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To identify the genes that are involved in the biosynthesis and metabolism of
Glycosphingolipids (GSLs) two custom nylon membrane based gene expression arrays
were developed for mouse and human genes. Glycosphingolipids and gangliosides are
reported to be receptors for microorganisms and their toxins, modulators of cell growth
and differentiation, and organizers of cellular attachment to matrices. Some GSLs are
found to act as antigens for numerous antibodies. Aberrant expression of gangliosides
can be correlated to different pathological conditions, such as insulin resistance or type-2
diabetes, and different types of cancers. Since the changes of GSL expression in various
physiological and pathological conditions are affected by the combined actions of the
biosynthesis and metabolism of GSLs, the development of expression profiling system
for these GSL related genes would be a key technique in elucidating the role of these
components.

The inability of the commercial gene expression profiling systems to detect GSL
related genes either due to their low sensitivity towards this special group of genes or the
extremely low expression of GSL genes requires a different approach for profiling the
genes. Probes for the expression array were constructed from different cDNA libraries
and cloned into pGEM-T easy vector. These plasmid templates were used as template for
PCR amplification. Amplification using universal primers, such as M13 reverse/forward
primers or T7/SP6 primers produced non-specific signals or false positives. In order to
reduce non-specific signals the amplification was performed with gene specific primers
using 1~5 ng of plasmid template. This improvement significantly reduced non-specific
signals in the final results. The purified products were spotted onto positively charged
Nylon membrane. Due to the very low expression of sphingolipid related genes, the
optimum probe concentration was determined. The most reliable results were obtained
using 50 and 25 ng per spot which was 10~100 folds higher than other arrays.

To evaluate the sensitivity and specificity of GSL gene expression array system, the
gene expression profile of GM3 synthase (SAT-I) expressing cells was checked using
GM3 reconstituted J5/SAT-1 cell. J5/SAT-1 which expresses higher level of GM3
ganglioside compared to mock transfected J5 cells also showed higher SAT-I mRNA

-expression. Real-Time PCR analysis confirmed the result obtained from GSL array.

Investigation of the differentiation of F9 in response to 3 ~ 4 days of retinoic acid



(RA) treatment showed upregulation of ganglioside content by almost 24 folds by thin
layer chromatographic analysis. TLC analysis further revealed that b and c series
gangliosides were also synthesized in response to retinoic acid, which prompted to
speculate that several genes in the GSL biosynthetic pathway may also be expressed
during differentiation. Analysis using custom GSL array showed a global expression of
GSL related genes. The activity of GM3 synthase and GM3 content were increased
during the differentiation of human promyelocytic leukemia HL-60 cells into the
monocyte/macrophage lineage after 36 hours of treatment with PMA. Studies of the GSL
gene expression profile of this cell confirmed the expression of several GSL related
genes in differentiated HL-60 cell compared to undifferentiated cell.

The GSL synthase genes expression profile was analyzed using several Non-small
lung cancer cells (NSCLC) whose GM3 expression was studied using Real-time PCR
and TLC method. Real- time PCR analysis showed that the expression of hSAT-] mRNA
in PC3 was twice than that of A549, and GM3 ganglioside content was significantly high
which correlates with SAT-1 RNA expression. On the other hand, the chemical content of
GM3 ganglioside was almost absent in A549. Despite the low expression of SAT-1 in
A549, detectable level of GM3 ganglioside was expected. To answer this issue, the
comparative GSL array analysis of PC3 and A549 was studied. GSL array analysis
revealed that the expression levels of both cell lines were quite different. PC3 showed
higher signal for SAT-1 mRNA compared to A549, which reflects the results obtained
from real-time PCR and TLC analysis. However, careful analysis also reveals higher
expression of GalNAc transferase (GalNacT) or GM2/GD2 synthase RNA in AS549
compared to PC3 by approximately 2 folds. Higher activity of GaINAcT indicates that a
large fraction of GM3 ganglioside was converted to GM2 ganglioside by the activity of
GaINACcT. This study demonstrates the usefulness of a biosynthetic pathway based
expression profiling systems such as our GSL array in finding defects in a gene
expression which may lead to alteration of expression of subsequent products.

Custom Array system such as our GSL array can be constructed to detect low
expressing genes which are otherwise undetected by commercial arrays. This study also
demonstrates the usefulness of custom array such our GSL gene expression array in
investigating a particular biological pathway like the glycosphingolipid biosynthesis
pathway. From this study it is apparent that cell differentiation processes including
retinoic acid treated F9 embryonic carcinoma and PMA treated HL-60 leukemia cells
exhibit global alteration of GSL biosynthesis and metabolism. GSL array can help to
grasp the entire picture on the regulation of GSL biosynthesis and metabolism in
different biological processes such as cell differentiation, proliferation, apoptosis or
pathological conditions such as cancer, diabetes, etc. The investigation of non-small cell
cancer lines — A549 and PC3 shows that using a gene expression profile which can
analyze a particular biological pathway can help pinpoint one or more specific genes
responsible for the conversion of a substrate(s) to the subsequent product.
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