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Modulation of HMGA1 and HMGA2 Gene Expression by Sialic Acid in Human Glioblastoma Cells
 

ABSTRACT 
	
Aims: To correlate the biological effect of sialic acid on the expression of homeobox genes in the human astrocytoma cell line with regard to its therapeutic potential.

Study design:  The study designed with the treatment of sialic acid on the human astrocytoma cell line.
Place and Duration of Study: Department of Biology of the Shahid Chamran University & Department of Biology of Zabol University for one year.
Methodology: After the treatment of 1321N1 cells (human astrocytoma cells) with Sialic acid in different doses, RNA extraction and cDNA synthesis were performed simultaneously in treated and untreated cells. Finally, a quantitative analysis of the expression changes of two HMGA1-HMGA2 genes was done by real-time method and related analyzes were performed.
Results: The HGMA1 gene showed lowest expression in the absence of SA, while its activity increased significantly in the presence of SA, depending on the SA concentration: the highest expression was reached at 200 µM SA (eighteen fold), which gradually decreased to eightfold at a concentration of 800 µM. The HGMA2 gene behaved in the opposite way: highest expression in the absence of SA and a gradual decrease in SA presence down to zero.
Conclusion: We observed a concentration-dependent modulatory effects of SA on the expression of the HGMA gene family in the human glioblastoma cell line. These results could be important with regard to the therapeutic potential of SA on the Glioblastoma.
.
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1. INTRODUCTION 
Cancer cases increases every year. Despite enormous efforts over the past fifty years, we have not yet achieved consistent success. One of the difficulties in both diagnosis and treatment is the biological diversity of cancer types, meaning that no two cancers are alike (1, 2, 3).
Today, we know that cancer is genetically determined. However, the genetic architecture of tumors differs greatly in development, diagnosis, and treatment (4). Glioblastoma is a prime example of this due to its drug resistance (5). Previous efforts led to the identification of mutations in the two tumor suppressor genes TP53 and PTEN in glioblastoma. Since then, over fifty additional genes have been discovered as candidates for this tumor type (6, 7).
Genetically, three groups of genes are responsible for the pathogenesis of tumor growth: oncogenes, tumor suppressor genes, and repair genes. An imbalance between these gene groups usually leads to malignant cell growth. Genes responsible for malignancy usually encode various proteins such as transcription factors (8, 9, 10).
Transcription factors regulate in a very accurate manner the regulation of genes in a multilayer level,   requiring chromatin remodeling and gene reprogramming (11). For instance, HMGA1 and HMGA2 genes that encode non-histone proteins belong to the high mobility group (HMG) family, which regulate the condensation or relaxation of the chromatin shape and thus modulate the transcription of downstream genes by binding to transcription factor complexes in the nucleus and altering their conformation (12). In a broader sense, both genes are oncogenes in cells as their overexpression leads to the formation of tumors. Several observations and reports in cancers vouch for their critical role. Alternative splicing of the HMGA1 gene encodes three proteins, i.e., HMGA1a, HMGA1b, and HMG1c. The HMGA2 gene encodes a protein having high affinity for adenine- and thymine-rich DNA. One of the critical transcription factors that can act on this pathway is HMGA1, which affects the expression of a key stem-cell marker (Sox2 gene) through epigenetic process. Over-expression of HMGA1 gene facilitates cell proliferation, invasion and angiogenesis.
On the other hand, we know that protein modification by glycosylation plays a crucial role in mammals, conferring proteins their final functions in various biological processes. Sialic acid, the most abundant sugar molecule on the cell surface, modulates diverse physiological processes. This molecule occurs as a monomer or polymer and belongs to the neuraminic acid derivatives. Approximately fifty different chemical forms of sialic acid occur naturally (13, 14, 14, 16). In addition, significant hypersialylation of proteins on the cell surface of tumor cells, such as ovarian, lung, prostate, pancreas, and others, has been described, making it a key player in carcinogenesis.
In glioblastoma, as in many other cancers, sialic acid promotes tumor cell progression and metastasis, thus enhancing their malignancy (17).

2. material and methods 
2.1. Cell line culturing
Cells were obtained from the Culture Collection (Pasteur institute, Iran). DMEM (Gibco, Carlsbad, USA) containing 10% FBS (Gibco) was used to culture the cells. All cells were incubated at 37°C with 5% CO2, and only the cells cultured less 15 passages were used for experiments. We used Mycoplasma Detection Kit to detect mycoplasma contamination (R&D, Minneapolis, USA). The cell line used in this research is a human glial cell line with C118 NCBI code and the name of the cell line is 1321N1. The cell line cultivated alive and attached to the bottom of a 25 cm flask with a closed lid with parafilm containing 50 ml of complete culture medium. The colorimetric MTT assay was performed to find the best cell viability relating to different concentrations of Sialic acid.
2.2. RNA extraction and mRNA qRT‐PCR
Trizol reagent was used to extract total RNA (Invitrogen, Carlsbad, USA). The cDNA was generated by RevertAid First Strand cDNA Synthesis Kit (Fermentas, USA). The qPCR reactions were performed with FastStart Universal SYBR Green Master Mix (Fermentas, USA) on a StepOne™ Real‐Time PCR System (Applied Biosystems, USA, 95°C, 30 seconds for denaturation, 60°C, 1 minute for annealing and extension, 40 cycles). The relative mRNA level was qualified by ΔΔC T method, and the ACTB gene was selected as an internal reference. Primer sequences are listed in Table 1.
Table 1: primer sequence of the ACTB gene as housekeeping gene and the two HMGA1 and HMGA2 genes with melting temperature (Tm) and ref seq numbers.
	Product length
	Tm
	Primer Sequence
	Primer
	Gene

	91 bp
	59.5
	     ATTGGCAATGAGCGGTTC 3′′5
	Forward
	ACTB:
NM_001101

	
	61
	5′ TGAAGGTAGTTTCGTGGATG 3′
	Reverse
	

	140 bp
	62.5
	5’-CCACCACAACTCCAGGAAG-3’
	Forward
	HMGA1:
NG_029020

	
	60
	5’-GTCACTGCTCCTCCTCCG-3’
	Reverse
	

	102 bp
	59.5
	5’-GCAGCAGCAAGAACCAACCG-3’
	Forward
	HMGA2:
NG_016296

	
	62.5
	5’-TAGGTCTGCCTCTTGGCCGT-3’
	Reverse
	



3. results and discussion

We also observed at the concentration 200 μM of Sialic acid, there was an eighteen fold increase in the HMGA1 gene expression, which declined at a concentration of 500 μM and finally at a concentration of 800 μM (figure 1). Additionally, the HMGA2 gene showed had a significant decreasing close to zero in the gene expression in presence of three concentrations of sialic acid compared to the control group.



















Figure 1: expression of the HMGA1 gene depending on different concentrations of Sialic acid. As we can see, a significant increasing of the gene (p<0.05) occur at the 200 µM, with continually decreasing in 500 and 800 µM concentrations.




















Figure 2: expression of the HMGA2 gene in relation to Sialic acid. A significant decreasing of the gene (p<0.05) in all three concentrations.


The present study revealed that the HMGA2 gene decreases the expression drastically with constant increase in the concentration of sialic acid compared to the control group (untreated). Conversely, the HMGA1 gene upon treatment with sialic acid leads to intense increase in its expression (nineteen fold) which gradually falls down in 500 µM (to thirteen-fold change) and in 800 µM (to nine-fold change) compared to the control.
As suggested by the recent findings showing the inducing effect of sialic acid on the microenvironments of the majority of cancer types, it has a positive effect on the proliferation of tumor cells, by elevating the expression of HMGA1 as an oncogene. Nevertheless, in concentrations that are higher, the effect will appear to be lower. The alteration will provide conducive conditions for tumor growth and development (18,19).
Interestingly, both HMGA1 and HMGA2 oncogene expression in Glioblastoma cell line are opposite to each other; in the HMGA1 it is very low (close to zero), while in the HMGA2 very high. The effect of Sialic acid treatment thus far is clearly different on the above genes; it induces tumor growth by generating elevated HMGA1 gene expression, while it suppresses tumor growth by lowering the HMGA2 expression.
Through several molecular mechanisms in human glioblastoma, cytokines/chemokines in the TME tumor microenvironment play a vital role in recruiting normal cells to support tumor growth, invasion, angiogenesis, and metastasis. Other factors, especially miRNA, have attracted attention in recent years. Highly expressed microRNAs are present in high levels in body fluids such as plasma and cerebrospinal fluid, which participate in intercellular communication and can use as diagnostic and therapeutic biomarkers (7). 
Zhang et al in 2018 have documented that HMGA2-shRNA transfection inhibited glioblastoma cell invasion. This team documented that HMGA2 originally recognized as a GCN5 partner, implicating in glioma cell invasion, assists to execute this role by inducing rearrangement of the structural framework of the MMP2 gene promoter, and epigenetically activates the transcription of the MMP9 gene (20). The two evaluating genes here has potential being as a diagnostic marker, which as a mediator of histone acetylation can be a new diagnostic indicator and therapeutic target for brain tumors such as glioma and glioblastoma.
Furthermore, the HMGA2 gene is reported to be repressed by MIRLET7 via the 3'UTR, leading to MPN proliferation and involved in the pathogenesis of Myelofibrosis in mice (21). Its expression, especially variant 1 within the 3'UTR region with a specific miRlet7 site, is more deregulated than variant 2 lacking the 3'UTR, as miRlet7 expression is reduced in granulocytes (22-28).
In 2021, Jin Jun et al stated that LINC00963 was highly expressed in colorectal cancer and this is associated with the bad diagnosis of the tumor (28). Silencing of LINC00963 inhibits the activity, proliferation, migration and invasion of colorectal tumor cells. The MMP3 and MMP-9 expression halts cell cycle progression and represses cell growth and Ki67 gene expression. Amplifying LINC00963 expression shows opposite effects with its silencing and it regulates and targets the expression of the HMGA2 gene through the miR-532-3p gene (29). The brain needs sialic acid in order to mature and polymorphisms in the genes that code for sialic acid biosynthesis can lead to neurological illness such as schizophrenia, autism and bipolar disorders. It has been cited that sialic acid is a central player in the brain's adaptability, i.e., regenerating its cells, and vertebrate brain sialoglycans are the central key components for the development and stability and health of the nervous system (29).


4. Conclusion
Since sialic acid is produced naturally as a sugar in most tissues of the body, it is advisable to prevent cancer metastasis, more so glioblastoma, through inhibition and suppression of sialic acid. The present study showed that by controlling histone-regulating genes such as HMGA1 and HMGA2, it is possible to control the development and progression of tumors such as glioma and glioblastoma. To achieve this important goal, a wider range of genes should be investigated in the relation of sialic acid.
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