domains known as the T-box [8]. Recent stud-
ies suggest that T-box factors may also play a 
role in controlling cell cycle progression and 
cancer development [9]. TBX2, short for T-box2, 
is one of members in T-box family. In humans, it 
is expressed in a wide variety of tissues includ-
ing lung, kidney, ovary, prostate, spleen, testis, 
breast, heart, intestine, thymus, and polymor-
phonucleocytes [10, 11]. Extensive studies 
have been taken to show its relationship with 
tumor invasion and metastasis, and the 
increased expression of TBX2 was related to 
tumor development and progression [12-15]. 
However, the expression profiles of p21 and 
TBX2 and their correlations with clinical param-
eters and influence on prognosis of LSCC have 
remained largely unknown. The aim of the study 
was to investigate the expression of p21 and 
TBX2 in LSCC and to analyze their relationship 
with clinicopathologic characters and progno-
sis in patients with LSCC.

Materials and methods

Patients and biological samples

Seventy-five patients who were diagnosed with 
LSCC between 2009 and 2010 were included 
in this study and all samples were acquired with 
patients’ consent. Immediately after surgical 
operation, we obtained the tumor samples 
from the tumor area, and its corresponding 
peripheral normal laryngeal tissues were 
acquired from the associated non-cancerous 
tissue area within 5 cm of the tumor, without 
involving the assessment of tumor margins. 
The samples were separated into two parts: 
one for quantitative analysis and snap-frozen 
quickly in liquid nitrogen immediately after sur-
gery than stored at -80°C; while the other for-
malin fixed and paraffin embedded for further 

use. Histopathological assessment was per-
formed on the paraffin blocks. Medical record 
review for follow-up status of all patients was 
performed under direct supervision of the staff 
head and neck surgeon. Primary tumor subsite, 
clinical stage, treatment, and vital status were 
acquired from medical records as assessed 
between the initial and final patient contact 
recorded. In addition, patients who had drunk 
at least one alcoholic beverage per week for at 
least one year during their lifetime were catego-
rized as “ever drinkers”, while patients who had 
never had such a manner of drinking were cat-
egorized as “never drinkers”. Patients who were 
categorized as “ever smokers” are related to 
those who had smoked at least 100 cigarettes 
in their lifetime, while patients who had smoked 
fewer than 100 cigarettes in their lifetime were 
sorted as “never smokers.” This study was 
approved by the ethics committee of Beijing 
Tongren Hospital of the Capital Medical 
University, and all of the patients that including 
in it had signed the informed consent forms.

Quantitative analysis (qPCR)

Total RNA was extracted for qPCR analysis. The 
primers and internal reference primers were all 
synthesized by Beijing Biosynthesis Biotech- 
nology Co., Ltd. (Beijing, China) and the Ct value 
comparison method was used in this study to 
evaluate the mRNA expression level. The β- 
actin was used as the internal reference gene 
in this study. The relative expression levels of 
TBX2 and P21 were calculated with the Ct val-
ues referring to the number of cycles when the 
fluorescence signal reached the set threshold 
in each reaction tube. The primers used in this 
study are shown in Table 1.

Immunohistochemistry

TBX2 and P21 antibodies were purchased from 
Santa Cruz Biotechnology, Inc. (Santa Cruz, CA), 
while 4-dimethylaminoazobenzene, streptavi-
din-peroxidase, and the streptavidin-peroxi-
dase immunohistochemical staining kit were 
purchased from Beijing Tiangen Biomedical 
Development Co., Ltd. (Beijing, China). The 
LSCC tissues and its corresponding adjacent 
normal laryngeal tissues were preserved. A 
positive biopsy in the kit was used as the posi-
tive control, and the antibody was replaced by 
phosphate-buffered saline (PBS) as the nega-
tive control. Yellow to brownish-yellow granu- 
les in cells were calculated as positive cells. 

Table 1. Primers used in this study
Primers Sequences
β-actin F: 5’-CACCCTTTCTTGACAAAACCT-3’

R: 5’-AGTGGGGTGGCTTTTAGGA-3’
TBX2 F: 5’-ACCGCGTGATAAAACTGGGTT-3’

R: 5’-CAGGGAAGAGGTGGGGAGACT-3’
P21 F: 5’-GCGGAACAAGGAGTCAGACAT-3’

R: 5’-CCCAATACTCCAAGTACACTAAGCA-3’
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adjacent normal laryngeal tissues (P < 0.05), 
respectively, as shown in Table 2.

Protein expression of TBX2 and P21

Immunohistochemical analyses of TBX2 and 
P21 expression in LSCC and their correspond-
ing adjacent normal laryngeal tissues were per-
formed to detect the expression of both pro-
teins (Table 3). Both TBX2 and P21 proteins 
were expressed in the cell nuclear (Figure 1). 
The positive expression rates and scores of 
TBX2 significantly increased in the cancerous 
tissue compared with those in the adjacent tis-
sue (P < 0.05). For P21, however, its protein 
expression level significantly decreased in 
LSCC compared with those in the adjacent tis-
sues (P < 0.05). These results indicate that the 
increased TBX2 and reduced p21 protein 
expressions in LSCC compared with those in 
adjacent normal tissues are consistent with 
their mRNA expressions in those tissues, res- 
pectively.

Pathological characteristics

The mRNA expression levels were analyzed to 
explore the potential relationship between both 
protein and mRNA expression levels of TBX2 
and P21 and their relationships with clinical 
pathological parameters (Table 4). We found 
that TBX2 and P21 were negatively correlated 
(correlation coefficient, -0.352, P = 0.001). In 
the 75 cases of LSCC tissues, TBX2 was corre-
lated with the differentiation degree and lymph 
node metastasis; and the patients with lymph 
node metastasis and lower differentiation had 
shown a much stronger TBX2 expression com-
pared with those with negative lymph node 
metastasis and higher differentiation (P < 
0.05). In contrast, P21 expression was also 

Positive cells were counted in a total of 100 
cells under high-power microscopy, and scored 
according to the positive expression rate (0 
points for < 10%; 1 point for 11-20%; 3 points 
for 21-50%; 4 points for > 50%) and staining 
intensity (0 points for no staining; 2 points for 
weak; 3 points for strong). The sum of the 
points for staining intensity and positive expres-
sion rate was used as the expression score. A 
score ≥ 3 was considered to indicate a positive 
case while a score of 0-2 as a negative case.

Statistical analysis

Data were analyzed via SPSS 17.0 statistical 
software (SPSS, Inc., Chicago, IL). A paired 
t-test was used to compare the measurement 
data, while spearman’s rank correlation analy-
sis was used to analyze the correlation of TBX2 
and P21 expression. The differences between 
TBX2 and P21 expression was evaluated by 
using the χ2 test. For survival analysis, the pri-
mary endpoint is overall death. Overall survival 
(OS) was defined as the time from first appoint-
ment to the date of last follow-up or death from 
any cause. Patients who were still alive at the 
end of the study period or lost to follow-up were 
considered censored. Survival analysis was 
performed by using Kaplan-Meier analysis, the 
significance was analyzed with the log-rank 
test. Multivariable cox proportional hazards 
regressions were used to evaluate the individu-
al hazard ratio (HR) for OS. The difference was 
considered significant when the P value was 
less than 0.05.

Results

mRNA levels of TBX2 and P21

qPCR was applied to uncover the potential 
changes in the mRNA levels of TBX2 and P21 

expression in LSCC as well 
as its corresponding adja-
cent normal laryngeal tis-
sues. The qPCR results 
showed significant differenc-
es in both gene expressions 
between the cancerous and 
adjacent tissues (P < 0.05). 
The expression of TBX2 in 
the cancerous tissue signifi-
cantly increased (P < 0.05) 
while the P21 mRNA expres-
sion in the cancerous tissue 
decreased compared with 
those in the corresponding 

Table 2. mRNA expression of P21 and TBX2 in LSCC and adjacent 
normal tissues
Tissue type N P21 P TBX2 P
Adjacent tissue 75 0.572±0.217 2.128±0.779
Cancer tissue 75 1.074±0.394 0.000 1.077±0.292 0.000

Table 3. MMP11 and P14ARF protein expression level in LSCC and 
adjacent tissues
Tissue type n TBX2-Positive N (%) P P21-Positive N (%) P
Adjacent tissue 75 18 (24.0%) 58 (77.3%)
Cancer tissue 75 55 (73.3%) 0.000 31 (41.3%) 0.000
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associated with lymph node metastasis and 
the tumor stage; and the patients in the later 
stage and with lymph node metastasis had 
shown a much lower expression level (P < 
0.05). Furthermore, both TBX2 and P21 had a 
significant correlation with tobacco smoking. 
These results suggest that the increased 
expression level of TBX2 may be associated 
with the malignancy of tumors while P21 
expression may be negatively correlated with 
the degree of malignancy.

Association of TBX2 and P21 expression with 
survival in LSCC

Figure 2 shows the univariate Kaplan-Meier 
analyses of survival with respect to the death 
from all causes. At a median follow-up time of 
67 months (range, 4-67 months), 21 deaths 
occurred from any causes. The patients with 
high TBX2 and low P21 expression had a nota-
bly worse overall survival than patients with low 

TBX2 and high P21 expression (Log-rank: P = 
0.031 for TBX2 and P = 0.010 for P21, respec-
tively, Figure 2A, 2B). Patients with high and 
low expression of both TBX2 and P21 had an 
even worse survival than patients with low and 
high expression of either of genes or any other 
co-expression status of both genes (P = 0.002, 
Figure 2C). Furthermore, the results of multi-
variable Cox proportional hazards regression 
analysis regarding the association between 
expression of both genes and risk of overall 
death are shown in Table 5. Estimates of asso-
ciation were adjusted for potential confounders 
including age, gender, tumor differentiation, 
TNM stage, postoperative treatment, smoking 
and alcohol use, and Lymph node metastasis. 
Compared with patients having low p21 and 
high TBX2 expression of either of genes, the 
patients with high p21 and low TBX2 expres-
sion had significantly reduced risk of overall 
death (HR, 0.3, 95% CI, 0.1-0.9 for p21 and HR, 
0.3, 95% CI, 0.1-0.7 for TBX2). The risk for over-

Figure 1. Immunostaining of TBX2 and P21 in LSCC tissues. A: LSCC tissues with high TBX2 expression in the cyto-
plasm and nuclear; B: TBX2 weakly expressed in the adjacent tissue; C: P21 weekly expressed in LSCC tissue; and 
D: P21 positively expressed in the adjacent tissue.
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all death was even lower for patients with high 
p21 and low TBX2 expression of both genes 
(HR, 0.1; 95% CI, 0.0-0.9) compared with any 
other co-expression status of both genes (Table 
5).

Discussion

Few studies have explored the roles of TBX2 
and P21 in LSCC. Our current study evidently 
indicates that both TBX2 and P21 individually, 
or in combination, influence survival and might 
be served as prognostic biomarkers of LSCC 
patients. In human TBX2 exists in variety tis-
sues [10, 11], and TBX2 is over-expressed in 
several human cancers such as breast cancer 
[12], melanomas [14], liver cancer [16]. 
Moreover, the increased level of TBX2 may con-
tribute to carcinogenesis through bypassing 
checkpoints which enable tetraploid cells to re-
enter the cell cycle in a P21- and P53- depen-

dent manner [17, 18]. P21 is the first identified 
inhibitor of cyclin-dependent kinase (CDK) com-
plexes and has various significant functions in 
cell biology, and is well known as a mediator of 
p53-induced cell growth arrest [5]. It can inter-
act with the CDK1 and CDK2 via an additional 
CDK-binding site in the N-terminus and thus 
exerts its inhibitory control over the cell cycle 
[19]. To date, the expression level of P21 during 
tumor progression is up-regulated or down-reg-
ulated is still controversial. Hu et al indicated 
that the expression of P21 was repressed by 
focally amplified lncRNA on chromosome 1 
(FAL1), and associates with the epigenetic 
repressor of BMI1 [20]. TBX2 also can directly 
repress the expression of P21, as previously 
reported [14]. P21 expression level was down-
regulated in LSCC (22) and SCC of hypopharynx 
(23). On the contrary, others found that P21 
was up-regulated in several cancers including 
esophageal SCC and oral SCC [24, 25].

Table 4. Correlations between the protein/mRNA expressions of MMP11 and P14ARF with clinical 
pathological characteristics in 75 LSCC cases

Factors Cases (%)
TBX2 P21

Protein-positive 
N (%)

mRNA-upregulated 
N (%)

Protein-positive 
N (%)

mRNA-upregulated 
N (%)

Age (years)
    ≥ 60 32 (42.7%) 24 (75.0%) 27 (84.4%) 11 (34.4%) 9 (28.1%)
    < 60 43 (57.3%) 31 (72.1%) 31 (72.1%) 20 (46.5%) 14 (32.6%)
Gender
    Male 67 (89.2%) 49 (73.1%) 52 (77.6%) 27 (40.3%) 20 (29.9%)
    Female 8 (10.8%) 6 (75.0%) 6 (75.0%) 4 (50.0%) 3 (37.5%)
Tumor stage
    I-II 24 (32.0%) 17 (70.8%) 19 (79.2%) 16 (66.7%) 17 (70.8 %)
    III-IV 51 (68.0%) 38 (74.5%) 39 (76.5%) 15 (29.4%)a 6 (11.8%)a

Lymph node metastasis
    Absent 30 (40.0%) 15 (50.0%) 17 (56.7%) 7 (23.3%) 5 (16.7%)
    Present 45 (60.0%)  40 (88.9%)a 41 (91.1%)a 24 (53.3%)a 18 (40.0%a

Differentiation degree

    High 27 (36.0%) 15 (55.6%) 16 (59.3%) 10 (37.0%) 7 (25.9%)
    M.-low 48 (64.0%) 40 (83.3%)a 42 (87.5%)a 21 (43.8%) 16 (33.3%)
Smoking
    Ever 57 (76.0%) 46 (80.7%) 48 (84.2%) 17 (29.8%) 11 (19.3%)
    Never 18 (24.0%) 9 (50.0%)a 10 (55.6%)a 14 (77.8%)a 12 (70.6%)a

Alcohol 
    Ever 58 (77.3%) 42 (72.4%) 46 (79.3%) 25 (43.1%) 16 (27.6%)
    Never 17 (22.7%) 13 (76.5%) 12 (70.6%) 6 (35.3%) 7 (41.2%)
Treatment
    Surgery only 34 (45.7) 25 (73.5) 24 (70.6) 23 (67.6) 26 (76.5)
    Combined 41 (54.3) 30 (73.2) 31 (75.6) 32 (78.0) 29 (70.7)
a: P < 0.05, M., moderate.
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Figure 2. Survival analysis by expression of TBX2 (A), P21 (B), and their 
combination (C) among 75 LSCC patients.
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Our study demonstrated that the expression 
level of P21 was down-expressed while TBX2 
was over-expressed in LSCC in both mRNA and 
protein levels. TBX2 was correlated with the dif-
ferentiation degree, lymph node metastasis of 
LSCC patients and P21 was associated with 
the tumor stage and lymph node metastasis. 
For TBX2, its expression increased in patients 
with higher differentiation and lymph node 
metastasis, suggesting that TBX2 was corre-
lated with tumor malignance. In contrast, the 
p21 expression was much lower and negatively 
correlated with the tumor stage and lymph 
node metastasis, which is in agreement with 
the investigation in HNSCC [24]. The possible 
mechanisms that cause altered expression 
could be due to its regulators such as FAL1 
[20], TBX2 [21]. In addition, both TBX2 and P21 
had a significant correlation with tobacco smok-
ing, patients with ever tobacco smoking show 
much higher TBX2 expression as well as lower 
P21 expression than those who were never 
smokers, indicating that tobacco smoking is 
another influence factor which affect the anom-
alous expression of TBX2 and P21 in LSCC.

Our data also showed that patients with high-
level TBX2 expression had obviously lower sur-
vival compared with those with low levels of 
TBX2. Several studies have demonstrated that 
over-expression of TBX2 is related to a lower 
survival among patients with non-small cell 
lung cancer [26] and colorectal cancer [27]. In 
contrast, patients with low-level of P21 had 

obviously shorter survival com-
pared with those with high expres-
sion levels. These results thus 
might indicate that both TBX2 and 
P21 might individually or in combi-
nation affect the prognosis of 
LSCC. Intriguingly, in this study we 
found that there exists a negative 
correlation between the expres-
sion levels of TBX2 and P21. The 
potential mechanism may due to 
the fact that TBX2 can directly 
repress the P21 expression as 
Sharon et al suggested in their 
investigation [28]. They show that 
TBX2 can bind and repress the 
p21 promoter both in vitro and in 
vivo by using an integration of  
in vitro DNA-binding, transfection 
and chromatin immunoprecipita-

Table 5. Multivariable survival analysis by expression of p21 
and TBX2 alone or in combination in 75 LSCC patients

Gene expression
Total (75)

Events Survival (OS)
(Overall deaths) aHR, 95% CI

N (%) N (%)
P21
    Low 44 (58.7) 17 (80.1) 1.0
    High 31 (41.3)  4 (19.9)  0.3 (0.1-0.9)
TBX2
    High 55 (73.3) 19 (90.5) 1.0
    Low 20 (26.7) 2 (9.5)  0.3 (0.1-0.7)
Combined p21 and TBX2
    Low/High 37 (49.3) 17 (81.0) 1.0
    Low/Low + High/High 24 (32.0) 3 (14.3)  0.2 (0.1-0.6)
    High/Low 14 (18.7) 1 (4.7)  0.1 (0.0-0.9)
Adjusted for age, sex, smoking, alcohol, overall stage, differentiation, node 
metastasis, and treatment in Cox’s models.

tion assays. They also illustrated that small 
interfering RNA-mediated down-regulation of 
TBX2 expression resulted in a strong activation 
of p21 expression. Timo et al found similar 
results that TBX2 can repress the expression of 
P21 in lung cancer [29]. Therefore, more stud-
ies are needed to further investigations to 
understand the relationship between these two 
genes.

In conclusion, the expression level of TBX2  
was over-expressed while P21 was down-
expression in LSCC in both mRNA and protein 
levels; and a negative correlation between the 
expression levels of TBX2 and P21 was 
observed. Moreover, both expressions were 
related to the malignancy, several clinicopatho-
logical features, and prognosis of LSCC. Thus, 
our current study may provide evidence that 
both TBX2 and P21 may contribute to the de- 
velopment, progression and prognosis of LS- 
CC. However, further larger studies are still nec-
essary for validation of our findings and an 
investigation of the molecular mechanisms 
underlying the observed correlations.
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