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Abstract: Background: The first histogenetic concepts favored dural origin of meningioma which was based 

on its dural attachment and thus meningiomais thought to arise from arachnoidal cap cells (meningiothelial) 

The micro environment which contains cancerous stem cell, is called cellular environment which is essential 

for tumor survival. Cancerous stem cell (CSC) is capable of initiating tumor growth and metastasis and stem 

cell marker are known to used by scientists to isolate and identify certain stem cell. This study aims to describe 

the stem cell markers CD44, CD73 and CD 105 in meningioma among Sudanese patients and to isolate 

cancerous stem cells (CSCs) from meningioma tissues samples and test its in-vivo growth in Albino-Wister rats. 

Material and methods: This is a prospective cross-sectional experimental study done at the National Center of 

Neurological Sciences (NCNS) Khartoum, from 2019 to 2021. All established cranial meningioma patients were 

included. Tumor specimens were processed for RNA  extraction and PCR.  Tumor specimens were processed 

for RNA  extraction and PCR.  Twelve tissue samples were further processed for stem cells isolation and 

identification. Tumor genesis of the isolated CSCs was tested through in-vivo application of the cells on brains 

of Albino Wister rats. The animals were sacrificed 3 months later and slices of the fixed brains were stained with 

H&E and studied microscopically for histopathology verification of the growing cells and further confirmed 

by immune-histochemistry using epithelial membrane antigen and progesterone receptor as specific cell 

markers for meningioma. Results: A total of 23 meningioma cases were enrolled in the study. All sample 

expressed CD44, but CD73 and CD 105 expression was variable not on the different subtype, but within the 

same type .Successful isolation of cultured cells with cardinal features of mesenchymal stem cells was obtained. 

The implanted cells showed tumor growth consistent histologically and immune-histochemicaly with 

meningioma. 
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Background  

The first histogenetic concepts favored dural origin of meningioma which was based on its dural 

attachment, Bright in 1831 noticed the histological similarities between meningioma cells and 

arachnoid villi cells [1]. In 1864 Cleland, proposed that meningioma is derived from arachnoid cells, 

this was further confirmed by Yamashima et al, whom found similarities in ultrastructure cell 

adhesion mechanisms and extracellular matrix components in 1996. 

Although meningioma is thought to arise from arachnoidal cap cells (meningiothelial) which 
arises embryologically from neural crest and mesoderm rather than neural ectoderm, however, the 

histogenesis has not been completely resolved, and the meningothelial phenotype has both 

ectodermal characteristics, frequently expressing epithelial membrane antigen (EMA)and forming 

desmosomes, and mesenchymal characteristics capable of synthesizing collagen [2]. Taking tumor 

constitution, tumor are made of tumor cells and tumor microenvironment and this 

microenvironment which contains cancerous stem cell, is called cellular environment, it is essential 
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for tumor survival. In addition, there is a complex interaction between CSCs and their 

microenvironment which further regulate CSC growth. These cellular environments include the extra 

cellular matrix, mesenchymal stem cells, endothelial cells and signal molecules like growth factors 

and cytokines. Moreover, there is special microenvironment that surrounding the cancerous stem cell 

which is called niches, this niche controls and governs the fate of the cancerous stem cell 

[3].Nevertheless, Cancerous stem cell (CSC) is capable of initiating tumor growth and metastasis. 

This cell (CSC) which is a small subpopulation of cells that form cancer cells in an unregulated 

manner and resulting in carcinogenesis, recently it is known to drive the formation, development and 

progression of tumor [4]. On the other hand, , Stem cell which has been discovered currently by 

scientists, has capabilities to self-renew, grow indefinitely, and differentiate or develop into multiple 

types of cells and tissues [5]. 

Along with that, many researches were held and have been shown different types of stem cells 

exist but they all are found in very small populations in the human body, one stem cell may be found 

in 100,000 cells in circulating) blood, and the number of mesenchymal stem cell is approximately I in 

108 peripheral blood mononuclear cell [6]. 

Furthermore, they have different types of receptors that differ in their structure and affinity for 

the signaling molecules, physiologically the cell use these receptor and signal molecule which bind 

to them as mood of communications with other cell and thus do its normal function in the body 

[7].And by taking the biological properties of these receptors, the so called stem cell marker emerges. 

These markers are known to be genes and their protein products used by scientists to isolate and 

identify certain stem cell. [8]Nevertheless, stem cells can also be identified by technology of functional 

assays which are considered the gold standard for the identification and therapeutic purposes in the 

future. 
Many experiments are conducted to detect a single surface marker expressed equally by all 

mesenchymal stem cell, however, there is no unique marker found in all stem cells [9]. 

And Currently, Arbab et al. reported isolation of tumor stem-like cells from human meningiom 

among Sudanese patients ( published data) 

Objectives  

1/ To describe the RNA (cDNA) of CD 44, CD 73 and CD 105 genes as stem cell markers in 

meningioma among Sudanese patients 

2/ To isolate cancerous like-stem cell from meningioma tissue samples and implant the isolated 

cancerous stem cells into albino-western rat. 

Material and Methods  

This is a prospective cross-sectional experimental study done at the National Center of 

Neurological Sciences (NCNS) Khartoum, from 2019 to 2021. The study included 23 cerebral tumors 

that were radio- logically diagnosed preoperatively as meningioma. Ethical approval was taken from 

Institute of Endemic disease, Khartoum University (certificate number 53/2018), and written consent 

was obtained from each patient. 

The tumor specimens were obtained immediately from the operating room, before surgery was 

completed, and sent to the research laboratory in the center within 2-5 minutes. At arrival to the 

laboratory, small portions of each tumor were selected for RNA extraction. Eight tissue samples were 

processed for stem cell isolation. 

Method 

1/ RNA and PCR 

RNA isolation was done Using Innu PREP RNA – MiniKit (Analytic Jenam cDNA was done By 

using Maxime – RT PreMix Kit (intron biotechnology)) and eventually PCR was done using Maxime 
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PCR premix Kit ( i-taq) entro-biotechnology, 2µLof cDNAwas added to 1 µl of ( CD44, CD73, CD105, 

and β-actine house keeper gene, forward and reversed )  

Stem Cell Isolation and Animal Experiment 

Stem cell was isolated from 8 tumors using the National center of neurological sciences protocol 

for isolation of stem cell from adipose tissue.  

When the isolated cells confluence reached >80% in the second and third passage, the 

immunophyenotype of isolated stem cells for CD13, CD45 and HLA-DR was performed using (PE, 

PECY5 and FITC) flurochromes and then the reaction events were identified using flow-cytometery. 

The tumori-genicity of the isolated stem cells was tested using 8 albinos Wister rats which were 

obtained from the Experimental Animals Center, Faculty of Veterinary Medicine, University of 

Khartoum, Sudan. These rats were nominated for intracranial application of stem cells on the frontal 

lobe through burr-holes that done under general anesthesia. To assess the tumori-genicity of isolated 

cells (MSLC), the brain rats were injected with 6X106 candidates mesenchymal like stem cells (MSLC) 

that obtained from our cell line, using insulin syringe. The rats were observed over three months. The 

experimented rats were then sacrificed and its brains were carefully removed and stored in 4% 

formaldehyde for histopathological verification. (H&E and immune-staining). 

Results  

All tumors (23) that were excised in the operation room were verified histologically as 

meningioma. As shown in the table below. 

All the 8 tumors that were excised in the operation room and were verified histologically as 

meningioma,( 4 were fibrous,2 fibrous recurrence, one meningiothelial, one atypical) their photos of 

culture plates displayed >80% growing cells and expressed the main features of mesenchymallike-

stem cells (MLSCs) which included plastic adherent, shape morphology was shown in the figure 

below. The findings of flow cytometery, provided through immunophenotyping, were negative for 

CD13, CD45 and HLA-DR.  

The H&E microscopic examination of the rat brain slices that were subjected to MSCs application 

revealed numerous spindle shaped cells, neutrophilia, slight lymphocytosis and RBCs suggestive of 

meningioma. Positive immune-reactivity of EMA and , PR 

Likewise, All sample expressed CD44, but CD73 and CD 105 expression was variable, not on the 

different subtype, but within the same type. 

Table| shows the frequency of meningioma subtypes and WHO grade  

Type Number WHO Grade 

Fibrous 9 I 

Meningiothelial 6 I 

Mixed 2 I 

Atypical 3 II 

clear 2 II 

Papilary 1 III 
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Figure | photo slides of cultured cells expressing the main features of mesenchymal stem cells. 

Discussion  

Cancers stem cell (CSC) concept is supported by an increasing number of studies demonstrating 

the presence of subpopulations of CSCs expressing stem cell markers. Expression of such markers 

using PCR supported identification of such cell types to be cancerous stem cell. However, the function 

of these markers in the context of their sub cellular localization is an unexplored area of research. 

Identification of cancerous stem cell remains vague, and cancerous stem cell distribution, 

heterogeneity, and relationship with tumor grade, remain uncertain. Many recent studies have 

addressed heterogeneity of glioma brain tumor using challenging approaches [10]. Though, very few 

studies were documented for meningioma heterogeneity, one of these studies showed hetero-

regional expression in all meningioma grades,[11] and concluded that,this heterogeneity might be 

explained by means of cancerous stem cell hypothesis, where CSCs acquire new changes in the early 

development of disease and maintain new changes with disease progression.  

Meningioma represents unique model for exploring tumor progression among other central 

nervous system neoplasm, as they include tumors grades with a variety of aggressiveness and grades. 

Furthermore, most meningioma is benign in histology, however, they have tendency to be aggressive 

in behavior and difficult to treat, especially those which arise in eloquent areas of the brain and offer 

challenges for surgical resection. In the present study, CD44, as stem cell markers was expressed in 

all tissue samples however, CD73 and CD105 expression was inconsistent m this variation might be 

explain by the different biological behavior of this tumor not only within different subtype but within 

the same grade [12]. 

In our findings, expression of CD44 explored new type of cells other than meningiothelial cells 

which is the meningioma cancerous stem cell. One of the known physiological functions of CD44 is 

cellular adhesion, aggregation and migration[13] On the other hand, CD44 marker was used in this 

study, which is known as trans-membrane and extracellular glycoprotein, and was found in a wide 

variety of tissues including the central nervous system 

Though, studies revealed that, CD105 marker is considered as an important marker for 

mesenchymal stem cell, [14] and the role of CD 105 marker was observed in angiogenesis process, 

vascularization and regulation of cell migration in meningioma brain tumor.[15] In this study, CD73 

was expressed in all our samples as well as CD44 and CD105. Numerous studies have established the 

use of CD73 as a marker for mesenchymal stem cells and cancer [16].  
Moreover, meningioma deliberately harbors cancerous stem cell that deregulates stem cell 

expression profile, and may cause recurrence of the tumor [17]. Targeting of this cell may predict 

definite treatment and better prognosis [18]. 

In our study we tested the capacity of isolated cells to proliferate in-vivo and its tumori-genicity. 

Despite the copious investigations in the areas of cancerous stem cell, little is known about stem like 

cells existence in human meningioma and its tumori-genicity. 
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