
Am J Transl Res 2016;8(4):1756-1762
www.ajtr.org /ISSN:1943-8141/AJTR0021548

Original Article
Overexpression of GOLPH3 is associated with poor  
survival in Non-small-cell lung cancer
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Abstract: As a highly conserved protein of the Golgi apparatus, Golgi phosphoprotein 3 (GOLPH3) has been shown 
to be involved in tumorigenesis. This study aims to explore the expression and significance of GOLPH3 in non-small-
cell lung cancer (NSCLC). We found that GOLPH3 expression was significantly elevated in NSCLC tissues when 
compared with adjacent lung tissues (p<0.01). Moreover, GOLPH3 expression was significantly associated with 
histological type (p<0.01), differentiation (p<0.01), and lymph node metastasis (p<0.05). Kaplan-Meier survival 
analysis showed that overall survival of patients with high expression of GOLPH3 was significantly shorter (n=100, 
p<0.05). In addition, GOLPH3 knock-down in two independent NSCLC cell lines inhibited cell viability through the 
induction of cell cycle arrest and apoptosis. In conclusion, GOLPH3 is closely related to the progression in NSCLC 
and could be served as a potential prognostic biomarker and therapeutic target for NSCLC.
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Introduction

Lung cancer is the first most common malig-
nancy and the leading cause of cancer-related 
death. With the deterioration of the environ-
ment and air pollution, the incidence of non-
small cell lung cancer are still on the rise. 
Despite much progress has been made in the 
screening, diagnosis and clinical management 
of lung cancer, only 16.6% of patients with lung 
cancer are alive more than 5 years after diag-
nosis. Non-small-cell lung carcinoma (NSCLC) 
is the major class of lung cancer. NSCLCs 
including mainly lung adenocarcinoma and 
squamous cell lung carcinoma are relatively 
insensitive to chemotherapy when compared to 
small cell carcinoma. Understanding the molec-
ular mechanisms underlying the pathogenesis 
of NSCLC could help to develop more effective 
regiments and improve the clinical outcome of 
NSCLC.

GOLPH3 is a highly conserved 34-kDa protein 
initially identified through proteomic character-
ization of the Golgi apparatus [1]. It is highly 
conserved from yeast to human. Recently, 
GOLPH3 has been shown to be involved in 
tumorigenesis [2]. For example, GOLPH3 over-
expression was associated with the poor prog-
nosis in variety of solid tumors such as glioma 
and rhabdomyosarcoma [3, 4]. In addition, the 
overexpression of GOLPH3 can promote cell 
transformation via enhancing the activity of the 
mTOR signaling pathway [2]. However, the rele-
vance of GOLPH3 to the pathogenesis of NSCLC 
remains unknown.

In this study, we found that GOLPH3 expression 
was associated with the clinical outcome of 
NSCLC. Knockdown of GOLPH3 expression led 
to the growth inhibition of NSCLC cells accom-
panied with the induction of cell apoptosis and 
cell cycle arrest. Therefore, GOLPH3 could be a 
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novel biomarker and treatment target for 
NSCLC. 

Materials and methods

Cell culture and reagents

A549 and SPC-A1 cell lines were purchased 
from Shanghai cell center China Academy of 
Medical Sciences (Shanghai, China). A549 cells 
were cultured in RPMI 1640 while SPC-A1 was 
cultured in DMEM. Both medium are supple-
mented with 10% fetal bovine serum (Sijiqin, 
Hangzhou CHINA). For GOLPH3 knockdown, 
A549 or SPC-A1 Cells cultured in 6-well culture 
plates (3,0000/well) for 24 hours were trans-
fected with GOLPH3 SiRNA using Lipofectami- 
ne RNAiMAX transfection reagent (Invitrogen, 
USA). 72 hours later, the cells were collected for 
analysis as indicated. The target sequence of 
GOLPH3 siRNA was 5’-CAAGAAAGGUAAUCU- 
GUAATT-3’ (Jima, Shanghai, China).

Real-time reverse transcriptase polymerase 
chain reaction (RT-PCR)

Total RNA was extracted from cultured cells 
using the TRIzol reagent (Invitrogen, USA). 
cDNAs were synthesized from 2 μg RNA using 
the High Capacity cDNA ReverseTranscription 
Kit (AppliedBiosystems, USA) and the quantita-
tion of GOLPH3 mRNA was performed by quan-
titative PCR using Bestar SybrGreen qPCR 
Mastermix (DBI Bioscience, Germany). Primers 
used for GOLPH3 amplification were GOLPH3-F: 
5’-GGATTACGTGGCTGTATGT-3’ and GOLPH3-R: 
5’-AGTTCTGGACCGTTTCTG-3’ (Biosune, Shang- 
hai, China). PCR was performed with initial 
denaturation at 95°C for 2 minutes followed by 

40 cycles of 95°C for 15 s, 60°C for 20 s and 
72°C for 30 s. GOLPH3 expression were nor-
malized by GAPDH and all experiments were 
performed in triplicate.

Western blotting

Whole-cell lysates were subjected to SDS-PAGE 
and transferred to PVDF membrane (Bio-Rad, 
USA). The antibodies used for immunoblotting 
included anti-GOLPH3 (Abcam, USA), anti-tubu-
lin (Sigma-aldrich, USA), anti-caspase 3 (Cell 
Signaling Technology, USA), anti-PARP (Cell Sig- 
naling Technology, USA), Goat anti-rabbit sec-
ondary antibody (Invitrogen, USA), and Ra- 
bbit anti-Mouse secondary antibody (DuKO, 
Japan).

Cell viability assay (MTS)

Cells were seeded into 96-well plates. After 24 
hours, the quantity of formazan was measured 
at 490 nm after one hour incubation with 
CellTiter 96® AQueous One Solution Reagent 
(Promega, USA) following the instructions 
provided.

Flow cytometer analysis

For apoptosis detection, cells transfected with 
GOLPH3 siRNA for 72 hours were collected and 
stained with PI and Annexin V-FITC (BD, USA). 
For cell cycle analysis, cells transfected with 
GOLPH3 siRNA for 72 hours were collected and 
fixed with cold alcohol before stained with PI.

Tissue samples

100 NSCLC patients in Jinhua Guangfu Hos- 
pital from January 2, 2009 to September 26, 

Figure 1. GOLPH3 knockdown inhibited viability of NSCLC cells. The expression of GOLPH3 in A549 and SPC-A1 
cells with or without GOLPH3 knockdown were determined by real-time RT-PCR (A) or western blotting analysis 
(B), respectively. The viability of A549 and SPC-A1 cells with or without GOLPH3 knockdown were tested by MTS 
(p<0.05, Student’s t test) (C).
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2013 were included in this study for the surviv-
al analysis. The age of patients ranged from 40 
to 78 years with the median age as 59 years. 
Another 20 patients were recruited for the eval-
uation of differential GOLPH3 expression in 
tumor and non-tumor tissues. The age ran- 
ge was 46-68 years with the median of 57  
years.

Immunohistochemical staining

Immunohistochemical staining was perform- 
ed on formalin-fixed, paraffin-embedded tiss- 
ues with the Immunohistochemical kit (Zhong- 
shaijinqiao, Beijing China). The stained tissues 
were scored independently by two pathologists. 
Each section was observed in 5 fields at high 

Figure 2. GOLPH3 knock-down induced cell apoptosis and cell cycle arrest in NSCLC cells. The apoptosis of A549 
and SPC-A1 cells with or without GOPLH3 knockdown were double-stained by PI and Annexin-V-FITC and detected by 
flow cytometry analysis (p<0.05) (A). The cell cycle distribution of A549 and SPC-A1 cells before and after GOLPH3 
knockdown were stained by PI and evaluated by flow cytometry analysis (p<0.05) (B).



GOLPH3 in NSCLC

1759 Am J Transl Res 2016;8(4):1756-1762

magnification view (×400). The percentage of 
positively stained cells was scored as follows: 
0, no staining or <5% of the entire malignant 
cell population; 1, 5-24% of the entire malig-
nant cell population; 2, 25-49% of the entire 
malignant cell population; 3, 50-74% of the 
entire malignant cell population; 4, ≥75% of the 

GOLPH3 knockdown inhibited human NSCLC 
cell viability

To investigate the function of GOLPH3 in 
NSCLC, we used RNA interference to knock 
down GOLPH3 expression in in vitro cultured 
NSCLC cell lines. After the knockdown of 

Figure 3. GOLPH3 expression was increased in primary NSCLC tissues. The expression of GOLPH3 in 20 primary 
NSCLC tissues and paired non-tumor lung tissues were evaluated by immunohistochemistry staining. The reprehen-
sive staining were shown in A and the staining results were summarized in B (p<0.05). C. The association of GOLPH3 
expression with overall survival of 100 NSCLC patients was analyzed by Kaplan–Meier survival Curves (Log Rand 
test, p<0.01). 

Table 1. Association of GOLPH3 with clinicopathologi-
cal features in NSCLC

Clinicopathological features
GOLPH3 expression

p 
Low High

Age (years) >0.05
    <60 17 22
    ≥60 31 30
Gender <0.01
    Male 42 32
    Female 6 20
Tumor Size  >0.05
    ≥5 cm 21 18
    <5 cm 27 34
Pathological type <0.01
    Adenocarcinoma 15 35
    Squamous cell carcinoma 33 17
Differentiation status <0.01
    Well differentiated 17 1
    Moderate differentiated 29 24
    Poor differentiated 2 27
Lymph node metastasis <0.05
    Without 39 32
    With 9 20
TNM stage >0.05
    I-II 42 42
    III 6 10

entire malignant cell population. Staining 
intensity was graded from 0 to 3: 0, no 
immunostaining; 1, light-brown color; 2, 
medium-brown color; 3, dark-brown color. 
The final score was the sum of the intensi-
ty and percentage scores, being classified 
as strong (+++, final score=6-7), moderate 
(++, final score=4-5), weak (+, final score= 
1-3), or negative (-, final score=0). GOLPH3 
expression was divided into “high” (++ and 
+++) and “low” (+ and -). 

Statistical analysis

All in vitro experiments were done in tripli-
cate and repeated three times. All statisti-
cal analysis of the in vitro data was deter-
mined using GraphPad prism software 
version 6.0 (GraphPad Software, USA). 
Associations of GOLPH3 expression with 
clinicopathological factors were analyzed 
using chi-square test. Survival curves were 
plotted using the Kaplan-Meier method 
and differences between survival curves 
were tested with Log-Rank test using SPSS 
software version 19.0 (SPSS, USA). A p 
value of less than 0.05 was considered 
statistically significant.

Results
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GOLPH3 at both mRNA and protein level (Figure 
1A and 1B), the viability of both A549 and SPC-
A1 were significantly decreased (Figure 1C). 

GOLPH3 knockdown promoted cell apoptosis 
and cell cycle arrest in NSCLC cells

Next, we would like to know how GOLPH3 influ-
enced cell viability. Flow cytometry analysis 
indicated that knocking down GOLPH3 signifi-
cantly increased the apoptosis of both A549 
and SPC-A1 cell lines (Figure 2A). In addition, 
silencing of GOLPH3 expression also decreased 
the percentage of cells in the G1-phase and 
increased the percentage of G2-M phase cells 
(Figure 2B). Taken together, these results sug-
gest that the knockdown of GOLPH3 inhibited 
cell viability by inducing cell apoptosis and cell 
cycle arrest. 

Clinical relevance of GOLPH3 to NSCLC 

When compared with adjacent non-tumor tis-
sues, GOLPH3 expression was significantly 
increase in primary NSCLC tissues (n=20, p< 
0.05) (Figure 3A and 3B). In another cohort 
including 100 NSCLC patients, GOLPH3 was 
expressed at high lever in 52 (52/100, 52%) 

significantly associated with the poor outcome 
of NSCLC patients. 

Discussion

GOLPH3 and other GOLPH family proteins 
might play an important role in maintaining the 
homeostasis of trans-Golgi network [5]. Emer- 
ging evidence shows that GOLPH3 moves 
between the trans-Golgi network and endo-
somal structures, and participates in many 
important cellular processes, such as traffick-
ing, receptor recycling, and protein glycosyl-
ation [6, 7]. In addition, Golgi-localized GOLPH3 
exchanged dynamically with its cytosolic pool in 
endosomal compartments or plasma mem-
brane [5]. Moreover, GOLPH3 could regulate 
receptor recycling possibly through its interac-
tion with VPS35 [8]. Its yeast homologue VPS74 
could interact with N-terminal of the glycosyl-
transferase, thus participating the regulation of 
protein glycosylation and the subsequent phys-
iological processes such as cell migration and 
invasion [8, 9]. 

However, its function and relevance to cancer 
development were poorly defined. Through 
functional genomic approaches including array-

Table 2. Cox regression analysis of overall survival 

Factors
Univariate Multivariate

RR (95% CI) p RR (95% CI) p 
Gender 
    Female 1 1
    Male 0.71 (0.32-1.58) 0.40 2.62 (1.02-6.75) 0.045
Tumor Size  
    <5 cm 1 1
    ≥5 cm 1.05 (0.49-2.19) 0.232 1.70 (0.71-4.08) 0.232
Pathological type
    SCC 1 1
    AC 2.62 (1.21-5.66) 0.014 2.37 (0.99-5.68) 0.052
Differentiation 
    Well 1 1
    Moderate 2.67 (0.99-7.24) 0.053 0.51 (0.09-2.66) 0.425
    Poor 4.66 (1.61-13.48) 0.005 1.79 (0.39-8.26) 0.455
LNM
    Without 1 1
    With 1.73 (0.86-3.48) 0.125 0.66 (0.76-3.63) 0.20
GOLPH3
    Low 1 1
    High 3.91 (1.79-8.50) 0.001 5.67 (1.52-21.11) 0.01

NSCLC patients. Interestingly, 
GOLPH3 expression was sig-
nificantly higher in adenocar-
cinoma, poorly differentiated 
cancer tissues and lymph 
nodes with metastasis (Table 
1, p<0.05). However, GOLPH3 
expression was not signifi-
cantly correlated with tumor 
size, the age of the patients 
and clinical stages (p>0.05, 
Table 1). Moreover, Kaplan-
Meier survival Curves showed 
that high expression of 
GOLPH3 protein was signifi-
cantly associated with poor 
overall survival of NSCLC 
patients (Figure 3C). To fur-
ther explore the association 
of GOLPH3 with clinical out-
comes of NSCLC patients, we 
performed both univariate 
and multivariate Cox regres-
sion analysis of overall sur-
vival. A shown in Table 2, high 
expression of GOLPH3 was 
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based comparative genome hybridization anal-
yses (array-CGH), GOLPH3 was identified to be 
a novel oncogene [2]. Subsequently, GOLPH3 
was found to enhance mTOR signaling in vari-
ous cancers [2, 10-12]. Its overexpression 
could suppress autophagy and promote tumor 
growth in a mitochondria-dependent manner 
[13]. In prostate cancer, its overexpression pro-
moted the transition from hormone-sensitive 
phase to hormone-refractory phase [14]. In 
addition, GOLPH3 overexpression was associ-
ated with poor prognosis in many cancers such 
as oral tongue cancer, stomach cancer, esoph-
ageal squamous cell carcinoma, glioma and 
rhabdomyosarcoma [3, 4, 15-17].

Herein we reported that GOLPH3 expression in 
lung cancer tissues was significantly higher 
than in adjacent lung tissues. Its expression 
was significantly associated with histological 
type, differentiation, and lymph node metasta-
sis. Survival analysis showed that survival time 
of patients with high expression of GOLPH3 
was significantly shorter than those with low 
expression. Mechanistically, GOLPH3 knock-
down decreased cell proliferation probably 
through the induction of cells apoptosis and 
cell cycle arrest. However, whether mTOR  
or other oncogenic signaling was relevant to  
the growth inhibitory effect induced by  
GOLPH3 depletion remain further investiga-
tions. Nevertheless, our findings indicate that 
GOLPH3 could be used as a biomarker for prog-
nosis prediction and molecular target for clini-
cal intervention for NSCLC. 

In conclusion, GOLPH3 expression was 
increased in NSCLC and its expression was sig-
nificantly associated with prognosis of NSCLC 
patients. GOLPH3 knockdown inhibited cell 
growth through the induction of cell apoptosis 
and cell cycle arrest. Therefore, it is closely 
related to the progression in NSCLC and could 
be served as a potential prognostic biomarker 
and therapeutic target for NSCLC.
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