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Introduction

Renal cell carcinoma (RCC) is one of the most lethal 
urological malignancies and is the 9th commonest cancer 
worldwide, accounting for 2-3% of all malignant tumors 
[1]. It constitutes > 90% of all renal malignancies [2]. The 
clear cell RCC (ccRCC) subtype is considered the most 
predominant variant of RCC [3]. Worldwide, it ranks as 
the 9th and as the 14th most frequent cancer among males 
and females respectively [4].

In Egypt, it was reported by National Cancer Institute 
that RCC represents about 0.8% of newly diagnosed 
cancers and represents about 6% of newly diagnosed 
malignancies in the genitourinary system [5]. The 
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incidence of RCC is higher in-between older age group 
[6]. Renal cancer is a multifactorial malignant disease. 
Between 25% and 33% of patients present with metastasis 
at the time of ccRCC diagnosis [7]. A proportion of cases 
who underwent nephrectomy were presented with either 
recurrence or metastasis. The consequence of RCC differs 
widely, suggesting the need for appropriate, precise and 
accurate prognostic parameters. Up to date, the best 
prognostic system for overall survival (OS) is the TNM 
staging system [8]. However, the need to improve the 
management of patients. and detection of new reliable 
prognostic parameters is mandatory. 

Nucleolar and spindle associated protein1 (NUSAP1) 
gene is located at cytogenetic bands 15q14 [9]. Its 
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localization depends on the cell cycle. When it appears 
in interphase G2 cells, it is localised in the nucleus and 
concentrates within the nucleoli [10]. After nuclear 
envelope breakdown during meiosis, soluble NUSAP1 
is released into the cytoplasm and localised on the 
microtubules in prometaphase, gradually concentrating 
at microtubule plus ends near the chromosomes until the 
anaphase [11].

NUSAP1 is overexpressed in numerous types of 
malignant tumors compared to the non-neoplastic 
tissue counterpart [12]. Down-regulation of NUSAP1 
expression was linked to inhibition of proliferation, which 
defines it as a proto-oncogene [13]. It also influences 
migration, invasion, as well as metastasis via affecting 
the cytoskeleton [14]. Its overexpression was noticed as 
a poor prognostic indicator [15].

G2 And S-Phase Expressed 1 (GTSE1) gene was 
mapped to chromosome 22q13.2-q13.3 [16]. GTSE1 
is predominantly located within the cytoplasm and 
cytoskeleton, including tubulin or microtubules [17]. 
It controls microtubule dynamics through suppressing 
microtubule depolymerase MCAK, which is fundamental 
for chromosome stability, alignment and spindle integrity 
during mitosis [18].

GTSE1 protein participated in cellular response to 
DNA-damaging agents by regulating p53 function and 
stability during the S and G2 phases of the cell cycle [19]. 
Also, it was observed that its ability to control apoptosis 
appeared to be restricted during the S and G2 phases of cell 
cycle [20]. Previous studies detected GTSE1 expression 
in various malignancies and its expression was a poor 
prognostic indicator [21, 22]. The Aim of this study was 
evaluation of the link between NUSAP1 and GTSE1 in 
ccRCC and correlation their immunoexpression with 
clinicopathological parameters and the patients’ survival to 
identify their significance as potential therapeutic targets, 
indicators for tumor progression, and pa¬tients’ prognosis.

Materials and Methods

Tissue Specimens
One hundred cases of formalin-fixed, paraffin-

embedded radical nephrectomy specimens of ccRCC were 
included in the current study. They were randomly selected 
from pathology laboratory of Minia University Hospital 
in the period between January 2012 and December 2017. 
The study was approved by the ethical committee of the 
faculty of Medicine, Minia university (Approval No. 
476/10/2022). 

Clinicopathological data were obtained from pathology 
reports. Nuclear grade was revised according to Fuhrman 
nuclear grading system and categorized into 4 grades [23]. 
Stage, size and LNM were determined according to AJCC 
TNM system [24]. TILs were categorized into absent, 
mild, moderate, and marked. Absent; no inflammatory 
cells at the tumor’s invasive margin, mild; mild and patchy 
infiltrate, moderate; prominent band-like inflammatory 
reaction at the invasive margin, and marked; florid cup-like 
infiltrate at the invasive edge with frequent destruction of 
tumor cells [25].
Immunohistochemical procedure 

Briefly, sections were cut 5 μm thick on positively 
charged slides, de-paraffinized, and rehydrated. Slides 
were immersed in 3% hydrogen peroxide for 30 min 
then rinsed in PBS solution. Citrate buffer (pH 6.0) was 
used for antigen retrieval using the microwave. Then, 
slides were left to cool at room temperature and washed 
in PBS solution. Primary anti-NUSAP1 Polyclonal rabbit 
antibody (1:200, catalogue number 7764R, USA, Bioss 
Antibodies).and primary anti- GTSE1 Polyclonal rabbit 
antibody (1:200, catalogue number: 2516R, USA, Bioss 
Antibodies) were added. Sections were then incubated 
in a humidity chamber overnight at 4°C. Afterwards, 
slides rinsed with PBS before treatment with secondary 
antibody for 30 min. After a wash in PBS, streptavidin-
biotin complex reagent was applied for 30 min. The 
3,3-diaminobenzidinetetra hydro-chloride (DAB) was 
added, then sections were washed in distilled water. Lastly, 
slides were stained with hematoxylin, dehydrated, cleared 
with xylene, and coverslipped. 

Evaluation of immunostaining 
Slides were examined by pathologists (D. Thabet, M. 

Gayyed and M. El-Hussieny), independently in a blind 
fashion to clinicopathological data using an Olympus light 
microscope, Japan.

Cytoplasmic NUSAP1 staining was detected 
and considered as positive expression. Also, GTSE1 
cytoplasmic staining was considered positive. The 
intensity of staining was scored and stratified as follows: 
0: no staining; 1+: weak staining; 2+: moderate staining; 
and 3+: strong staining. The percentage of positive cells 
was scored as follows: 0 <10%; 1 = 10–25%; 2 =26–50%; 
3=51–75%; and 4 >75%. The final score was detected by 
multiplying the staining intensity by the percentage score. 
Concerning NUSAP1; a score of 1–4 was considered as 
low NUSAP1 expression, and a score of 5–12 as high 
expression [26]. Regarding GETS1; a score ≥ 6 was 
detected as high expression, whereas < 6 as low expression 
[27].

Statistical analysis
Data were analyzed using SPSS version 20. Chi-square 

and Fisher’s exact tests were used to compare categorical 
variables. Correlation between NUSAP1 and GETS1 was 
evaluated using Spearman’s correlation coefficient. The 
relationship between markers expression and their clinical 
outcomes was estimated through multivariate analysis. 
DFS curves were estimated using Kaplan-Meier curves, 
while the differences in the survival curves were compared 
using Log-Rank test. By using Cox regression model, the 
multivariate analysis was done. P value of < 0.05 was 
considered significant.

Results

This study included 100 ccRCC cases. The mean 
age ± standard deviation (SD) of the studied cases was 
57.82 ± 9.45 and the median age was 57 years (ranged 
from 41-79 years). The age of the patients was classified 
into two main groups according to the median age. Other 
Clinicopathological characteristics were listed in Table 1. 
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Figure 1. Immunohistochemical Expression of NUSAP1 and GTSE1 in ccRCC: Low expression in grade 1 (A&B) and 
grade 2 (C&D) of both NUSAP1 and GTSE1 respectively. High expression in grade 3 (E&F) and grade  4 (G&H) of 
both NUSAP1 and GTSE1 respectively  (magnification  X200) (scale bar= 100µ) 

Figure 2. Kaplan- Meier Curve for DFS according to NUSAP1 (A) and GTSE1 (B) Immunoexpression. Shorter DFS  
is associated with high expression. 

A B

Immunohistochemical expression of NUSAP1 and GTSE1 
(Figures 1) 

The cytoplasmic NUSAP1 expression was considered 
positive. In the present study, 60% of the cases revealed 
high immunoreactivity. A significant association was 
detected between NUSAP1 immunoexpression and 

size (p=0.007), Fuhrman grade (p=0.022), tumor 
stage (p=0.003), TILs (p=0.026), capsular invasion 
(p=0.002), Perinephric fat invasion (p=0.012), Distant 
metastasis (p=0.007), and DFS (p=0.007). Meanwhile no 
significant association was observed between NUSAP1 
immunostaining and age (p=0.465), gender (p=0.815), 
laterality (p=0.63), lymph node status (p=0.07), LVI 
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(p=0.009), and DFS (p=0.009). Meanwhile no significant 
association was found between GTSE1 immunostaining 
and age (p=0.74), gender (p=0.563), laterality (p=0.19), 
perinephric fat invasion (p=0.085), LVI (p=0.053), sinus 
fat invasion (p=0.975), tumor necrosis (p=0.812) or renal 
vein invasion (p=0.409) as shown in Table 2. 

Correlation between the immunoreactivity of NUSAP1 
and GTSE1

A statistically significant positive correlation 
was determined between NUSAP1  and GTSE1 
(p <0.001, r= 0.701) (Table 3).

Survival analysis and prognostic significance
DFS of 100 cases of ccRCC patients was investigated. 

The variables analyzed included markers expression and 
some clinicopathological data included in our study. The 
time of DFS ranged from 5 months to 60 months with a 
mean ±SD of 36.4 ±0.4 months and a median survival time 
was 45 months. Patients with high NUSAP1 and GTSE1 
immunoexpression had significantly shorter DFS than 
those patients with low expression (p= 0.007 and p=0.009, 
respectively) (Figure 2). 

The multivariate analysis revealed that nuclear grade 
and tumor stage were both independent prognostic factors 
(p=0.01, p=0.027, respectively). Moreover, NUSAP1 and 
GTSE1 immunoexpression had an independent impact 
on the prognosis of the studied cases (p= 0.021 and p= 
0.015, respectively), while the other variables were not 
statistically significant (Table 4).

Discussion

RCC is a heterogeneous disease and despite the recent 
advances in renal cancer treatment, the long-term survival 
of patients with advanced stage remains poor [28]. Due 
to the complexity of the disease, more studies are needed 
to give us the opportunity to understand the underlying 
molecular and genetic pathways of carcinogenesis and 
provide targeted therapies [29]. Also, tumor stage and 
grade are the most widely accepted prognostic factors 
combined approach including molecular pathways seems 
to improve the predictive accuracy [30]. 

NUSAP1 is a microtubule-associated protein which 
has microtubule-bundling and stabilizing activity [31]. 
NUSAP1 also has roles in invasion and metastases [32]. 
In addition, it shares in functional interactions with pro-
oncogenic pathways [33]. Although, the overexpression 
of NUSAP1 has been found in various cancers, there is 
limited research concentrating on the expression and 
clinical significance of NUSAP1 in RCC. In the current 
study, high NUSAP1 expression was detected in 60% 
of ccRCC. We found a significant association between 
NUSAP expression and the tumor size (p = 0.007). 
Regarding tumor grade, high NUSAP1 expression was 
found in 50%, 72.7% and 100% of grade II, III and IV 
cases, respectively, displaying a significant association 
between high expression and Fuhrman grade. Also, 27.3% 
of stage I, 47.1% of stage II, 76.9% of stage III and 100% 
of stage IV cases showed high expression. These findings 
could be attributed to its anti-apoptotic role through the 

(p=0.122), sinus fat invasion (p=0.345), tumor necrosis 
(p=0.556) or renal vein invasion (p=0.345). 

Cytoplasmic expression of GTSE1 was regarded 
as positive expression. In our study, 62% of the cases 
showed high immunostaining. A significant association 
was detected between GTSE1 immunoexpression 
and size (p=0.026), Fuhrman grade (p=0.004), tumor 
stage (p=0.019), Lymph node status (p=0.021) TILs 
(p=0.04), capsular invasion (p=0.009), Distant metastasis 

Table 1. The Clinicopathological Data of ccRCC Patients 
(n=100)
Clinicopathological data No.
Age(years) ≤ 57 years 66

> 57 years 34
Gender Male 58

Female 42
Laterality Right kidney 36

Left kidney 64
Size (cm) < 4 cm 22

4.1-7 cm 46
>7 cm 32

Fuhrman grade 1 18
2 44
3 22
4 16

Tumor stage I 22
II 34
III 26
IV 18

Lymph node status Nx 68
N0 12
N1 20

LVI Positive 38
Negative 62

Distant metastasis Positive 18
Negative 82

Capsular invasion Positive 42
Negative 58

Perinephric fat invasion Positive 36
Negative 64

Sinus fat invasion Positive 16
Negative 84

Renal vein invasion Positive 16
Negative 84

TILs Negative 22
Mild 22
Moderate 32
Marked 24

Coagulative tumor necrosis Positive 40
Negative 60

DFS Positive 18
Negative 82
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NUSAP1 expression GTSE1 expression
Clinicopathological data No. Low  High P value Low High P value
Age (years) 
     ≤ 57 66 24 (36.4) 42 (63.6) 0.465 22 (33.3) 44 (66.7) 0.74
     > 57 34 16 (47.1) 18 (52.9) 16 (47.1) 18 (52.9)
Gender
     Male 58 24 (41.4) 34 (58.6) 0.815 26 (44.8) 32 (55.2) 0.563
     Female 42 16 (38.1) 26 (61.9) 12 (28.6) 30 (71.4)
Laterality 
     Right kidney 36 16 (44.4) 20 (55.6) 0.63 18 (50) 18 (50) 0.19
     Left kidney 64 24 (37.5) 40 (62.5) 20 (31.3) 44 (68.7)
Size (cm)
     < 4 cm 22 16 (72.7) 6 (27.3) 16 (72.7) 6 (27.3)
     4.1 - 7 cm 46 20 (43.5) 26 (56.5) 0.007* 16 (34.8) 30 (65.2) 0.026*
     > 7 cm 32 4 (12.5) 28 (87.5) 6 (18.8) 26 (81.2)
Fuhrman grade 
     I 18 12 (66.7) 6 (33.3) 14 (77.8) 4 (22.2)
     II 44 22 (50) 22 (50) 0.022* 20 (45.5) 24 (54.5) 0.004*
     III 22 6 (22.3) 16 (72.7) 4 (18.2) 18 (81.8)
     IV 16 0 (0) 16 (100) 0 (0) 16 (100)
Tumor stage
     I 22 16 (72.7) 6 (27.3) 16 (72.7) 6 (27.3)
     II 34 18 (52.9) 16 (47.1) 0.003* 14 (41.1) 20 (58.9) 0.019*
     III 26 6 (23.1) 20 (76.9) 8 (30.8) 18 (69.2)
     IV 18 0 (0) 18 (100) 0 (0) 18 (100)
Lymph node status
     Nx 68 34 (50) 34 (50) 32 (47.1) 36 (52.9)
     N0 12 4 (33.3) 8 (66.7) 0.07 6 (50) 6 (50) 0.021*
     N1 20 2 (10) 18 (90) 0 (0) 20 (100)
TILs
     Absent 22 14 (63.6) 8 (36.4) 12 (54.5) 10 (45.5)
     Mild 22 14 (63.6) 8 (36.4) 0.026* 16 (72.7) 6 (27.3)
     Moderate 32 6 (18.8) 26 (81.2) 6 (18.8) 26 (81.2) 0.04*
     Marked 24 6 (25) 18 (75) 4 (16.7) 20 (83.3)
LVI 
     Positive 38 10 (26.3) 28 (73.3) 8 (21.1) 30 (78.9)
     Negative 62 30 (48.4) 32 (51.6) 0.122 30 (48.4) 32 (51.6) 0.053
Distant metastasis 
     Present 18 0 (0) 18 (100) 0.007* 0 (0) 18 (100) 0.009*
     Absent 82 40 (48.8) 42 (51.2) 38 (46.3) 44 (53.7)
Capsular invasion
     Positive 42 6 (14.3) 36 (85.7) 0.002* 8 (19.1) 34 (80.9) 0.009*
     Negative 58 34 (58.6) 24 (41.4) 30 (51.7) 28 (48.3)
Perinephric fat 
     Positive 36 6 (16.7) 30 (83.3) 0.012* 8 (22.2) 28 (77.8) 0.085
     Negative 64 34 (53.1) 30 (46.9) 30 (46.9) 34 (63.1)
Sinus fat invasion
     Positive 16 4 (25) 12 (75) 0.345 6 (37.5) 10 (62.5) 0.975
     Negative 84 36 (42.9) 48 (57.1) 32 (38.1) 52 (61.9)

Table 2. Association between NUSAP1 and GTSE1 Immunoexpression and Clinicopathological Data for the Patients 
with ccRCC (n=100)

Test of significance: Chi-Square test. * P - value < 0.05 is considered statistically significant TILs, tumor infiltrating lymphocytes; LVI, 
lymphovascular invasion; DFS, disease free survival  
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GTSE1 expression

Low (%) High (%) Total P value

NUSAP1
expression

Low (%) 34 (85) 6 (15) 40

High (%) 4 (6.7) 56 (93.3) 60 <0.001*

Total 38 (38) 62 (62) 100

Table 3. Correlation between Immunoreactivity of 
NUSAP1 and GTSE1 (n=100)

Test of significance: Spearman correlation test; * P - value < 0.05 is 
considered statistically significant 

Sig. Exp(B) 95.0% CI for Exp(B)
Lower Upper

Age 0.13 0.621 0.335 1.151
Tumor size 0.379 0.625 0.22 1.778
LN 0.255 1.344 0.808 2.237
Grade 0.01* 0.573 0.376 0.873
Stage 0.027* 2.846 1.125 7.201
NUSAP1 0.021* 2.86 1.176 6.959
GTSE1 0.015* 3.178 1.254 8.052

Table 4. Multivariate Survival Analysis in ccRCC

Test of significance: Cox regression test * P - value < 0.05 is considered 
statistically significant; CI, confidence interval.

NUSAP1 expression GTSE1 expression
Clinicopathological data No. Low  High P value Low High P value
Renal vein invasion
     Positive 16 4 (25) 14 (75) 0.345 4 (25) 12 (75) 0.409
     Negative 84 36 (42.9) 48 (57.1) 34 (40.5) 50 (59.5)
Tumor necrosis 
     Present 40 14 (35) 26 (65) 0.556 14 (35) 26 (65) 0.812
     Absent 60 26 (43.3) 34 (56.7) 24 (40) 36 (60)
DFS
     Present 18 0 (0) 18 (100) 0.007* 0 (0) 18 (100) 0.009*
     Absent 82 40 (48.8) 42 (51.2) 38 (46.3) 44 (53.7)

Table 2. Continued

Test of significance: Chi-Square test. * P - value < 0.05 is considered statistically significant TILs, tumor infiltrating lymphocytes; LVI, 
lymphovascular invasion; DFS, disease free survival  

inhibition of P53, leading to cell survival and uncontrolled 
proliferation [34]. Moreover, its proliferative role through 
PI3K/AKT pathway could explain the impact of NUSAP1 
on tumor differentiation and progression [35]. NUSAP1 
overexpression has a significant effect on tumorogenesis 
through microtubule bundling and cell cycle arrest at 
G2/M check point which led to progression of mitotic 
process of proliferating process [36].

Our findings are in accordance with those observed 
in other tumors. Zhu et al.  that detected a statistically 
significant association between expression and tumor 
grade in glioma [37]. Also, Hou et al., reported a significant 
association with tumor size in urothelial carcinoma [38], 
and Guo et al., reported that tumors with advanced stage 
and marked TILs showed high  NUSAP1 expression in 
gastric carcinoma [36, 39]. In the current study, 100% 
of the cases with positive distant metastasis showed high 
NUSAP1 expression. NUSAP1 was supposed to regulate 
numerous EMT-related markers, such as E-cadherin, 
N-cadherin and vimentin [40]. In this context, a significant 
association was found in patients with distant metastasis 
in lung adenocarcinoma [41]. This might be linked to the 
role of NUSAP1 in cell invasion through Wnt/β-catenin 
signalling pathways [34]. NUSAP1 also influences 
cell migration by affecting the cytoskeleton. Up to our 
knowledge, there is no previous study demonstrated the 
relationship between NUSAP1 and perinephric fat invasion 
and capsular invasion.

NUSAP1 is related with shorter DFS and the 
multivariate regression analysis confirmed it as an 
independent poor prognostic factor in ccRCC. To the best 
of our knowledge, it is the 1st study that is concerned 

with the prognostic effect of NUSAP1 on survival and 
its relation to different clinicopathologic parameters via 
multivariate analysis in ccRCC. 

GTSE1 has an essential role in cell cycle regulation and 
microtubules-based activity. Furthermore, there is strong 
evidence that the aberrant GTSE1 expression could have 
an essential effect on the invasion and cancers progression 
[42]. However, it has limited utility as a prognostic marker 
in ccRCC.

Namely, upregulation of GTSE1 shows a statistically 
significant association with the aggressive features 
of ccRCC, such as Fuhrman grade, tumor size, stage, 
capsular invasion and metastasis. This could be attributed 
to the anti-apoptotic abilities of GTSE1 through its role 
as a negative regulator of p53 expression leading to 
uncontrolled proliferation [43]. Furthermore, GTSE1 has 
a function in tumor progression through cell cycle arrest 
at G0/G1 phase and activation of G2/M phase, which 
subsequently led to enhancement of mitotic process in 
proliferating cells [44]. Also, GTSE1 is recognized to 
advance the microtubule elongation by gathering at plus 
end; this increases the invasive potential in carcinomas 
[45]. These results are in line with Lin et al., who reported 
a link between GTSE1 and tumor grade and stage in breast 
cancer [21].

Furthermore, GTSE1 is suggested to induce cellular 
migration and proliferation through upregulation of 
Wnt/β-catenin signaling pathway [46]. To our knowledge, 
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there is no previous study that demonstrated the relevance 
between GTSE1 and capsular invasion in ccRCC.

In our study, we detected that GTSE1 expression was 
linked with shorter DFS and the multivariate regression 
analysis proved it as a poor independent prognostic 
factor. An earlier study clarified the association of GTSE1 
expression in ccRCC with prognosis. They reported that 
high GTSE1 expression is associated with lower DFS, and 
this association was statistically significant [27]. In our 
study, Fuhrman grade and stage were adverse prognostic 
clinical factors, and this is in agreement with previous 
studies done on gastric carcinoma [36, 47].

According to our results, there is a statistically 
significant positive correlation between NUSAP1 and 
GTSE1 expression. To the best of our knowledge, it is the 
first time to study the correlation between the expressions 
of them. NUSAP1 and GTSE1 have significant impact on 
cancer progression through their effect on EMT [34, 48]. 
High levels of NUSAP1 or GTSE1 are accompanied by 
reduced levels of epithelial indicators such as desmoplakin 
and E-cadherin, and elevated levels of mesenchymal 
markers as N-cadherin and vimentin [26, 27]. Additionally, 
both markers were reported to function in the PI3K/AKT 
signaling pathway [49, 50]. It was indicated that NUSAP1 
or GTSE1 knockdown decreased the phosphorylation 
of PI3K and AKT. Therefore, both markers knockdown 
suppressed cancer cell proliferation, migration, and 
invasion by inhibiting the PI3K/Akt signaling [51]. Both 
NUSAP1 and GTSE1 may function through Wnt/β-catenin 
signaling pathways. It was found that NUSAP1 and 
GTSE1 overexpression remarkably elevated the levels of 
active β-catenin expression in the cytoplasm, enhanced 
the transcription activity of β-catenin and remarkably 
decreased β-catenin expression in the nucleus [46].

In conclusion, we demonstrated that NUSAP1 and 
GTSE1 overexpression was closely related to the poor 
prognostic clinicopathological features of ccRCC and 
predicted an unfavorable prognosis. Therefore, NUSAP1 
and GTSE1 might act together as potential futuristic 
prognostic indicators and therapeutic targets for RCC 
patients. However, further analysis in molecular studies 
on larger scale are mandatory to highlight the interactive 
crosstalk regulatory mechanisms between both markers 
and their combined effect on ccRCR.
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