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Abstract
Bladder cancer is one of the most predominant tumors of the genitourinary tract. 
In addition to pathological findings, the molecular modifications that might affect 
tumorigenesis and tumor outcome should be considered when treating bladder can-
cer. Accordingly, we aimed to investigate the expression levels of both the ASPM 
and TEF genes in bladder cancer tissues and their value in disease prognosis. The 
expression levels of the ASPM and TEF genes were analyzed by quantitative real-
time PCR (qRT-PCR) in 90 bladder cancer tissue specimens and 90 specimens of 
normal urinary bladder tissue taken away from the tumor site. The upregulation of 
ASPM expression and the downregulation of TEF expression were observed in blad-
der cancer tissues compared to adjacent normal tissues, and these levels were cor-
related with high-grade tumors, advanced stage disease and the presence of metas-
tasis. Both genes had the ability to predict metastatic association with sensitivity 
(84.62%) and specificity (68.42%; *P < 0.001) for the ASPM gene and for the TEF 
gene with sensitivity (80.77%) and specificity (78.95%; *P < 0.001). Additionally, 
Kaplan–Meier survival analysis indicated that elevated ASPM expression levels and 
reduced TEF expression levels significantly correlated with decreased overall sur-
vival and progression-free survival. The current analysis concludes that ASPM and 
TEF expressions might be used as potential biomarkers in bladder cancer patients.
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Introduction

Bladder cancer (BC) is one of the most prevalent malignant tumors and has a phenom-
enally high rate of recurrence (Kwan et al. 2019). Bladder cancer is the second most 
common genitourinary tract malignancy worldwide (Torre et al. 2015) and the fourth 
most common cancer among males (Siegel et  al. 2018). Regardless of the advance-
ments in both systemic and local treatment and management protocols, noninvasive 
bladder cancer still has increased rates of progression and disease recurrence, while 
invasive and metastatic tumors have poor survival rates (Jiang et al. 2019). Bladder can-
cer has many risk factors that contribute to tumor development and progression such 
as genetic risk factors, chemical hazards such as cigarette smoking, and long-standing 
irritation such as pelvic irradiation (Kaufman et al. 2009). In bladder cancer, ordinary 
imaging procedures are not of much worth in early diagnosis (Rosenkrantz et al. 2016), 
and even though cystoscopy can help determine tumor characteristics, such as site and 
size, and affirm pathological findings, there is still a need for a valuable biomarker for 
early diagnosis (Dunphy et al. 2017).

The abnormal spindle-like microcephaly associated (ASPM) gene is found on chro-
mosome 1q31. The ASPM gene is primarily found in embryonic neuroblasts but has 
shown to be extensively present in an assortment of grown-up and embryonic tissues 
as well; it is likewise known as the abnormal spindle microtubule assembly gene (Kou-
prina et al. 2005). The encoded ASPM protein is involved in mitotic spindle forma-
tion and was at first recognized as a centrosomal protein that controls neurogenesis and 
brain growth, but it is now known to be generally expressed in a diverse array of normal 
and cancer tissues (Bikeye et al. 2010). Additionally, expanded cell growth and tumor 
advancement correlate with increased ASPM expression, indicating that ASPM might 
have an influence on cellular proliferation (Kouprina et al. 2005; Buchman et al. 2011).

Thyrotroph embryonic factor (TEF) is a protein that belongs to the proline- and 
acidic amino acid–rich (PAR) bZIP family and controls transcription by acting as 
transcription factor with DNA binding ability (Inukai et al. 2005). TEF is expressed 
initially in the embryonic anterior pituitary; however, in adult life, it is thought to be 
involved in controlling cell cycle and the cellular death of hematopoietic cells, thereby 
affecting their propagation (Yang et al. 2019). The TEF gene is also concerned with 
circadian rhythm moderation (Hua et al. 2012). Regarding the ability of TEF to bind 
to DNA, it can reduce the transcription of interleukin 3 (IL-3) and IL-3 receptor β sub-
units, affecting cellular apoptosis and preventing cell cycle progression (Inukai et al. 
2005). In this study, we aimed to evaluate the expression levels of both the ASPM and 
TEF genes in BC tissues and their value in the disease prognosis, patient survival, and 
metastatic prediction.

Subject and Method

This study was carried out by the Medical Biochemistry & Molecular Biology, 
Urology, Pathology and Clinical Oncology Departments, Faculty of Medicine, 
Menoufia University, from January 2017 to June 2019. Specimens were collected 



492	 Biochemical Genetics (2020) 58:490–507

1 3

from patients who underwent diagnostic cystoscopy and biopsy because of sus-
picious bladder cancer or after cystectomy. 180 tissue specimens were included 
in the current analysis. Ninety neoplastic tissue specimens from patients with 
proven bladder cancer and another 90 specimens of normal urinary bladder tis-
sue taken away from the tumor site were collected.

All patients were examined for the following: full history; general and local 
urological examination; routine laboratory investigations including urine analy-
sis, serum urea and creatinine; Bilharzial antibodies (Abs); routine radiologi-
cal investigations, including abdominal pelvic ultrasonography and/or abdomin-
opelvic CT to detect masses in the bladder; and specific investigations including 
urine cytology.

Patients with performance status ≥ 2, creatinine clearance ≤ 60  ml/min and 
major comorbidities in the form of organ failure were excluded from the study.

All specimens were received by the Pathology Department, where fresh parts 
of the tumor mass and adjacent normal bladder tissue were collected and stored 
in RNA protect Tissue Reagent, RNALater, QIAGEN® ( 10 μl reagent per 1 mg 
of tissue) at − 80  °C for further molecular analysis of ASPM and TEF mRNA 
expression levels at Medical Biochemistry & Molecular Biology Department. 
The rest of the specimens were immersed in formalin and submitted to routine 
tissue processing to obtain paraffin-embedded samples.

Patients with malignant pathologies were subjected to further metastatic anal-
yses, including CT chest, abdomen, pelvis, and bone scans.

The clinical staging of cancer was based on the TNM American Joint Com-
mittee on Cancer-Union International Center Cancer staging system (AJCC-
UICC) (Amin et  al. 2013). Grading was performed according to World Health 
Organization (WHO) and the International Society of Urologic Pathology 
(ISUP) classification (Moch et  al. 2016). The malignant tumors were divided 
into non-muscle-invasive bladder cancer (NMIBC) (stage pTa and pT1) or mus-
cle-invasive bladder cancer (MIBC) (stage pT2, pT3, and pT4) according to the 
TNM classification for the stage (Amin et al. 2015).

Patients with stage I disease underwent trans-urethral resection of the bladder 
tumor, followed by intravesical injection. Patients with T2-T4a, cN0MO muscle-
invasive bladder cancer were treated with neoadjuvant cisplatin-based chemo-
therapy followed by radical cystectomy and bilateral pelvic lymph node dissec-
tion or chemoradiation. Patients with metastatic disease received platinum-based 
chemotherapy. Patients were assessed by CTs and cystoscopy, and their response 
was measured according to RECIST criteria.

Follow-up was completed for all patients until June 2019. The progression-
free survival (PFS) rate was defined as the time between the date of diagnosis 
and the date of progression in the form of local recurrence, newly developed 
metastases for patients with localized disease, or an increase in size and/or num-
ber of metastases in patients with stage IV disease or last visit. The PFS rate was 
analyzed in relation to different prognostic factors among patients. The overall 
survival (OS) was considered until date of death or last visit.



493

1 3

Biochemical Genetics (2020) 58:490–507	

Sampling Work‑Up

Venipuncture was performed, and seven ml of peripheral blood was taken from each 
patient. Two ml of blood was assembled into a tube including EDTA as an antico-
agulant for CBC (Sysmex XN-1000, Japan (19723), B.M Egypt Company). Five ml 
was collected into a plain tube, and sera were separated by centrifugation at 5000 
R.P.M after blood clotting. The obtained serum was preserved at − 20 °C in order 
to evaluate serum albumin, urea and creatinine and identification of bilharzial anti-
bodies. The levels of urea in serum and creatinine in both serum and urine were 
determined by enzymatic colorimetric (DIAMOND Diagnostics, Germany), and 
creatinine clearance was estimated from the equation: U · V/P; where U is urine cre-
atinine levels, V is the volume of urine by minute, and P is the plasma levels of cre-
atinine (Lavender et al. 1969). The level of albumin was evaluating by exploiting the 
enhanced specificity of bromocresol green colorimetric analysis (DIAMOND Diag-
nostic Kit, Germany). Bilharzia or schistosoma antibodies in humans (IgG) were 
detected using an ELISA (DRG® Schistosoma IgG, USA) (Doenhoff et al. 2004).

For the cytological analysis of urine, ten ml of morning urine sample was col-
lected, and the sediments were examined for malignant cell content.

ASPM and TEF mRNA Expression Levels

RNA Extraction from Bladder Tissues

Total RNA extractions from all ninety tissue specimens were completed in 48 h to 
five days maximum from time of tissue collection using the QIAamp RNA Blood 
MiniKit (Qiagen, USA) as indicated by the producer’s instructions (Wang et  al. 
2000). The quality and quantity of extracted RNA were measured using agarose gel 
electrophoresis and nanodrop spectrophotometer (NanodropTechnologies).

Two‑Stage RT‑PCR

First, complementary DNA(cDNA) was synthesized by reverse transcription utiliz-
ing a reverse transcriptase kit (SensiFASTcDNA synthesis kit, Bioline Reagents Ltd, 
United Kingdom). An Applied Biosystems 2720 thermal cycler (Singapore) was 
used to process the reaction mixture of 20 μl that included 10 μl RNAextract added 
to a mixture of 1 μl of reverse transcriptase enzyme, 4 μl of 5 × TransAmp buffer 
and 5 μl of DNase/RNase-free water. The reaction was 10 min at 25 °C for primer 
annealing, followed by 15 min at 42 °C for reverse transcription, and a final step of 
5 min at 85 °C for inhibition of reverse transcriptase enzyme. The produced cDNA 
was preserved at − 20 °C.

The second stage of cDNA amplification was quantitative real-time PCR (qRT-
PCR). It was carried out for both ASPM and TEF mRNA expression relative to 
the endogenous reference gene β-actin utilizing the 2 × SensiFAST™ SYBR® Lo-
ROX Kit (Bioline Reagents Ltd.) and an Applied Biosystems 7500 Real-Time PCR 
system. The used primers’ accuracy was confirmed utilizing the Primer BLAST 
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program by NCBI and were sequenced as: ASPM: forward primer 5′- AGC​ATT​CCT​
TTT​ATC​CCA​GAA​ACA​CCTG-′3 and reverse primer 5′- GCT​TGC​AGG​GGA​TTT​
GTG​ATT​TCT​TCC-3′; TEF: forward primer 5′- CTG​CCT​CAC​AAC​GAC​TCC​TTT​
CTC​T -′3 and reverse primer 5′- TCG​CCT​CTG​TCT​CCT​CTT​CAC​CAT​AG—3′; 
Β-actin: forward primer 5′-GGC​GGC​ACC​ACC​ATG​TAC​CCT-3′ and reverse primer 
5′-AGG​GGC​CGG​ACT​CGT​CAT​ACT-3′. A reaction volume of 25  μl for RT-PCR 
was created from 12.5 μl of 2 × SensiFAST™ SYBR® Lo -ROX Master Mix,1 μl 
of individual primer, 5.5 μl of DNase/RNase-free water and 5 μl of the previously 
formed cDNA. The thermal cycler Applied Biosystems 7500 with the software ver-
sion 2.0.1 used a program of 95 °C for 10 min, then 45 cycling of 15  s at 95  °C 
and 1 min at 60 °C. The results were interpreted using the comparative Ct method 
(2−∆∆Ct), and the relative quantification of ASPM and TEF expressions was done by 
normalizing their expressions to that of the endogenous gene Β-actin.

Statistical Analysis

The IBM SPSS software package version 20.0 (Armonk, NY: IBM Corp) was uti-
lized for the statistical analysis of our data. To compare the two groups, Student’s t 
test was used for normally distributed quantitative variables, while the Mann–Whit-
ney test, Wilcoxon signed rank test, and Kruskal–Wallis test were used for abnor-
mally distributed quantitative variables. Spearman’s coefficient was used to exam-
ine the correlations between quantitative data. In terms of estimating the diagnostic 
performance of the gene expression levels, receiver operating characteristic curve 
(ROC) was utilized. Multiple regression analysis was performed. A Kaplan–Meier 
survival curve was implemented, and Cox regression was performed for significant 
relation with progression-free survival and the overall survival according to log rank 
test. Significance of the results was judged at the 5% level.

Results

This work was conducted on 90 patients with BC. The sample included 74(82.2%) 
males and 16(17.8%) females with a mean age of 58 ± 8.7 years. Regarding the his-
topathological examination of the tumor tissue samples, 54 (60%) of the patients 
were diagnosed as having conventional urothelial carcinoma (CUC) of the bladder, 
24 (26.7%) patients had urothelial carcinoma with squamous differentiation (UCS), 
and 12 (13.3%) patients were reported to have urothelial carcinoma with other diver-
gent differentiation (UCD) tumors. The majority of our patients were pathologically 
diagnosed to have muscle-invasive bladder cancer (MIBC), and only 14 (15.6%) 
patients had non-muscle-invasive bladder cancer (NMIBC). All clinicopathological 
characters of bladder cancer are listed in Table 1.

On evaluating the expression level of both ASPM and TEF genes in BC tis-
sues and normal tissues, we found highly significant differences between the two 
tissues with ASPM gene expression upregulated and TEF gene expression down-
regulated in BC tissues compared to the normal tissues (P < 0.001*) (Table  2; 
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Fig.  1a, b). Similar results were also obtained up on stratification Patients with 
BC to NMIBC and MIBC and also evaluating the expression level of both genes 
in each group separately (Table 3). However, increased ASPM mRNA level and 
decreased TEF mRNA in malignant tissues appeared to be more predominant in 
MIBC versus NMIBC (P < 0.001) (Table 6).

Based on the expression level of both the ASPM and TEF genes, a receiver 
operating characteristics (ROC) curve was utilized. The ASPM gene had a sensi-
tivity of 95.56% and a specificity of 86.67% (P < 0.001*) and the TEF gene had 
a sensitivity of 91.11% and a specificity of 71.11% (P < 0.001*) to differentiate 
the BC tissues from normal tissues (Table 4; Fig. 2a). Moreover, both genes had 
the ability to predict metastasis with a sensitivity of 84.62% and a specificity of 
68.42% (P < 0.001*) for the ASPM gene and for the TEF gene a sensitivity of 
80.77% and a specificity of 78.95% (P < 0.001*). (Table 5; Fig. 2b). Combination 
of both the ASPM and TEF genes expression levels has increased the diagnos-
tic accuracy to differentiate the BC tissues from normal tissues. However, this 
combination reported increased sensitivity to predict metastasis but with declined 
specificity (Tables 4, 5).

Regarding the ASPM gene, an elevated expression level in malignant tissues 
appeared to be more predominant in MIBC, high-grade tumors, in advanced 
stages, higher lymph node involvement and found more prevalently in tumors 
associated with metastasis. This finding indicates tumor progression. Addition-
ally, smoking patients and patients reported to have positive results for Bilhari-
zal antibodies had significant increased ASPM expression level in BC tissues. On 
the other hand, decreased expression level of the TEF gene in BC tissues was 
found to have significant prevalence in smoking patients, in MIBC, in high-grade 
tumors, in advanced (T3 and T4) tumor size, in advanced tumor stages and in 
tumors having metastatic lesions (Table 6).

Up on evaluating blood indices and kidney function, the ASPM gene expression 
level was negatively correlated with Hb% concentration, and TEF gene expres-
sion level correlated negatively with the urea concentration in serum (Fig. 3a, b).

In multivariate logistic regression, both ASPM expression level, OR 1.337 
(1.106–1.617), and TEF expression level, OR 0.090 (0.007–0.953), were 
predictors for metastasis. Additionally, ASPM expression level, OR 1.970 
(1.246–3.115), and smoking, OR 7.591(1.236–46.624), were independent risk 
factors of MIBC (Table 7).

When applying the Kaplan–Meier survival curve, log rank analyses revealed 
that high ASPM gene expression and low TEF gene expression in BC tissue 
were significantly associated with decreased progression-free overall rates (PFS) 
(P < 0.001) in BC patients (mean: 13.113; 95% CI (LL-UL) 11.627–14.599; 
mean: 15.389; 95% CI (LL-UL) 13.689–17.088 for ASPM and TEF genes, respec-
tively). Additionally, high ASPM gene expression and low TEF gene expression 
in BC tissue showed a significant correlation (P < 0.001) with decreased overall 
survival (OS) in BC patients (mean: 15.945; 95% CI (LL-UL) 14.990–16.900; 
mean: 17.046; 95% CI (LL-UL) 15.947–18.45 for the ASPM and TEF genes, 
respectively) (Fig. 4a–d).
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Table 1   Distribution of the 
studied cases according to 
clinicopathological factors in 
bladder cancer (n = 90)

No. (%)

Gender
 Male 74 (82.2%)
 Female 16 (17.8%)

Age (years)
 Median (Min –Max.) 57 (40–75)
 Mean ± SD 58 ± 8.7

Smoking
 Non smoker 36 (40.0%)
 Smoker 54 (60.0%)

Pathology
 CUC​ 54 (60%)
 UCS 24 (26.7%)
 UCD 12 (13.3%)

Muscle invasion
 NMIBC 14 (15.6%)
 MIBC 76 (84.4%)

Tumor grading
 Low grade 52 (57.8%)
 High grade 38 (42.2%)

Tumor staging
 I 14 (15.6%)
 II 24 (26.7%)
 III 16 (17.8%)
 IV 36 (40%)

Tumor size
 T1 and T2 44 (48.9%)
 T3 and T4 46 (51.1%)

Nodal status
 0 14 (15.6%)
 1 20 (22.2%)
 2 22 (24.4%)
 3 20 (22.2%)
 4 14 (15.6%)

Metastases
 No 38 (42.2%)
 Yes 52 (57.8%)
 Visceral 32 (35.6%)
 Bone and visceral 8 (8.9%)
 Bone only 12 (13.3%)

Performance
 0 40 (44.4%)
 1 50 (55.6%)

Outcome
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CUC​ conventional urothelial carcinoma; UCS urothelial carcinoma 
with squamous differentiation; UCD urothelial carcinoma with other 
divergent differentiation, NMIBC non-muscle-invasive bladder can-
cer; MIBC muscle-invasive bladder cancer

Table 1   (continued) No. (%)

 Progress 40 (44.4%)
 Responding 50 (55.6%)

Fate
 Death 44 (48.9%)
 Lived 46 (51.1%)

Urine cytology
 Negative 60 (66.7%)
 Positive 30 (33.3%)

Bilharzial Abs
 Negative 52 (57.8%)
 Positive 38 (42.2%)

Table 2   Comparison between BC tissues and normal tissues according to their ASPM and TEF genes 
expressions

Z Wilcoxon signed ranks test, p p value for comparing CB tissue and normal tissue
*Statistically significant at P ≤ 0.05

BC tissue (n = 90) Normal tissue (n = 90) Z P

ASPM gene expression
 Median (Min.–Max.) 8.5 (3.4–17.5) 1.0 (0.3–4.7) 8.240*  < 0.001*
 Mean ± SD 9.2 ± 3.9 1.4 ± 1.4

TEF gene expression
 Median (Min.–Max.) 0.19 (0.02–0.89) 1.10 (0.65–2.0) 8.010*  < 0.001*
 Mean ± SD 0.27 ± 0.25 1.20 ± 0.46

Fig. 1   a Comparison between BC tissue and normal tissue according to the ASPM gene expression. b 
Comparison between BC tissue and normal tissue according to the TEF gene expression
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Discussion

Even though the incidence rate of BC in Africa is considered one of the lowest 
worldwide, Egypt has a high incidence of BC with elevated mortality rates, espe-
cially in men (Antoni et al. 2017). In the current study, we aimed to investigate the 
expression levels of both the ASPM and TEF genes in BC tissues as potential mark-
ers and estimate their value in prognosis and metastatic prediction.

Regarding ASPM gene expression levels in BC and in agreement with our 
observations, a recent study conducted on BC using six databases by Xu et  al. 
reported the overexpression of ASPM mRNA in neoplastic tissues and found that 
its overexpression was related to aggressive malignant features, such as elevated 
tumor grade and progressive stage, according to the GEO and TCGA databases 

Table 3   Comparison between BC tissues and normal tissues according to their ASPM and TEF genes 
expressions in NMIBC cases (n = 14) and MIBC cases (n = 76)

Z Wilcoxon signed ranks test, P P value for comparing CB tissue and normal tissue, NMIBC non-mus-
cle-invasive bladder cancer, MIBC muscle-invasive bladder cancer
*Statistically significant at P ≤ 0.05

NMIBC BC tissue (n = 14) Normal tissue (n = 14) Z P

ASPM gene expression
 Median (Min.–Max.) 4.9 (3.4–8) 1 (0.4–4.7) 3.308* 0.001*
 Mean ± SD 5.3 ± 1.5 1.4 ± 1.5

TEF gene expression
 Median (Min.–Max.) 0.34 (0.25–0.85) 1.1 (0.65–1.8) 2.678* 0.007*
 Mean ± SD 0.5 ± 0.3 1.3 ± 0.5

MIBC BC tissue (n = 76) Normal tissue (n = 76) Z P

ASPM gene expression
 Median (Min.–Max.) 9.5 (3.4–17.5) 1 (0.3–4.7) 7.576  < 0.001*
 Mean ± SD 9.9 ± 3.7 1.4 ± 1.4

TEF gene expression
 Median (Min.–Max.) 0.17 (0.02–0.89) 1.2 (0.7–2) 7.518  < 0.001*
 Mean ± SD 0.2 ± 0.2 1.2 ± 0.4

Table 4   Sensitivity and specificity of both ASPM and TEF gene expression levels to predict BC tissue 
versus normal tissues

AUC​ area under a curve, P value probability value, CI confidence intervals, NPV negative predictive 
value, PPV positive predictive value
*Statistically significant at P ≤ 0.05

AUC​ P value 95% CI Sensitivity Specificity PPV NPV

ASPM gene expression 0.985  < 0.001* 0.973–0.997 95.56 86.67 87.76 91.11
TEF gene expression 0.964  < 0.001* 0.941–0.988 91.11 71.11 75.9 88.9
ASPM + TEF gene expression 0.999  < 0.001* 0.966–1.0 97.78 95.56 95.7 97.7
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(Xu et  al. 2019). Likewise, Tang et  al. examined breast cancer using the GEO 
dataset and found that there was a significant relationship among ASPM expres-
sion, breast cancer development, and poor prognosis (Tang et al. 2019). Increased 
ASPM transcript level was found within prostate cancer tissues and was linked 
with progressed tumor stage, incidence of metastasis and poor prognosis (Xie 
et al. 2017). Additionally, the ASPM mRNA reported to be upregulated in hepa-
tocellular carcinoma and correlated with occurrences of metastases and prompt 
recurrence rates (Lin et al. 2008).

ASPM is overexpressed in various neoplasms with an observable association 
with the expression levels of frequent biomarkers of cellular proliferation and 
related to expanded cell growth and tumor progression (Kouprina et al. 2005). Pai 
et al. explained that ASPM affects cellular proliferation and the ability of prostate 
cancer cells to invade were because of its interface with disheveled-3, a mod-
erator of the Wnt pathway, repressing its proteasome degeneration, accordingly 
enhancing Wnt constancy and permitting the Wnt-stimulated β-catenin transcrip-
tional action (Pai et al. 2019).

Fig. 2   a ROC curve for both e ASPM and TEF gene expression level to predict BC tissue versus normal 
tissue. b ROC curve for both the ASPM and TEF gene expression level in BC tissues to predict metastatic

Table 5   Sensitivity and specificity for the ASPM and TEF gene expression levels in BC tissues to predict 
metastasis in patients

AUC​ area under a curve, P value probability value, CI confidence intervals, NPV negative predictive 
value, PPV positive predictive value
*Statistically significant at P ≤ 0.05

AUC​ P value 95% CI Sensitivity Specificity PPV NPV

ASPM gene expression 0.844  < 0.001* 0.717–0.971 84.62 68.42 78.57 76.47
TEF gene expression 0.850  < 0.001* 0.712–0.939 80.77 78.95 84.0 75.0
ASPM + TEF gene expression 0.834  < 0.001* 0.750–0.918 88.46 57.89 74.2 78.6
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Table 6   Relation between ASPM and TEF genes expression in BC tissues and clinicopathological factors 
in bladder cancer

N ASPM gene expression Median 
(Min.–Max.)

TEF gene expression 
Median (Min.–Max.)

Smoking
 Non smoker 36 6.7 (3.4–13.5) 0.32 (0.02–0.89)
 Smoker 54 10.5 (3.4–17.5) 0.13 (0.03–0.58)
 U(p) 474.0* (< 0.001*) 556.0* (0.001*)

Pathology
 UCU​ 54 7.7 (3.4–17.5) 0.18 (0.02–0.85)
 CUS 24 9.8 (6.5–16.5) 0.19 (0.05–0.89)
 CUD 12 8.3 (5.9–15.8) 0.42 (0.06–0.85)
 H(p) 3.370 (0.185) 4.689 (0.096)

Muscle invasion
 NMIBC 14 4.9 (3.4–8) 0.34 (0.25–0.85)
 MIBC 76 9.5 (3.4–17.5) 0.17 (0.02–0.89)
 U(p) 136.0* (< 0.001*) 198. 0* (< 0.001*)

Grades
 Low grade 52 6.6 (3.4–15.8) 0.25 (0.02–0.89)
 High 38 12.1 (5.7–17.5) 0.09 (0.03–0.76)
 U(p) 270. 0* (< 0.001*) 478. 0* (< 0.001*)

Tumor size
 T1 and T2 44 7.8 (3.4–15.8) 0.24 (0.03–0.89)
 T3 and T4 46 9.6 (4.4–17.5) 0.12 (0.02–0.76)
 U(p) 806. 0 (0.096) 660.0* (0.046*)

Tumor staging
 I 14 4.9 (3.4–7.95) 0.34 (0.25–0.85)
 II 24 5.8 (3.4–15.8) 0.27 (0.13 –0.85)
 III 16 10.4 (7.2–16.5) 0.16 (0.03–0.89)
 IV 36 11.3 (6.7–17.5) 0.09 (0.02–0.76)
 H(p) 42.648* (< 0.001*) 35.680* (< 0.001*)

Nodal status
 0 14 4.3 (3.4–5.5) 0.25 (0.04–0.85)
 1 20 6.1 (5.1–6.9) 0.28 (0.03–0.85)
 2 22 8.5 (7.2–12.8) 0.15 (0.02–0.89)
 3 20 11.6 (9.6–14.6) 0.16 (0.03–0.38)
 4 14 15.2 (12.1–17.5) 0.11 (0.05–0.28)
 H(p) 34.462 (< 0.001*) 9.116 (0.058)

Metastases
 No 38 5.7 (3.4–15.8) 0.32 (0.18–0.85)
 Yes 52 10.5 (6.5–17.5) 0.11 (0.02–0.89)
 U(p) 308.0* (< 0.001*) 296.0* (< 0.001*)

Bilharzial Abs
 Negative 52 7.5 (3.4–16.5) 0.21 (0.02–0.89)
 Positive 38 10.5 (4.2–17.5) 0.12 (0.03–0.85)
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The analyses of Wang et al. found that elevated concentrations of both ASPM 
mRNA and its protein were detected in pancreatic ductal adenocarcinoma 
(PDAC) cell lines and on further inhibition of ASPM transcription in the malig-
nant cells, the tumor showed reduced cellular growth and a limited ability to pro-
duce metastasis (Wang et al. 2013). Similarly, in an in vitro study, higher ASPM 
expression levels were found to be strongly linked to the aggressive behavior of 
glioma and tumor recurrence, with its suppression resulting in excessive cellular 
death (Bikeye et al. 2010).

Consistent with our findings, a high ASPM expression level according to 
median levels demonstrated a significant correlation with poor OS and PFS in 
BC tissues (Xu et  al. 2019), and in breast cancer, the ASPM expression level 
was inversely correlated with OS and relapse-free survival (Tang et  al. 2019). 
ASPM upregulation in prostate cancer is associated with reduced OS and might 
biochemically predict recurrence-free survival (Xie et  al. 2017). Moreover, in 
PDAC, ASPM-silenced mice revealed extended survival (Wang et al. 2013).

With regard to the downregulation of TEF transcription in the neoplastic tis-
sue of BC in contrast to normal tissues, Yang et al. (2019) found similar results 

U Mann–Whitney test, H Kruskal Wallis test, P P value for association between ASPM or TEF gene 
expression and different parameters
* Statistically significant at P ≤ 0.05

Table 6   (continued)

N ASPM gene expression Median 
(Min.–Max.)

TEF gene expression 
Median (Min.–Max.)

 U(p) 552.0* (< 0.001*) 762.50 (0.065)
Albumin
 ≤ 3(g/dl) 36 9.8 (3.4–17.5) 0.14 (0.03–0.85)
 > 3(g/dl) 54 7.8 (3.4–16.5) 0.20 (0.02–0.89)
 U(p) 816.0 (0.199) 856 (0.339)

Fig. 3   a Correlation between ASPM gene expression with Hb% (g/dl). b Correlation between the TEF 
gene expression with urea (mg/dl)
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in their study on BC based on the TCGA database, as they reported reduced TEF 
expression levels in tumor tissues, which was further confirmed by their own 
investigations on BC tissues and cell lines.

The transcription of IL-3 receptor β subunit was effectively suppressed by TEF, 
resulting in blocking cellular multiplication and prompting cell cycle detention in 
the G0/G1 stage (Inukai et al. 2005). Furthermore, TEF regulates actin apportion-
ment and cellular configuration in fibroblasts (Gutierrez et al. 2011). P53, a tumor 
suppressor gene that controls cellular growth, appeared to be mutated in a high 
percentage of neoplasms (Rivlin et al. 2011), and TEF transcription is thought to 
be regulated by p53 through the overexpression of microRNA‐125b (Gutierrez 
et al. 2011), which may explain our results that the TEF expression level is asso-
ciated with BC development.

In this analysis, we reported that low TEF expression levels are related to 
shorter progression-free survival and overall survival in BC patients. Similarly, 
Yang et  al. found a significant association with worse survival among those 
patients (Yang et al. 2019).

The expression levels of both the ASPM and TEF mRNA levels were simul-
taneously evaluated for the first time in this analysis as both genes thought to 

Fig. 4   a Kaplan–Meier curve for progression-free survival separated based on low or high ASPM gene 
expression. b Kaplan–Meier curve for progression-free survival separated based on low or high TEF 
gene expression. c Kaplan–Meier curve for overall survival separated based on low or high ASPM gene 
expression. d Kaplan–Meier curve for overall survival separated based on low or high TEF gene expres-
sion
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affect cell cycle progression. ASPM, which controls mitotic spindle formation, 
is thought to control mitosis extent and induce cell cycle progression by crossing 
the G1 point (Capecchi and Pozner 2015). On the other hand, TEF found to have 
a negative effect on cell cycle progression, the increased TEF mRNA is consid-
erably associated with higher cells proportion in the G0/G1 phase but reduced 
those in the S phase as hindering G1/S transition. While, TEF silencing has the 
adverse effect (Yang et al. 2019). Additionally the AKT/FOXOs pathway is con-
trolled by TEF specifically FOXO1 and FOXO4, which are supposed to be tumor 
suppressors due to their anti‐proliferative properties (Maire et  al. 2013). FOXO 
members exert their tumor suppressing effects by means of transfer to the nucleus 
and affecting specific genes (Maia et  al. 2015). Phosphorylation of these mol-
ecules resulting in cytoplasmic transfer abolishing their tumor suppressing effects 
and enhancing tumor proliferation (Brown and Webb 2018) and TEF‐silenced 
cells showed increased phosphorylation of AKT and FOXO4 and declined phos-
phorylation was observed with increased TEF mRNA levels (Yang et al. 2019). 
However the tumor suppressor FOXOs reported to have an inhibitory effect on 
ASPM expression and the de-repression of ASPM in Foxo knocked cells results 
in hyper-proliferative state (Paik et al. 2009). In brief we can suppose that ASPM 
up regulation is associated with enhanced proliferation and cell cycle progression 
conversely to TEF expression which in agreement with our finding of the upregu-
lation of the ASPM gene and the downregulation of the TEF gene in cancer tis-
sues compared to their expression level in normal bladder tissues and association 
with advanced tumor stage and aggressive tumor among BC patients.

In our study, we observed negative correlation between TEF expression and urea 
levels and between ASPM expression and Hb. The pre-operative renal impairment 
in BC had16.9% prevalence and reported to be associated with tumor recurrence and 
bad prognosis (Cao et al. 2016). Additionally, Preoperative anemia was correlated 
with tumor recurrence and might contribute to BC mortality. Hypoxia may prompt 
modification in gene expression and enhance tumor growth (Chen et al. 2017). The 
role of TEF and ASPM in these results is not known and need further studies to 
reveal this association. The limitation of our study was the MIBC predominance.

Conclusion

This work explored the potential value and prognostic role of the expression of both 
ASPM and TEF in BC and found that ASPM upregulation and TEF downregulation 
have a significant role in tumor expansion and the incidence of metastasis. Subse-
quently, ASPM and TEF seem to be worthy markers in the diagnosis and prognosis 
of BC and should be considered in determination of therapeutic strategies.
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