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ABSTRACT: Serial analysis of gene expression (SAGE) was used to identify and
quantify all expressed cerebellar genes in the adult (P92) and aged (P810)
CS57BL/6J mouse cerebellum. A “closest-neighbor” algorithm was used to
differentiate low abundance tags from possible sequencing errors in both
libraries. Unique tags were categorized into four groups: (1) novel genes; (2)
ESTs; (3) RIKEN, KIA, and hypothetical genes; and (4) known genes. Known
genes were further subdivided into functional categories based on the gene on-
tology classification, using a web-based program developed in this laboratory
(MmSAGEClIass). Comparison of adult and aged cerebellar libraries revealed
several genes that were differentially expressed, including growth hormone
and prolactin, both of which were markedly decreased in the aged cerebellum.
In addition, several tags showing differential expression were not identified in
the Unigene database and are likely to represent novel genes. The present
SAGE data on the aged cerebellar transcriptome may reveal candidate genes
involved in the aging process.
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The major function of the cerebellum is to integrate sensory input and motor output,
thus modulating movement and balance. The cerebellar cortex of aged mice has a
reduced number of Purkinje, basket, and stellate cells; granule cell numbers are
retained relatively intact.! Senescent cerebellar cells also display dendritic atrophy,?
reduction in somatic volume,? and alterations in electrophysiological properties*
and microstructural features.® In recent studies, DNA microarrays were used to
examine gene expression profiles in the aging mouse cerebellum;® the results sug-
gested that senescence was accompanied by an inflammatory response, oxidative
stress, and reduced neurotrophic support, all aspects of human neurodegenerative
diseases.

Whereas DNA microarray technology is a “closed” system capable of detecting
known genes, Serial Analysis of Gene Expression (SAGE) is an “open” system that
detects and quantifies both known, and previously unknown, genes. The basic prin-
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ciple of SAGE is the isolation of a short cDNA sequence (tag) from a specific and
invariable position within a given mRNA. This 14—15-bp tag is located immediately
adjacent to the 3" proximal Nlalll restriction site; its sequence varies according to
the particular mRNA from which it was derived. Each tag contains enough nucle-
otides to identify each transcript and thus is a unique marker for any expressed gene.
The frequency with which any particular tag is detected is directly proportional to
the number of mRNAs originally present in the cell or tissue being studied. There-
fore, the number of identical tags detected is a measure of the abundance of the cor-
responding mRNAs in the original tissue. Each unique SAGE tag is matched with
tags derived from the Unigene database. In the current study, serial analysis of gene
expression was conducted in the adult and aged mouse cerebellum.

METHODS

SAGE libraries were constructed from the cerebellum of postnatal day (P) 92 and
810 mice. The aged mouse (C57BL/6Jnia) was purchased from the National Institute
of Aging colony. The adult C57BL/6J animal was bred from Jackson Laboratories
stocks. Animals were killed, cerebella were removed rapidly, and total RNA was
prepared.® SAGE (I-SAGE kit) was performed as described by the manufacturer
(Invitrogen). Sequence trace files were analyzed with the Phred base-calling soft-
ware (Applied Biosystems). The SAGE2000 analysis software® was used to extract
and analyze the primary sequence data from the electrophoretic trace files. The soft-
ware extracts tag sequences from the sequence files, counts each tag, and provides a
report containing the occurrence of each tag and its expression level and P value. Tag
sequences were compared with the National Center for Biotechnology Information
(NCBI) mouse SAGE tag-to-gene mapping reference database (ftp://
ftp.ncbi.nih.gov/pub/sage/map/Mm/Nlalll/).

RESULTS AND DISCUSSION

Tag frequency in each SAGE library reflects the relative abundance of the corre-
sponding cerebellar mRNA, a feature that allows digital comparisons between inde-
pendently generated libraries. Both libraries were calculated to contain more than
100,000 tags, indicating that they were sufficiently large to obtain a good represen-
tation of expressed genes. The actual number of tags sequenced (total tags) was
much smaller: 16,430 for the P92 library and 18,581 for the P810 library. This cutoff
was arbitrary, based primarily on sequencing cost. Because the original libraries
were retained, it is possible to obtain additional tags by sequencing more clones. Ad-
ditional sequencing will permit the detection of additional low-frequency tags and
more accurate quantitation of low-abundance tags. The tag sequences and counts
were deposited in the SAGE database accessible via the NCBI Web site.

Although the majority of tags in both libraries were present in multiple copies, a
significant number of tags were present once only. In most studies, these single tags
are discounted because it is assumed that many could arise through errors due to base
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substitution, deletion, or addition. However, this process tends to eliminate genuine
tags corresponding to genes expressed at very low levels. To compromise between
the two extremes of either retaining or discounting all single tags, we developed an
algorithm (“closest neighbor”) that substitutes, deletes, or adds bases to determine
whether any tag in the SAGE library is related to another. In the event that such a tag
is found, it is deleted from the list of total tags. This adjustment reduced the number
of tags to 14,128 in the P92 library and 13,131 in the P810 library. All duplicate tags
and genes were consolidated to obtain the number of unique tag sequences: the P92
library contained 4,842, and the P810 library had 5,094 unique tags.

Unique tags were further categorized into four groups: (1) novel genes, (2) ESTs,
(3) RIKEN, KIA and hypothetical genes, and (4) known genes. The percentage of
tags in each group was (1) 11 and 20, (2) 26 and 27, (3) 25 and 21, and (4) 38 and
32, for P92 and P810 mice, respectively. The high percentage of novel genes is sur-
prising because they represent relatively abundant transcripts, which it might be
assumed would have been detected previously. It is also notable that the percentage
of novel tags is almost twice as high in the aged cerebellar library, suggesting that
during the aging process novel genes become active. The known genes were further
subdivided into functional categories based on the Gene Ontology classification
(http://www.geneontology.org) using a Web-based program developed in our labo-
ratory (http://mbi.osu.edu/~rejniak/ MmSAGEClass.html). For both young adult and
aged libraries, among the most numerous identifiers were enzyme activity (~6%),
binding activity (~5%), transporter activity (~4%), signal transducer activity (~1%),
and structural molecule activity (~1%). A notable feature of the classification
scheme is that the sizes of the functional gene classes expressed in the two libraries
were conserved. This indicates that there are no major shifts in the categories of
abundantly expressed genes during aging, but changes do occur in the expression of
individual genes within the larger functional categories.

The three hundred most abundant genes in the P92 and P810 libraries were com-
pared. The results (TABLE 1) are listed in decreasing order of fold change (>5). This
calculation takes into consideration the total tags in each group. The two libraries
represent gene expression in neurons and glia of the entire cerebellar cortex and deep
cerebellar nuclei, as well as in blood vessels, choroid plexus, and pia arachnoid
membrane. Because granule cells compose the majority of all cerebellar cells, the
SAGE transcriptome is presumably heavily weighted to this cell type. Genes dem-
onstrating a large upregulation in the P810 cerebellum included testis-specific pro-
tein, dcd8; tumor rejection antigen, gp96; macrophage activation 2; olfactomedin 1
and several ESTs, RIKEN, and novel genes. Genes exhibiting a large downregula-
tion included prolactin, Smt3h2, ribosomal protein S3a, glucose-regulated protein
58, growth hormone, a RIKEN gene, and a novel gene.

In this study, we have used the most stringent controls and data acceptance crite-
ria to provide a conservative estimate of genes that may participate in cerebellar ag-
ing. We have demonstrated substantial changes in several transcripts in young adult
and aged mouse cerebellum, the most striking of which was a strong downregulation
in prolactin and growth hormone. Both are signal transduction molecules that inter-
act with cognate receptors activating the JAK2/STATS signaling pathway.® Further-
more, growth hormone and prolactin influence the insulin growth factor—1 signaling
pathway via IRS-1 and Shc,? respectively. Reduced activity of the IGF-1 pathway
greatly increases life span in C. elegans.!”
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