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Pituitary tumor-transforming 1 expression in laryngeal cancer
and its association with prognosis
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Abstract. The purpose of the present study was to inves-
tigate the association between the expression of pituitary
tumor-transforming 1 (PTTGI) and the expression of matrix
metalloproteinase (MMP)-2 and MMP-9 in laryngeal
carcinoma tissues, and to elucidate the association between
PTTGI expression and the prognosis of patients with laryn-
geal cancer. Immunohistochemical staining was used to
detect PTTGI expression in laryngeal cancer and normal
tumor-adjacent laryngeal tissues. Western blotting was used
to determine the levels of PTTG1 and MMP-2 and -9 in
laryngeal carcinoma tissues and to assess their correlation. In
addition, the associations between PTTGI expression and the
clinical parameters of laryngeal cancer and patient survival
were determined. The immunohistochemistry results
revealed that the positive expression rates of PTTG1, MMP-2
and MMP-9 in the laryngeal cancer tissues were significantly
higher than those in the carcinoma-adjacent normal laryngeal
tissues (all P<0.05). In addition, expression levels of PTTGI,
MMP-2 and MMP-9 were significantly associated with
Ilymph node metastasis, histological grade and clinical stage
(P<0.05). Furthermore, the levels of PTTGI1 were positively
correlated with the levels of MMP-2 and MMP-9 in laryngeal
cancer tissues (P<0.05). In summary, the expression levels of
PTTGI1, MMP-2 and MMP-9 are closely associated with the
biological behaviors of laryngeal cancer tissues, showing that
they serve important roles in the occurrence and develop-
ment of laryngeal cancer, and may be useful as biological
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indicators of laryngeal tissue invasion, metastasis and patient
prognosis.

Introduction

Laryngeal cancer is a common malignant tumor of the head
and neck, with the main pathological type being squamous cell
carcinoma. It accounts for 2.4% of new occurrences of malig-
nant tumors worldwide (1). Due to environmental changes and
the role of carcinogenic factors, the incidence of laryngeal
cancer has increased in recent years (2). At present, laryngeal
cancer treatment predominantly involves surgery and radiation
therapy, but may also involve antitumor drug therapy and gene
therapy. Although early laryngeal cancer treatment is effec-
tive, clinical treatment failure and poor prognosis are frequent
in cases of advanced laryngeal cancer involving invasion and
metastasis (3). Therefore, it is essential to improve the treat-
ment of patients with laryngeal cancer by exploring effective
detection and prognostic indicators and determining optimal
therapeutic strategies.

Pituitary tumor-transforming 1 (PTTGI) was first isolated
from rat pituitary tumor cells in 1997 (4). The study found
that PTTGI is a cancer-causing gene (4). Furthermore, its
overexpression has been shown to be involved in inducing cell
transformation in nude mice and tumor formation in vitro,
and PTTGI expression levels are associated with tumor inva-
sion (5). PTTGI is an important biological marker of cancer
cells and may be considered an independent predictor of
overall survival as well as tumor differentiation, metastasis,
and progression. It is considered to be a key gene associated
with tumor metastasis (6) and with the prognosis of malignant
head and neck tumors (7).

Matrix metalloproteinase (MMP)-2 and MMP-9 of
matrix metalloproteinase were closely associated with the
occurrence, development, infiltration and metastasis of laryn-
geal cancer (8). In the present study, immunohistochemistry
and western blotting were used to detect PTTG1, MMP-2
and MMP-9 expression in laryngeal cancer tissues. In addi-
tion, the correlation of PTTG1 with MMP-2 and MMP-9
expression in laryngeal cancer, as well as its association
with laryngeal cancer occurrence, development and metas-
tasis, were investigated in order to provide a novel basis for
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prognostic judgment and targeted therapy for patients with
this malignancy.

Materials and methods

Materials. A total of 210 patients with laryngeal squamous
cell carcinoma, who were treated between January 2004
and December 2008 in the Otolaryngology Department
of the Affiliated Hospital Weifang Medical University
(Weifang, China), were included. This comprised a total of
199 men and 11 women, with an age range of 39-80 years
and a mean age of 62.3 years. There were 48 patients with
well-differentiated tumors, 66 patients with moderately
differentiated tumors, and 96 patients with poorly differentiated
tumors. Lymph node metastasis was present in 117 patients,
while 93 patients had no metastasis. According to the
tumor-node-metastasis staging system (Union for International
Cancer Control, 2010) (9), 95 cases were stage I-IT and 115 cases
were stage ITI-IV. There were 82 cases of supraglottic tumors,
117 cases of glottic tumors, and 11 cases of subglottic tumors.
None of the patients received radiotherapy or chemotherapy prior
to surgery. Patient characteristics are summarized in Table I. In
addition to the laryngeal cancer tissues, 210 samples of normal
laryngeal tissues adjacent to the carcinoma were taken from the
mucosa 5 cm from the tumor edge for use as the control group.
Laryngeal cancer tissues, normal laryngeal tissues and lymph
node metastasis were all confirmed by hematoxylin and eosin
staining. Survival time was calculated from the date of surgery
to the date of the last follow-up or the date of mortality of
patients who succumbed to tumor recurrence or metastasis. The
follow-up period ranged from 7 to 60 months, with an average
of 39.5 months. The study was designed so as to comply with the
ethical standards outlined by the Declaration of Helsinki (1975).

The study protocol was approved by the Ethics Committees
of the Affiliated Hospital of Weifang Medical University, and
all participants provided written informed consent.

Main reagents. The rabbit polyclonal antibodies against
PTTGI was purchased from Santa Cruz Biotechnology, Inc.
(Dallas, TX, USA; cat. no. SC-56207). The goat anti-rabbit
IgG (cat. no. ZB-2010), Ra (cat. no. TA-09), MMP-2
(cat. no. ZA-0331), MMP-9 (cat. no. ZA-0562) and bovine
serum albumin (cat. no. ZLI-9027) were purchased from
Beijing ZhongShan Golden Bridge Biological Technology
Co., Ltd. (Beijing, China). The SP-kit, containing endogenous
peroxidase blocker, normal goat serum, biotin-labeled goat
anti-mouse/rabbit IgG polymer and horseradish peroxidase
working solution was purchased from Beijing ZhongShan
Golden Bridge Biological Technology Co.,Ltd. (Beijing, China;
cat. no. SP-9000). The ECL kit was purchased from Beyotime
Institute of Biotechnology, Haimen, China. (cat. no. P1008).

Immunohistochemical analysis. The expression of PTTGI,
MMP-2,and MMP-9inlaryngeal cancer normal cancer-adjacent
laryngeal tissue were determined using an immunohistochem-
ical avidin-biotin peroxidase complex method, according to the
manufacturer's protocols (Santa Cruz Biotechnology, Inc. and
Beijing ZhongShan Golden Bridge Biological Technology Co.,
Ltd., Beijing, China). Specimens of laryngeal cancer tissues
and normal cancer-adjacent laryngeal tissues were fixed with
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formalin, embedded in paraffin, and cut into 4-um-thick slices.
Samples were baked at 68°C for 20 min. A conventional xylene
dewax for 25 min and dehydration with graded alcohol for
10 min was performed. Endogenous peroxidase activity was
blocked using 3% H,0, for 10 min. Antigen retrieval was carried
out by boiling samples in 0.01 M citric acid buffer (pH 6.0)
at 95°C for 15-20 min, cooling for >20 min and washing with
PBS. Blocking was performed with goat serum at 37°C for
20 min. Primary antibodies were incubated at 4°C overnight.
PTTGI (SC-56207; dilution, 1:200; Santa Cruz Biotechnology,
Inc., Dallas, TX, USA), MMP-2 (cat. no. ZA-0331; dilu-
tion, 1:50) and MMP-9 (cat. no. ZA-0562; dilution, 1:50) were
purchased from Beijing ZhongShan Golden Bridge Biological
Technology Co., Ltd. This was followed by 3 PBS washes for
5 min each. As a negative control, PBS was used in place of
primary antibodies. The biotin-labeled secondary antibody
was used at a dilution of 1:100, added dropwise and incubated
at 37°C for 30 min, followed by three PBS washes lasting
5 min each. Samples were incubated with streptomycin oval-
bumin solution labeled with horseradish peroxidase for 30 min
at 37°C, followed by three PBS washes each lasting 5 min.
Following this, the samples were stained with DABcolor (1:100
dilution) at room temperature for 5-10 min, washed with PBS
or tap water for 10 min, counterstained with hematoxylin for
2 min, washed with tap water for 10-15 min, conventionally
dehydrated, transparent, mounted and examined with a light
microscope (magnification, x200 and x400). Known positive
laryngeal squamous cell carcinoma sections were used as the
positive control, and PBS buffer instead of primary antibody
was used as the negative control.

For evaluation, tissues were viewed under a light micro-
scope (Olympus BX46; Olympus Corporation, Tokyo, Japan).
Evaluation was performed by a pathologist (Department of
Pathology, Affiliated Hospital of Weifang Medical University)
with 5 slices in each group, randomly selecting 4 fields of view
at amagnification of x200 and x400. PTTGl1-positive laryngeal
cancer cells were those that exhibited light brown staining in
the cytoplasm and cell membrane. MMP-2 and MMP-9 were
expressed in the cytoplasm cells that exhibited tan staining
were positive for MMP-2 or -9. A previously published
semi-quantitative evaluation method was used (10). The posi-
tive staining percentage was divided into 5 levels, assigned
a score of 0-4: 0, <10% of cells positively stained; 1, 11-25%
stained; 2, 26-50% stained; 3, 51-75% stained; and 4, >75%
stained. The intensity of positive staining was assigned a score
of 0-3: 0, negative; 1, weak; 2, medium; and 3, strong.

The product of the two staining variable scores represented
the PTTGI expression score for each sample: A score of =6
was considered high expression, while a score of <6 was
considered low expression.

Western blot analysis. PTTGI expression was detected by
western blotting of proteins extracted from laryngeal tissues,
with reference to the methods reported by Towbin er al (11).
Laryngeal cancer and cancer-adjacent normal laryngeal
tissues (50 mg) were processed with radioimmunoprecipita-
tion assay buffer (Shanghai HuaYi Bi-technology Co., Ltd.)
in order to extract total protein. Protein concentration was
determined using a bicinchoninic acid assay. Samples of total
protein (20 ug) were mixed with 5 ul of SDS-PAGE loading
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Table I. Expression of PTTG1, MMP-2 and MMP-9 and their associations with clinicopathological features.
PTTGI MMP-2 MMP-9
Baseline Total
characteristic cases  Positive,n (%) P-value Positive,n (%)  P-value Positive, n (%) P-value
Patient sex 0.855 0.255 1.000
Male 199 176 (88.44) 177 (88.94) 175 (87.94)
Female 11 9 (81.82) 8 (72.73) 10 (90.91)
Patient age, years 0.673 0.190 0.642
>55 134 119 (88.81) 121 (90.30) 117 (87.31)
<55 76 66 (86.84) 64 (84.21) 68 (89.47)
Lymph node metastasis <0.001 <0.001 <0.001
Present 117 112 (95.73) 114 (97 .44) 115 (98.29)
Absent 93 73 (78.49) 71 (76.34) 70 (75.27)
Tumor-node-metastasis stage <0.001 <0.001 0.001
I/ 95 74 (77.89) 71 (74.74) 76 (80.00)
/v 115 111 (96.52) 114 (99.13) 109 (94.78)
Tumor differentiation <0.001 <0.001 0.001
Well/moderately differentiated 114 91 (79.82) 92 (80.70) 93 (81.58)
Poorly differentiated 96 94 (97.92) 93 (96.88) 92 (95.83)
Tumor location 0.325 1.000 0.948
Supraglottic/glottic 198 176 (88.89) 174 (87.87) 175 (88.38)
Subglottic 12 9 (75.00) 11 (91.66) 10 (83.33)

Data were analyzed by y? test. PTTG1, pituitary tumor-transforming 1; MMP, matrix metalloproteinase.

buffer (Beyotime Institute of Biotechnology) and heated
at 100°C for 5 min. The samples were then separated by
8% SDS-PAGE. Polyvinylidene difluoride membranes were
blocked for 2 h at room temperature with TBST containing
5% bovine serum albumin, and proteins were electrotrans-
ferred onto the membranes at 100 V for 90 min at room
temperature. The membranes were incubated with primary
antibodies [anti-PTTGI (dilution 1:1,000) and anti-f-actin
(dilution, 1:2,000)] overnight at 4°C, then with the horseradish
peroxidase-labeled secondary antibody (dilution, 1:1,000)]
at 37°C for 2 h prior development with the ECL kit. ImageJ
software (version 1.38; National Institutes of Health, Bethesda,
MA, USA) was used to read the image reversal pattern of the
grey value of the protein bands. The experiment was repeated
three times.

Statistical methods. Statistical tests were processed with
SPSS 13.0 statistical software (SPSS, Inc., Chicago, IL, USA).
A ¥ test was used to analyze the associations between the
PTTGI positive rate and the clinicopathological parameters.
A Spearman's rank correlation coefficient (r,) analysis was
used to analyze the correlations between PTTG1, MMP-2 and
MMP-9 expressions levels. P<0.05 was considered to indicate
a statistically significant difference.

Results

PTTGI expression differs between laryngeal cancer
tissues and cancer-adjacent normal laryngeal tissues.

Immunohistochemistry revealed that PTTG1 was predomi-
nantly expressed in the cytoplasm of laryngeal cancer
cells (Fig. 1). The rate of positive expression of PTTGI1
among the laryngeal cancer tissue samples was 88.09%
(185/210 patients) (10), whereas the rate among the normal
cancer-adjacent tissues was 17.14% (36/210); this difference
was statistically significant (x*=212.020, P<0.001).

The western blot analysis revealed a clear band
corresponding to a 68-kD protein. Among the 210 cases,
179 laryngeal cancer tissues exhibited PTTGI protein expres-
sion (85.23%), while 53 tumor-adjacent tissues exhibited
PTTGI expression (24.76%); statistical analysis indicated that
PTTGI protein expression was increased in laryngeal cancer
compared with tumor-adjacent normal tissues (x*=46.829,
P<0.001; Fig. 2). p-actin was used as an internal control.

Association of PTTGI, MMP-2 and MMP-9 expression
with clinicopathological variables in laryngeal cancer. The
PTTGI positive expression rate in the group of patients with
lymph node metastasis (95.73%, 112/117) was significantly
higher than that in the group without lymph node metastasis
(78.49%, 73/93; %*=14.670, P<0.001). In addition, the PTTG1
positive rate was higher in the stage III-IV group compared
with the stage I-IT group (%*=5.265,P<0.001), and was higher in
the poorly differentiated group compared with the group with
well/moderately differentiated tumors (x*=5.476, P<0.001).
PTTGI expression in laryngeal cancer demonstrated no
association with patient age or sex, or with tumor site (P>0.05;
Table I).
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Figure 1. Immunohistochemical staining of PTTGI1 and MMP proteins in laryngeal squamous cell carcinoma tissue and adjacent normal laryngeal tissue
specimens. Positive PTTG1 immunostaining was predominantly localized in the cytoplasm of cancer cells. (A and B) Positive PTTGI expression in laryngeal
squamous cell carcinoma: magnification, (A) x200 and (B) x400. (C and D) Positive expression of (C) MMP-2 and (D) MMP-9 expression in laryngeal squa-
mous cell carcinoma (magnification, x200). (E) Negative PTTG1 expression in laryngeal squamous cell carcinoma (magnification, x200). (F) Negative PTTG1
expression in normal laryngeal epithelium (magnification, x400). PTTGI, pituitary tumor-transforming 1; MMP, matrix metalloproteinase.

The * test indicated that MMP-2 expression was
significantly associated with lymph node metastasis, tumor
differentiation degree, and clinical stage (P<0.001), but was no
correlated with patient age or sex, or with tumor site (P>0.05).
Similarly, MMP-9 expression level was significantly associ-
ated with lymph node metastasis, tumor differentiation degree,
and clinical stage (P<0.001), but not with the other variables
assessed (P>0.05; Table I).

PTTGI expression is correlated with the expression of
MMP-2 and MMP-9 in laryngeal carcinoma. Of the 185
laryngeal cancer cases with positive PTTGI expression, there
were 167 cases with positive MMP-2 expression and 163 cases
with positive MMP-9 expression. The Spearman rank corre-
lation analysis indicated that the expression level of PTTGI1
was positively correlated with the expression levels of MMP-2
(r=0.622, P<0.05) and MMP-9 (r,=0.818, P<0.05) in laryngeal
cancer cells (Table II).

Patient
1 2 3 4

T ANT T ANT T ANT T ANT

o -

B-actin

Figure 2. PTTGI expression in laryngeal cancer tissues and tumor-adjacent
noncancerous tissues. PTTGI protein expression in pairs of T and ANT
specimens from the same patients. 3-actin was used as the internal control
antibody. A representative image was selected from among the three
experiments. PTTGI, pituitary tumor-transforming 1; T, tumor tissue; ANT,
adjacent normal tissue.

PTTGI expression level is associated with postoperative
survival rate in laryngeal cancer. Kaplan-Meier analysis
and log-rank test results showed that the median survival
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Table II. Correlation of PTTG1 expression with MMP-2 and MMP-9 levels.
MMP-2 MMP-9
PTTGlI
level Level 1, value P-value Level 1, value P-value
0 1 2 3 0 1 2 3
1 1 17 21 17 0.622 <0.05 9 13 23 11 0.818 <0.05
2 13 25 29 18 9 27 26 23
3 4 13 20 7 4 12 22 6

Data are presented as the number of patients and were analyzed according to Spearman's rank correlation coefficient (r,). PTTGI, pituitary
tumor-transforming 1; MMP, matrix metalloproteinase.

109 —g+—— Overall survival 1.0 4 _._LI : UIC.C stage I/l
’ ER ~ High 1 ‘ FiH ~ High
‘_hl o Low Sy :.h?m-oensored
t.‘._,l ~+ High-censored 1“'— Lo%v-oensored
0.8 4 1 i~ Low-censored 0.8 1 \
by : - o
© Y 5
Ig l' I; 0 5 -
S 064 s o A
] L9 o
@ » " _g
2 L 3
1] He—— =1 4 +
S 04 Ll g 0.4
g M O
o
0.2 1
0.2+ o
P=0.014
P=0.012 0.0
0.0 A T T T T T T T
T T T T T T - 0 10 20 30 40 50 B0
0 10 20 30 40 50 60 Time (months)

Time (months)

Figure 3. Kaplan-Meier analysis of overall survival in patients with laryn-
geal cancer according to low PTTGI expression (n=89) and high PTTGlI
expression (n=112). P-value was calculated by log-rank test and indicated a
statistically significant difference. PTTGI, pituitary tumor-transforming 1.

time in the group of patients with low PTTGI expression
was 38 months, whereas it was 28.1 months in the group of
patients with high PTTGI1 expression (P<0.05; Fig. 3). The
survival rate of patients with low PTTGI expression was
significantly higher than that of patients with high PTTGI1
expression; thus, the expression of PTTGI appears to be
negatively correlated with the overall survival rate of patients
with laryngeal cancer.

In addition, when patients were subgrouped according
to stage of laryngeal cancer, the overall survival rates were
significantly shorter in patients with high vs. low PTTGI1
expression in the stage I/II subgroup (n=95; P=0.014; Fig. 4)
and in the stage ITII/IV subgroup (n=115; P=0.011; Fig. 5).

Discussion

In the present study, PTTG1 was identified as a
cancer-promoting gene that appears to serve an important
role in laryngeal cancer development. The occurrence and
development of Laryngeal cancer is considered to be a
result of the interaction of multiple factors, and one of the
most important mechanisms underlying laryngeal cancer is
proto-carcinogenic gene regulation causing abnormal cell

Figure 4. Kaplan-Meier analysis of overall survival according to low PTTG1
expression and high PTTGI expression in patients with stage I/1I laryngeal
cancer. P-value was calculated using a log-rank test and indicated a statis-
tically significant difference. PTTGI, pituitary tumor-transforming 1. I/II
(n=74; high, 53; low, 21).

apoptosis and cell proliferation (12). Although substantial
progress has been made in the diagnosis and treatment of
laryngeal cancer, invasion, metastasis, and recurrence remain
the main causes of mortality in affected patients. Worldwide,
the survival rate did not significantly increased from the
mid-1980s to the mid-1990s. The overall 5-year survival rate
of laryngeal carcinoma was ~60% (13,14), which is partly due
to a lack of effective biological markers.

PTTGI is a recently discovered gene with carcinogenic
characteristics which may be independently expressed in
pituitary tumor cells (4). PTTG mRNA and protein are
expressed in a variety of cancer types (15-17), suggesting
the participation of PTTG in tumorigenesis. Overexpression
of PTTG promote cell proliferation, cell-induced
transformation, and sister chromatids separation inhibition
mechanisms involved in tumor formation (18), plays an
important role in regulating cell growth (19). Furthermore,
studies by Heaney et al (20,21) and Kim et al (22) suggested
that PTTG may also induce the secretion of basic fibroblast
growth factor (bFGF), implicating PTTG in the promotion
of tumor angiogenesis, which is necessary for tumor growth.
Ramaswamy er al (6) proposed that PTTG is also closely
associated with tumor metastasis, and reported that high
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expression of PTTG may be associated with tumor invasion,
metastasis, and angiogenic ability.

In this study, PTTGI1 expression was detected in laryngeal
cancer tissues by immunohistochemistry. The results revealed
that the rate of positive PTTGI expression in the laryngeal
cancer group was 88.09% (185 out of 210 patients), whereas,
in normal laryngeal tissues adjacent to the carcinoma, it was
17.14% (36 out of 210 patients). Thus, PTTGI expression in
laryngeal cancer tissues was significantly higher than that in
normal carcinoma-adjacent laryngeal tissues (3*=212.0198,
P<0.0001). Additionally, the positive expression rate of PTTG1
protein was significantly higher in the lymph node metastasis
group compared with the group without lymph node metas-
tasis, in the stage III-IV group compared with the stage I-I1
group, and in the poorly differentiated group compared with
the highly/moderately differentiated group. These results indi-
cated that PTTGI expression is associated with lymph node
metastasis, tumor stage and degree of malignancy. It may be
ascertained from these results that PTTGI plays an important
role in the processes of laryngeal cancer occurrence, develop-
ment and metastasis, and may be a risk factor for laryngeal
cancer.

In the process of invasion and metastasis, the degradation
of the extracellular matrix (ECM) and basement membrane
is a key step. MMPs are a family of highly conserved
zinc-dependent incision proteolytic enzymes. MMPs can
degrade the ECM into various protein components, and
also degrade the basement membrane, regulate tumor cell
growth, promote new blood vessel formation, and regulate
cell adhesion. These processes are associated with malignant
tumor invasion and metastases (23-25). The roles of MMPs
in the development, invasion and metastasis of tumors are
widely recognized (26). MMP-2 and MMP-9 are gelatinase
enzymes, and mainly act to hydrolyze and degrade type IV
collagen. They play important roles in the processes of
tumor angiogenesis, tumor cell invasion and metastasis (27).
Through the detection of MMP-2 and MMP-9 expression, it
is possible to predict metastasis and prognosis in certain types
of cancer.

Existing research shows that MMP-2 and MMP-9 are
highly expressed in laryngeal cancer, and are associated with
Ilymph node metastasis and poor prognosis (28,29). In the
present study, using the immunohistochemical SP method
to detect the positive expression rate of the proteins, it was
demonstrated that MMP-2 and MMP-9 were more highly
expressed in laryngeal cancer tissues than in normal tissues
adjacent to the carcinoma, and were positively associated with
lymph node metastasis, degree of tumor differentiation, and
clinical stage (P<0.05), but were not associated with age, sex,
or tumor location (P>0.05). This is consistent with the results
of previous studies (28,29) and indicates that high levels of
MMP-2 and MMP-9 in laryngeal cancer tissues are closely
associated with the incidence of laryngeal cancer. Combined
with the above description, we hypothesize that the expression
of MMP-2 and MMP-9 may promote lymph node metastasis
and serve important roles in the invasion and metastasis of
laryngeal cancer.

Analysis of the present experimental data revealed that the
positive expression rates of PTTG1, MMP-2 and MMP-9 in
laryngeal cancer tissues were significantly higher than those
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Figure 5. Kaplan-Meier analysis of overall survival according to low
PTTGI expression and high PTTGI expression in patients with stage I1I/IV
laryngeal cancer. P-value was calculated by log-rank test and indicated a
statistically significant difference. PTTGI, pituitary tumor-transforming 1.
III/TV (n=111; high, 93; low, 18).

in normal tissues adjacent to the carcinoma, with the lymph
node metastasis subgroup exhibiting higher levels than the
subgroup without lymph node metastasis (P<0.05). In addition,
the expression rates of these three proteins in laryngeal cancer
tissues were positively correlated with one another (Table II).
The results suggest that there is a significant relationship
between PTTGI1, MMP-9 and MMP-2.

PTTGI causes cancer cells to infiltrate the surrounding
area, and this mechanism may involve altering the activity
and secretion of MMP-2 (30). High expression of MMP-2
and MMP-9 can promote the invasion of non-small cell lung
cancer (31), and interference with PTTGI expression can
reduce the expression of MMP-2 and MMP-9, reducing the
invasion and metastasis of non-small cell lung cancer (32),
This may be explained in that PTTGI is a important regula-
tory factor of MMP-2 and MMP-9, and these three proteins
serve a crucial role in cancer occurrence, invasion and metas-
tasis.

In the present study, single-factor survival analysis results
showed that patient age and sex, and tumor location had no
significant effect on the outcomes of 210 cases of laryngeal
cancer, whereas expression of PTTGI1, lymph node metastasis,
tumor stage, and degree of differentiation had marked
influences on prognosis. The cumulative survival rates at 3
and 5 years after surgery in the PTTGI-negative subgroup were
85.19 and 73.68%, while in the PTTGI-positive subgroup they
were 41.34 and 3.52%, respectively. The survival rates at 3
and 5 years in the PTTGI-positive group were significantly
lower than those in the PTTGI-negative group (P<0.0001).
Thus, PTTGI is negatively correlated with overall survival,
and the higher the PTTGI expression, the shorter the patient
survival time. This indicates that PTTGI is an important
factor in the occurrence and development of laryngeal cancer
and acts to promote the invasion and metastasis of laryngeal
cancer cells. Thus, it may be used as a marker of prognosis in
patients with laryngeal cancer. The Cox model results showed
that the positive expression of PTTGI is an independent factor
in evaluating the prognosis of patients with laryngeal cancer.
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In summary, the present study demonstrated that PTTGI1
expression in laryngeal cancer cells serves a key role in tumor
development and could be used as an independent biological
marker for the evaluation of prognosis in patients with
laryngeal cancer. PTTGI can promote the proliferation and
metastasis of laryngeal cancer cells, and the levels of PTTGI,
MMP-2 and MMP-9 are significantly positively correlated.
Studying the effect of PTTGI may provide novel targets for
the prevention and treatment of laryngeal cancer.
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