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High levels of glioma tumor suppressor candidate region
gene 1 predicts a poor prognosis for prostate cancer
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Abstract. Glioma tumor suppressor candidate region gene 1
(GLTSCRY1) is associated with the progression of oligodendro-
glioma. However, there has been little study of GLTSCRI1 in
prostate cancer. In the present study, the association between
the expression of GLTSCRI1, and the progression and prognosis
of tumors in patients with prostate cancer was assessed. An
immunohistochemical analysis was performed using a human
tissue microarray for GLTSCRI at the protein expression level
and the immunostaining results were evaluated against clin-
ical variables of patients with prostate cancer. Subsequently,
The Cancer Genome Atlas (TCGA) was used to validate the
analysis results at the mRNA level and to study the prognostic
value of GLTSCRI in prostate cancer. Immunohistochemistry
and TCGA data analysis revealed that GLTSCRI1 expression in
the prostate cancer tissues was significantly higher than that in
the benign prostate tissues (immunoreactivity score, P=0.015;
mRNA levels: cancer, 447.7+6.45 vs. benign, 343.5+4.21;
P<0.001). Additionally, the increased GLTSCRI1 protein
expression was associated with certain clinical variables in
the prostate cancer tissues, including advanced clinical stage
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(P<0.001), enhanced tumor invasion (P=0.003), lymph node
metastasis (P=0.003) and distant metastasis (P=0.001). TCGA
data revealed similar results, demonstrating that the upregula-
tion of GLTSCR1 mRNA expression was associated with the
Gleason score (P<0.001), enhanced tumor invasion (P=0.011),
lymph node metastasis (P=0.001) and distant metastasis
(P=0.002). Furthermore, Kaplan-Meier analysis suggested
that among all patients, high GLTSCRI1 expression indicated a
decreased overall survival (P=0.028) and biochemical recur-
rence (BCR)-free survival (P=0.004), compared with patients
with low GLTSCRI1 expression. Finally, multivariate analysis
revealed that the expression of GLTSCRI1 was an independent
predictor of poor BCR-free survival (P=0.049). The present
study suggested that the increased expression of GLTSCRI1
was associated with the progression of prostate cancer.
Furthermore, GLTSCR1 may be a novel biomarker that is able
to predict the clinical outcome in prostate cancer patients.

Introduction

Prostate cancer is the second leading cause of cancer-associated
mortality among males in the United States (1). It is estimated
that in 2018 there will be ~161,360 newly diagnosed cases of
prostate cancer in the United States and 26,730 of them will
result in mortality (2). In China, the morbidity and mortality
rates of prostate cancer are also continuously increasing (3).
Prostate cancer is a disease presenting with a number of
heterogeneous symptoms. Numerous factors are recognized as
risk factors of prostate cancer, including race, age and genetic
mutations. These risk factors are associated with the tumori-
genesis, progression and prognosis of prostate cancer (4). The
tumorigenesis and progression of this disease are difficult to
assess, and it is particularly difficult to provide an accurate
prognosis. Radical prostatectomy and radiation therapy are
basic strategies used to treat localized prostate cancer (5);
however, following radical prostatectomy or radiation therapy,
~20% of patients experience biochemical recurrence (BCR)
and require additional treatment (6). Due to the heterogeneous
nature of prostate cancer, every patient requires personalized
treatment regimens. Therefore, it is important to identify the
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state of progression and predict the prognosis of prostate
cancer in each individual. To predict the disease outcome,
serum levels of prostate-specific antigen (PSA), tumor inva-
sion, Gleason Score, and lymph node and distant metastasis
have been used in a number of combinations (7,8). However,
this methodology is not sufficient to confirm diagnosis and it
remains difficult to determine the disease outcome using the
limited clinicopathological data available. For example, PSA
is universally used in screening, detecting and predicting the
prognosis of prostate cancer (9); however, numerous false
positives have been reported as a result of PSA screening (10).
Therefore, a novel and accurate biomarker for the diagnosis
and prognosis of prostate cancer is required.

Microtubule-associated protein 1 small form (MAPIS) is
a marker of autophagy, and it serves a notable function in the
course of autophagosomal biogenesis and degradation (11). A
previous study hypothesized that patients with prostate cancer
with a low expression level of MAPIS experience a poor
prognosis (12). Using The Cancer Genome Atlas (ATLAS)
database, it was identified that glioma tumor suppressor candi-
date region gene 1 (GLTSCRI1) was moderately associated
with MAPIS at the mRNA expression level (Fig. 1).

GLTSCRI is associated with the development and progres-
sion of oligodendroglioma (13,14). It is located on 19q13.33 and
exhibits moderate expression levels in the brain, heart, skeletal
muscle, placenta and pancreas, and low expression levels in
the liver, lungs and kidney (13,15). The current literature has
only suggested that GLTSCRI is involved in oligodendro-
glioma (13,14). To the best of our knowledge, there are no
studies describing the role of GLTSCRI in prostate cancer.
Previous studies have speculated that there are a number of
susceptibility loci for prostate cancer aggressiveness on chro-
mosome 19q13 (15,16). Notably, as aforementioned, GLTSCR1
is located on 19q13. Therefore, according to the association
between GLTSCR1 and MAPIS identified via TCGA, the
location of GLTSCRI1 on chromosome 19q13 and the function
of GLTSCRI in oligodendroglioma, it was hypothesized that
GLTSCRI1 may be associated with prostate cancer.

The present study investigated the expression level of
GLTSCRI in prostate cancer, and determined the association
between GLTSCR1 expression and the clinicopathological
features and prognosis of patients with prostate cancer.

Materials and methods

Patients and tissue samples. In order to perform an immu-
nohistochemical analysis, a tissue microarray (TMA; n=80),
including 4 prostate tissues, 3 adjacent normal prostate tissues
and 73 prostate cancer tissues was purchased (cat. no. PR803c;
Alenabio Biotechnology Ltd., Xi'an, China), along with the
detailed clinicopathological information of each sample
including the Gleason score, TNM staging and the clinical
stage. The staging met the standards required by previous
studies (17,18). Samples from patients who had received radio-
therapy or chemotherapy prior to their surgery were excluded
from the present study. To study the expression of GLTSCRI1 at
the mRNA level and complete a survival analysis, clinicopath-
ological features from TCGA database, a freely opened public
platform, is a source for abundant cancer-related data (19),
including 499 prostate cancer tissues and 52 normal prostate
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tissues, were also gathered. These features are summarized in
Table I.

Immunohistochemistry. The samples were fixed in 10%
neutral buffered formalin overnight at room temperature,
and embedded in paraffin. The paraffin-embedded tissues
were sliced into 4-ym thick sections, dewaxed in xylene
and rehydrated in a descending alcohol series (100, 100, 95,
95, 90, 80 and 70%, for 2 min each) at room temperature.
Sections were subjected to peroxidase immunohistochemistry
staining employing a DAKO EnVision system (Dako; Agilent
Technologies, Inc., Santa Clara, CA, USA). The sections were
subjected to antigen retrieval by peroxidase with 0.01 M
citrates (cat. no. AR0024; Boster Biological Technology,
Wuhan, China) in a microwave oven on high for ~6 min,
moderate for ~6 min and blocked with goat serum for 30 min.
The immunohistochemical staining of tissue microarray was
conducted using the UltraSensitive™ SP (Mouse/Rabbit) THC
kit (cat no. KIT-0305; MX Biotechnologies, Fuzhou, China).
Next, the sections were incubated with the corresponding
rabbit polyclonal antibody against GLTSCR1 (1:600; cat.
no. bs-14278R; Bioss Antibodie, Inc., Woburn, MA, USA),
overnight at 4°C. Subsequently, the sections were incubated
with the HRP-labeled secondary antibody [dilution, 1:200;
UltraSensitive SP (Mouse/Rabbit) IHC kit; cat no. KIT-0305;
MX Biotechnologies] marked by avidin for 30 min at room
temperature. Then peroxidase-labeled polymer (incu-
bated with the 50 ul for 15 min at room temperature) and
substrate-chromogen (incubated with the 100 gl for 2 min at
room temperature) were used so as to observe the staining of
the target protein. Sections undergoing the same procedure
omitting the corresponding antibody served as the negative
controls.

Assessment of immunostaining results. The stained slides
were scanned by Aperio ImageScope (Aperio CS; Leica
Microsystems, Inc., Buffalo Grove, IL, USA). Then these slides
were scored by two independent experienced pathologists
in a blinded manner, (Department of Pathology Diagnosis,
Sun Yat-Sen Memorial Hospital, Guangdong, China), and
any disagreements were resolved by a re-examination of
the section by the pathologists in order to obtain an agreed
conclusion. The immunolabeling of tumor cells was assessed.
The number of positively stained cells in five representative
microscopic fields at a magnification of x400 was counted and
the percentage of positive cells was calculated. Cytoplasmic
staining was considered indicative of a positive signal on the
basis of the antibody specification sheet. The staining intensity
and percentage were used for semi-quantitative scoring of the
expression intensity in each case, as described by a previous
study (20). The staining intensity was scored as follows:
Negative, weak, moderate and strong staining were scored as
0, 1, 2 and 3 points, respectively. The percentage scoring of
immunoreactive tumor cells was classified according to the
following criteria: >75%, 4 points; 51-75%, 3 points; 26-50%,
2 points; 6-25%, 1 point; <5%, 0 points. Multiplying immu-
nostaining intensity and immunostaining percentage scores of
each sample provided the final immunoreactivity score (IRS)
for each sample. In the immunohistochemistry score, 0-1
was considered as negative, 2-4 as low expression (+), 5-8 as
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Table I. Clinical characteristics of all patients.
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Experiment type

Clinical characteristic TMA TCGA
Tissue type

Prostate cancer 73 499

Normal 7 52
Serum PSA levels, ng/ml

<4 na 413

>4 na 27
Gleason score

<7 na 44

=7 na 247

>7 na 206
Lymph node metastasis

NO 60 344

N1 12 80
Distant metastasis

MO 58 455

M1 14 3

TCGA, the cancer genome atlas; TMA, tissue microarray; PSA,
prostate-specific antigen; na, not applicable; N, node; M, metastasis.
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Figure 1. Analysis of the association between GLTSCR1 and MAPIS based
on The Cancer Genome Atlas. GLTSCR1 was moderately associated with
MAPIS at the mRNA expression level. r=0.460, P<0.001. GLTSCRI, glioma
tumor suppressor candidate region gene 1; MAPIS, microtubule-associated
protein 1 small form.
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moderate expression (++), and 9-12 as high expression (+++).
Therefore, samples with negative expression and low expres-
sion (<4 points) were designated as the low expression group,
whilst the moderate expression and high expression samples
(>4 points) were designated as the high expression group.

Statistical analysis. SPSS software (version 22.0; IBM
Corp., Armonk, NY, USA) was used to statistically analyze
all results. An analysis of variance (ANOVA) and least
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significance difference (LSD) post hoc test were used for anal-
ysis of the association between Gleason score and GLTSCR1
expression. Fisher's exact test, Student's t-test and Pearson's
¥’ test were used for analysis of the association between other
clinicopathological features and GLTSCRI1 expression. The
Kaplan-Meier method was used to analyze the overall survival
rate, and a log-rank test was used to evaluate the differences in
survival rate. Cox's proportional hazard regression model was
performed for univariate and multivariate survival analysis.
Adjusted hazard ratios (HRs) and corresponding 95% confi-
dence intervals (CIs) reflect the relative risks of mortality.
P<0.05 was considered to indicate a statistically significant
difference.

Results

GLTSCRI protein is upregulated in human prostate cancer
and is associated with certain clinicopathological parameters
in patients with prostate cancer. GLTSCRI1 protein expression
was detected using a TMA (n=80) via immunohistochem-
istry (Table II), including 3 adjacent normal prostate tissues,
4 normal prostate tissues and 73 prostate cancer tissues. As
presented in Fig. 2A, GLTSCR1 immunostaining occurred
moderately and weakly in both the cytoplasm of prostate
cancer cells and normal prostate tissues, but the expression
level of GLTSCRI in prostate cancer tissues was significantly
increased compared with that in normal prostate tissue (IRS,
prostate cancer, 4.82+0.99 versus normal, 3.86+0.69; P=0.015;
Fig. 2B). Of the 73 prostate cancer samples, 26 (35.6%) exhib-
ited low GLTSCRI1 expression, while 47 (64.4 %) exhibited
high GLTSCRI expression.

Subsequently, immunostaining results were statistically
analyzed using the clinicopathological information obtained
from the TMA. The results revealed that the high expression of
GLTSCRI protein was significantly associated with advanced
clinical stage (P<0.001), enhanced tumor invasion (P=0.003),
lymph node metastasis (P=0.003) and distant metastasis
(P=0.001). However, no association was detected between
GLTSCRI expression level and age (P>0.05; Table II).

High expression of GLTSCRI is associated with the aggressive
progression and poor prognosis of prostate cancer. To
validate the results of the immunohistochemistry analysis,
data from TCGA were used to assess the mRNA expression
of GLTSCRI1 in 52 normal prostate tissues and 499 prostate
cancer tissues. As presented in Table II, the cancer patients
were divided into 3 groups (GS<7, GS=7 and GS>7) and
results were compared using ANOVA and LSD tests (P<0.001
for ANOVA analysis of the 3 groups); the results revealed that
GLTSCRI1 was upregulated in PCa tissues and was positively
associated with the Gleason score, and enhanced tumor inva-
sion (P=0.011), lymph node metastasis (P=0.001) and distant
metastasis (P=0.002). However, high GLTSCRI1 expression
levels were not associated with age (P>0.05; Table II).
Furthermore, the prognostic value of GLTSCRI relative
to the survival time of patients with prostate cancer was
evaluated using Kaplan-Meier survival plots. As presented
in Fig. 3, the overall survival and BCR-free survival times of
all prostate cancer patients with high GLTSCR1 expression
were significantly shorter than those with low GLTSCRI1
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Table II. Association between GLTSCR1 expression and clinicopathological characteristics in patients with prostate cancer.

TMA (Pearson's y tests) TCGA (Student's t-tests)
Clinical features Cases  Low,n (%) High, n (%) P-value Cases Mean + SD P-value
Tissue type
Prostate cancer 73 26 (35.6) 47 (64.4) 0.015* 499 447.7+6 .45 <0.001°
Benign 7 6 (85.7) 1(14.3) 52 343.5+14.21
Age
<66 24 11 (45.8) 13 (54.2) 0.202 354 453.79+146.85 0.111
=66 49 15 (30.6) 34 (69.4) 143 431.08+135.44
PSA level (ng/ml)
<4 na na na na 413 446.73+143.75 0.723
>4 na na na 27 456.83+135.92
Gleason score
<7 na na na na 44 427.34+114.67 <0.001°
=7 na na na 247 419.46x128.84
>7 na na na 206 484.84+158.06
Pathological grade
<2 23 6(26.1) 17 (73.9) 0.304 na na na
>2 44 17 (38.6) 27 (61.4) na na
Clinical stage
I-1T 45 24 (53.3) 21 (46.7) <0.001° na na na
II-1v 27 2(74) 25 (92.6) na na
Tumor invasion
T1-T2 48 23 (47.9) 25 (52.1) 0.003* 177 (T1) 437.32+131.93 0.011°
T3-T4 24 3(12.5) 21 (87.5) 229 (T2-T4)  474.09+152.16
Lymph node metastasis
NO 60 26 (43.3) 34 (56.7) 0.003* 344 440.49+139.44 0.001°
N1 12 0(0.0) 12 (100.0) 80 503.48+174.50
Distant metastasis
MO 58 26 (44.8) 32(55.2) 0.001° 455 448.68+141.05 0.002°
Ml 14 0(0.0) 14 (100.0) 3 710.18+381.93

1P<0.05,°P<0.01. GLTSCR1, Glioma Tumor Suppressor Candidate Region Gene 1; PSA, prostate-specific antigen; TCGA, the Cancer Genome
Atlas; na, not applicable; T, tumor; N, node; M, metastasis; SD, standard deviation.
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Figure 2. Immunohistochemical staining for GLTSCRI1 in prostate cancer and normal prostate TMA samples. (A) A full view of the immunohistochem-
istry staining for GLTSCRI in the TMA cohort. (B) The IRS of GLTSCRI in prostate cancer were higher than those in normal prostate tissues (prostate
cancer=4.82+0.99 vs. normal=3.86+0.69; P=0.015). The immunohistochemistry staining indicated that GLTSCRI immunostaining mainly occurred in the
cytoplasm of prostate cancer, the intensity of GLTSCR1 immunostaining was (C) moderate and (D) weak in prostate cancer tissues, and (E) weak in normal
prostate tissues. TMA, tissue microarray; GLTSCRI, glioma tumor suppressor candidate region gene 1; IRS, immunoreactivity score. 'P<0.05.
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Figure 3. Low expression of GLTSCRI1 predicts improved prognosis in prostate cancer patients. The Kaplan-Meier method was performed to evaluate the
difference in (A) overall and (B) BCR-free survival between high and low expression levels of GLTSCRI1 in all patients. The Kaplan-Meier method was
performed to evaluate the difference in (C) non-metastatic survival and (D) BCR-free survival between high and low expression levels of GLTSCR1 in
non-metastatic patients. BCR, biochemical recurrence; GLTSCR1, glioma tumor suppressor candidate region gene 1.

expression (P=0.028 and P=0.004, respectively). The same
result was obtained in the BCR-free survival of patients
with non-metastatic prostate cancer (P=0.004). However,
the different GLTSCRI1 expression was not significant in
the non-metastatic survival of patients with non-metastatic
prostate cancer.

GLTSCRI serves as an independent prognostic factor for the
survival of patients with prostate cancer. Finally, using Cox's
proportional hazards model on data obtained from TCGA,
the possibility that GLTSCRI is an independent prognostic
factor for the survival of prostate cancer was evaluated. The
univariate analysis revealed that GLTSCRI1 expression was a
significant prognostic factor for BCR-free survival in patients
with prostate cancer (HR, 2.279; 95% CI, 1.284-4.047,
P=0.005), alongside the Gleason score, PSA level, tumor
invasion and lymph node metastasis (all P<0.05; Table III).
Multivariate analysis revealed that high GLTSCRI1 expression
was a significant independent prognostic factor in prostate
cancer (HR, 1.829; 95% CI, 1.002-3.339; P=0.049), alongside
the Gleason score and PSA level (all P<0.05; Table III).

Discussion

Prostate cancer is a common disease with a high morbidity
rate in the USA (21). The disease is characterized by numerous
heterogeneous lesions, and the use of presently known
biomarkers to determine the state of disease progression and

predict the prognosis remains a challenge. Therefore, further
studies are required to identify a novel and accurate biomarker
to assess the disease stage and predict the outcome for patients.
In the present study, it was revealed that the expression of
GLTSCRI in prostate cancer tissue was increased compared
with that in normal tissues. Additionally, the GLTSCRI1
expression was markedly associated with the progression
of prostate cancer. Notably, GLTSCR1 may function as a
significant independent prognostic factor in prostate cancer,
since high expression of GLTSCR1 was associated with poorer
BCR-free survival in patients with prostate cancer.

GLTSCRI is involved in the development and progres-
sion of oligodendroglioma (13,14). Previous investigations
demonstrated that on chromosome 19ql13, a number of
susceptibility loci are associated with the aggressiveness
of prostate cancer (15,16). Notably, GLTSCRI is located on
19q13.33 (14,15), suggesting that GLTSCR1 may be associated
with prostate cancer. Using TCGA, the present study identified
that GLTSCR1 was moderately associated with MAPIS at the
mRNA expression level. MAPIS is a biomarker of autophagy,
and a previous study demonstrated that patients with prostate
cancer exhibiting low MAPIS expression levels exhibit a poor
prognosis (11,12). In light of the aforementioned studies, it was
hypothesized that GLTSCR1 may promote prostate cancer
progression. Therefore, the association between the expression
of GLTSCRI in prostate cancer tissues, and the clinicopatho-
logical parameters and prognosis of patients with prostate
cancer was evaluated.
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Table III. Prognostic value of GLTSCR1 expression for the BCR-free survival proportional hazards model.

BCR-free survival

Variable HR (95% CI) P-value

Univariate analysis
Age, =60 vs. <60 1.319 (0.773-2.250) 0.310
PSA level, >4 vs. <4 10.426 (5.309-20.474) <0.001°
Gleason score, <7 vs. =7 vs. >7 3.175 (1.881-5.360) <0.001°
Tumor invasion, T1 vs. T2-T4 3416 (1.714-6.810) <0.001°
Distant metastasis, MO vs. M1 3.536 (0.488-25.641) 0.212
Lymph node metastasis, NO vs. N1 1.879 (1.049-3.365) 0.034
GLTSCRI expression, low vs. high 2.279 (1.284-4.047) 0.005°

Multivariate analysis
Age =60 vs. <60 1.026 (0.594-1.771) 0.927
PSA level, >4 vs. <4 6.093 (3.015-12.316) <0.001°
Gleason score, <7 vs. =7 vs. >7 2.326 (1.343-4.028) 0.003*
GLTSCRI1 expression, low vs. high 1.829 (1.002-3.339) 0.049°

P<0.05, "P<0.01. GLTSCRI1, Glioma Tumor Suppressor Candidate

CI, confidence interval; PSA, prostate-specific antigen.

Region Gene 1; BCR, biochemical recurrence; HR, hazard ratio;

In present study, it was revealed that GLTSCRI1 protein
expression was markedly associated with advanced clinical
stage, enhanced tumor invasion, and lymph node and distant
metastasis in the prostate cancer tissues. Additionally, it was
also identified that the GLTSCR1 RNA expression level
in prostate cancer was associated with the Gleason score,
enhanced tumor invasion, and lymph node and distant metas-
tasis, based on data from TCGA. Those clinicopathological
parameters directly indicated the stage of prostate cancer.
Furthermore, it was identified that the patients with prostate
cancer exhibiting high expression of GLTSCR1 experienced
a significantly shorter overall survival time compared with
those with low expression of GLTSCR1 (P=0.028). Notably,
the results from multivariate analysis revealed that GLTSCR1
was a novel independent prognostic factor in prostate cancer.

According to the present study, GLTSCRI1 served a marked
function in promoting prostate cancer progression. However,
the underlying molecular mechanism by which GLTSCR1
promotes prostate cancer remains unknown. A previous study
demonstrated that GLTSCRI is able to upregulate Pim-2
oncogene (PIM2) in C33A cells (22). PIM2 is a potential target
of cancer therapy since blocking the activity of PIM2 may
prevent the development of pancreatic cancer and multiple
myeloma (23-25). Additionally, the overexpression of PIM2 may
promote the tumorigenesis of prostate cancer, and high levels
of PIM2 in prostate cancer are associated with an increased
risk of biochemical recurrence (26). Furthermore, PIM2 may
regulate autophagy, and PIM-2 suppression downregulates
autophagy by preventing dissociation of B cell lymphoma-2
from Beclin 1 (27). According to the aforementioned studies, it
was hypothesized that GLTSCR1 promotes prostate cancer by
upregulating PIM2. However, this hypothesis requires further
investigation. As stated earlier, TCGA revealed that GLTSCR1
was correlated with MAPIS at the mRNA expression level in

prostate cancer. The present study suggested that low expres-
sion of GLTSCRI1 is indicative of a good prognosis in patients
with prostate cancer. However, a previous study suggested that
low expression of MAPIS is indicative of a poor prognosis
in patients with prostate cancer (12). Therefore, the results
of the two studies are contradictory. This may arise from the
character of autophagy, since PIM2 and MAPIS are associ-
ated with autophagy (11,22). Autophagy may serve contrary
functions in different stages of cancer (28). Therefore, the
conclusions drawn require further investigation.

In conclusion, the present study suggested a sensitive and
accurate biomarker that may aid in the diagnosis and prog-
nosis of prostate cancer. However, continued study is required
to clarify the underlying molecular mechanisms by which
GLTSCRI1 promotes prostate cancer.
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