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ZEB1, SOX2 and p21 mRNA expression in Meningioma and Glioma
Abstract
Background and Objectives: Gliomas are the most common malignant primary brain tumors in adults. Meningiomas, on the other hand, are benign primary brain tumors treated by surgical resection. Epithelial-Mesenchymal Transition (EMT), stemness and leader behavior are among the most important complex processes contributing to tumor progression and aggressiveness. Thus, evaluation of molecular targets implicated in the aforementioned processes in primary brain tumors including meningioma as benign tumor models and glioma as malignant tumor models can facilitate deciphering underlying molecular mechanisms implicated in glioma aggressiveness.
Methods: ZEB1, SOX2 and p21 expression analysis in 31 glioma (15 GBM and 16 non-GBM) and 44 meningioma samples, was carried out in this study using quantitative real-time PCR. 
Results: SOX2 and ZEB1 expression levels showed significant increase in gliomas compared to meningiomas with p values 0.016 and 0.017, respectively.
Conclusion: SOX2 and ZEB1 expression levels were significantly higher in the more aggressive glioma tumors in comparison with meningioma. It can be concluded that expression of the same important genes could be controlled by different factors in different tumor types emphasizing the need to investigate molecular mechanisms controlling expression of these major regulatory genes in different cancer types and different organ systems.
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Introduction
Primary brain tumors are heterogeneous neoplasms derived from various cell types of the central nervous system (CNS).  Among them, glioma and meningioma are the two most common primary brain tumors in adults which are distinctive in regards to potential malignant features.  Glioma originates primarily from glial cells and is mostly found in the CNS. Regarding glioma cell types, they can be either astrocytic (astrocytoma), oligodendrocytic (oligodendroglioma), ependymal (ependymoma) or mixed.  The World Health Organization (WHO) classified these tumors into grades I to IV based on differentiation, anaplasia, aggressiveness and histopathological state [1]. Glioma is the most prevalent primary brain tumor.  GBM, as the most lethal subtype of glioma, with the poorest five-year survival of 0.05 to 4.7% after diagnosis, occurs in 0.59 to 3.69 per 100,000 people[2,3,4] , while the age-adjusted incidence rate for glioma, in general, varies from 4.67 to 5.73 per 100,000 people  [5,6]  .  In general, glioma tends to be more prevalent in men than women. GBM comprises approximately 82 % of all glioma cases.  Although GBM tumors are highly invasive and infiltrate the surrounding parenchyma, they are restricted to the CNS and rarely metastasize to regional lymph nodes, lungs and pleura, and occasionally to the bone and liver. Meningioma, the most common non-malignant brain tumor, arises from the arachnoid cap cells at any site in the CNS and also in the spinal cord.  More than 80% of these tumors remain benign with silent progression, which is the reason why ample evidence on their epidemiology and characteristics cannot be obtained.  Overall, 5-year survival occurs in 70% of cases and this rate decreases with age.  Meningioma can be treated with surgical resection due to its benign features although 15-20% of these tumors may display aggressive behavior and may consequently need further adjuvant therapies [2]. Studies have been conducted to unravel the molecular mechanisms of brain tumors, especially GBM, but there is still a long road ahead. 
A wide range of mechanisms have been studied and proven to be implicated in glioma aggressiveness. It has been proven that glioma stem-like cells (GSCs) with stem cell features are capable of self-renewal to produce progenitors that help to the progression of the tumor [7]. Mutations in Isocitrate Dehydrogenase 1 (IDH1) and changes in methylation patterns of Methyl Guanine Methyl Transferase (MGMT) are also among contributing factors to tumor malignant features [8,9]. Another major mechanism contributing to tumor aggressiveness is cellular invasive and migration ability to the surrounding normal parenchyma in the brain, yielding  the ability to evade surgical resection and radiotherapy [10] .EMT is a complex process through which tumor cells lose their epithelial features through the loss of E-cadherin and attain mesenchymal features with decreased adhesion to adjacent cells which culminates in more motility and migration capability, rendering tumor cells more malignant properties. Cells that undergo EMT can also incur epigenetic changes resulting in dedifferentiation into cancer stem cells (CSCs), associated with more severe phenotypes and poorer prognosis [11,12]. These reversible changes are significantly influenced by the tumor microenvironment. Gaining mesenchymal features has been proposed to be tightly linked to acquisition of stem cell features (stemness). A plethora of signaling pathways, including Wnt, have been proposed to play important roles in the EMT process in which tumor cells acquire metastatic abilities (11). Zinc finger E-box homeobox 1 (ZEB1) is a key transcription factor implicated in EMT and cancer progression [13-16].  In addition, there is increasing evidence for its role in drug resistance to Temozolomide [17]. Furthermore, its expression is a contributing factor to shorter survival of patients. p21 is a cell cycle regulator and is implicated in senescence induction in response to DNA damage and p53 activation.  It has also been proven to play a significant role in neural stem cell self-renewal by repressing Sry-Related HMG Box (SOX2) expression, a transcription factor that is also considered to play important roles in cancer stem cells.  Recently, developmentally controlled or injury-induced p53, p21, or CDK inhibition have been hypothesized to constitute a general mechanism to induce collective leader-driven cell migration (18).  Leader cells are cells with distinct features that can activate specific migratory pathways.p53 is a well-known determinant of leader-driven cell migration and does so by modulating downstream p21 and CDK activity(18) .    

Due to their implication in stemness, EMT and leader cell behavior and migration processes, SOX2, ZEB1 and p21 were selected for further analysis in this study. In addition to their interaction with each other, these molecules are known to participate in EMT and stemness. Since glioma is a malignant brain tumor with high potential for metastasis, invasion and relapse, and meningioma is a known benign brain tumor with low degree of aggressiveness and relapse, we hypothesized that these types of brain tumors might be a good in vivo model to uncover role of EMT, stemness and leader behavior key regulatory molecules in aggressive and invasive features of brain tumors.  The aim of this study was to analyze mRNA expression level of SOX2, ZEB1 and p21 in primary brain tumors including glioma and meningioma samples to provide evidence for significance of these molecules in brain tumorigenesis.  Therefore, comparison of expression levels of these molecules between glioma and meningioma can be a rational model to help justify existing differences in aggressive and metastatic features. This study was the first report to demonstrate up-regulation of stemness and EMT markers, SOX2 and ZEB1 (p=0.016 and p=0.017), in glioma tumors compared to meningioma tumors, most likely due to cancer-specific mechanisms modulating expression of these molecules. It is paramount to point out that our study was in confirmation of previous studies elucidating expression levels of ZEB1, SOX2 and p21 in glioma and meningioma and was in further support of already acquired data by other investigators [19-24].
Materials and Methods
Patient samples
Seventy-five fresh brain tumor samples, 31 glioma (15 GBM and 16 non-GBM) and 44 meningioma samples, were collected from Shariati Hospital affiliated to Tehran University of Medical Sciences from 2014-2016.  All participants signed the written informed consent form. All procedures followed were in accordance with the ethical standards of Tehran University of Medical Sciences and the Helsinki Declaration of 1975, as revised in 1983 and its subsequent revisions.  All pathology results and definitive diagnosis of tumor types and grades were confirmed by an expert pathologist.
 RNA extraction, DNase treatment, and cDNA synthesis
All procedures related to RNA extraction, DNase I treatment and cDNA synthesis were described previously and followed the MIQE guidelines [19].  Tripure isolation reagent (Roche, Mannheim, Germany) was used for RNA extraction which was done based on the manufacturer’s instructions.  Recombinant DNase I (Takara Bio Inc, Shiga, Japan) was used for eliminating DNA content from all RNA samples according to the manufacturer’s protocol. Elimination of genomic DNA from RNA samples were confirmed firstly by measuring DNA and RNA concentrations and secondly by agarose gel electrophoresis.  cDNAs were obtained by the PrimeScript RT reagent (TakaraBio Inc., Shiga, Japan) based on manufacturer’s protocol. 
 Quantitative real-time PCR
mRNA expression specific primers were designed by Primer-design (NCBI) and Gene Runner or adopted and are listed in Table 1.  Quantitative real-time PCR was performed by utilizing SYBR Premix Ex Tag TM (Takara Bio Inc., Shiga, Japan) and Light Cycler® 96 System (Roche Life Science, Germany).  The steps of Real-time PCR cycles were as following: initiation for 30 s at 95’C, followed by 40 cycles including 6 s at 95’C and 20s at 60’C. Melting curves were analyzed at the end of each real-time PCR reaction for checking the presence of any primer dimers and the specificity of the amplicon peaks. To ensure the removal of any genomic DNA from each RNA sample, quantitative real-time PCR reactions were done by SOX2 primers. Absence of amplification peak was a confirmation of perfect DNase I treatment performance. Expression data for each tissue sample was normalized to GAPDH gene expression data as the housekeeping gene.  All experiments were performed in duplicates.
 Statistical analysis
Data were presented with mean, standard deviation and range.  The Q-Q plot and the Kolmogorov-Smirnov test were used to evaluate normal distribution.  The Analysis of variance (ANOVA) and the Mann-Whitney test was done to compare groups.  The Bonferroni method was calculated for multiple comparisons.  The ROC curve and the area under the curve were used to evaluate the sensitivity and specificity of each mRNA.  Pearson correlation coefficient, was assessed between rankings of two variables.  Statistical analysis was performed with SPSS (IBM Corp. Released2013.  IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp.). A p value less than 0.05 was deemed statistically significant for a confidence interval of 95%.  
 Results
 Patient’s demographic and histopathologic data
According to the demographic data of participants, the mean age of glioma and meningioma patients are 43 and 57, respectively with minimum 10 years and maximum 77 years for glioma and minimum 21 years and maximum 80 years for meningioma. As expected, 61.3 % of our glioma patients are male and only 38.7% are female. In contrast, 29.5% of our meningioma patients are male and 70.5 % are female. Females accounted for 50% and 72.2% of GBM and grade I meningioma patients, respectively.
 ZEB1, SOX2, and p21 mRNA expression level
The mRNA expression level of ZEB1, SOX2, and p21 were evaluated by quantitative real-time PCR in glioma and meningioma samples and GAPDH was used as the housekeeping gene.  In this study, we used a different approach to be able to find any significant differential expression in a spectrum of primary brain tumors, with regards to aggressiveness, including glioma versus meningioma and GBM versus meningioma grade I. At first, we mainly focused on the aggressive features of primary brain tumors and studied expression levels of ZEB1, SOX2, and p21 in glioma samples, as malignant primary brain tumors, versus meningioma samples, as benign primary brain tumors.  We found that ZEB1 and SOX2, EMT and stemness factors, were upregulated in glioma samples compared to meningioma samples with p=0.017 and p=0.016, respectively. Subsequently, in primary brain tumors, we focused on tumors in opposite ends of a spectrum, glioblastoma (GBM) as the most aggressive primary brain tumor (grade IV glioma) and grade I meningioma, as the least aggressive primary brain tumor included in this study. Results have shown that SOX2 mean relative expression increased in GBM samples compared to grade I meningioma samples with p= 0.032. Low prevalence of lower-grade glioma and high-grade meningioma among patients has rendered a grade-by-grade comparison implausible. The results of gene expression analyses are presented in Fig. 1. In order to differentiate glioma from meningioma, the specificity and sensitivity of our studied genes were measured by ROC curve and area under the curve. The best predictive model was evaluated for three candidate gene expressions for glioma and meningioma samples and the results are presented in Fig. 1.
Discussion 
Access to collection of brain tumors has always posed a great challenge to researchers.   Although limiting, it obviously has not stopped interested researchers from making significant progress in this field. Most published articles on brain tumors usually contain smaller sample sizes compared with similar articles focusing on other organ systems.  In addition, our approach towards studying brain cancers is a little different whereby we have focused on molecular aggressiveness features in brain tumors and have considered primary brain tumors to study the differentially expressed genes dictating aggressive behavior in tumors and cancers. 
The two most common primary brain tumors are glioma and meningioma and most importantly the deadliest tumor is glioma grade IV, known as GBM. Glioma is the most common malignant primary brain tumor in adults with majority of cases showing malignant features [25]. Among the various types of brain tumors, meningioma is benign in 80% of cases, making it a suitable comparison point with the more malignant glioma. There are several mechanisms contributing to glioma pathogenesis investigated thus far including Epithelial-to-Mesenchymal Transition (EMT).  ZEB1, SOX2, and p21 were selected based on a previous analysis of the very same targets in skin cancer [26].  Thus, the three aforementioned molecular targets were chosen for further experimentation in glioma and compared to the significantly benign tumors of meningioma to help clarify the mechanisms contributing to tumor aggressiveness, metastasis and invasion in the hope of justifying a part of the existing difference between the contrasting behavior these tumors exhibit.  Herein, we reported, for the first time, the significant up-regulation of ZEB1 and SOX2 in glioma samples compared to meningioma samples. 
SOX2 is a key transcription factor and a stemness molecule, which belongs to the SOX protein family containing the SRY-related HMG box DNA-binding domain. Also, others have highlighted the implication of SOX2 in cellular invasion, migration and metastasis.  Moreover, it has also been reported that SOX2 has the same effect in malignant glioma because its downregulation with siRNAs led to reduction in tumor invasion and migration potential [27].They have also been studied in medulloblastomas and have been interestingly shown to drive tumor propagation and promote resistance to chemotherapy [28] .Interestingly, our findings demonstrated that SOX2 mRNA expression was significantly up-regulated in glioma compared to meningioma and also in grade IV glioma compared to grade I meningioma. Likewise, expression of SOX2 protein was verified in GBM biopsies previously by immunohistochemistry and Western blotting [29]. In meningioma, low and none positive expression of SOX2 protein was seen in one study, while in another study, positive expression of SOX2 protein is reported in eleven samples of grade I meningioma [22,30]. Therefore, more studies are needed to confirm and further clarify the significance of expression levels of SOX2 at mRNA and protein levels in different brain tumors and more importantly to clarify the role of this stemness molecule in tumorigenesis of brain tumors.
ZEB1 (Zinc finger E-box homeobox-1) is a transcription factor which is implicated in tumor invasion and metastasis via inducing the EMT process in epithelial tumors. Additionally, it is believed to suppress the expression of E-cadherin, an epithelial biomarker and it also induces the expression of mesenchymal phenotypes through suppressing its targets including Crumb3, HUGL2 and PATJ - all culminating in tumor metastasis. Its overexpression has been reported in a group of cancers including bladder cancer, colon cancer and breast cancer [31-37].  ZEB1 deletion is seen in 15% of glioma patients and has been suggested as a poor prognostic marker [38] .Another genomic study similarly demonstrated ZEB1 deletion in 15 % of grades II and III glioma and also in 50% of glioblastoma samples [39]. 
This is one of the first studies to focus on primary brain tumors with regards to aggressive features in order to evaluate EMT and stemness genes differentially expressed. These findings, similar to previous studies on other organ systems, confirm that a research approach on brain tumors can consider tumors with opposing features in regards to aggressiveness to decipher the key regulatory molecules which endow aggressive behavior and molecules which do not endow aggressive potential.
Our study reports SOX2 and ZEB1 mRNA up-regulation in glioma samples compared to meningioma samples. Thus, according to the present findings, the types of brain tumors studies (glioma as a malignant tumor and meningioma as a benign tumor) is a good in vivo model to study the molecular mechanisms of aggressiveness and invasion in brain tumors. Expression of these molecules may be modulated through different pathways, many of which have not been deciphered thus far in addition to the possibility that these pathways may be cancer-specific, acting differently in different cancers. Different grades of the tumors had to be included in our study and the proportion of tumors of different grades to the total sample number had to be monitored and calculated for comparison of results in different studies carried out on the same types of tumors.  Furthermore, EMT is a well-studied phenomenon in epithelial cancers but not in CNS cancers. The findings of key EMT regulatory molecules in CNS cancers might imply the significance of both EMT and proneural-mesenchymal transition (PMT) in glioma and meningioma tumorigenesis. Increasing sample size plus studying the expression pattern of other EMT, stemness and leader cell behavior molecules at mRNA and protein levels can contribute to further clarification of the molecular network of EMT in glioma and meningioma contributing to aggressiveness and invasion.
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Tables and Figures
	Gene name
	Primer
	Sequence
	Tm
	Product length (bp)

	p21
	Forward 
	GACTCTCAGGGTCGAAAACG
	58
	93

	
	Reverse 
	GGATTAGGGCTTCCTCTTGG
	57
	

	ZEB1
	Forward 
	CATTTTTCCTGAGGCACCTG
	56
	91

	
	Reverse 
	TGAAAATGCATCTGGTGTTCC
	57
	

	SOX2
	Forward 
	CAGCTCGCAGACCTACATGA
	59
	152

	
	Reverse 
	TGGAGTGGGAGGAAGAGGTA
	58
	



Table 1. Primer sequences for SOX2, ZEB1 and p21 mRNA expression analysis by Real-Time PCR
[image: ]


[image: ]


22

image1.png
A) B)

logpp21 [Dbgpp21
4 [@logpZebi | @ogozet1
Dlegeor2 [Ohgsoxz

-~ 24 -

o = o
T
N
o
T T T T
Gona eingina Werengorat B
Group Groups based on Grade

Surga oithe

Source of the
Curve

—togpzebt
- logS0x2
logbp21_neg

- - Reference Line

o

Iz
Z
a

o

Sensitivi

00 02 0‘4 VIS 08 1.0
1- Specificity

o & % o

1- Specificity




image2.png
Area Under the Curve

Genes Area Std. Asymptotic Asymptotic 95% Confidence
names Error® Sig.? Interval

Lower Bound Upper
Bound
Glioma  versus | ZEB1 0.686 0.064 0.007 0.560 0.812
meningioma S0X2 0.659 0.066 0.022 0.529 0.789
p21 0.560 0.069 0.391 0.424 0.696
GBM versus | ZEB1 0.652 0.091 0.105 0.473 0.831
grade-1- S0X2 0.688 0.083 0.045 0.525 0.850
meningioma p21 0.493 0.092 0.943 0.312 0.674

Fig. 1 ZEB1, SOX2 and p21 mRNA expression based on log. A) glioma tumors compared to

meningioma tumors. B) GBM tumors compared to grade | meningioma tumor. C and D) ROC

curve analyses results to survey the Area Under the Curve (AUC) value of ZEB1, SOX2 and p21

mRNA expression in distinguishing glioma from meningioma, and GBM from gradel meningioma.





