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Abstract. Increased expression of Golgi phosphoprotein 3
(GOLPH3) has been reported to be associated with several
types of human cancer. Patient-derived cancer xenograft
models have demonstrated great potential in preclinical
studies. In the present study, the link between GOLPH3
expression and survival was examined in patients with
non-small cell lung cancer (NSCLC). Patient-derived lung
cancer xenograft models were established with two different
methods. Lastly, the association between GOLPH3 expression
and establishment of the xenograft models was explored.
Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR) and immunohistochemistry analysis were used
to examine GOLPH3 expression in 60 NSCLC tissues and
matched adjacent non-cancerous tissues (ANT). In addition,
tumor pieces from the 60 NSCLC tissues were implanted in the
subcutaneous layer and in the subrenal kidney capsule of nude
mice. RT-qPCR, histopathology and immunohistochemistry
were used to confirm the human origin of the xenograft
tumors. RT-qPCR was also used to research the mutation
status of GOLPH3 in the xenograft tumors. The results
demonstrated that NSCLC tissues had higher expression of
GOLPH3, at the mRNA and protein level, compared with
ANT. High expression of GOLPH3 correlated with poor
survival in patients with NSCLC. Successful engraftment was
established for 27 tissues in the subrenal kidney capsule and
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for 16 in the subcutaneous layer of nude mice. The subrenal
kidney capsule group demonstrated significantly higher
engraftment rates than the subcutaneous layer group. In
addition, higher GOLPH3 expression in the tumor tissues was
significantly correlated with higher engraftment rates in mice.
In both groups, few xenografts lost the GOLPH3 mutation.
In summary, GOLPH3 may be an important diagnosis and
prognosis indicator in patients with NSCLC. The genotype
and phenotype of the xenograft tumors derived from patient
lung cancer tissues exhibited significant similarities to the
originating primary tumors. High GOLPH3 expression may
promote the successful establishment of xenograft models for
NSCLC.

Introduction

Recent studies have reported that lung cancer imposes a severe
impact on human health. In numerous countries, the mortality
from lung cancer is still increasing (1,2). Non-small cell lung
cancer (NSCLC) accounts for 70-80% of all lung cancer
cases (3). It is therefore paramount to identify new therapy
targets and methods targeting NSCLC.

Golgi phosphoprotein 3 (GOLPH3), also known as
GPP34 or GMx33, is a newly identified 34-kDa protein in
the trans-Golgi matrix, which serves a role in anterograde
and retrograde Golgi trafficking (4-6). Previous studies have
demonstrated that GOLPH3 exhibits a significant association
with cancer (7-9). Multiple studies have reported that over-
expression of GOLPH3 is associated with poor survival in
patients with cancer (10-15). High expression of GOLPH3 is
linked to high proliferation and migration potential in cancer
cells (10,11,14,15). In addition, high expression of GOLPHP3
is correlated with neoadjuvant chemotherapy resistance (13).
Nevertheless, the expression of GOLPH3 and its role in the
establishment of xenograft models remain largely unknown.

A number of studies have now reported that animal tumor
xenograft models can serve as excellent tools in predicting
efficacy and toxicities for cancer chemotherapeutics prior to
enteringtheclinic (16-18). Immunodeficient mice are considered
an ideal host for establishing xenografts. Patient-derived
cancer xenograft models provide several advantages. First,
xenograft models offer the preservation of original tumor tissue
histology, by maintaining the original tumor stroma, which
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is essential for tumor growth (19). Secondly, the xenograft
model can provide a continuous source of live, transplantable
tumor tissues, starting from only minute amounts of biopsy
material and surgical specimens (17). The third advantage
of xenografts models lies in their ability to recapitulate the
general phenotypic and genotypic characteristics of the tumors
from which they originated (17,20,21). However, there are also
several limitations to xenografts models. A main limitation is
that small samples are used to establish the grafts, and therefore
the entire heterogeneous tumor may not be well represented in
the final xenograft. Several studies have therefore suggested
using multiple samples from the same tumor in order to
potentially address this limitation (17,22).

Rygaard and Povlsen (23) successfully transplanted human
lung cancer tissues into the subcutaneous layer of nude mice
for the first time in 1969. Cutz et al (17) reported results for
grafted tumor tissues in the mouse kidney capsule and achieved
engraftment rates of >90% (17). Fichtner et al (24) collected
fragments from 102 NSCLS tissues and grafted these in the
subcutaneous layer of NOD/Scid mice to establish xenograft
models and reported a take rate of 24.5%. Perez-Soler et al (25)
used the same method as Fichtner et al (24) to establish the
xenograft models and reported engraftment rates of 34%.
A number of scholars support that xenografts in the kidney
capsule attained a higher engraftment rate than in the
subcutaneous layer.

In the present study, GOLPH3 expression in NSCLC
tissues and its link to survival of patients with NSCLC were
examined. Then, surgically resected NSCLC samples were
obtained and transplanted into the subcutaneous layer and
the subrenal kidney capsule of immunodeficient mice, with the
aim to establish patient-derived lung cancer xenograft models,
to examine the most efficient method of engraftment, and to
explore the association between GOLPH3 expression and the
establishment of xenograft models.

Materials and methods

Patients, tissue samples and experimental animals. Matched
pairs of cancerous tissues and adjacent non-cancerous
tissues (ANT) were obtained from 60 patients with NSCLC
at the Department of Thoracic Surgery, The Affiliated
Tumor Hospital of Guangxi Medical University (Nanning,
China) from January 1, 2011 to December 31, 2011.
Follow-up of the patients was recorded from January 1,
2012 to December 31, 2016. The specimens were fixed in
10% formalin and embedded in paraffin, following which
3 um sections were prepared for pathological analysis. Tumor
pathology was analyzed for all specimens by the same hospital
pathologist. The protocols of the present study were approved
by the Ethics Committee of Tumor Hospital of Guangxi
Medical University (Nanning, China). Prior to collecting
samples of NSCLC and ANT, written informed consent was
acquired from all enrolled patients. A total of 120 nude mice
(age, 3-5 weeks; sex, female; weight, 18-22 g), obtained from
the Guangxi Laboratory Animal Center of Guangxi Medical
University (Nanning, China), were used to establish the xeno-
graft models in the present study. All animals were maintained
in specific pathogen-free environment at 25-27°C and with
25-50% humidity. The animal experiments obeyed ARRIVE
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Guidelines and AVMA Guidelines for the Euthanasia of
Animals 2013 Edition (26,27).

Establishment of xenograft models. Tumor tissue samples were
obtained and divided into pieces of ~2x3x3 mm under sterile
conditions, stored in RPMI-1640 medium (Gibco; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) without dimethyl
sulfoxide and incubated in an icebox for later implantation.
The duration between tumor tissue harvest and implantation
into nude mice was <30 min. Nude mice were anesthetized
by intraperitoneal injection of Avertin (250 mg/kg; Tianjin
Kermal Chemical Reagent Co., Ltd., Tianjin, China). The
frozen tumor tissues were thawed at 37°C.

For the kidney capsule engraftment, a 1 cm incision along
the dorsal skin midline of the mouse, along with another inci-
sion on the body wall slightly shorter than the kidney's long
axis, was made. The kidney was slipped out of the body cavity
using forefinger and thumb to press the other side of the organ.
A micro-operation was conducted on the kidney capsule to
make a 2 mm incision and insert 2-3 tumor pieces into the
surface of the kidney using a polished glass pipette through
the incision. To avoid bleeding, it is important not to damage
the kidney parenchyma. The kidney capsule incision was then
sutured, and the kidney was gently eased back into the body
cavity. All other incisions of skin and body wall were sutured.

For the subcutaneous engraftment, a 1 cm incision
along the dorsal skin midline of the nude mouse was made
and the thawed tumor tissues (1-2 pieces) were implanted
subcutaneously using a trocar needle. Following the operation,
the skin incision was gently sutured.

Two or three mice were housed per cage with plenty of
food and water and their health was observed daily. The graft
tumors were monitored daily. For the subcutaneous group,
the long and short axes of tumors were measured once a
week using a caliper, in order to calculate their volume and
growth rate. The humane endpoint was set at tumors with a
volume of 500 mm?; following this, mice were euthanized and
grafts were collected The harvested tumors were separated
into two portions: one portion was snap frozen and stored in
liquid nitrogen; the other portion was fixed in formalin and
embedded in paraffin for histological analysis.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). RNA was extracted from both primary lung
cancer tissues and tumors harvested from xenograft mice
using the MiniBEST Universal RNA Extraction kit (Takara
Biotechnology Co., Ltd., Dalian, China) according to the
manufacturer's protocol. RNA from frozen primary cancer
tissues was extracted using the aforementioned kit (Takara
Biotechnology Co., Ltd.). The concentration of total RNA was
measured on a Peqlab NanoDrop (Thermo Fisher Scientific,
Inc.) and the quality was examined using RNA LabChips
on the Agilent Bioanalyzer 2100 (Agilent Technologies Inc.,
Santa Clara, CA, USA). RNA with an integrity index >6.5
was used for cDNA synthesis. cDNA was generated using
PrimeScript RT kit (Takara Biotechnology Co., Ltd.). The
GOLPH3 primers were as follows: Forward, 5'-GGGCGA
CTCCAAGGAAAC-3' and reverse, 5'-CAGCCACGTAAT
CCAGATGAT-3'". Ki67 primers were as follows: Forward,
5-GACCTGTTCTTTGAGGCTGAC-3' and reverse, 5'-TCC
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ATCTTCTTCTTTGGGTATTGTT-3'. Mitochondria primers
were as follows: Forward, 5" TGTCTTCCTCACCGATTC
CT-3' and reverse, S-ACCACCCGAGCTCTGTCTTACTC-3..
[-actin was used as the internal control with specific primers:
Forward, 5-GCACCGTCAAGGCTGAGAAC-3' and reverse,
5'"TGGTGAAGACGCCAGTGGA-3'. qPCR was performed
using SYBR Premix Ex Taq II (Takara Biotechnology Co.,
Ltd.), and reactions were run in duplicates at 95°C for 30 sec
for 1 cycle, 95°C for 3 sec and 60°C for 30 sec for 40 cycles.
The C, values of the samples were calculated, and the rela-
tive mRNA levels were analyzed using the 222 method (24).
Mutational analysis of GOLPH3 was performed using a set of
primer pairs: Forward, 5-GAGCGTTTCTGCTTTGGGAC-3'
and reverse, 5"TGTGCTTTGGCAATTCTGGTG-3', that
covered the entire coding region of the GOLPH3 gene. All
fragments were sequenced using the BigDye Terminator Cycle
Sequencing kit and ABI3730 automated sequencer (Applied
Biosystems; Thermo Fisher Scientific, Inc.). Each mutation
was confirmed in duplicate.

Histopathology and immunohistochemistry. Mice were
euthanized and xenograft tumors were excised and recorded
for size, shape and histological characteristics. The original
lung cancer specimens and their xenografts were fixed in
10% formalin for 24 h, and embedded into paraffin. Paraffin
sections of 4 ym were cut and mounted on glass slides.
Routine hematoxylin and eosin staining was performed for
histopathological analysis (28). GOLPH3 expression was
assessed by evaluating the proportion and intensity of positively
stained carcinoma cells. A score was assigned to represent the
estimated percentage of positively stained carcinoma cells as
follows: 0, none; 1,<50%; 2, 50-75%; and 3,=75%. An intensity
score was assigned to represent the average estimated intensity
of staining in positive carcinoma cells as follows: 0, none;
1, weak; 2, intermediate; and 3, strong. The proportion score
and intensity score were multiplied to obtain a total score
ranging from O to 9. The immunohistochemistry results were
classified based on total scores, with 0-4 classified as +, 5-6
indicating ++, and 7-9 indicating +++. Those of + and ++ were
classified as low expression, and +++ was regarded as high
expression (13).

Three antibodies were used for immunohistochem-
istry analysis purchased from Abcam, Cambridge, UK;
anti-mitochondria (cat. no. ab92824; 1:100 dilution),
anti-GOLPH3 (cat. no. ab91492; 1:150 dilution) and anti-Ki-67
(cat. no. ab15580; 1:200 dilution). Sections were incubated for
1 h at 60°C and dewaxed for 40 min in dimethylbenzene, and
serially hydrated in 100, 95, 80 and 75% alcohol solutions in
distilled water. Antigen retrieval was performed using citrate
antigen retrieval solution (Beyotime Institute of Biotechnology,
Guangzhou, China) at 100°C for 5 min, then sections were
cooled to room temperature and washed with PBS for 3 min.
Following washing with PBS, the sections were blocked with
5% normal goat serum (Gibco; Thermo Fisher Scientific, Inc.)
in PBS for 30 min at room temperature. To quench endogenous
peroxidase activity, slides were incubated with 0.5% hydrogen
peroxide in methanol for 30 min. Primary antibodies were
added to the sections and incubated overnight at 4°C. The
sections were then rewarmed for 30 min at room temperature,
washed with PBS three times for 5 min, and incubated with
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the following secondary antibodies; horseradish peroxidase
(HRP) rabbit anti-mouse (cat. no. ab97046; 1:200) and HRP
goat anti-rabbit (cat. no. ab97051; 1:200; both Abcam) for
30 min at 37°C. Following three additional 5 min washes
with PBS, 0.05% 3.,3' diaminobenzidine was added for signal
detection. Sections were serially dehydrated in 100, 95, 80, and
75% graded alcohols and counterstained with hematoxylin.

Statistical analysis. Statistical analyses were performed using
SPSS 22.0 (IBM Corp., Armonk, NY, USA). The association
between expression of GOLPH3 and clinicopathological
features was analyzed using y* tests, while a Fisher's exact
test was used when the unit was <6. The log-rank test and
Kaplan-Meier estimator method were used for survival
analyses. Cox proportional hazard model was used for
univariate and multivariate analyses. One-way analysis
of variance (ANOVA) tests were used for the comparison
between gene expression and internal reference expression.
A post-hoc Bonferroni test was applied following ANOVA
when the results showed statistical significance. P<0.05 was
considered to indicate a statistically significant difference.

Results

Expression of GOLPH3 in NSCLC tissues. RT-qPCR analysis
was performed to determine the expression of GOLPH3 in
60 matched pairs of NSCLC tissues and ANT. The results
revealed that, compared with ANT, NSCLC tissues exhibited
significantly increased levels of GOLPH3 mRNA expression
(P<0.001; Fig. 1A). Results from immunohistochemistry
analysis also demonstrated higher expression of GOLPH3
protein in tumor tissues compared with ANT (Fig. 1B).
According to the results from the immunohistochemistry
analysis, and the level of positive staining, the expression of
GOLPHS3 protein in the tissues was further classified into low
and high expression (Fig. 1C).

Association between GOLPH3 expression and clinicopatho-
logical features of NSCLC patients. The association between
GOLPH3 expression and the clinicopathological features
of patients with NSCLC are presented in Table I. GOLPH3
expression level was significantly associated with lymph
node metastasis (P=0.005) and distant metastasis (P=0.002).
Univariate and multivariate analyses indicated that lymph
node metastasis, distant metastasis and expression of GOLPH3
were independent prognostic factors (Table II). The results of
log-rank test survival analysis exhibited that the patients with
increased expression of GOLPH3 displayed a significantly
decreased overall survival compared with patients with low
expression of GOLPH3 (P<0.001; Fig. 1D).

Establishment of patient-derived xenografts. Tissue specimens
obtained from 60 lung cancer patients enrolled in the present
study were implanted into nude mice, using two different
methods: engraftment into the subcutaneous layer and into
the subrenal kidney capsule. Successful engraftment was
established for 27 tissues in the subrenal kidney capsule group
and for 16 tissues in the subcutaneous layer group (Table III).
The engraftment rates were therefore 45% for the subrenal
kidney capsule group and 26.67% for the subcutaneous layer
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Figure 1. GOLPH3 expression in NSCLC. (A) mRNA expression of GOLPH3 in NSCLC tissues and ANT from 60 patients. ““P<0.001. (B) Representative
images from immunohistochemistry analysis of NSCLC tissues and ANT for the protein expression of GOLPH3 (magnification, x100). (C) Representative
images of tissues with low and high GOLPH3 expression (magnification, x100). (D) High expression of GOLPH3 is significantly correlated with poor overall
survival in patients with NSCLC. GOLPH3, Golgi phosphoprotein 3; NSCLC, non-small cell lung cancer; ANT, adjacent non-cancerous tissue.

group. The subrenal kidney capsule group demonstrated
a significantly higher engraftment rate compared with the
subcutaneous layer group (P=0.036; Table III). To confirm
the human origin of the xenograft tumors, qPCR assays were
preformed to analyze Ki-67 and mitochondria expression with
human and mouse-specific primers. The results demonstrated
that the xenografts exhibited higher expression of human
Ki-67 and mitochondria compared with their murine homologs
(Fig. 2A). The results were confirmed by an one-way ANOVA
test, P<0.05. The histopathology and immunohistochemistry
analysis also demonstrated that xenografts derived from a
human squamous cell carcinoma and an adenocarcinoma
exhibited positive signal for human-specific antibodies and
phenotypic similarity to the original patient-derived tissues
(Fig. 2B and C).

Association between GOLPH3 expression and xenograft
engraftment. The 27 successful xenografts from the subrenal
kidney capsule group were further analyzed. When the original
tissues were examined for these xenografts, 18 exhibited high
expression of GOLPH3 and 9 exhibited low expression. The
results of * tests demonstrated that, compared with decreased
GOLHP3 expression, tumors with increased GOLPH3 expres-
sion displayed higher engraftment rates (Table IV; P=0.005).
Next, the 16 successful xenografts of the subcutaneous layer
group were analyzed. When the original tissues were examined
for these xenografts, 10 exhibited high expression and 6 low
expression, and high GOLPH3 expression was significantly
associated with engraftment rate (Table IV; P=0.036), similar
to the subrenal kidney capsule group. Finally, JPCR was used
to examine whether xenografts successfully recapitulated the

GOLPH3 genotype of the original tumors. In the subrenal
kidney capsule group, only 2/9 and 3/18 in the GOLPH3 low-
and high-expression tumors, respectively, lost the mutation
(P=1; Table V). In the subcutaneous layer group, only 2/6 and
2/10 in GOLPH3 low- and high-expression tumors, respec-
tively, lost the mutation (Table V; P=0.604). These results
suggested that, independent of GOLPH3 expression levels,
the mutation status of the GOLPH3 gene in the patient tumors
was generally preserved in the xenograft tumors. Overall, the
patient-derived NSCLC xenograft models were demonstrated
to carry the human genotype and phenotype accurately.

Discussion

In the present study, GOLPH3 was demonstrated to be highly
expressed in a cohort of NSCLC tissues, indicating that
GOLPH3 may be a useful diagnostic factor for NSCLC. In
addition, it was demonstrated that GOLPH3 expression was
significantly correlated with poor overall survival, suggesting
that GOLPH3 may play a significant role as a prognosis indi-
cator in patients with NSCLC.

The present study is the first report of GOLPH3 expres-
sion and mutation status in the establishment of xenograft
models. Novel patient-derived lung cancer xenograft models
were established and the engraftment rates were compared
using two different methods: subcutaneous layer and subrenal
kidney capsule engraftment. The xenograft tumors, as well
as the original tumors they were derived from, were assessed
by qPCR and immunohistochemistry, and the results demon-
strated that the xenografts preserved most of the original
genotypic and phenotypic characteristics of the original
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Table I. Association between GOLPH3 expression and the clinicopathological features of 60 patients with non-small cell lung

cancer.
Expression of GOLPH3
Variables Number of patients Low (n=32) High (n=28) P-value
Age, years 0.128
<60 32 20 12
=60 28 12 16
Tumor invasion depth, cm 0.464
<5 20 12 8
=5 40 20 20
Lymph node metastasis 0.005
With 43 18 25
Without 17 14 3
Distant metastasis 0.002
With 24 7 17
Without 36 25 11
Pathological type 0.796
Adenocarcinoma 30 16 14
Squamous cell carcinoma 30 15 15
Sex 0.267
Male 43 21 22
Female 17 11 6
GOLPH3, Golgi phosphoprotein 3.
Table II. Cox regression analysis for overall survival.
Univariate analysis Multivariate analysis
Hazard 95% confidence Hazard 95% confidence
Variables ratio interval P-value ratio interval P-value
Age 0.999 0.965-1.034 0.953 0.987 0.952-1.023 0.476
Tumor invasion depth 1.187 0.656-2.146 0.571 0.737 0.466-1.716 0.737
Lymph node metastasis 2451 0.650-2.871 0.012 1.635 0.838-1.822 0.046
Distant metastasis 2.281 0.731-2.458 0.025 1.739 0.607-2.140 0.038
Pathological type 0.728 0.399-1.330 0.302 0.583 0.279-1.221 0.152
Sex 0.999 0.965-1.034 0.953 1.242 0.542-2.846 0.609
GOLPH3 expression 1.628 1.205-2.200 0.001 1.705 1.247-2.332 0.003

GOLPH3, Golgi phosphoprotein 3.

tumors. Human-specific markers for Ki-67 and mitochondria
were expressed normally in the primary lung cancer. When
the xenograft tumors were analyzed, the results demonstrated
that the human-specific Ki-67 and mitochondria markers were
expressed higher than the murine. These results confirmed that
the xenograft tumors were of human origin. The murine genes
were expressed at lower levels, due to the xenograft stroma
consisting of both human cancer stroma from the original

tumors and murine stroma from the mouse host. However,
the human cancer stroma was more predominant than that of
the nude mice. The morphological characteristics analyzed by
immunohistochemistry also revealed that the xenografts were
originated from the human primary lung cancer tissue.

The present study is the first to directly compare the
engraftment rates in subcutaneous layer method and subrenal
kidney capsule method. Both methods can establish xenograft
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Table III. Comparison of engraftment rates between the subcutaneous layer and the subrenal kidney capsule methods.

Engraftment method Total (n) Success (n) Failure (n) P-value
Subcutaneous layer 60 16 44 0.036
Subrenal kidney capsule 60 27 33
Table IV. Association between GOLPH3 expression and engraftment rates.

Subrenal kidney capsule Subcutaneous layer
GOLPH3 expression Success (n) Failure (n) P-value Success (n) Failure (n) P-value
Low 9 23 0.005 6 36 0.036
High 18 10 10 18
GOLPH3, Golgi phosphoprotein 3.
Table V. GOLPH3 expression and mutation status in xenograft models.

Subrenal kidney capsule Subcutaneous layer
GOLPH3 expression Mut-mut (n) Mut-wt (n) P-value Mut-mut (n) Mut-wt (n) P-value
Low 7 2 1 4 2 0.604
High 15 3 8 2

GOLPH3, Golgi phosphoprotein 3; mut, mutation; wt, wild-type.

models successfully, but transplanting into the subrenal kidney
capsule produced higher engraftment rates compared with
the subcutaneous layer. It is hypothesized that the superior
blood supply in the subrenal kidney capsule rather than the
subcutaneous layer provides a better environment for tumor
growth. Hence, to get higher engraftment rates, transplanting
into the subrenal kidney capsule may be a preferential method.
However, there are several advantages to the subcutaneous
layer way method. Compared with the subrenal kidney capsule
engraftment, shorter time and fewer procedures are required
to establish xenografts in the subcutaneous layer. Therefore, if
the aim is to establish large numbers of xenografts, the subcu-
taneous layer method may be recommended.

In addition, the present results demonstrated for the first
time that high expression of GOLPH3 in the original tumor may
signify better take rates in xenograft models, compared with
low expression. According to previously published studies, high
GOLPH3 expression promotes tumor cell proliferation (12-15).
It is thus hypothesized that this increased cell proliferation may
promote the high engraftment rates in xenograft models. The
present results also demonstrated that most successful xeno-
grafts carried the GOLPH3 mutant and only a small portion
of them lost expression. Therefore, most xenografts appeared
to express the genotype and phenotype of the original tumor
successfully, but fewer changes in genotype and phenotype
may be observed when xenografts grow in nude mice microen-
vironment compared with the normal microenvironment.

In summary, the present study demonstrated that GOLPH3
may be an important diagnosis and prognosis indicator in
patients with NSCLC. The genotype and phenotype of tumor
xenograft models derived from patient lung cancer tissues
exhibited similarities to the originating primary tumors. High
expression of GOLPH3 may promote the successful establish-
ment of xenograft models. The present results may form the
basis for further studies on GOLPH3 or xenograft models in
NSCLC.
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