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overexpression inhibits cell proliferation and invasion in nasopharyngeal 
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ABSTRACT
The function of tubulin polymerization promoting protein family member 3 (TPPP3) in tumor cells 
is complicated, and the role of TPPP3 in nasopharyngeal carcinoma (NPC) remains unclear. This 
study aims to explore the expression of TPPP3 in NPC and its effect on NPC cells. The expression 
of TPPP3 in NPC tissues and other cancers were analyzed by using the Oncomine and Gene 
Expression Omnibus (GEO) databases. The mRNA and protein of TPPP3 were detected in NPC 
tissues by quantitative real-time PCR and immunohistochemistry. Furthermore, TPPP3 was over-
expressed in 5–8 F and HONE1 cell lines by lentivirus transfection, and functional analysis of TPPP3 
in NPC was evaluated through in vitro experiments. The expression of TPPP3 was significantly 
down-regulated in NPC tissues and cells. Overexpression of TPPP3 significantly inhibited prolifera-
tion of 5–8 F and HONE1 cells in vitro. In addition, overexpression of TPPP3 significantly attenu-
ated the invasion ability of 5–8 F, HONE1 cells in vitro, but have no significant effect on migration 
ability. Furthermore, TPPP3 overexpression diminished the expression of MMP-2 and MMP-9 
mRNA. By analyzing dataset GSE12452, it was interesting that TPPP3 high expression group 
mainly functioned in B cell receptor signaling pathway, cell cycle and DNA replication. In conclu-
sion, our results suggest that TPPP3 may be considered as an antioncogene, which plays an 
important role in the occurrence and progression of NPC.
Abbreviations: TPPP3: tubulin polymerization promoting protein family member 3; NPC: naso-
pharyngeal carcinoma; GEO: Gene Expression Omnibus; qRT-PCR: quantitative real-time PCR; GFP: 
green fluorescence protein; MOI, transfected multiplicity of infection; CCK-8: cell counting kit-8; 
OD: optical density; GSEA: gene set enrichment analysis; GO: Gene Ontology; KEGG: Kyoto 
Encyclopedia of Genes and Genomes; MMP-2: matrix metalloproteinase-2; MMP-9: matrix metal-
loproteinase-9.
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Introduction

Nasopharyngeal carcinoma (NPC) is a kind of 
malignant tumor originated from the mucous 
epithelium of the top and side walls of the naso-
pharynx cavity. It has a very obvious regional 
distribution characteristics, and its morbidity and 
mortality in southern China rank first in the world 
[1]. The common clinical symptoms of NPC are 
nasal obstruction, blood in the nose, ear conges-
tion, hearing loss, headache, etc. The early clinical 
symptom of NPC is not typical, and most of NPC 
patients are found in advanced stage of the disease 
or distant metastasis [2]. Because of its high occult, 
malignant degree, rapid development and easy 
distant metastasis, NPC is difficult to diagnose 
and treatment. Most patients died of distant 

metastasis and local recurrence, thus the treatment 
of NPC is still challenging [3].

Tubulin polymerization promoting protein 
family member 3 (TPPP3) first cloned from 
human pituitary by Hu RM’s group in 2000, and 
it belongs to a new member of TPPP family [4]. 
TPPP3 may specifically bind to microtubule 
in vitro and in vivo, which may play an important 
role in promoting microtubule aggregation, cell 
proliferation and mitosis [5]. Currently, most stu-
dies show that TPPP3 has cancer promoting char-
acteristics, and the expression of TPPP3 is 
increased in a variety of tumor types, such as non- 
small cell lung cancer, colorectal cancer, endome-
trial carcinoma, breast cancer, etc [6–11]. 
However, study showed that TPPP3 protein was 
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up-regulated in long-term survival pancreatic duc-
tal carcinoma patients, and Kaplan–Meier analysis 
showed that TPPP3 protein was positively corre-
lated with the number of survival months [12]. 
The study of TPPP3 in tumor is still rare, and its 
function in tumor cells is complicated.

Therefore, the role of TPPP3 in NPC needs 
further elucidation. This study aimed to explore 
the expression of TPPP3 in NPC, and investigate 
the role of TPPP3 in NPC cells by cell prolifera-
tion, cell migration and invasion assays. 
Experiments showed that TPPP3 overexpression 
inhibited NPC cells proliferation and invasion. 
Our results suggest that TPPP3 may be considered 
as an antioncogene, which plays an important role 
in the occurrence and progression of NPC.

Materials and Methods

Materials

Tissue specimens
All tissue specimens were extracted from patients 
who presented to Department of 
Otorhinolaryngology, the First Affiliated Hospital 
of Guangxi Medical University during the period 
of May 2018 to August 2018. The carcinomatous 
tissues of 16 patients with NPC and the nasophar-
yngeal mucosal tissues of 16 patients with chronic 
nasopharyngitis were studied. Among 16 fresh 
specimens of NPC, 13 were male and 3 were 
female, aged 32–78 years, with a median age of 
51 years. Among 16 specimens of chronic naso-
pharyngitis patients, there were 10 males and 6 
females, aged 25–77 years, with a median age of 
44 years.

Paraffin sections of 72 cases of NPC and 51 
cases of chronic nasopharyngitis were taken from 
the Department of Pathology, the First Affiliated 
Hospital of Guangxi Medical University. In 72 
NPC tissues, 50 males and 22 females, aged 16– 
74 years, with a median age of 49 years. In 51 cases 

of chronic nasopharyngitis, 34 were male, 17 were 
female, the age was 16–74 years, the median age 
was 44 years.

All tissue specimens were confirmed by patho-
logical examination, and patients without radio-
therapy or chemotherapy. NPC staging was 
classified by the TNM stage classification accord-
ing to the 8th Edition UICC/AJCC. The study was 
approved by the ethics committee of the First 
Affiliated Hospital of Guangxi Medical 
University, and the informed consent of the sub-
jects was obtained.

Cell lines
In this study, NP69 was used as the control group, 
CNE2, HK1, 5–8 F, HONE1 as the experimental 
group, all of them were donated by the 
Otolaryngology Laboratory of Guangxi Medical 
University. All cells were cultured in 90% DMEM 
(Gibco, USA) supplemented with 10% FBS (Gibco, 
USA) and kept in a humid environment of 37�, 
5% CO2.

Methods

Quantitative real-time PCR (qRT-PCR)
Total RNA was extracted from tissues and cells 
according to the instructions of RNAiso Plus 
reagent (Takara, Dalian, China), and mRNA was 
reverse transcribed into cDNA using the 
PrimeScript ™ RT reagent Kit (Takara, Dalian, 
China). Besides, qRT-PCR was performed accord-
ing to the instructions of the SYBR® Premix Ex 
TaqTM II (Takara, Dalian, China). Sequences of 
primers are shown in Table 1. The experiment was 
repeated three times. Fold change (relative  
expression) = 2−ΔΔCt.

Western blot
Proteins were extracted by lysis buffer (PMSF: 
RIPA = 1:100). Subsequently, proteins were 

Table 1. Sequences of primers.
Gene Forward primer (5→3ʹ) Reverse primer (5ʹ→3ʹ)
TPPP3 GGCAAGAGATGAATGGCAAGA CATAGTTGATGACCCGAGCAGA
GAPDH TGACTTCAACAGCGACACCCA CACCCTGTTGCTGTAGCCAAA
MMP-2 TTGATGGCATCGCTCAGATC TTGTCACGTGGCGTCACAGT
MMP-9 GACGCAGACATCGTCATCCA CACAACTCGTCATCGTCGAAA
β-actin TTGCCGACAGGATGCAGAAGGA AGGTGGACAGCGAGGCCAGGAT
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electrophoresed by 5% concentrated gel and sepa-
rated by 12% isolated gel, then transferred by 
membrane of PVDF. After blocking with 5% 
skim milk, the PVDF membranes were incubated 
with anti-TPPP3 antibody (GeneTex, USA, dilu-
tion 1: 1000) and anti-β-actin antibody (Sangon 
Biotech, China, dilution 1:800) overnight at 4°C, 
respectively. And then, these PVDF membranes 
should be incubated with fluorescent secondary 
antibody (CST, USA, dilution 1:10,000) for 60 min-
utes at room temperature. The Odyssey imaging 
system (LI-COR Biosciences, Lincoln, USA) was 
applied to analyze the gray value of corresponding 
protein [13].

Immunohistochemistry
The primary antibody used for immunostaining 
was the TPPP3 polyclonal antibody (GeneTex, 
USA). Immunohistochemical SP method was 
used to routinely dewax, gradual hydration of gra-
dient alcohol, and repair antigen etc. The diluted 
TPPP3 primary antibody (dilution 1:100) was 
incubated at 4°C overnight, and immunohisto-
chemical staining kit SP-9002 (zsbio, Beijing, 
China) were used. After DAB color reagent was 
added, hematoxylin was counterstained to the 
slice.

TPPP3 is mainly distributed in the cytoplasm. 
Light yellow, brownish yellow or tan fine particles 
appearing in the cytoplasm are positive staining. 
Strength of positive cells staining (contrast of 
staining with background) as follows: 0 (no posi-
tive staining), 1 (light yellow), 2 (brown), 3 (tan). 
Percentage of positive cells as follows: 1 (<10%), 2 
(10% −50%), 3 (51% −75%), 4 (>75%). The pro-
ducts of staining intensities and the percentage of 
positive cell expressions was used as the immuno-
histochemical score. The immunohistochemical 
score ≥ 1 is considered positive, otherwise it is 
considered negative [14].

Cell transfection
Lentivirus vector of TPPP3 overexpression (LV- 
TPPP3) and the control lentivirus vector (LV- 
CON307) were completed by Genechem 
Technology Co., Ltd. (Shanghai, China), and the 
lentivirus has puromycin resistance and green 
fluorescence protein (GFP) expression sequence. 
According to the operation manual of lentivirus, 

cells were inoculated at the density of 5 × 104/ml, 
and transfected multiplicity of infection (MOI) 
was 30. The transfection efficiency of cells was 
observed under the inverted fluorescence micro-
scope (Olympus, Japan) in 72 hours after transfec-
tion. When the fluorescence efficiency over 80%, 
the transfected cells were used for subsequent 
experiments. The successful transfection of 5–8 F 
and HONE1 was determined by qRT-PCR and 
western blot.

Cell counting kit-8 assay (CCK-8) and clone 
formation assays
Cell proliferation was detected by CCK-8 (Dojindo 
Lab, Japan) and clone formation assays. For CCK- 
8 assay, NPC cells were seeded into 96-well plates 
at a density of 2500 cells/well and then incubated 
with CCK-8 solutions at different times (0, 24, 48, 
72, and 96 h) for 2 h at 37°C. The optical density 
(OD) value of cells in each group was detected by 
Varioskan™ LUX Multimode Microplate Reader 
(Thermo Scientific, USA) at 450 nm.

For the colony formation assay, 500 cells were 
plated into each well of 6-well plates. Medium was 
refreshed every three days and cultured until 
clones were obviously visible. Colonies were fixed 
with 4% paraformaldehyde for 20 min, stained 
with 1% crystal violet for 20 min and counted by 
visual inspection. Clone formation rate = (number 
of clone formation/number of seeded cells) × 
100% [13].

Cell migration and invasion assays
For wound healing assay, cells were seeded into 
6-well plates (6 × 105 cells/well) and cultured at 
37°C, 5% CO2 until cell grown to a confluent 
monolayer. Subsequently, a uniform scratch was 
made down the center of the well using 
a micropipette tip, and then the cells were cultured 
in serum-free medium. The migration of each 
group of cells at the time of scratching 0 h and 
36 h later were observed under an inverted micro-
scope. The relative distance of the cells to the 
scratched area was measured using Image 
J software, and relative cell migration rate 
(%) = relative distance of cell migration/original 
distance of scratched area × 100%.

Cell migration assays were performed using 24- 
well transwell units with 8 µm pore size 

BIOENGINEERED 8487



polycarbonate inserts (Corning, USA). About 
3 × 104 cells were harvested in 200 µl serum-free 
medium and seeded into the upper chamber, and 
500 µl medium containing 10% fetal bovine serum 
was added to the lower chamber. After 24 h of 
incubation, the cells on the top of the membrane 
were wiped off with a cotton swab. Cells on the 
lower surface were fixed with 4% polymethanol for 
30 min, and stained with 1% crystal violet for 
20 min. Five random fields of the lower surface 
were photographed under inverted microscope 
(Olympus, Japan).

For the invasion assay, the transwell chambers 
were coated with appropriate concentration of 
Matrigel (Corning, MA). About 4 × 104 cells 
were harvested in 200 µl serum-free medium and 
seeded into the upper chamber. Invasion assay was 
performed similar to migration assay [13].

Gene set enrichment analysis (GSEA)
Based on GSE12452, the expression profile data of 31 
NPC tissues were grouped by the mean value of 
TPPP3 expression. The GSEA was performed to ana-
lyze the biological processes involved in the expres-
sion of TPPP3 gene in NPC and the possible related 
pathways with the molecular functions and biological 
processes of Gene Ontology (GO) and Kyoto 
Encyclopedia of Genes and Genomes (KEGG). | 
NES| >1, NOM p-val < 0.05, FDR q-val < 0.25 were 
set as the threshold of significant enrichment.

Statistical analysis

We used R 3.5.1 to analyze the differential expres-
sion of TPPP3 mRNA in NPC and normal naso-
pharyngeal tissues from Gene Expression 
Omnibus (GEO) databases. SPSS 22.0 (Chicago, 
IL, USA) was used for statistical analysis. 
Measurement data were expressed as mean ± 
standard deviation, and p < 0.05 was considered 
statistically significant (two-sided test). Student’s 
t-test was used to compare the difference between 
two groups. One-way ANOVA was used to com-
pare the difference among multiple groups. Chi- 
square test or Fisher exact probability method 
was used to compare categorical data between 
groups.

Results

TPPP3 was down-regulated and may serve as an 
antioncogene in NPC. Experiments revealed that 
TPPP3 inhibited NPC cells proliferation and inva-
sion. All of the results suggested TPPP3 may be 
considered as an antioncogene, which plays an 
important role in the occurrence and progression 
of NPC.

Expression of TPPP3 is reduced in NPC tissues 
and cell lines

The mRNA expression levels of TPPP3 from the 
Oncomine database were significantly elevated in 
colorectal carcinoma and invasive ductal breast 
carcinoma (Figure 1(a-b)), which is consistent 
with previous published results [9,11]. However, 
this study analyzed NPC datasets GSE12452, 
GSE53819 and GSE61218, and found the mRNA 
expression levels of TPPP3 in NPC tissues were 
significantly lower than those in normal nasophar-
yngeal tissues (Figure 1(c-e)).

Subsequently, we measured the expression level 
of TPPP3 in NPC tissues by qRT-PCR and immu-
nohistochemistry assays. Our results indicated that 
the expression of TPPP3 mRNA in NPC tissues 
was 0.114 ± 0.069 while in chronic nasopharyngitis 
was 1.340 ± 0.707, TPPP3 mRNA level was sig-
nificantly lower in NPC tissues than that in 
chronic nasopharyngitis tissues (Figure 2(a)). 
Consistent with this, the relative expression of 
TPPP3 mRNA in CNE2, HK1, 5–8 F and 
HONE1 cells was significantly lower than that in 
NP69 cells (Figure 2(b)). Similarly, immunohisto-
chemistry showed that positive staining intensity 
of TPPP3 protein was significantly lower in NPC 
tissues (Figure 2(c), Table 2). These data show that 
TPPP3 is significantly reduced in NPC. However, 
there was no significant correlation between 
TPPP3 expression and clinicopathological para-
meters in NPC (Table 3).

Construction of TPPP3 overexpression stable cell 
lines

In order to study the effect of TPPP3 on biological 
behaviors of NPC cell, stable overexpression 
TPPP3 in 5–8 F and HONE1 cell lines, which 
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Figure 1. TPPP3 expression in human cancers.
The mRNA expression levels of TPPP3 from the Oncomine database were significantly elevated in colorectal carcinoma and invasive 
ductal breast carcinoma (a-b). According to the GEO database, TPPP3 mRNA expression in NPC tissues is lower than that in normal 
nasopharyngeal tissues (c-e). 

Figure 2. Expression of TPPP3 is reduced in NPC tissues and cell lines.
(a) qRT-PCR showed that TPPP3 mRNA in NPC tissues is lower than that in chronic nasopharyngitis tissues. (b) Expression of TPPP3 
mRNA in human NPC cells CNE2, HK1, 5–8 F and HONE1 is lower than that in nasopharyngeal epithelial cells NP69. (c) 
Immunohistochemistry staining of TPPP3 in NPC and chronic nasopharyngitis tissues. Scale bar = 100 μm; ***P < 0.001. 
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had lower endogenous TPPP3 expression, was 
made. After lentivirus transfected cells were 
screened with puromycin, the efficiency of GFP 
was observed under the inverted fluorescence 
microscope. The expression of TPPP3 mRNA 
and protein in different cell groups were detected 
by qRT-PCR and western blot. These results all 
indicated that TPPP3 overexpression stable cell 
line was successfully constructed (Figure 3).

TPPP3 overexpression inhibited NPC cells 
proliferation

To study the effect of TPPP3 overexpression on 
cell proliferation, we carried out cell proliferation 
and clone formation assays. The proliferation of 
both cells was measured using CCK-8 assay, which 
revealed that TPPP3 overexpression caused 
a significant decrease in proliferation of 5–8 F 
and HONE1 (Figure 4(a)). Similarly, colony for-
mation assay suggested TPPP3 overexpression 

significantly inhibited the proliferation rate of 
both cells (Figure 4(b)). Our results demonstrated 
that TPPP3 overexpression significantly inhibited 
proliferation of 5–8 F and HONE1 cells in vitro.

TPPP3 overexpression attenuated NPC cells 
invasion

To further determined whether TPPP3 affected 
cell migration and invasion in vitro, wound heal-
ing, transwell migration and transwell invasion 
assays were carried out. Both wound healing and 
transwell migration assays suggest that TPPP3 
overexpression had no significant effect on the 
migration ability of 5–8 F and HONE1 cells 
(Figure 5). Interestingly, transwell invasion assay 
suggested that TPPP3 overexpression attenuated 
the invasion ability of 5–8 F, HONE1 cells 
(Figure 6(a)). Furthermore, TPPP3 overexpression 
diminished the expression of matrix metallopro-
teinase-2 (MMP-2) and matrix metalloproteinase- 
9 (MMP-9) mRNA (Figure 6(b)).

Enrichment analysis of TPPP3 in NPC tissues

According to GSEA, it revealed that TPPP3 high 
expression group enriched to 19 up-regulated 
KEGG pathways and 11 down-regulated KEGG 
pathways (Table 4). Interestingly, TPPP3 high 
expression group mainly functioned in B cell 
receptor signaling pathway, cell cycle and DNA 
replication. However, no enrichment in GO mole-
cular function and GO biological process.

Discussion

Recently, the activation of oncogenes and the 
deletion of tumor suppressor genes have 
attracted extensive attention in tumor research, 
and many tumor suppressor genes are considered 
as important factors in the occurrence and devel-
opment of NPC [15,16]. With the deepening of 
research between TPPP3 gene and tumors, 
TPPP3 has been reported highly expressed in 
lung cancer, HeLa cells of cervical cancer and 
colorectal cancer [6–9,17]. However, Hu D et al 
used proteomics to analyze prognostic biomar-
kers for pancreatic ductal adenocarcinoma, they 
found that TPPP3 protein was up-regulated in 

Table 2. The expression of TPPP3 in NPC and chronic nasophar-
yngitis tissues.

Group N
Positive 

(+)
Negative 

(-)
Positive rate 

(%) P-value

NPC 72 7 65 9.72 <0.001
chronic 

nasopharyngitis
51 47 4 92.16

Table 3. The correlation between TPPP3 expression and clin-
icopathological parameters in NPC.

Group N
Negative 

(-)
Positive 

(+)
Positive rate 

(%) P-value

Gender
male 50 45 5 10.00 >0.05
female 22 20 2 9.09
Age
≤45 30 27 3 10.00 >0.05
>45 42 38 4 9.52
Differentiation or 

not
differentiated 7 6 1 14.29 >0.05
undifferentiated 65 59 6 9.23
T classification
T1&T2 17 15 2 11.76 >0.05
T3&T4 55 50 5 9.09
N classification
N0&N1 21 19 2 9.52 >0.05
N2&N3 51 46 5 9.80
M classification
M0 63 57 6 9.52 >0.05
M1 9 8 1 11.11
Tumor stage
I&II 8 7 1 12.50 >0.05
III&IV 64 58 6 9.38
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Figure 3. Construction of TPPP3 overexpression stable cell lines.
(a) Fluorescence and white light diagrams under inverted fluorescence microscope after lentivirus transfected cells of each group for 
72 hours. (b) Relative expression of TPPP3 mRNA was detected by qRT-PCR. (c-d) Expression of TPPP3 protein was determined by 
western blot. Scale bar = 50 μm; ***P < 0.001. 

Figure 4. TPPP3 overexpression inhibited NPC cells proliferation.
(a) CCK-8 assay and (b) colony formation assay. * P < 0.05. 
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patients with long-term survival of pancreatic 
ductal carcinoma, and TPPP3 protein is asso-
ciated with a good prognosis of pancreatic ductal 
adenocarcinoma [12]. At present, research of 
TPPP3 in tumors is still unclear, and its function 
in tumor cells is complex. Therefore, the func-
tion of TPPP3 gene may be different in different 
tumors.

The relationship between TPPP3 and NPC has 
not been reported, and its biological function in 
NPC is not clear. Firstly, we found that the expres-
sion of TPPP3 mRNA in NPC tissues is lower than 
those in normal healthy nasopharyngeal tissues 
(GSE12452, GSE53819 and GSE61218). Further 
investigation found that TPPP3 mRNA and pro-
tein levels in NPC tissues were significantly lower. 
Consistent with tissue assays, the relative expres-
sion levels of TPPP3 mRNA in NPC cell lines 
(CNE2, HK1, 5–8 F and HONE1) were 

significantly lower than that in normal nasophar-
yngeal epithelial cell line NP69. Based on the 
mutual verification of the above experiments, we 
found that the expression level of TPPP3 in NPC 
was significantly downregulated, suggesting 
TPPP3 may play an important role in the occur-
rence and development of NPC.

At the cellular level of tumorigenesis and devel-
opment, unlimited cell proliferation, cell cycle 
imbalance and cell apoptosis disorder are impor-
tant biological characteristics of tumor cells 
[18,19]. In the present study, both CCK-8 assay 
and clone formation assay revealed that TPPP3 
overexpression inhibited the proliferation of NPC 
cells in vitro. Notably, TPPP3 high expression 
group enriched in 11 down-regulated KEGG path-
ways, especially in cell cycle and DNA replication, 
which is consistent with the result that TPPP3 
overexpression inhibited the proliferation of NPC 

Figure 5. TPPP3 overexpression had no significant effect on the migration ability in NPC.
(a) Wound healing assay. Scale bar = 100 μm. (b) Transwell migration assay. Scale bar = 50 μm. 
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Table 4. Significantly enriched KEGG pathways.
NAME ES NES NOM p-val FDR q-val

ANTIGEN PROCESSING AND PRESENTATION 0.584 1.730 0.010 0.207
COMPLEMENT AND COAGULATION CASCADES 0.624 1.718 0.004 0.117
CALCIUM SIGNALING PATHWAY 0.438 1.713 0.000 0.085
AUTOIMMUNE THYROID DISEASE 0.680 1.682 0.012 0.097
B CELL RECEPTOR SIGNALING PATHWAY 0.650 1.669 0.014 0.094
LEISHMANIA INFECTION 0.690 1.648 0.006 0.102
VIRAL MYOCARDITIS 0.604 1.645 0.014 0.091
HEMATOPOIETIC CELL LINEAGE 0.674 1.613 0.015 0.112
GRAFT VERSUS HOST DISEASE 0.729 1.580 0.032 0.138
CELL ADHESION MOLECULES CAMS 0.582 1.578 0.016 0.127
LEUKOCYTE TRANSENDOTHELIAL MIGRATION 0.533 1.575 0.019 0.118
INTESTINAL IMMUNE NETWORK FOR IGA PRODUCTION 0.739 1.571 0.013 0.112
ASTHMA 0.730 1.569 0.008 0.107
SYSTEMIC LUPUS ERYTHEMATOSUS 0.656 1.538 0.021 0.130
TYPE I DIABETES MELLITUS 0.663 1.511 0.036 0.146
ALLOGRAFT REJECTION 0.715 1.505 0.048 0.143
PRIMARY BILE ACID BIOSYNTHESIS 0.603 1.4914 0.044 0.150
CHEMOKINE SIGNALING PATHWAY 0.488 1.459 0.029 0.173
DILATED CARDIOMYOPATHY 0.368 1.414 0.040 0.190
AMINO SUGAR AND NUCLEOTIDE SUGAR METABOLISM −0.590 −1.530 0.030 0.196
PENTOSE PHOSPHATE PATHWAY −0.623 −1.544 0.042 0.185
GLYOXYLATE AND DICARBOXYLATE METABOLISM −0.597 −1.550 0.038 0.189
DNA REPLICATION −0.733 −1.559 0.045 0.190
GALACTOSE METABOLISM −0.555 −1.562 0.029 0.202
SELENOAMINO ACID METABOLISM −0.551 −1.567 0.037 0.212
SPLICEOSOME −0.588 −1.590 0.043 0.191
CELL CYCLE −0.627 −1.597 0.021 0.199
HOMOLOGOUS RECOMBINATION −0.626 −1.602 0.0483 0.218
MISMATCH REPAIR −0.755 −1.609 0.027 0.234
GLYCOSYLPHOSPHATIDYLINOSITOL GPI ANCHOR BIOSYNTHESIS −0.636 −1.670 0.008 0.248

Figure 6. TPPP3 overexpression attenuated NPC cells invasion.
(a)Transwell invasion assay. Scale bar = 50 μm. (b) Relative expression of MMP-2 and MMP-9 mRNA in different groups. **P < 0.01, 
*P < 0.05. 
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cells. These results demonstrate TPPP3 may inhi-
bit NPC proliferation by regulating cell cycle and 
DNA replication pathways.

Invasion and metastasis of tumor cells are not 
only basic biological characteristics of tumor, but 
also key factors of tumor malignant progression 
[20–22]. The clinical treatment of NPC is mainly 
radiotherapy, and the treatment effect for stage 
I patients is good, and the 10-year survival rate 
can reach 98%; but the treatment effect of 
advanced patients is poor, and the median survival 
time of patients with advanced metastasis is only 
3 years [23–25]. Thus, it is very important to study 
the molecular mechanism of NPC metastasis. In 
this study, transwell invasion assay showed that 
TPPP3 overexpression attenuated the invasion of 
NPC cells in vitro, whereas, neither wound healing 
assay nor transwell migration assay have effect on 
the migration ability of NPC cell. Further study 
revealed TPPP3 overexpression diminished the 
expression of MMP-2 and MMP-9 mRNA, which 
are involved in the breakdown of extracellular 
matrix in cancer metastasis. All above suggested 
that TPPP3 may serve as an important regulator in 
NPC progression.

In this study, the down-regulation of TPPP3 
expression in NPC seems to be in contradiction 
with other previous reports that TPPP3 expression 
is up-regulated in colorectal cancer, non-small cell 
lung cancer and hepatocellular carcinoma; in addi-
tion, previous reports demonstrated that knock-
down of TPPP3 inhibits cell proliferation, 
migration and invasion, which is inconsistent 
with our findings [8,9,26]. In fact, it exactly reflects 
that the role of epigenetic modification related 
genes in tumors are not single, reveals the expres-
sion of TPPP3 may have specific tissue heteroge-
neity. Due to the complex heterogeneity in tumors, 
related genes can play different biological roles in 
different tumor cells. Therefore, exploring the spe-
cific role of epigenetic modification related genes 
in specific tumors is of great significance for early 
diagnosis, treatment and prognosis of tumors. 
TPPP3 has dual effect on tumorigenesis and devel-
opment. The difference may be explained by the 
fact that different tumors have different genetic 
backgrounds, and are subjected to different 
upstream regulation, but the specific mechanism 
needs further study.

Conclusion

In summary, our study demonstrated that TPPP3 is 
significantly down-regulated in NPC tissues and 
cells. Furthermore, TPPP3 overexpression signifi-
cantly attenuated the proliferation and invasion 
abilities of NPC cells in vitro. These findings sug-
gested that TPPP3 may be considered as an anti-
oncogene, which plays an important role in the 
occurrence and progression of NPC, whereas the 
underlying mechanism require further research.
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