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Abstract

GM1 gangliosidosis is one type of hereditary error of metabolism that occurs due to
the absence or reduction of B-galactosidase enzyme content in the lysosome of cells,
including neurons. In vitro, the use of neural cell lines could facilitate the study of this
disease. By creating a cell model of GM1 gangliosidosis on the SH-SY5Y human nerve
cell ling, it is possible to understand the main role of this enzyme in breaking down lipid
substrate and other pathophysiologic phenomena this disease. To knock-out the
human GLB1 gene, guides targeting exons 14 and 16 of the GLB1 gene were designed
using the CRISPOR and CHOP-CHOP websites, and high-efficiency guides were
selected for cloning in the PX458 vector. After confirming the cloning, the vectors
were transformed into DH5a bacteria and then the target vector was extracted and
transfected into human nerve cells (SH-SY5Y cell line) by electroporation. After 48 h,
GFP" cells were sorted using the FACS technique and homozygous (compound
heterozygous) single cells were isolated using the serial dilution method and
sequencing was done to confirm them. Finally, gap PCR tests, X-gal and Periodic
acid-Schiff (PAS) staining, and gPCR were used to confirm the knock-out of the human
GLB1 gene. Additionally, RNA sequencing data analysis from existing data of the Gene
Expression Omnibus (GEO) was used to find the correlation of GLB1 with other genes,
and then the top correlated genes were tested for further evaluation of knock-out
effects. The nonviral introduction of two guides targeting exons 14 and 16 of the GLB1
gene into SH-SY5Y cells led to the deletion of a large fragment with a size of 4.62 kb. In
contrast to the non-transfected cell, X-gal staining resulted in no blue color in GLB1
gene knock-out cells indicating the absence of B-galactosidase enzyme activity in these
cells. Real-time PCR (gPCR) results confirmed the RNA-Seq analysis outcomes on the
GEO data set and following the GLB1 gene knock-out, the expression of its
downstream genes, NEU1 and CTSA, has been decreased. It has been also shown
that the downregulation of GLB1-NEU1-CTSA complex gene was involved in
suppressed proliferation and invasion ability of knock-out cells. This study proved

that using dual guide RNA can be used as a simple and efficient tool for targeting the
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NEU1, a finding validated by gPCR. These observations are consistent
with the RNA-Seq data and support previously published
reports.t?343¢ Therefore, until now, no study has been reported
using bioinformatics analysis to accurately examine the relationship
betweenGLB1 gene expression and downstream genes, and for the
first time, this study investigated the relationship between the
expression of these genes using RNA-Seq data.

As explained in the previous sections, the ternary complex of
elastin binding protein, neuraminidase-1, and cathepsin-A acts as an
elastin receptor complex (ERC) on the cell surface (in addition to their
lysosomal activity) and plays an important role in the maintenance
and stability of the ECM. ERC acts in the formation of elastin fibers
through the EBP subunit of the ternary complex and following the
reduction of EBP expression in the cell, the function of the ternary
complex is disrupted and its connection with the ECM is inter-
rupted.®” A decrease in EBP gene expression leads to a reduction in
cell movement and cell migration. The results of the present
investigation confirmed the previous studies on the role of each
component of the ternary complex in the invasion, proliferation, and
migration of different cancer cells.>®*! Hu et al. also showed that
decreased expression of cathepsin A protein (CTSA gene), one of the
proteins involved in the ERC complex, reduced the proliferation and
invasion of lung adenocarcinoma cells.% similarly, Zhou et al. found
that following the knockdown of NEU1 protein in melanoma cells,
the proliferation and invasive activity of cells in vitro decreased, as
well as the growth and progression of cancer tumors in vivo following
the change in the expression of proteins such as CDK2, CD44,
CASP3, and CASP8 decreased. On the other hand, the reason and
novelty behind choosing these two genes (NEU1 and CTSA) is
bioinformatic analysis of GLB1 downstream genes which have been

proved experimentally by real time PCR in the present study.

5 | CONCLUSION

In summary, we developed and phenotyped a knock-out cell model
(GLB1™") of GM1 gangliosidosis that reflects the events in the cells of
GM1 gangliosidosis patients, such as the absence or extensive reduction
of the B-gal enzyme activity. The present study is the first reported study
(in vitro) on human nerve cells (SH-SY5Y cell line) to create a cell model of
GM1 gangliosidosis and investigate the possible consequences of GLB1
gene knock-out functionally and at the transcription level in cells and
confirm these consequences by X-gal staining, scratch assay, transcrip-
tome analysis, and gPCR assay. Previous studies have mostly focused on
in vivo disease models (including Glb™~ mouse and organoid models),?*
and iPSCs® and have aimed to increase lifespan and reduce pathological
symptoms of the disease. Therefore, our cell model can be used as a tool
for further studies by researchers in the field of diagnosis and treatment
of GM1 gangliosidosis.
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