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Abstract: GTSE1 is an important cell cycle regulatory gene and located on microtubules, which has been reported 
to be overexpressed in lung cancer, breast cancer and oral tongue squamous cell carcinoma etc. However, the 
expression of GTSE1 and its clinical pathological significance remains to be elucidated in colorectal carcinoma 
(CRC). Public microarray data, TCGA data and immunohistochemical staining were applied to analyze the mRNA 
or protein expression levels of GTSE1 in CRC. GTSE1 was found to be significantly up-regulated in 198 CRC tissues 
when compared with those in adjacent non-tumor tissues. Furthermore, our data showed that up-regulation of 
GTSE1 was associated with age, pathological tumor-node-metastasis (TNM) stage and chemotherapy. Relationship 
between GTSE1 expression and risk of death or recurrence were assessed by Kaplan-Meier survival curves and Cox 
regression model, but no notable results were obtained. We presume GTSE1 might act as a potential factor that 
contributes to progression of CRC.

Keywords: GTSE1, colorectal carcinoma, immunohistochemical staining, tumor-node-metastasis stage, chemo-
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Introduction

Colorectal carcinoma (CRC) is the third most 
common malignancies, with over 1 million new 
cases and approximately 5,00,000 deaths 
worldwide each year, and the overall 5-year sur-
vival is only 25% [1, 2]. In developed countries, 
high incidence of CRC continues. At the same 
time, the incidence rate of CRC in developing 
countries like China has increased dramatically 
in recent years, especially in big cities. In China, 
CRC now becomes a significant threat to peo-
ple’s health and is surely a substantial cancer 
burden. Because of current diagnostic limita-
tions used in the clinical practice, CRC is usu-
ally diagnosed at advanced stages. CRC is a 
comprehensive endpoint deriving from inherit-
ed susceptibility, clinical conditions and envi-
ronmental/life style related risk factors [3-6]. 
Despite great progress has been achieved in 
diagnosis and treatment, there remains a lot of 
tasks in seeking novel biomarkers for early 

diagnosis and prediction of prognosis in CRC 
patients. 

GTSE1 gene which is located on human chro-
mosome 22 (region q13.2-q13.3) spans about 
33 kb on the human genome with 11 introns 
and 10 exons. Its homolog, Gtse1 gene (once 
called B99) has been first cloned from a murine 
cell line and its expression product has been 
found to be located on microtubule network in a 
p53 inducible manner. Similarly to the murine 
Gtse1, human GTSE1 is expressed specifically 
in G2 and S phase of cell cycle and modulated 
by p53 and other cell-cycle regulatory mecha-
nisms [7-9]. A series of studies from Schneider 
C. Group has reported that GTSE1 negatively 
modulates the trans-activation function of p53 
and p53-dependent apoptosis through the 
physiological interaction between its C-terminal 
and C-terminal of p53 [10]. Their further study 
has demonstrated that the ectopic expression 
of GTSE1 with an intact nuclear export signal 
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together with functional Mdm2 can enhance 
the localization of p53 in cytoplasm [11]. GTSE1 
shuttles p53 out of the nucleus via PLK1 phos-
phorylation at Ser435, and regulates the func-
tion of p53 during G2 checkpoint recovery [12]. 
Besides, the N-terminal of GTSE1 is sufficient 
for p21 stabilization, which is critical for cells 
cycle control and cellular resistance to microtu-
bule poison paclitaxel [13]. Recent reports 
have indicated that GTSE1 gathers at growing 
microtubule plus ends by binding with EB1+TIP, 
and is required for cell migration especially in 
breast cancer cell lines. Expression pattern of 
GTSE1 indicates its potential to increase the 
invasiveness in breast cancers [14]. Our previ-
ous study of GTSE1 in lung cancer has not 
shown that the over-expression of GTSE1 had a 
significant association with clinical data [15]. 
However, the expression and function of GTSE1 
in colorectal cancer remains to be elucidated. 

In this study, we investigated the expression of 
GTSE1 using public microarray data, TCGA data 
and immunohistochemical staining, and ana-
lyzed the association of its expression with 
clinical features in colorectal carcinoma. Thus, 
we can find out more clues on prognostic value 
of GTSE1 in colorectal carcinoma.

Materials and methods

Analysis of public microarray and TCGA data

To investigate the mRNA expression level of 
GTSE1 in colorectal carcinoma, we downloaded 
four representative public microarray datasets 
of CRC tissues from GEO database (http://
www.ncbi.nlm.nih.gov/geo/), which were used 
for the comparison between primary tumor and 
normal counterparts. For each dataset, the 
ratio of GTSE1 expression level in tumor to nor-
mal tissue (log2 transformed) and P-value for 
Student-t test were calculated. Besides, we 
retrieved the normalized expression data of 
GTSE1 in CRC patients from RNA-seq data of 
TCGA (https://tcga-data.nci.nih.gov/tcga/data-
AccessMatrix.htm). This data includes 41 pairs 
of CRC patients samples [16]. Related expres-
sion analysis was performed.

Population of colorectal carcinoma patients

A total of 198 CRC patients were recruited 
immediately after surgery at the Departments 
of General Surgery in Xijing and Tangdu 
Hospitals affiliated with the Fourth Military 

Medical University (Xi’an, China) from July 2006 
to Sep 2011. No age, sex, or disease stage 
restrictions were applied in case recruitment. A 
pair of colorectal cancer tissues and corre-
sponding adjacent tissues was collected for 
each patient. The institutional Ethics Commi-
ttee approval and signed informed consent 
from each participant for this study have been 
achieved. 

Clinical data collection

We used a standardized epidemiological ques-
tionnaire to record all the demographic and per-
sonal data including age, sex, ethnicity, resi-
dential region, smoking status, alcohol use, 
education status, body mass index (BMI), and 
family history of cancer. All clinical data were 
collected through in-person interviews or medi-
cal chart reviews, including time of diagnosis 
and surgery, time of recurrence and/or death, 
tumor stage, differentiation, location site, and 
treatment protocol. A trained clinical specialist 
performed the standard follow-up through on-
site interview, direct calling or medical chart 
review. The last follow-up data in this study 
were obtained in Sep 12th 2014, and 10% 
patients were lost during follow-up.

Immunohistochemical staining 

All CRC cancer tissues were assessed by pa- 
thologists according to HE staining to assure 
the suitable rate of tumor cells in the sample. A 
rabbit anti-hGTSE1 antibody with the Cat. 
Number bs-2516R (BoAoSen, China) was used. 
Immunohistochemical staining was performed 
following the protocol of Histostain-Plus Bulk 
Kit (invitrogen, USA) as previously described 
[15].

Evaluation of immunohistochemical staining 
results

The results of immunohistochemical staining 
were evaluated for extent and intensity inde-
pendently by two professional pathologists. 
Brown staining of nuclear and/or cytoplasm 
was defined as positive results. According to 
our previous report [15], the ratio of positive 
cells was classified into 5 grades: <10% (0), 
10-25% (1), 26-50% (2), 51-75% (3), and >75% 
(4), whereas the intensity was divided into 4 
grades: negative (0), light brown (1), brown (2), 
dark brown (3). For each patient’s tissue speci-
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men, we took pictures of 5 different visual 
fields under 400× magnification. Then, per-
centage scores and intensity scores were esti-
mated according to the standards. By multiply-
ing the percentage score and intensity score, 
total score for each picture was calculated. For 
each patient, final score was defined as the 
mean value of five independent visual fields 
[17, 18].

Statistical analysis

Student’s t test and Pearson χ2 were used  
to test the association of GTSE1 expression 
with clinical characteristics, including age, sex, 
smoking statues, tumor stage, tumor histology, 
tumor diameter, volume, sub-cellular location, 
death and recurrence. Hazard ratios (HRs) and 
95% confidence interval (95% CI) were estimat-
ed with a multivariate Cox proportional hazards 
model, adjusting to tumor stage where appro-
priate. Survival chart were plotted by Kaplan-
Meier method, and log-rank test were per-
formed to compare the patient overall survival. 
The SPSS 16.0 statistical package (SPSS, 
Chicago, IL) was applied in all statistical analy-
sis. A two-sided probability level under 0.05 
was defined as statistically significant. The end-
point was overall patient survival or recurrence 
free survival, which was defined as the time 
from initial treatment to death or recurrence 
from any cause [19].

Figure 1. mRNA level of GTSE1 in human colorectal carcinoma tissues. A. GTSE1 mRNA level in four microarray 
datasets (GSE10950, GSE5364, GSE18105, and GSE8671) of CRC. Fold changes of GTSE1 mRNA level between 
tumor tissues and non-tumorous tissues for total (a) and each sample (b) were shown. The black line was mean 
value of the probe replicates in each dataset. The red plus means the value out of range. B. Comparison of GTSE1 
mRNA level in 41 pairs of CRC patients from TCGA data (P<0.001).

Table 1. Association of GTSE1 expression level 
with clinicopathological variables in 198 CRC 
cases

Variables
Number of 

patients (%)
N=198

GTSE1, 
mean P value

Age 
    ≤60 100 (50.5%) 7.54 <0.001
    >60 98 (49.5%) 8.66
Gender
    Male 104 (52.5%) 7.99 0.472
    Female 94 (47.5%) 8.22
Tumor position
    Rectum 108 (54.5%) 8.11 0.939
    Colon 90 (45.5%) 8.09
Tumor stage
    I + II 133 (67.2%) 7.85 0.026
    III + IV 65 (32.8%) 8.60
Tumor differentiation
    Well 30 (15.2%) 7.80 0.419
    Moderate + poor 168 (84.4%) 8.15
Chemotherapy
    Yes 160 (80.8%) 8.25 0.044
    No 38 (19.2%) 7.45
Death
    Yes 60 (30.3%) 8.10 0.984
    No 138 (69.7%) 8.10
Recurrence
    Yes 63 (31.8%) 8.00 0.657
    No 135 (68.2%) 8.15
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Results

Elevated mRNA expression of GTSE1 in human 
CRC microarray and TCGA data

We explored the public microarray datasets 
(colorectal cancer: GSE10950, GSE5364, GSE- 
18105, GSE8671) to check the mRNA level of 
GTSE1. The log2 transformed fold change of 
GTSE1 mRNA level in CRC tissue versus non-
tumor tissue was shown in Figure 1A. Our 
results showed that GTSE1 was significantly 
over-expressed in dataset GSE10950, GSE- 
5364 and GSE8671 with the t-test p-value 
<0.05. Normalized GTSE1 expression files in 
41 pairs of CRC patients’ samples from TCGA 
were also retrieved. As demonstrated in Figure 
1B, GTSE1 mRNA expression was notably high-
er in CRC tissues compared to corresponding 
normal tissues with the p-value <0.001. 

Distribution of patients’ characteristics

We summarized the characteristics of CRC 
patients in Table 1. The median age is 60 years 

old at diagnosis (range from 25 to 88 years 
old). The median value of biomarker CEA for 
CRC is 3.73 (range from 0-421, data not shown) 
[20, 21]. 104 patients (52.5%) were male while 
the other 94 patients (47.5%) were female. In 
90 patients (45.5%), tumor was found in colon. 
And in other 108 patients (54.5%), tumor was 
found in rectum. Tumor stage distributions we- 
re as following: stage 0/I + stage II (n=133, 
67.2%), stage III + stage IV (n=65, 32.8%). The 
majority (n=168, 84.8%) of patients had mod-
erately or poor differentiated tumors. 60 
patients died during the period of follow-up 
(range from 3 months to 96 months) and 63 
patients developed recurrence.

Over-expression of GTSE1 protein in human 
CRC

We detected GTSE1 expression and subcellular 
localization in 198 CRC and paratumor tissue 
specimens by immunohistochemistry. Positive 
nucleus staining of GTSE1 was found in 9 
patients’ tissues whereas other 189 patients 

Figure 2. Expression of GTSE1 protein in colorectal cancer tissues by immunohistochemical (IHC) staining and dis-
tribution of GTSE1 IHC scores in 198 CRC patients. A. Level 0 to Level 3 samples demonstrate low to high GTSE1 
protein expression in colorectal cancer tissues (right) compared to its non-tumor adjacent tissues (left). Magnifica-
tion, ×400. B. Bar-graph illustrating the frequency and range of GTSE1 IHC staining index of 198 CRC patients. C. 
The distribution of pathological IHC scores of GTSE1 in 198 CRC patients.
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all show cytoplasm localization of GTSE1. Only 
4 CRC specimens show a negative GTSE1 
immunohistochemical (IHC) staining whereas 
GTSE1 was all over-expressed in other 194 
specimens of cancer tissues with different 
expression levels (positive staining rate: 
98.0%). All paratumor tissues show weak 
GTSE1 IHC staining in villus cells. To assess 
GTSE1 expression more accurately, we clarified 
the intensity score of the GTSE1 expression 
into 4 different levels. Level 0 was set for nega-
tive staining. Light brown, brown and dark 
brown staining was set as level 2, 3 and 4 
respectively (Figure 2A). The IHC scores were 
calculated by the intensity and percentage of 
each specimen. We calculated the IHC score as 
the previously described [15]. The distribution 
of GTSE1 IHC scores in 198 CRC patients was 
shown in Figure 2B and 2C.

Association of GTSE1 expression with clinico-
pathological variables of CRC patients

To explore the possible association between 
GTSE1 expression and clinicopathological vari-

ables of CRC patients, we used two different 
methods for statistical analysis. First, we divid-
ed each variable of whole population into 2 
groups, and compared the mean IHC score of 
GTSE1 in two groups to see if there is signi- 
ficant difference. We observed that GTSE1 
expression was correlated with age (P<0.001), 
tumor stage (P=0.026) and chemotherapy 
(P=0.044) as shown in Table 1.

As indicated in Table 2, GTSE1 expression 
scores were then dichotomized into low, medi-
an and high groups with the tertile value 7.46 
and 9.1 as the cutoff point. Then, we checked 
the number of patients in 3 different groups of 
GTSE1 expression for significant difference. 
Our data revealed that GTSE1 expression was 
inversely associated with age (P=0.023), tumor 
stage (P=0.035) and chemotherapy (P=0.011). 
This result was consistent with those in Table 
1. No significant association between GTSE1 
expression and gender (P=0.593), tumor po- 
sition (P=0.737) or tumor differentiation (P= 
0.941) were found.

Prognostic significance of GTSE1 in CRC pa-
tients

For all 198 patients, the median follow-up peri-
od was 45 months. During this period, 60 
patients were deceased, and 63 patients de- 
veloped recurrence. Logistic regression analy-
sis was performed to assess the prognostic sig-
nificance of GTSE1 in 198 CRC patients. No 
significant association between death risk and 
GTSE1 expression levels were observed (P= 
0.56, adjusted HR=1.21; 95% CI, 0.72-2.06). 
Also, no significant association were found 
between recurrence risk and GTSE1 expression 
(P=0.96, adjusted HR=1.06; 95% CI, 0.63-
1.76). We also did the Kaplan-Meier analysis  
to estimate the relationship between GTSE1 
expression and overall survival (OS) or recur-
rence-free survival (RFS). But no remarkable 
difference was observed between OS or RFS of 
both groups with different GTSE1 expression 
(As shown in Figure 3A and 3B).

To elucidate the association between GTSE1 
over-expression and CRC progression, we fur-
ther analyzed the correlation of GTSE1 expres-
sion with two key factors of CRC, the primary 
tumor size and the degree of spread to regional 
lymph nodes (As shown in Table 3). GTSE1 
expression scores were dichotomized into two 
groups of low and high expression or three 

Table 2. Distributions of GTSE1 level with 
clinical characteristics
Variables Low Median High P value
Age
    ≤60 39 34 27 0.023
    >60 25 34 39
Gender
    Male 34 38 32 0.593
    Female 30 30 34
Tumor position
    Rectum 35 35 38 0.737
    Colon 29 33 28
Tumor stage
    I + II 48 47 38 0.035
    III + IV 16 21 28
Tumor differentiation
    Well 11 8 11 0.941
    Moderate + poor 53 60 55
Chemotherapy
    Yes 46 55 59 0.011
    No 18 13 7
Death
    Yes 18 21 21 0.649
    No 46 47 45
Recurrence
    Yes 22 20 21 0.759
    No 42 48 45
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groups of low, median and high expression. 
Although GTSE1 expression only showed a 
trend in two groups analysis, GTSE1 high 

expression in three groups showed a more sig-
nificant relationship with degree of spread to 
regional lymph nodes (P=0.037).

Figure 3. Kaplan-Meier curves of overall survival (OS) and recurrence-free survival (RFS) in CRC patients with low 
or high GTSE1 expression. A. OS curves: overall survival in CRC patients with high GTSE1 expression and those with 
low expression (P=0.555). B. RFS curves: recurrence-free survival in CRC patients with high GTSE1 expression and 
those with low expression (P=0.964).

Table 3. Association of GTSE1 expression with CRC progression

Expression
Tumor stage (T)a Lymph nodes (N)b

T1, T2 (%) T3, T4 (%) OR (95% CI) P N0 (%) N1/2 (%) OR (95% CI) P 
Two Groups
    GTSE1 low expression 67 (52.3) 29 (41.4) Ref. 71 (52.6) 25 (39.7) Ref.
    GTSE1 high expression 61 (47.7) 41 (58.6) 1.55 (0.86-2.80) 0.143 64 (47.4) 38 (60.3) 1.69 (0.92-3.10) 0.092
Three Groups
    GTSE1 low expression 47 (36.7) 17 (24.3) Ref. 48 (35.6) 16 (25.4) Ref.
    GTSE1 median expression 40 (31.3) 28 (40.0) 1.94 (0.93-4.04) 0.078 49 (36.3) 19 (30.2) 1.16 (0.54-2.53) 0.702
    GTSE1 high expression 41 (32.0) 25 (35.7) 1.69 (0.80-3.55) 0.169 38 (28.1) 28 (44.4) 2.21 (1.05-4.67) 0.037
T size of the primary tumor, N degree of spread to regional lymph nodes, M presence of distant metastasis. aTumour stage T1 + T2 as reference 
category; T0,Tx and Tis cases were excluded from the analysis. bAbsence of lymph node affected (N0) as reference category, Nx cases were 
excluded from the analysis.

Table 4. Modulating effects of chemotherapy on CRC survival by GTSE1 level
GTSE1 level Death/Total HR (95% CI)a P value Recurrence/Total HR (95% CI)a P value
In patients with high GTSE1 level
    No Chemotherapy 9/15 Ref. 7/15 Ref.
    Chemotherapy 23/87 0.28 (0.11-0.70) 0.006 25/87 0.40 (0.15-1.04) 0.060 
In patients with low GTSE1 level
    No Chemotherapy 7/23 Ref. 7/23 Ref.
    Chemotherapy 21/73 0.69 (0.26-1.86) 0.467 24/73 0.70 (0.27-1.86) 0.477
Abbreviations: CI, confidence interval; HR, hazard ratio. aAdjusted by gender, age, TNM stage, differentiation, position.
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Besides, the modulating effects of GTSE1 
expression level on chemotherapy in CRC pa- 
tients survival were also further investigated. 
We found that patients who received chemo-
therapy exhibited a significant protective effect 
on prognosis in patients with high GTSE1 
expression level, but not in those with low 
GTSE1 expression. When we stratified patients 
by expression level of GTSE1, we found that 
patients with high GTSE1 expression benefitted 
from adjuvant chemotherapy with HRs of 0.28 
(P=0.006) for OS and 0.4 for RFS (P=0.06), but 
those who had low GTSE1 expression did not, 
with HRs of 0.69 for OS (P=0.467) and 0.70 for 
RFS (P=0.477) (Table 4).

Discussion 

GTSE1, which is located on microtubule, has 
been reported to be up-regulated in lung can-
cer tissues in our previous study [15]. In breast 
cancer, over-expressed GTSE1 is associated 
with invasive potential, tumor stage and time  
to distant metastasis [14]. In addition, it has 
been reported that GTSE1 is a potential marker 
in oral tongue squamous cell carcinoma and  
its up-regulation correlates with metastasis  
in gastroenteropancreatic neuroendocrine tu- 
mors [22, 23]. Evidences demonstrated GTSE1 
is also over-expressed in woman’s uterine leio-
mysoarcoma and metastatic advance Egyptian 
bladder cancer [24, 25]. Besides, Vinod Vijay 
Subhash verified that GTSE1 affects cisplatin 
cytotoxity and is potential for a biomarker in 
gastric cancer patients [26]. Nevertheless, the 
potential prognostic value of GTSE1 in colorec-
tal cancer is elusive. In our present study, 
GTSE1 was found to be up-regulated from  
evidence of public microarray datasets in 
colorectal cancer. This finding was further veri-
fied in immunohistochemical staining analysis 
of GTSE1 protein in colorectal cancer tissues 
when compared with corresponding adjacent 
tissues. Statistical analysis by two separate 
ways in 198 colorectal cancer patients showed 
that over-expression of GTSE1 protein was sig-
nificantly associated with age and TNM stage. 
Further investigation showed that high GTSE1 
expression is correlated with degree of spread 
to lymph nodes. For analysis on association of 
GTSE1 expression with clinicopathological vari-
ables, we also included the factors of CEA value 
and sub-cellular location of GTSE1 expression 
(nucleus and cytoplasm), but no significant find-

ing was obtained (data not shown). Besides, OS 
or RFS in CRC patients with different GTSE1 
expression levels indicated no significant di- 
fference.

New biomarkers in CRC are always in great 
need in clinical practice. If we can identify a 
more predictive factor for outcome estimation 
in CRC, the treatment will be more effective. 
From our results, high GTSE1 expression has  
a significant association with older age and 
advanced TNM stage, suggesting that GTSE1 
may contribute to colorectal cancer progres-
sion. These results are not similar with our pre-
vious study of GTSE1 in lung cancer, in which 
GTSE1 expression shows no significant associ-
ation with the clinical variables [15]. Combined 
with reported results, this may indicate that 
GTSE1 functions differently in various types of 
tumors. 

Besides, GTSE1 expression exhibited a modu-
lating effect on the efficacy of chemotherapy, 
indicating that CRC patients with high GTSE1 
expression can benefit from adjuvant chemo-
therapy, which needs to be further validated. 
This result is consistent with previous study 
that GTSE1 functions by regulating p21 level to 
resist paclitaxel, a typical microtubule disrupt-
ing drug in chemotherapy [13]. And a very 
recent research in gastric cancer also implied 
GTSE1 confers cisplatin resistence [26]. Our 
finding provides helpful information for the 
decision-making in individualized chemothera-
py of CRC patients. The mechanism underlying 
our results remains to be elucidated, which is 
our major aim in future study.

There may be two reasons why GTSE1 up-regu-
lation is associated with CRC progression. First, 
as former studies reported, GTSE1 is specifi-
cally expressed in G2 and S phase in cell cycle 
and oppositely modulated by p53 and p21, 
implying that GTSE1 functions to promote cell 
survival [9, 11, 13]. That is why high GTSE1 
expression in CRC cells promotes tumor growth. 
Second, GTSE1 is also known to be involved in 
metastasis of some tumor types. GTSE1, orien-
tated on microtubules, can advance the micro-
tubule elongation by gathering at plus end, thus 
increase the invasive potential in breast cancer 
[14]. It also helps the cells in resisting paclitax-
el [13]. All these evidence suggests that GTSE1 
might function in cytoskeleton to induce tumor 
metastasis. Further investigation in specific 
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cell lines and animal models is warranted to 
verify the exact mechanism of GTSE1 in CRC.

In summary, our present study demonstrates 
that GTSE1 is significantly associated with 
patient age and TNM stage as well as chemo-
therapy in colorectal carcinoma. These results 
provide some evidences that GTSE1 might 
accelerate tumor progression and serve as a 
potential indicator or therapeutic targets in 
colorectal carcinoma. More detailed research-
es are needed to explore the working mecha-
nism of GTSE1 in CRC. 
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