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Abstract 

Tubulin Polymerization Promoting Protein Family Member 3 (TPPP3), a member of the TPPP protein 
family, has been reported to play important roles in initiation and progression of human cancers. 
However, the expression and underlying function of TPPP3 in colorectal cancer (CRC) have not yet 
been fully clarified. In this study, the mRNA and protein levels of TPPP3 in 96 clinical CRC specimens 
were determined by RT-PCR and immunohistochemistry. The relation between TPPP3 expression and 
clinicopathologic characteristics and overall survival (OS) were evaluated. Further experiments showed 
that knockdown of TPPP3 inhibited cell proliferation, migration and invasion and induced cell apoptosis 
in vitro. In addition, TPPP3 silencing resulted in a decrease of angiogenesis and S phase fraction. Thus, 
our results suggested that TPPP3 played an important role in CRC progress and might serve as novel 
therapeutic target for CRC treatment. 
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Introduction 
Colorectal cancer (CRC) is one of the most 

common types of malignant tumor and the third 
leading cause of cancer-related deaths in the world [1, 
2]. The occurrence rate is significantly increasing and 
CRC has become the fifth most frequent cause of 
cancer-related death in China [3]. Despite significant 
improvement in curative surgical resection and 
adjuvant chemotherapeutic regimens, the majority of 
patients are often diagnosed at an advanced stage 
thus with poor prognosis [4-6]. A growing number of 
studies have demonstrated that complicated 
pathogenesis of CRC was a multi-step process 
involving in the deregulation of multiple oncogenes 
and tumor suppressors [7-10], thereby emphasizing 
the need to further understand the molecular 

mechanisms underlying the formation and 
development of CRC.  

TPPP3, a member of the tubulin 
polymerization-promoting protein family, was 
reported to induce tubulin polymerization and 
microtubule bundling both in vitro and in vivo [11]. 
TPPP3 was reported to express in joints coincides and 
represent a molecular marker in joint differentiation 
[12]. We previously reported that depletion of TPPP3 
suppressed cell proliferation and induced cell cycle 
arrest by regulating centrosomes amplification 
and/or spindles translocation processes in HeLa cells 
[13]. Furthermore, TPPP3 was found to increase in 
NSCLC tissues and associate with short overall 
survival. Knockdown of TPPP3 inhibited cell 
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proliferation and induced cell apoptosis and cell cycle 
arrest in vitro and suppressed tumor growth in vivo 
[14, 15]. Together with those findings, it seems likely 
that TPPP3 played as an oncogene in cancer.  

In the present study, we further assessed 
whether TPPP3 played any role in tumor 
development and progress in CRC. Our result 
showed that TPPP3 was significantly increased in 
CRC tissues and associated with aggressive factors 
and poor patient survival. Moreover, we examined 
the biological function of TPPP3 in CRC cells in vitro.  

Materials and Methods 
Clinical samples 

A total of 96 human primary CRC tissues and 
their adjacent noncancerous tissues were collected 
from patients who had undergone gastrointestinal 
surgery between 2008 and 2010 at Huashan Hospital 
of Fudan University, China. None of the patients had 
received radiotherapy, chemotherapy, or other 
treatments before surgery. Written informed consent 
was obtained from all enrolled patients, and all 
investigations were performed according to the 
declaration of Helsinki. This study was approved by 
the Ethics Committee of Huashan Hospital of Fudan 
University, Shanghai, China. 

Cell lines and cultivation 
Human CRC cell lines SW480, HT29, RKO, 

LOVO, and SW620, and the normal human intestinal 
epithelial cell line HIEC were obtained from cell 
banks of the Shanghai Institutes of Biological Sciences 
(Shanghai, China). All cells were cultured in 
RPMI-1640 (Gibco, Grand Island, NY, USA) medium 
supplemented with 10% fetal bovine serum (Gibco), 1 
% streptomycin/penicillin in a humidified tissue 
culture incubator at 37°C in 5% CO2. 

Quantitative real-time PCR analysis 
Total RNA was isolated from clinical specimen 

and CRC cell lines using TRIzol® Reagent (Life 
Technologies, USA) according to the manufacturer’s 
instructions. Complementary DNA synthesis and the 
quantitative real-time PCR were performed as our 
previously reported [15]. The level of TPPP3 was 
expressed as a ratio relative to the GAPDH. 

Immunohistochemistry (IHC) 
The protein expression of TPPP3 was measured 

by IHC method that was performed on 4 μm 
paraffin-embedded CRC tissue sections as our 
previously reported [15]. In brief, slides were 
deparaffinized in xylene, rehydrated using graded 
alcohol, pre-treated with 10 mM citrate buffer pH=6 
and blocked for endogenous peroxidase activity in 3 

% H2O2. The slides were incubated with primary 
antibody against TPPP3 (ABGENT, China), followed 
by horseradish peroxidase-linked secondary antibody 
(DAKO, Denmark, CA, USA) for 30 minutes at room 
temperature. The slides were counterstained with 
Mayer’s hematoxylin, dehydrated and mounted. The 
TPPP3 protein expressions were scored by 
multiplying the proportion of positive cells and 
intensity using the semiquantitative scale described 
previously [15]. 

Plasmid and lentivirus infection 
Stable knock down of TPPP3 was performed 

using short hairpin RNA (shRNA) lentiviral 
constructs as we described previously [15]. CRC cells 
were infected with scramble sequence (SCR) or 
sequences targeting TPPP3 for 24 h. Following this 
step, the expression levels of TPPP3 were measured 
by Western blotting. 

Cell proliferation and clone formation assay 
Cell proliferation and clone formation were 

performed as we previously reported [15]. 

Cell apoptosis and cell cycle analysis assay 
Cell apoptosis and cell cycle were performed 

using flow cytometry as we previously reported [15]. 

Cell migration and invasion assay 
Cell migration assays were performed using 

24-well Transwell units with 8 µm pore size 
polycarbonate inserts (Corning, NY, USA). About 4 × 
104 cells were harvested in 200 µL serum-free medium 
and seeded into the upper chamber. 600 μL medium 
containing 10 % fetal bovine serum was placed in the 
lower chamber. After 36 h incubation, cells remaining 
on the upper surface of the insert membrane were 
wiped off with a cotton swab, and cells through the 
insert membrane were stained with 0.5 % crystal 
violet and counted in five random fields under 100× 
magnification. Representative images of migrated 
cells were captured under a microscope (Olympus, 
Tokyo, Japan). 

Invasion assay was performed as the same 
procedure with the polycarbonate inserts precoated 
with Matrigel (BD Biosciences, San Jose, CA, USA). 

HUVEC tube formation assay 
HUVECs (4×104/well) in different conditioned 

media from CRC cells infected with SCR or shRNA 
targeting TPPP3 viral were seeded in 96-well plates 
coated with 200 µL Matrigel. The 24-well plates were 
incubated for 6 h, and tube formation was then 
photographed in five random fields under an inverted 
microscope. The endothelial tubes were quantified by 
counting length and branches per image field using 
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NIH Image J software. 

Western blot analysis 
For the protein expression analyses, standard 

Western blot assay was performed. Cells were lysed 
in RIPA buffer (Cell Signaling Technology, Danvers, 
MA, USA), and the cell lysates were separated by 10 
% SDS-PAGE and transferred to PVDF membranes 
(Bio-Rad, CA, USA). After blocking with 5 % non-fat 
milk, membranes were incubated with BCL-2, Bax, 
STAT3, p-STAT3 (ser727), VEGF, P21, MMP-9, 
E-cadherin and Rac-1 (all from Cell Signaling 
Technology) antibodies overnight at 4°C. Following 
by incubation with the appropriate HRP-conjugated 
secondary antibody for 1 h at room temperature, 
membranes were detected using SuperSignal West 
Dura Extended Duration Substrate (Pierce, Rockford, 
IL, USA).  

Statistical analysis 
Data were expressed as mean ± standard 

deviation (SD) of three independent experiments. 
Data of in-vitro experiments were analyzed using 
Student’s t-test or  

One-Way ANOVA. Pearson Chi-square test was 
performed to assess the relationship between TPPP3 
expression and clinic-pathological features. Survival 
curves were calculated by the Kaplan-Meier method, 
and the statistical analyses were analysed using the 
log-rank test. P-values less than 0.05 were considered 
statistically significant. 

Results 
TPPP3 expression is upregulated in human 
CRC tissues and cell lines  

To investigate the roles of TPPP3 in human CRC, 

we firstly measured the expression level of TPPP3 in 
CRC tissues by qRT-PCR. Our results indicated that 
TPPP3 expression in tumor tissues was markedly 
higher than that in paired non-tumor tissues (Figure 
1A). Furthermore, the mRNA of TPPP3 showed the 
higher expression in CRC cells than that in human 
normal intestinal epithelial cell line HIEC (Figure 1B). 
Similar levels of the TPPP3 protein expressions 
confirmed that TPPP3 was significantly increased in 
CRC cells by Western blotting (Figure 1C). 

Association between TPPP3 and 
clinicopathological features of CRC 

To confirm the expression of TPPP3 in CRC 
samples, we measured the expression of TPPP3 in 96 
pairs of paraffin-embedded cancer and paired 
non-tumor tissues by IHC. Positive staining for TPPP3 
was observed in 71 of 96 (73.96 %) tumor tissues, but 
there was few staining for TPPP3 in non-tumor tissues 
(Figure 2A). The potential associations between 
TPPP3 expression and patients’ clinicopathological 
features were assessed. All CRC patients were 
subsequently divided into two groups (high 
expression group and low expression group) 
according to the media value. Interestingly, high 
TPPP3 expression was positively associated with 
tumor size, TNM stage, and lymph node metastasis 
(Table 1). However, no significant correlations were 
found in other clinicopathological features, including 
age, gender, tumor location, and histological grading. 
Furthermore, high TPPP3 expression correlated with 
a shorter overall survival time (OS) compared with 
low TPPP3 expression (Figure 2B). In addition, the 
patients with high TPPP3 expression had a shorter 
disease - free survival (DFS) time compared with that 
of patients with low TPPP3 expression (Figure 2C).  

 

 
Figure 1. TPPP3 expression is increased in CRC tissues and cells. (A) The mRNA expression of TPPP3 was measured by qRT-PCR in 96 pairs of human CRC tissues 
(CRC) and adjacent non-tumorous tissues. (B) qRT-PCR was performed to detect TPPP3 mRNA expression in 5 CRC cell lines and the normal intestinal epithelial 
cell line HIEC. (C) Detection of TPPP3 protein expression by Western blotting in CRC cell lines and HIEC. The expression levels of TPPP3 were normalized with 
GAPDH. ** P < 0.01. 
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Figure 2. High TPPP3 expression was associated with progression and poor prognosis in CRC. (A) Representative images of TPPP3 expression in adjacent 
non-cancerous tissue and CRC specimens examined by IHC analysis. (B) Kaplan-Meier overall survival curves for 96 patients with CRC according to TPPP3 
expression. The median TPPP3 expression level in the tumor samples was chosen as the cut-off point. (C) DFS curves of CRC patients with high TPPP3 expression 
low TPPP3 expression. 

 

 

 

Table 1. Relationship between clinicopathological factors and 
TPPP3 expression in primary CRC 

 TPPP3 expression  
Variable High (n = 48) Low (n = 48) P-value 
Age (years) 0.3070 
≤ 50 20 26  
> 50 28 22  
Gender 0.6780 
Male 27 30  
Female 21 18  
Tumor size 0.0038 
≤ 5 cm 14 29  
> 5 cm 34 19  
Histological grading 0.6752 
Well, moderate 28 31  
Poor 20 17  
TNM stage 0.0010 
Stage I/II 17 34  
Stage III/IV 31 14  
Location 0.8332 
Colon 29 31  
Rectum 19 17  
Lymph node metastasis 0.0074 
No 19 33  
Yes 29 15  
Well: well-differentiated, moderate: moderately differentiated, poor: poorly 
differentiated, TNM: tumor-node-metastasis. 

 
 

Knockdown of TPPP3 suppresses CRC cell 
proliferation in vitro 

In order to explore the possible role of TPPP3 in 
the development and progression of CRC, stable 
knockdown TPPP3 expression in LOVO and SW620 
cell lines, which had higher endogenous TPPP3 
expression, was made. Knockdown of TPPP3 
significantly decreased the expression of TPPP3 
compared with SCR both in LOVO and SW620 cells 
(Figure 3A). shRNA2 targeting TPPP3 was the most 
highly functional shRNA and was used in the 
following experiments. The proliferation of both cells 
was measured using CCK-8 assay, which revealed 
that depletion of TPPP3 caused a significant decrease 
in proliferation of LOVO and SW620 (Figure 3B). 
Colony formation assay suggested that 
downregulation of TPPP3 significantly inhibited the 
proliferation rate of LOVO and SW620 cells compared 
to SCR (Figure 3C). In cells infected with shTPPP3, the 
apoptotic ratio of cells was markedly increased 
compared with cells infected with scrambled shRNA 
(Figure 3D). Correspondingly, apoptotic protein 
markers, as characterized by an increase in Bax and a 
decrease in the levels of the antiapoptotic proteins 
BCL-2 (Figure 3E). The p-STAT3 (ser727) expression 
was significantly decreased in LOVO and SW620 cells 
infection with TPPP3 shRNA (Figure 3E). Our results 
demonstrated that downregulation of TPPP3 
inhibited oncogenic growth and proliferation in vitro. 
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Figure 3. Knockdown of TPPP3 inhibited the proliferation of CRC cells in vitro. (A) Expression of TPPP3 in stable knockdown was determined by Western blot 
analysis in LOVO and SW620 cells. (B) Cell proliferation was determined by CCK-8 in LOVO and SW620 cells infected with TPPP3 shRNA or SCR. (C) 
Representative micrographs of colony formation of CRC cells infected with TPPP3 shRNA or SCR were shown. (D) CRC cells infected with TPPP3 shRNA or SCR 
were stained with PI and Annexin-FITC for the evaluation of apoptosis by flow cytometric analysis. (E) Western blot analysis of Bax, BCL-2, p-STAT3 and STAT3 
expression in LOVO and SW620 cells infected with TPPP3 shRNA or SCR. 
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TPPP3 silencing inhibits angiogenesis and 
decreases S phase fraction in CRC cells 

Angiogenesis has been shown to be frequently 
altered in tumor progression [16-18]. Then we 
determined the effect of conditioned media from CRC 
cells on HUVEC cells. Media from TPPP3 knockdown 
LOVO and SW620 cells resulted in a significant 
reduction of the number of tuber structures compared 
to media of SCR cells (Figure 4A). Cell cycle analysis 
showed that the percentage of cells in S phase 
decreased while the percentage of cells in G1 phase 
increased after TPPP3 knockdown in LOVO cells (Fig 
4B). Cell cycle analysis showed that the percentage of 

cells in S phase decreased while the percentage of cells 
in G2/M phase increased after TPPP3 knockdown in 
SW620 cells (Fig 4B). These data indicated that TPPP3 
knockdown prevented the CRC cells from entering 
the mitotic phase. To assess whether TPPP3 could 
regulate the genes involved in angiogenesis and 
cell-cycle, we measured the expression of VEGF and 
P21. Western blotting indicated that TPPP3 silencing 
decreased the expression of VEGF and P21 in both 
LOVO and SW620 cells (Fig 4C). Taken together, these 
data indicated that TPPP3 might regulate 
angiogenesis and cell cycle through the expression of 
VEGF and P21 in CRC cells. 

 

 
Figure 4. Effect of TPPP3 on the angiogenesis and cell cycle of CRC cells. (A) Representative images of capillary-like structure stimulated by conditioned medium 
were shown. In vitro angiogenesis was quantitated as described in Materials and Methods. (B) Cell cycle distribution was determined by flow cytometric analysis. Bar 
graph represents the percentage distribution of CRC cells in different phases of cell cycle. (C) VEGF and P21 expression in CRC cells infected with TPPP3 shRNA or 
SCR were analyzed by Western blot. **P<0.01. 
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Figure 5. TPPP3 knockdown inhibited the cellular migration and invasion of CRC cells. (A) Representative field of migration (top) or invasive (bottom) LOVO cells 
on membrane. Average number of invasive or migration cells number per field from three independent experiments ± SD. (B) Representative field of migration (top) 
or invasive (bottom) SW620 cells on membrane. Average number of invasive or migration cells number per field from three independent experiments ± SD. (C) 
Expression of MMP-9, Rac-1, and E-cadherin were determined by Western blotting in LOVO and SW620 cells infected with TPPP3 shRNA or SCR. **P<0.01. 

 

Knockdown of TPPP3 impairs migration and 
invasion of CRC cells in vitro 

To further determined whether TPPP3 affected 
migration and invasion of CRC cells, transwell assay 
was performed. Cells infected with TPPP3 shRNA 
showed a significant reduction in cell migration and 
invasion compared to SCR-transfection cells (Figure 
4A and 4B). To evaluate whether TPPP3 has influence 
on the metastasis-related protein in CRC cells, 
Western blotting was carried out to detect the 
expression of MMP-9, Rac-1, and E-cadherin. Our 
results showed that knockdown of TPPP3 in LOVO 
and SW620 cells significantly decreased the 
expression of MMP-9 and Rac-1, while increased the 

expression of E-cadherin (Figure 5C). These results 
indicated that TPPP3 significantly affected the 
invasion and migration of CRC cells via the 
expression of MMP-9, Rac-1 and E-cadherin.  

Discussion 
Increasing studies have suggested that TPPP3 

might be involved in malignant progression of several 
human cancers, including cervical cancer and 
non-small-cell lung cancer [13-15]. However, little is 
known about its role in CRC. In this study, we 
presented the first evidence that TPPP3 was 
significantly up-regulated in CRC tissues at both 
mRNA and protein levels as compared with adjacent 
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non-cancerous tissues, suggesting a potential 
promotion of TPPP3 in colorectal tumor formation. 
Further investigation found that high expression of 
TPPP3 protein was significantly associated with 
aggressive characteristic and poor prognosis of 
patients. In accordance with our study, TPPP3 was 
reported to be associated with prognosis-related 
clinical parameters, including tumor size, lymph node 
metastasis and advanced clinical TNM stage [15]. 
Kaplan-Meier method showed overall survival rate 
was significantly lower in patients with high 
expression of TPPP3 than those with low expression 
of TPPP3. In addition, the DFS times of CRC patients 
with high expression of TPPP3 were significantly 
shorter than those of patients with low expression. 
These data suggested that TPPP3 might act as an 
oncogene in the tumor development and progress. 

Then we explored the functions of TPPP3 in CRC 
cells. In vitro experiments revealed that silencing of 
TPPP3 in LOVO and SW620 cells with higher 
endogenous expression of TPPP3 could suppress 
cellular proliferation and induced cell apoptosis. Bax, 
BCL-2, and p-STAT3 have been reported to involve in 
cell proliferation and apoptosis in CRC [19-21]. At the 
molecular level, we observed an obvious decrease in 
the expression of BCL-2 and p-STAT3 and an increase 
of Bax expression. This is in line with our previous 
report showing TPPP3 silencing resulted in a decrease 
of BCL-2 and p-STAT3 expression [15]. It has been 
broadly accepted that metastasis was one of the most 
aggressive factors influencing patients’ prognosis and 
relapse [22, 23]. Interestingly, we found knockdown 
of TPPP3 inhibited cell migration and invasion and 
positively correlated with MMP-9 and Rac-1 
expression but negatively correlated with E-cadherin 
expression, suggesting a potential involvement of 
TPPP3 in metastasis phenotype. In accordance with 
our study, TPPP3 was reported to be one of the 
molecules essential for lung cell migration in vitro [14, 
15]. In addition, we found that TPPP3 knockdown 
inhibited angiogenesis and led to a decrease of S 
phase, accompanied with the downregulation of 
VEGF and P21 expression. Consistent with our 
previous report, TPPP3 silencing resulted in a 
decrease of S phase in NSCLC cells [15]. Taken 
together, these findings provided the evidence that 
TPPP3 might be involved in development and 
progress of CRC. However, the specific regulatory 
role of TPPP3 remains to be necessary in CRC. 

In conclusion, our study for the first time 
showed that TPPP3 was significantly upregulated in 
CRC and was associated with the progression and 
prognosis of CRC. Furthermore, TPPP3 knockdown 
inhibited CRC cell proliferation, migration, and 
invasion in vitro. These evidences suggested that 

TPPP3 might be a potential therapeutic target for CRC 
patients in the forthcoming future. 
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