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INTRODUCTION

Laryngeal cancer is a primary malignant tumor in the laryngeal 
mucosa, and its incidence rate is the second highest of head and 
neck malignant tumors. Its pathogenesis is still not fully under-
stood [1]. The main pathological type of laryngeal cancer is 
squamous cell carcinoma, accounting for 95%–98% of all la-
ryngeal cancers [2]. Although the treatment of laryngeal cancer 
has improved, the 5-year survival rate of laryngeal cancer pa-
tients has not significantly improved [3,4]. Invasion and metas-

tasis are important characteristics of malignant tumors and also 
the key factors to determine the prognosis of patients [5]. Tumor 
growth and infiltration is a complex process regulated by onco-
genes and is the main cause of poor prognosis in laryngeal can-
cer patients [6]. The pituitary tumor transforming gene (PTTG1) 
is the first proto-oncogene detected from rat pituitary tumor 
cells [7]. PTTG1 was found to be related to the degree of tumor 
differentiation and invasion and metastasis, and is an important 
factor leading to a poor prognosis of patients [8]. Many studies 
showed that PTTG1 is highly expressed only in normal tissues 
such as testis, thymus, embryos, and liver with high cell prolifer-
ation activity, while it is only weakly expressed or undetectable 
in other normal parts, but it is highly expressed in all tumor cells 
studied [9,10]. The purpose of this study was to analyze the rela-
tionship between the PTTG1 level and prognosis of laryngeal 
cancer by detecting the PTTG1 level in the serum of laryngeal 
cancer patients, and to provide some theoretical basis for diag-
nosis and prognosis of laryngeal cancer patients.
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Objectives. The purpose of this study was to investigate serum pituitary tumor transforming gene (PTTG1) expression in 
laryngeal carcinoma and its relationship with the clinical pathological characteristics and prognosis.

Methods. Expression of serum PTTG1 was measured by enzyme-linked immunosorbent assay in 110 patients with laryn-
geal carcinoma and 60 patients with vocal cord polyps. Expression of the serum PTTG1 levels relationship with the 
clinicopathological characteristics and prognosis were analyzed. 

Results. In laryngeal carcinoma patients’ serum, the PTTG1 median concentration was 141.43 pg/mL (interquartile range 
[IQR], 111.387 to 160.837 pg/mL), significantly higher than that of the vocal cord polyp group of 94.01 pg/mL (IQR, 
81.26 to 108.59 pg/mL), and the difference was statistically significant (z=–6.715, P<0.001). PTTG1 expression with 
lymph node metastasis, clinical stage, and patients with laryngeal carcinoma was significantly correlated with the tu-
mor differentiation degree (P<0.05). The total survival rate of the PTTG1 high expression group was significantly 
lower than the low expression group, and the difference of total survival time of the two groups was statistically sig-
nificant (P<0.001). 

Conclusion. The PTTG1 expression level can be used as an index for evaluating prognosis of laryngeal cancer. High PTTG1 
expression is one of the factors of poor prognosis of laryngeal carcinoma patients.
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MATERIALS AND METHODS

Materials
Specimens were collected from 110 patients with laryngeal squa-
mous cell carcinoma treated in the ENT Department of Affiliat-
ed Hospital of Weifang Medical University from 2013 to 2017, 
including 99 male patients, 11 female patients, aged 39 to 80 
years, with an average of 62.3 years old, 18 highly differentiated 
patients, 33 moderately differentiated patients, 59 poorly differ-
entiated patients, 67 with lymph node metastasis, and 43 with-
out metastasis. According to the staging system of malignant tu-
mors (Union for International Cancer Control 2010) [11], there 
were 45 cases of stage I–II, 65 cases of stage III–IV, 35 cases of 
the supraglottic type, 67 cases of the glottic type, and eight cases 
of the subglottic type. There was no history of radiotherapy or 
chemotherapy before the operation. Another 60 cases of vocal 
cord polyp tissues were taken as the control group, all confirmed 
by hematoxylin and eosin stain staining. The survival time was 
calculated from the operation date to the last follow-up date to 
the death date of the patient due to tumor recurrence and me-
tastasis. The follow-up period was 7 to 60 months, with an aver-
age of 39.5 months. All the specimens were obtained with the 
informed consent of the patients. The design of this study com-
plied with the ethical standards set forth in the 1975 Helsinki 
Declaration and approved by Institutional Review Board of the 
hospital (IRB No. 2012-247). Blood samples collected from all 
laryngeal cancer patients were 5 mL of whole blood taken from 
the abdominal elbow vein 2–3 days before operation. They were 
placed in a vacuum blood collection vessel without anticoagu-
lant, stored in a refrigerator at 4°C, centrifuged at 3,000 r/min 
within 72 hours. The supernatant was taken after 10–15 minutes, 
placed in a centrifuge tube, and stored in a refrigerator at –80°C 
for later use.

Main reagents and sources
The serum PTTG1 concentration was detected by double anti-
body sandwich enzyme-linked immunosorbent assay (ELISA) 
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kit, purchased from Shanghai Linc-Bio Science (Shanghai, China).

Experimental method
Double antibody sandwich ELISA: a PTTG1 ELISA kit was 
used to determine the PTTG1 concentration in the serum. The 
main steps are as follows: preprepared standards and samples 
were added into microplates and well shaken at 37°C for 30 
minutes. After the microplate was rinsed, 50 μL of secondary 
antibody was added and allowed to stand at room temperature 
for 30 minutes. After washing, the substrate was added, and af-
ter 30 minutes in the dark, the termination liquid was added. 
The absorbance A value was detected at 450 nm by a microplate 
reader, and the PTTG1 concentration was calculated according 
to the standard curve. All specimens were tested three times and 
then a weighted average was determined.

Statistical methods
SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA) was used for sta-
tistical analysis. The data of normal distribution are expressed by 
χ±s, and the analysis of the average number of two samples 
was determined by the t-test. The data of nonnormal distribu-
tion was expressed by the median (interquartile range [IQR]: 
25–75 percentiles), and the data comparison between different 
groups was determined by the Mann-Whitney rank-sum test. 
The survival analysis of patients was examined by the Kaplan-
Meier log-rank method. The Cox risk regression model was used 
to analyze single factors and multiple factors. A P<0.05 was sta-
tistically significant.

RESULTS

The median concentration of serum PTTG1 in laryngeal cancer 
patients was 141.43 pg/mL (IQR, 111.387 to 160.837 pg/mL), 
which was significantly higher than the 94.01 pg/mL (IQR, 

Fig. 1. The serum level of PTTG1 in the laryngeal cancer group and 
the control group. The median concentration of serum PTTG1 in la-
ryngeal cancer patients was significantly higher than that in the vo-
cal cord polyp group. There was a significant difference (P<0.001).
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81.26 to 108.59 pg/mL) in the vocal cord polyps group, with a 
statistically significant difference (z=–6.715, P< 0.001) (Fig. 1). 
The sensitivity of PTTG1 expression in the serum of laryngeal 
cancer patients and the best discriminant point of PTTG1 ex-
pression in the serum of specific laryngeal cancer patients was 
0.742 IU/mL, the sensitivity was 88.5%, the specificity was 
85.7%, and the area under the curve was 0.933 (Fig. 2).

The relationship between PTTG1 expression and clinicopath-
ological features: PTTG1 expression had a significant correlation 
with lymph node metastasis, clinical stage, and tumor differenti-

ation in laryngeal cancer patients (P<0.05), but had no correla-
tion with age, sex, and the tumor growth site (P>0.05) (Table 1). 
The relationship between PTTG1 expression and the survival 
prognosis of patients: using the median serum PTTG1 concen-
tration of 141.43 pg/mL as the demarcation point was deter-
mined. The 110 laryngeal cancer patients were divided into two 
groups: PTTG1 >141.43 pg/mL was the high expression group 
with 49 cases and PTTG1 ≤141.43 pg/mL was the low expres-
sion groups with 61 cases. Kaplan-Meier analysis of the total 
survival time of the PTTG1 high expression group and the low 
expression group showed that the total survival rate of the 
PTTG1 high expression group was significantly lower than that 
of the low expression group, and the difference in total survival 
time between the two groups was statistically significant (P< 
0.001) (Fig. 3).

DISCUSSION

Laryngeal cancer is a malignant tumor with a high incidence 
rate. Its formation and development is a complex process of 
multiple genes acting together. Apoptosis and abnormal cell pro-
liferation caused by proto-oncogene regulation play an impor-
tant role in the invasion and metastasis of laryngeal cancer. The 
PTTG1 is a mammalian protein originally isolated from mouse 
pituitary tumor cells and identified as a member of the Securin 
protein family [7,12]. PTTG1 is a multifunctional protein that 
plays an important role in cell transformation, DNA repair, and 
transcription regulation [7,13-16]. Pei and Melmed [7] found 
that subcutaneous injection of PTTG-transfected NIH 3T3 cells 
into nude mice which quickly induced malignant tumors [17], 

Table 1. Relationship between PTTG1 expression and clinicopatho-
logical characteristics

Characteristics Case PTTG1 Z value P-value

Sex –0.670 1.000
   Male 99 162.64 (136.10–256.68)
   Female 11 177.69 (134.25–247.41)
Age (yr) –0.153 0.642
   ≥55 76 159.72 (126.28–248.12)
   <55 34 170.87 (130.21–267.43)
Lymph node metastasis –3.763 0.001
   Present 67 180.17 (154.67–289.38)
   Absent 43 147.29 (127.23–242.85)
TNM tumor stage –2.237 0.001
   I+II 45 162.36 (122.61–213.74)
   III+IV 65 283.53 (158.36–290.41)
Tumor differentiation –4.125 0.001
   Well moderate 51 156.12 (124.17–211.81)
   Poor 59 227.59 (157.73–318.39)
Tumor location –0.528 0.948
   Supraglottic+glottic 102 165.37 (128.68–237.39)
   Subglottic  8 172.85 (147.31–265.36)

Values are presented as median (interquartile range).

Fig. 2. The receiver operating characteristic curve of PTTG1 expres-
sion in the serum of laryngeal cancer patients. PTTG1 has high sen-
sitivity and specificity in the serum of laryngeal cancer patients. The 
sensitivity was 88.5%, the specificity was 85.7%, and the area under 
the curve was 0.933.
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Fig. 3. The survival curve of PTTG1 patients with high and low ex-
pression. Kaplan-Meier analysis of the total survival time of the 
PTTG1 high-expression group and the low-expression group 
showed that the total survival time of the PTTG1 high-expression 
group was significantly lower than that of the low-expression group, 
and the difference in total survival time between the two groups was 
significant (P<0.001).
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are a kind of carcinogenic gene with strong effects [18]. Highly 
expressed PTTG1 plays an important role in accelerating the di-
vision and differentiation of tumor cells and the formation of tu-
mor cells, studies by Pezzani et al. [19] have also confirmed this 
view.

In this study, the serum PTTG1 concentration was detected 
by double antibody sandwich ELISA in order to analyze its rela-
tionship with clinicopathological characteristics and prognosis of 
laryngeal squamous cell carcinoma. Experimental results 
showed that the serum PTTG1 median concentration in patients 
with laryngeal squamous cell carcinoma was significantly higher 
than that in the control group (P<0.001), suggesting that the pe-
ripheral serum PTTG1 was derived from laryngeal cancer tissue. 
The increase of PTTG1 expression in laryngeal cancer cells led 
to a significant increase in the serum PTTG1 level in laryngeal 
squamous cell carcinoma patients compared with the control 
group, suggesting that the PTTG1 level is related to the occur-
rence and development of tumors. This indicated that PTTG1 
can lead to laryngeal cancer by being a protooncogene, and the 
increase in PTTG1 concentration can indicate the growth and 
infiltration of the tumor and can be used as an early auxiliary 
diagnostic index for laryngeal cancer.

In this study, there was a significant correlation between 
PTTG1 expression and lymph node metastasis, clinical staging, 
and tumor differentiation in patients with laryngeal carcinoma 
(P<0.05), and serum PTTG1 levels in patients with lymph node 
metastasis were significantly higher than in patients without 
lymph node metastasis (P<0.05). The serum level of stage III–IV 
patients was significantly higher than that of stage I–II patients 
(P<0.05), and that of low-differentiated patients was significant-
ly higher than that of high-differentiated patients (P<0.05), 
which indicated that PTTG1 expression was closely related to 
tumor lymph node metastasis, staging, and malignant degree. 
This suggested that the expression level of PTTG1 was related 
to the occurrence and development of malignant tumors. From 
this analysis it was found that in the course of tumor develop-
ment, tumor cell necrosis or tumor cells in the infiltration and 
metastasis secondarily released more PTTG1, resulting in a 
higher concentration in the serum. The expression level of 
PTTG1 in the serum can indirectly reflect the stage and differen-
tiation degree of tumors, PTTG1 expression results are consis-
tent with lymph node metastasis, clinical stage and tumor differ-
entiation degree, which can complement and verify each other 
in the diagnosis and stage of laryngeal cancer, suggesting that 
PTTG1 can promote the metastasis of laryngeal carcinoma and 
play an important role in the occurrence, development, and 
transfer of laryngeal carcinoma. PTTG1 has high sensitivity and 
specificity in the serum of patients with laryngeal cancer, and 
may become a new serological marker. Multi-factor analysis of 
the Cox regression model showed that the concentration of 
PTTG1 in the serum is an independent risk factor affecting the 
survival prognosis of laryngeal carcinoma patients.

The cumulative survival rate of 3 years and 5 years after op-
eration in the PTTG1 low expression group was 87.53%, the 
cumulative survival rate of 3 years and 5 years after operation 
was 71.24%, whereas in the PTTG1 high expression group it 
was 39.97% and 4.61%, respectively, and the total survival rate 
of the PTTG1 high expression group in laryngeal carcinoma was 
significantly lower than that of the low expression group. There 
was a significant difference in total survival time between the 
two groups (P<0.001). The total survival rate of PTTG1 was 
negatively correlated, the higher the expression of PTTG1, the 
shorter the survival period of patients. The significant difference 
between low expression and high expression indicated that pa-
tients with high expression were more prone to tumor recur-
rence and metastasis, showing that PTTG1 was involved in the 
invasion and metastasis of laryngeal cancer. This suggested that 
PTTG1 is one of the factors of a poor prognosis of laryngeal 
carcinoma. It can be used as an indicator to assess the prognosis 
of laryngeal cancer.

The results of this study showed that PTTG1 may be a poten-
tial serum marker for laryngeal cancer, and the prognosis of la-
ryngeal cancer can be predicted by detecting PTTG1 expression, 
but the sample size and long-term follow-up should be further 
expanded to clarify its early diagnostic value for laryngeal can-
cer and provide a new target for the diagnosis and gene therapy 
of laryngeal cancer.
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