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Expression of GOLPH3 protein in colon cancer tissues
and its association with the prognosis of patients
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Abstract. The present study aimed to investigate the expres-
sion of Golgi phosphoprotein-3 (GOLPH3) protein in colon
cancer tissues and the association with the prognosis of
patients. In total, 98 patients with colon cancer admitted to
The First Affiliated Hospital of Henan University of Science
and Technology for surgery between June 2011 and June 2013
were taken as the observation group. In addition, 15 healthy
individuals, determined by enteroscopy, were taken as the
control group. The expressions of GOLPH3 mRNA and protein
were detected by reverse transcription-polymerase chain reac-
tion and immunohistochemistry, respectively. The patients
were divided into GOLPH3-positive and GOLPH3-negative
groups according to the expression of GOLPH3. The expres-
sion of GOLPH3 in colon cancer and its association with
the prognosis of patients was analyzed. The expression of
GOLPH3 mRNA and protein in colon cancer tissues was
significantly increased compared with normal colon mucosa
(P<0.05); among the tissues, GOLPH3 was not expressed in
29 patients and positively expressed in 69 patients. The expres-
sion of GOLPH3 was negatively associated with the tumor
differentiation degree, and positively associated with tumor
invasion depth, lymph node metastasis and clinical stages in
GOLPH3-positive patients. The cumulative recurrence rates at
1,2 and 3 years were significantly lower in GOLPH3-negative
patients (P<0.05). The survival rates at 1, 2 and 3 years in the
GOLPH3-positive group were significantly higher than that
of the GOLPH3-negative patients (P<0.05). In conclusion, the
positive expression of GOLPH3 mRNA and protein in colon
cancer tissue was significantly increased compared with the
control group. GOLPH3 expression was closely associated
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with the pathological features, consisting of tissue typing,
clinical stage, degree of tumor invasion and lymph node
metastasis, and GOLPH3 expression. Patients with GOLPH3
overexpression also had a poor prognosis.

Introduction

Colon cancer is the third most common type of malignant
tumor of the gastrointestinal tract, and it has the highest
mortality rate (1). Clinical data showed that with an improve-
ment in living standards and a change of diet, the incidence
rate of colon cancer showed a rapidly rising trend year by
year and tended to be diagnosed at younger ages (2,3). The
incidence rate of colon cancer rose from 6.1/100,000 in
1972-1974 to 11.2/100,000 in 1987-1989 worldwide (4). This
rise was an 84.6% increase and the average annual increase
was 4.2% (4). The incidence rate of colon cancer ranks 4th in
the world, subsequent to stomach, lung and liver cancer, seri-
ously affecting the social labor force, social production and
quality of life for numerous families (5,6). For the treatment
of colon cancer, radical treatment is surgery, and the auxil-
iary treatments consist of radiotherapy and chemotherapy,
reducing tumor burden and the number of tumor cells to
achieve a therapeutic effect. For the majority of colon cancer
patients at the progressive stage it is too late for successful
treatment of the malignancy, and thus, chemotherapy and
palliative care may be the remaining therapeutic strategies.
Recurrence and metastasis are the main causes of treatment
failure (7,8). Therefore, clarification of the pathogenesis of
colon cancer may play an important role in the early diagnosis,
early treatment and prognosis of colon cancer. The Golgi
phosphoprotein-3 (GOLPH3) gene has been identified as an
oncogene, localized in the network structure on the reverse
side of the Golgi apparatus (9). GOLPH3 is a phosphorylated
Golgi membrane protein that is involved in the protein sorting
of the Golgi apparatus (10,11). GOLPH3 is involved in the
occurrence, development, apoptosis, proliferation and differ-
entiation of human cancer, regulating the sensitivity of cancer
cells to anti-tumor drugs (12). There are few studies that have
researched the mechanisms of GOLPH3 in colon cancer (13).
Based on this, the expression of GOLPH3 in colon cancer and
its clinical significance were analyzed in the present study to
provide guidance for the clinical treatment of colon cancer.
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Patients and methods

General data. In total, 98 cases of colon cancer patients
randomly selected for surgery in The First Affiliated Hospital
of Henan University of Science and Technology (Luoyang,
China) between June 2011 and June 2013 were taken as the
observation group. The patients did not receive radiotherapy or
other associated anti-tumor treatments prior to the surgery. The
colon cancer tissue was resected and confirmed as cancer tissue
by pathology. In total, 61 patients were male and 37 patients
were female. The ages ranged between 30 and 80 years old
and the average age was 56.78+10.67 years (mean + standard
deviation). The Dukes' clinical stages consisted of 42 cases
of stage II and 56 cases of stage III colon cancer (14). The
tissue typing, performed using the World Health Organization
histological classification system, consisted of 53 patients with
poorly differentiated and 45 patients with highly differenti-
ated colon cancer (15). The infiltration degree consisted of
40 patients with T1-T2 and 58 patients with T3-T4. In addition,
normal biopsy samples collected from 15 healthy individuals
following routine colonoscopy were used as the control group.
Of these, 9 patients were male and 6 patients were females.
The patient ages ranged between 42 and 78 years and the
average age was 63.26+11.32 years. The present study was
conducted in accordance with the Declaration of Helsinki and
was conducted with approval from the Ethics Committee of
the First Affiliated Hospital of Henan University of Science
and Technology (Luoyang, China). Written informed consent
was obtained from all participants.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-gPCR). Total RNA was extracted from tumor tissues
of the observation group and biopsy tissues of the control
group, according to the RNA extraction kit protocol (Takara
Biotechnology Co., Ltd., Dalian, China). In total, 25 ul
RNase-free water was added to the precipitate and total RNA
was obtained. RNA was transcribed to complementary DNA
(cDNA) using a Moloney Murine Leukemia Virus Reverse
Transcription kit (Takara Biotechnology Co., Ltd.), according
to the manufacturer's protocol. This cDNA was then used as
the template for PCR following concentration determination.
The primers were designed by Primer Premier 5.0 software
(Premier Biosoft International, Palo Alto, CA, USA) according
to the GOLPH3 mRNA sequence provided by GeneBank (ID
number, NM_022130.3): GOLPH3 forward, 5~ AAGCCGTTC
TTGACAAATGG-3' and reverse, 5S'-ATTGGTGTTGGCCTT
CAGAC-3'; and glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) forward, 5~ AGAAGGCTGGGGCTCATTTG-3'
and reverse, 5"~ AGGGGCCATCCACAGTCTTC-3". The
primer was diluted in double distilled water (10 gmol/1").
The PCR reaction system was prepared for RT-qPCR subse-
quent to the optimization of primer specificity and annealing
temperature. The PCR reaction system comprised of: 10 ul
SYBR Green qPCR Master Mix (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA), 1 ul cDNA, 1 pl upstream and down-
stream primer, respectively. The PCR reaction conditions were
as follows: Pre-degeneration, 94°C for 2 min; degeneration,
94°C for 30 sec; annealing, 60°C for 30 sec; and extension, 72°C
for 30 sec, for a total of 35 cycles. PCR was performed using
DNA polymerase from Takara Biotechnology Co., Ltd and
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SYBR green (Bio-Rad Laboratories, Inc.). To determine the
specificity of the product, a solubility curve was constructed.
Finally, the data were read directly from the fluorescence
gPCR instrument (Applied Biosystems; Thermo Fisher Scien-
tific, Inc., Waltham, MA, USA) using the 2244 method (16).

Immunohistochemical detection. The tissue specimens in the
observation and control groups were embedded in paraffin,
then sectioned into 4-mm slices and adhered onto poly-lysine
acid-treated slides. All slides were subjected to the same
protocol, as follows: Placed in a 67°C oven and baked for 2 h;
immersed in xylene 3 times, 5 min/immersion; immersed in
absolute ethyl alcohol for 5 min; immersed in 95% ethanol
for 5 min; immersed in 75% ethanol for 5 min, washed in
phosphate buffered saline (PBS) 3 times (3 min/wash); and
then placed in 10 mM pH 6.0 citrate sodium buffer solu-
tion and heated for 10 min prior to being cooled for 30 min.
The steps were repeated 2 times. Subsequently, the slides
were washed with PBS 3 times (3 min/wash) and incubated
in 3% H,0, solution at room temperature for 10 min to
block the activity of endogenous peroxide hydrogenase.
The slides were then washed with PBS 3 times and incu-
bated in rabbit anti-human GOLPH3 polyclonal antibody
(catalog no., ab82377; dilution, 1:100; Abcam, Cambridge,
UK) at 4°C overnight. Subsequent to incubation the slides
were washed with PBS with Tween 20 (PBST) 3 times
(3 min/wash). The sheep anti-rabbit IgG secondary antibody
(catalog no., A0208; dilution, 1:500; Beyotime Institue of
Biotechnology, Shanghai, China) was then added, the slides
were incubated for 1 h at room temperature and washed with
PBST 3 times (3 min/wash). The substrate 3,3'-diamino-
benzidine was used for staining, hematoxylin was used as a
counterstain and 0.1% hydrochloric acid was used for differ-
entiation, followed by washing in PBS to return the color to
blue. The slides were flushed with unfiltered water, redyed,
dehydrated, hyalinized and sealed.

Observation index. GOLPH3 was located in the network
structure on the opposite side of the Golgi apparatus, so brown
yellow or brown particles in the cytoplasm were considered
to be positively stained cells following immunohistochemical
detection. The results were analyzed according to the cell
staining intensity and percentage of GOLPH3-positive cells.
In total, 5 high-power fields were randomly selected for every
section and 100 target cells were counted under high power
fields. The average percentage of 5 high-power fields was
used for result determination. For evaluation the cell staining
criteria were set as: 0% staining was 0; positive cell percentage
<10% was 1; 11-50% was 2; 51-75% was 3; and >75% was 4.
The intensity of the dye was also classified into numerical
criteria: No dyeing was 0O; faint yellow was 1; deep yellow
was 2; and brown yellow was 3. The two scores were multi-
plied to calculate the final score. A total score of 4 was the
demarcation point. Therefore, a total score of <4 was defined
as GOLPH3-negative and =4 was GOLPH3-positive. The
prognosis of the patients was evaluated by the postoperative
recurrence rate and survival rate at 1, 2 and 3 years.

Statistical analysis. All data were analyzed using SPSS 17.0
software (SPSS Inc., Chicago, IL, USA). The measurement
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Table I. Association between clinicopathological features and Golgi phosphoprotein-3 expression level in the observation group.

Clinical Tissue types Lymphatic Infiltration

Gender stages metastasis degree
Pathological Poorly Highly
features Male  Female II III differentiated  differentiated Yes No T1-T2  T3-T4
Cases, n 61 37 42 56 53 45 55 43 40 58
Positive cases, n 43 26 23 45 42 27 43 26 22 46
Percentage, % 70.5 70.3 548 804 79.2 60 782 605 55 79.3
e 0.238 7.275 4.356 5.021 6.254
P-value 0.598 0.012 0.057 0.036 0.011
data are shown as the mean =+ standard deviation. The compar- A
ison among the multi-group measurement data was performed g 1007
using analysis of variance. The comparison between the two g2 ":'i SHEII L
groups was shown using Fisher's least significant difference % é 01 /
test. The cumulative incidence of cancer development among -

the groups was performed using Kaplan-Meier curves. The
comparison of the survival rate and recurrence rate among
the groups was performed using Log-rank test. P<0.05 was
considered to indicate a statistically significant difference.

Results

Comparison of GOLPH3 mRNA expression in 2 groups. The
results of GOLPH3 primer analysis showed that the primer
amplification curve was accurate and the repeatability was
high (Fig. 1A). The primer specificity was good and there
were no miscellaneous peaks subsequent to amplification
(Fig. 1B). GOLPH3 mRNA level in the 2 groups by RT-qPCR
method showed that the average level of GOLPH3 mRNA was
significantly higher than that of the control group (P<0.001)
(Fig. 1C).

Comparison of GOLPH3 protein expression in 2 groups. The
immunohistochemical results of GOLPH3 protein expression
analysis in the specimens of the observation and control groups
showed that GOLPH3 was mainly expressed in the cytoplasm
and showed low to no expression in normal colon tissue. The
expression of GOLPH3 in colon cancer tissues was increased
significantly (P=0.012; Fig. 2). According to the expression
of GOLPH3 in colon cancer tissues in the observation group,
29 patients were identified as the GOLPH3-negative group and
69 patients were identified as the GOLPH3-positive group.

Association between GOLPH3 expression and clinical
features. As shown in Table I, GOLPH3 protein expression
was associated with the clinical stage, histological differen-
tiation degree, lymph node metastasis and infiltration degree
(P<0.05; Table I), but GOLPH3 expression was unassociated
with gender (P>0.05).

Comparison of postoperative recurrence and survival rate of
patients with different levels of GOLPH3 protein. As shown
in Fig. 3, the patients were followed up for >36 months subse-
quent to being treated for 3 months. In total, 8 cases in the
GOLPH3-negative group and 34 cases in the GOLPH3-positive
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Figure 1. Reverse transcription-quantitative PCR analysis of the GOLPH3
mRNA levels in the 2 groups. (A) PCR amplification curve. (B) The melting
curve of PCR primers. (C) Comparison of GOLPH3 mRNA level in obser-
vation group and control group. 'P<0.05. PCR, polymerase chain reaction;
GOLPH3, Golgi phosphoprotein-3.

group relapsed. Kaplan-Meier curve showed that the cumulative
recurrence rates at 1, 2 and 3 years were 10.34 (3/29 patients),
2414 (7/29 patients) and 27.59% (8/29 patients) in the
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Figure 2. GOLPH3 protein levels in the 2 groups by immunohistochemical analysis (magnification, x40). The immunohistochemical results of GOLPH3
protein expression analysis showed that GOLPH3 was mainly expressed in the cytoplasm. The expression of GOLPH3 in colon cancer tissues was increased

significantly. GOLPH3, Golgi phosphoprotein-3.
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Figure 3. Comparison of cumulative recurrence and survival rates at 1,2 and 3 years in GOLPH3-negative and GOLPH3-positive groups. (A) Curve of cumula-
tive recurrence rate. (B) Curve of cumulative survival rate. "P<0.05. GOLPH3, Golgi phosphoprotein-3.

GOLPH3-negative group. The cumulative recurrence rates at 1,
2 and 3 years were 28.99 (20/69 patients), 39.13 (27/69 patients)
and 49.28% (34/69 patients) in the GOLPH3-positive group.
Log-rank test showed that the cumulative recurrence rate in
the GOLPH3-negative group was significantly lower that of
the GOLPH3-positive group (P=0.005). The statistical results
of survival rate showed the cumulative survival rates at 1,2 and
3 years were 93.10 (27 patients), 86.21 (25 patients) and 72.41%
(21 patients) in the GOLPH3-negative patients. The cumulative
survival rates at 1,2 and 3 years were 88.41 (61 patients), 69.57
(48 patients) and 50.72% (35 patients) in the GOLPH3-positive
patients. The cumulative survival rates at 1, 2 and 3 years in
the GOLPH3-negative patients were significantly increased
compared with those of GOLPH3-positive patients (P=0.012).

Discussion

The preferential site for colon cancer to develop is at the junc-
tion of the rectum and sigmoid colon. Colon cancer is one of
the most common types of malignant tumor of the gastroin-
testinal tract, although the incidence and mortality rates of
colon cancer are lower than those of gastric, esophageal and
lung cancers. However, with the development of the economy
and living style, including a change of dietary structure,
colon cancer has become one of the fastest growing types of
malignant tumor in China, which has a detrimental effect upon
morbidity and mortality rates (17,18). In recent years, with the
development of clinical medicine, the treatment success of
colon cancer has improved; however, the 5-year survival rate
has not been significantly improved for advanced stage colon
cancer (19). The mortality rate of colon cancer ranks second

for malignant tumors (20). Therefore, additional studies
investigating the prognosis and therapies of colon cancer is
important in order to improve the survival rate.

A previous study showed that GOLPH3 belonged to the
family of Golgi apparatus matrix proteins, and was the first
identified example of an oncogene having powerful trafficking
ability at the reverse side of Golgi network within yeast and
humans (21). Scott et al (22) conducted a genomic analysis
on a variety of solid tumors; it was found that GOLPH3 was
highly expressed in solid tumors, including melanoma, brain
glioma, prostate cancer and non-small cell cancer. The posi-
tive rate of GOLPH3 was 56% in non-small cell lung cancer.
GOLPH3 was confirmed as an oncogene subsequent to the
knockout of RNA interference. GOLPH3 was attached to the
N-terminal of glycosyl-acyl transferase, and these proteases
were fixed on the Golgi apparatus, to regulate the processing
and modification of glycoproteins. GOLPH3 was identified to
move between the Golgi apparatus and cell membrane, which
enables its involvement in a variety of cellular processes.
GOLPH3 overexpression can regulate the signal transduction
of various cellular pathways, particularly the protein glycosyl-
ation pathway, which may eventually lead to tumorigenesis.
Studies have confirmed that the carcinogenic mechanism of
GOLPH3 is involved in tumor occurrence and development
via mechanistic target of rapamycin complex 1 (mTORCI)
and mTORC?2 signal transductions (23,24). Therefore,
GOLPH3 can be taken as a critical reference factor of tumor
prognosis and may be used in new drug screening (25,26).
Feng et al (27) studied the expression of GOLPH3 in ovarian
carcinoma tissue in 40 cases of ovarian cancer patients. The
results showed that the overall expression of GOLPH3 was
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significantly higher than that of para-carcinoma tissue. In
addition, the expression was associated with the patients'
surgical pathological stages, histological differentiation,
therapeutic response and survival. Yu et al (28) detected the
expressions of GOLPH3, caspase-3 and apoptosis index in
62 cases of colon cancer patients. The results showed the posi-
tive expression rate of caspase-3 and the apoptosis index in
colorectal cancer tissues with high expression of GOLPH3 were
significantly decreased compared with colorectal cancer tissues
with low expression of GOLPH3, showing that the expression
of GOLPH3 in colorectal carcinoma was negatively associated
with cell apoptosis.

In the present study, the detection result of GOLPH3 mRNA
and protein in colorectal cancer patients showed that the
expressions of GOLPH3 mRNA and protein were significantly
increased in colon tissue of colon cancer patients, indicating that
GOLPH3 gene signal transduction pathway in the colorectal
cancer tissue was in an active state, resulting in the increase of
GOLPH3 protein. In addition, the current study also revealed
that the expression of GOLPH3 in colorectal carcinoma tissue
was positively associated with: Clinical stages of disease;
histological differentiation degree; lymph node metastasis; and
infiltration degree. The cumulative recurrence rates at 1, 2 and
3 years in GOLPH3-positive patients were significantly higher
than those of the GOLPH3-negative patients, and the cumula-
tive survival rates were significantly lower than those of the
GOLPH3-negative patients. Overall, these results confirmed
that GOLPH3 was involved in the occurrence, development,
invasion, metastasis and recurrence of colon cancer.

In conclusion, GOLPH3 was overexpressed in colon cancer
tissue and was closely associated to clinical pathological
features and prognosis, which may be used as a reference for
clinical diagnosis and treatment.
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