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ABSTRACT. Ayul7-449, a novel gene in mice, has been identi-
fied as a tumor-suppressor gene in myeloid malignancy; its product
catalyzes the conversion of 5-methylcytosine of DNA to 5-hydroxy-
methylcytosine. However, in vivo, its functional target genes and
biological function have remained unclear. Based on the assump-
tion that alterations in the expression of the Ayul7-449 gene affect
the expression of other related genes, we screened a microarray of
altered gene expression in Ayul7-4497 and Ayul7-449** mice. We
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identified 4049 genes with altered expression, including 1296 up-
regulated (fold change >2) and 2753 down-regulated (fold change
<0.5) genes in knockout mice compared with control mice. We then
used qRT-PCR and RT-PCR to validate the chip data. Gene ontology
and pathway analysis were performed on these altered genes. We
found that these altered genes are functional genes in the comple-
ment and coagulation cascades, metabolism, biosynthesis, transcrip-
tional regulation, proteolysis, and intracellular signaling pathways,
such as the peroxisome proliferator-activated-receptor signaling
pathway, the TNF-a-NF-kB pathway, the Notch signaling pathway,
the MAPK signaling pathway, and the insulin signaling pathway.
The results of our genome-wide comprehensive study could be help-
ful for comprehending the underlying functional mechanisms of the
Ayul7-449 gene in mammals.

Key words: Ayul7-449 knockout mice; Gene microarray;
TET-2 (tet oncogene family member 2)

INTRODUCTION

Ayul7-449, a novel gene on mouse chromosome 3, was identified by the gene
trapping technique previously reported by Tang et al. (2006). In NCBI database analysis,
Ayul7-449 is also called TET-2 (tet oncogene family member 2). It belongs to a novel,
well-conserved, protein family but with unclear biological function, the TET protein
family, including three members (TET-1, TET-2 and TET-3). Current, related studies
about the function of TET-2 were restricted to its identification as a tumor-suppressor
gene commonly mutated in myeloid malignancies, including myelodysplastic syndromes
(MDS; Langemeijer et al., 2009), chronic myelomonocytic leukemia (CML; Kosmider
et al., 2009) or acute myeloid leukemia (AML; Nibourel et al., 2010), which may play
critical roles in regulating the survival, growth and differentiation of myeloid cells. In
addition, Ito et al. (2010) proved that TET-2 protein could catalyze the conversion of
5-methylcytosine (SmC) of DNA to 5-hydroxymethylcytosine (ShmC) in U20S cells.
Despite this, the function of Ayul7-449 protein regulation mechanism in the cell physi-
ological state remains unresolved, as does the question of whether Ayul7-449 protein is
a key factor in controlling the conversion of normal genes to tumor genes.

Gene knockout studies in rodents confirmed the central role of Ayul7-449 in em-
bryonic development. Tang et al. (2008) showed that in Ayul7-449 null mice, develop-
ment appears largely normal until embryonic day 19 (E19), and embryos die (at PO-P1)
from unidentified causes. In adult mice, Ayul7-449 showed a characteristic regional dis-
tribution in brain and kidney. Ayul7-449 was identified having the granin motif, which
was important for acidic granule formation in mouse proximal convoluted tubules (Tang
et al., 2008). However, detailed information on the functions of granules in the proximal
tubule cell was as yet unavailable. To clarify the role of Ayul7-449 in embryonic tissue
development, we used high-density oligonucleotide probe-based cDNA microarray to
profile gene expression patterns of Ayul7-449” mouse brains at stage E19 compared to
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age-matched control mouse brains, and identified the major clusters of up-regulated and
down-regulated genes, which were subjected to detailed analysis.

MATERIAL AND METHODS
Animals

Heterozygous Ayul7-449 mice (Ayul7-449"") were produced in the Center for Ani-
mal Resources and Development, Kumamoto University, Japan, and fed in the Center of
Experimental Animals, Chongqing Medical University, China. The mice were convention-
ally housed in polyethylene cages at a constant temperature of 22 + 2°C, relative humidity of
55%, and on a 12-h light/dark cycle (lights on from 8:00 to 20:00). Mice were fed a standard
chow diet, and food and water were provided ad libitum. The experimental protocols were
conducted in accordance with internationally accepted principles for laboratory animal use.
Five heterozygous males were mated with 10 heterozygous females to produce wild-type
mice, heterozygous mice, and homozygous mice. Because the homozygous mutant mice
died at PO, homozygous mice were obtained by abdominal delivery on the 19th day of preg-
nancy. The brain tissues of all offspring mice at E19 were taken out and immediately frozen
in liquid nitrogen and then kept at -80°C until further analysis. Genotyping was done by
polymerase chain reaction (PCR) analysis on tail genomic DNA.

RNA extraction and microarray hybridization

Brain samples from 3 wild-type (Ayul7-449"") and 3 homozygous (Ayul7-449")
mice were pooled for each genotype. Each pool was placed in 3 mL Trizol reagent (In-
vitrogen Corporation, Carlsbad, CA, USA) and homogenized with a homogenizer. After
extraction with chloroform, RNA was precipitated with isopropanol. The resultant pellet
was finally resuspended in TE buffer (10 mM Tris-HCI, pH 7.5, 1 mM EDTA). After a
DNase digestion step, RNA quantification and quality assurance were assessed by opti-
cal density measurement at 260/280 nm (between 1.8 and 2.1) (Gene Quant Pro), and
RNA integrity and genome DNA contamination were tested by denaturing agarose gel
electrophoresis. Single-color gene-expression profiles were generated for test and con-
trol samples. These profiles were generated using customized 4 x 44 K oligonucleotide
microarrays produced by Agilent Technologies (Palo Alto, CA, USA). The mouse whole-
genome microarrays covered more than 41,000 genes and transcripts. The representa-
tive sequences were derived from leading public databases including RefSeq, Ensembl,
Unigene, UCSC Goldenpath, and others. The RNA samples were amplified and labeled
using the Agilent Quick Amp labeling kit (Agilent Technologies) according to manu-
facturer instructions and hybridized with the Agilent mouse whole-genome oligonucle-
otide microarray in Agilent’s SureHyb hybridization chambers. After hybridization and
washing, the hybridized slides were scanned with the Agilent DNA microarray scanner
(G2505B) and processed with the Agilent Feature Extraction Analytics software (version
9.5.3). The Feature Extraction placed microarray grids, rejected outlier pixels, deter-
mined feature intensities and ratios, flagged outlier pixels, and compiled QC reports. The
procedure above was carried out by KangChen Bio-Tech, Shanghai, China.
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Real-time quantitative PCR (qRT-PCR) or RT-PCR

The reliability of chip results was not only confirmed by qRT-PCR analysis of
the selected genes, including Ccl4, Nox3, Gtf2h2, Pgam?2, Ccrl(0, and mouse f-actin gene
as control, but also by RT-PCR analysis 4/b, Serpinalb, Fga, Serpinald, these selected
genes, and mouse GAPDH gene as control. Primer sequences for cDNA synthesis were
designed by the ABI Primer Express software. The optimal annealing temperature for
each primer set was determined prior to the analysis of experimental samples. Prior to RT
performance, DNase I (Promega, USA) was used to digest the genomic DNA. An amount
of 2 pg total RNA (the same RNA used for the arrays) from the Ayul7-449"" or Ayul7-
4497 mice was individually subjected to reverse-transcription with random primers and
a reverse transcription kit (Promega). In real-time PCR, triplicate 25-uL real-time PCRs
were run, containing 12.5 puL SYBR Green PCR master mix, 1 pL of a primer stock
solution containing 10 uM of both forward and reverse primers, 1 pL ¢cDNA template,
and 10.5 pL nuclease-free water. The following standard PCR conditions were used:
one cycle at 90°C for 10 min and 40 cycles at 94°C for 15 s, the primer-specific anneal-
ing temperature for 40 s and 72°C for 60 s. Because different primers were used, every
primer has its suitable annealing temperature, e.g., 58°, 59°, 60°C. Here, we described
this process as primer-specific annealing temperature. A cycle threshold (CT) was as-
signed at the beginning of the logarithmic phase of PCR amplification, and duplicate
CT values were analyzed by Microsoft Excel. The 24 method (Livak and Schmittgen,
2001) was used to determine the relative expression of the gene in each sample. In RT-
PCR, triplicate PCR mixtures were run, containing 5 uL 5X PrimeSTAR buffer, 2 uL
dNTP mixture, 2 pL of each primer (Table 1), 2 pL SureStart Taq polymerase (Takara),
1 pL cDNA template, and 13 pL nuclease-free water preparation per 25-uL reaction.
The following standard PCR conditions were used: one cycle at 95°C for 10 min and 40
three-step cycles (20 s at 95°C, 30 s at 60°C, and 30 s at 72°C), and a final incubation at
72°C for 5 min. PCR products were then detected by 1.0% agarose gel electrophoresis.

Table 1. Primer sequences and product size of genes that were further tested with real-time PCR (A) and RT-PCR (B).

Gene Product length Forward primer Reverse primer

A
Ccl4 56 bp CCCGAGCAACACCATGAAG CCACGAGCAAGAGGAGAGAGA
Nox3 56 bp TCTCCGGCTGCACAATGTC CTGCCTGCCATTCAGCATAG
Gtf2h2 60 bp GTGGCCCGAAGCGAGTT TTTACTGTCCCCCGTGTTCAG
Pgam?2 56 bp GAGGTTCCTGGGAGACGAAGA GGGCAGCAACAGCTTCCAT
Cerl0 60 bp CCTCTACTCGGCCTCTTTCCA CGGTCGGCGCTGATACAG
mf-actin 59 bp cga tge cct gag get ctt t tgg atg cca cag gat tcc at

B
Alb 857 bp TTGCATGAAGTTGCCAGAAG ACGAGAGTTGGGGTTGACAC
Serpinalb 501 bp GGTCTACTGCTTCTGGCAGG CACTTTCTTGGCCTCCTCTG
Fga 994 bp CTGGCTCAGACTCTGGGAAC TTTAAGGTTAGGGGGTTGGG
Serpinald 347 bp AAACATCGGAGGCTGACATC CTCAGGATCGAATGGCTGTT
Pgam?2 590 bp GCTGCCACCTAGAGTTCCTG GGGCTGCAATAAGCACTCTC
Cerl0 371 bp AACCCAGTGTCTCCCTGATG CAGCCACACGAAGACTGAAA
mGAPDH 391 bp gga aag ctg tgg cgt gat g ctg ttg ctg tag ccg tat tc

Microarray data analysis

The Agilent GeneSpring GX software (version 7.3 or later) was used to calculate and
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record the signal intensities representing the gene expression levels generated by the Agilent
4 x 44 K One-Color Whole Genome Microarray. For inter-array normalization, a median
normalization was applied. For data analysis, fold changes were applied to select the dif-
ferentially expressed genes using 2-fold change cutoff. Genes with 2-fold higher expression
compared to control were regarded as up-regulated gene; genes with 2-fold lower expression
were regarded as down-regulated genes, and 0.50- to 1.99-fold changes were regarded as non-
significant. Therefore, the profiling identified a subset of the total number of differentially
expressed genes. Gene ontology (GO) analysis and pathway analysis were then performed on
these subsets of genes.

RESULTS
Profiling of differential gene expression in Ayul7-449"- mice

To elucidate the mechanism of growth regulation by Ayul7-449, we used an Ayul7-
449 knockout mouse model described previously (Tang et al., 2008). Loss of Ayul7-449 func-
tion in the mouse results in death around day PO (the day of birth), but dose not appear to affect
early development processes such as body axis formation (Tang et al., 2008). At embryonic
stage E19, these brain tissues were taken out and microarray analysis was done for determin-
ing the distinction of gene expression between Ayul7-449"- and Ayul7-449*" mice. Compari-
son analysis revealed 1296 up-regulated genes and 2753 down-regulated genes in Ayul7-449"
mice. The expression of Ccl4, Homerl, Gtf2h2, Tubb2a, Xist, Slc22al7, Fxyd6, Snrpn, Ly6h,
Adrml, ArfS, Snurf, 2010107G23Rik, BC005764, Mgat4b, 2210016L21Rik, Tubalb, Cct2,
Podxl12, Ogfr, and Strn4 was markedly increased (Table 2), and that of Pzp, Apoal, Serpincl,
Uox, Igfbpl, Serpinale, Fgg, Ahsg, Ambp, Hp, Cpb2, Fgb, F2, Serpinald, Kngl, Serpinalb,
Apoh, Fga, Fabpl, and AlbI was dramatically repressed (Table 3).

Table 2. Highly up-regulated genes in Ayul7-449” mice in comparison with wild-type mice.

GenBank Gene symbol Fold change Description

NM_013652 Cel4 411.2 Chemokine (C-C motif) ligand 4

NM_011982 Homerl 41.45 Homer homolog 1 (Drosophila)

BC016231 Gtf2h2 25.5 General transcription factor I H, polypeptide 2
NM_009450 Tubb2a 18.95 Tubulin, beta 2a

L04961 Xist 15.4 Inactive X-specific transcripts

NM_021551 Slc22al7 14.44 Solute carrier family 22 (organic cation transporter), member 17
NM_022004 Fxyd6 14.1 FXYD domain-containing ion transport regulator 6
NM_013670 Snrpn 14 Small nuclear ribonucleoprotein N

NM_011837 Ly6h 13.61 Lymphocyte antigen 6 complex, locus H
NM_019822 Adrml 13.47 Adhesion regulating molecule 1

NM_007480 Arf5 13.47 ADP-ribosylation factor 5

NM_033174 Snurf 11.92 SNRPN upstream reading frame

NM_027251 2010107G23Rik 11.78 RIKEN ¢DNA 2010107G23 gene

NM_ 181681 BC005764 11.63 cDNA sequence BC005764

NM_145926 Mgat4b 11.59 Mannoside acetylglucosaminyltransferase 4, isoenzyme B
NM_028211 2210016L21Rik 11.31 RIKEN c¢DNA 2210016L21 gene

NM_011654 Tubalb 10.9 Tubulin, alpha 1B

NM_007636 Cet2 10.75 Chaperonin subunit 2 (beta)

NM_176973 PodxI2 10.41 Podocalyxin-like 2

NM_031373 Ogfr 10.26 Opioid growth factor receptor

NM_133789 Strn4 10.25 Striatin, calmodulin binding protein 4
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Table 3. Highly down-regulated genes in Ayu7-449"- mice in comparison with wild-type mice.

GenBank Gene symbol Fold change Description

NM_007376 Pzp 0.000972 Pregnancy zone protein

NM_009692 Apoal 0.000816 Apolipoprotein A-I

NM_080844 Serpincl 0.000812 Serine (or cysteine) peptidase inhibitor, clade C (antithrombin), member 1
NM_009474 Uox 0.000807 Urate oxidase

NM_008341 Igfbpl 0.000785 Insulin-like growth factor binding protein 1

NM_009247 Serpinale 0.000757 Serine (or cysteine) peptidase inhibitor, clade A, member le
NM 133862 Fgg 0.000739 Fibrinogen, gamma polypeptide

NM_013465 Ahsg 0.000731 Alpha-2-HS-glycoprotein

NM_007443 Ambp 0.000667 Alpha 1 microglobulin/bikunin

NM_017370 Hp 0.000618 Haptoglobin

AF186188 Cpb2 0.000613 Carboxypeptidase B2 (plasma)

NM_181849 Fgb 0.000608 Fibrinogen, B beta polypeptide

NM_010168 F2 0.00054 Coagulation factor II

NM_009246 Serpinald 0.000502 Serine (or cysteine) peptidase inhibitor, clade A, member 1d
NM_023125 Kngl 0.000486 Kininogen 1

NM_009244 Serpinalb 0.000478 Serine (or cysteine) peptidase inhibitor, clade A, member 1b
NM_013475 Apoh 0.00045 Apolipoprotein H

NM_010196 Fga 0.000445 Fibrinogen, alpha polypeptide

NM_017399 Fabpl 0.000332 Fatty acid binding protein 1, liver

NM_009654 Albl 0.000271 Albumin 1

Validation of microarray results by qRT-PCR or RT-PCR

To confirm the chip results, five up-regulated genes were chosen for qRT-PCR per-
formance. The results showed that Ccl4, Nox3, Gtf2h2, and Pgam?2 expression patterns were
similar to that observed in the microarray experiments, among which Pgam2 mRNA expres-
sion showed no statistical significance difference between wide-type and Ayu/7-449-deficient
mice by qRT-PCR (Figure 1), but Ccr/0 was not confirmed as an up-regulated gene in Ayul7-
4497 mice by qRT-PCR or RT-PCR (data not shown), which was in opposition with micro-
array data (Figure 1). Meanwhile, four significantly down-regulated genes including A/b1,
Serpinalb, Fga, and Serpinald were identified by RT-PCR. These results were correlated with
microarray data (Figure 2).

Bioinformatic analysis

Profiling identified a subset of the total number of probes analyzed by Agilent whole-
genome oligo microarray that show differential expression. The identified differential genes
were annotated in the GO format for biological function classification and in the pathway anal-
ysis format for elucidation of whole chains of events in brain tissues of Ayul7-449" compared
with Ayul7-449"" mice. In the GO, the identified genes including the intracellular membrane-
bound organelle (P = 7.37E-16), membrane-bound organelle (P = 7.37E-16), mitochondrion (P
= 3.27E-11), cytoplasm (P = 1.83E-10), and ribonucleoprotein complex (P = 7.52E-05) were
overrepresented (Figure 3). Pathway analysis revealed that, in Ayul7-449" mice, many path-
way genes had disordered expression, especially in complement and coagulation cascades (P
=4.70E-14), glycine, serine and threonine metabolism (P = /.02E-07), amino acid metabolism
(P = 2.43E-07), mRNA processing (P = 8.27E-07), purine metabolism (P = 2.42E-05), drug
metabolism-cytochrome P450 (P = 7.6/E-05), and heme biosynthesis (P = §.69E-05), and so
on (Table 4).
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Figure 1. Validation of microarray results by real-time PCR. The results represent quantification of mRNA levels
relative to B-actin. Normalized expression values obtained by real-time PCR (N = 3). WT = wild type.
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Figure 2. mRNA expression levels of altered genes in microarray validated by RT-PCR. Results show that 4/b,
Serpinalb, Fga, and Serpinald were down-regulated genes, using mouse GAPDH gene as an internal standard; all of
which were consistent with chip data. WT = wild type.
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Figure 3. Gene ontology (GO) analysis used for analysis of the altered genes. Differentially expressed transcripts
mapped to numerous biological processes of the hierarchical GO system. The meaning of each color representative
is listed on the right side of the legend.

Table 4. Altered mRNA expression patterns of wild-type and homozygous Ayul7-449 knockout mice over the
investigated period of time (E19) as analyzed by the Pathway Analysis software.

Pathway Number of common genes P value
with each pathway

KEGG PATHWAY: Complement and coagulation cascades - Mus musculus (mouse) 44 4.70E-14
KEGG PATHWAY: Glycine, serine and threonine metabolism - Mus musculus (mouse) 24 1.02E-07
Amino acid metabolism 38 2.43E-07
mRNA processing (Mus musculus) 140 8.27E-07
KEGG PATHWAY: Purine metabolism - Mus musculus (mouse) 49 2.42E-05
KEGG PATHWAY: Drug metabolism - cytochrome P450 - Mus musculus (mouse) 24 7.61E-05
Heme biosynthesis 7 8.69E-05
Statin pathway (PharmGKB) 11 0.000144
KEGG PATHWAY: PPAR signaling pathway - Mus musculus (mouse) 25 0.000147
Circadian exercise 22 0.00017

Fatty acid biosynthesis 12 0.000314
KEGG PATHWAY: Pyrimidine metabolism - Mus musculus (mouse) 30 0.000353
Blood clotting cascade 10 0.000384
TNF-alphaNF-kB signaling pathway 54 0.000399
Translation factors 22 0.000711
KEGG PATHWAY: Ribosome - Mus musculus (mouse) 28 0.000806
Cytoplasmic ribosomal proteins 27 0.000834
KEGG PATHWAY: Styrene degradation - Mus musculus (mouse) 3 0.000941

DISCUSSION

The use of gene knockout mice to study the biological function of a certain gene has
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attracted much attention among many researchers (Callow et al., 2000; Monti et al., 2001;
Choi et al., 2007). In our experiments, to elucidate the biological function of the novel gene
Ayul7-449, we produced the Ayul7-449 knockout mouse by gene trap technology (Tang et
al., 2008). The finding that each Ayu17-449” mouse died on PO caught our attention. In other
words, once some sustaining conditions from the mother ended, some physiological defects
related to Ayul7-449 gene would have a direct lethal effect on fetal mice. We used brain
tissues from E19 Ayul7-449" or Ayul7-449"* mice to compare differential gene expression
between them by analysis of the mouse whole-genome microarray data. We found 1296 genes
(fold change >2) that were up-regulated and 2753 genes (fold change <0.5) down-regulated in
Ayul7-449" mice. Using GO and pathway analyses, we then studied Ayul7-449 gene function
by means of exploring the physiological changes caused by Ayul7-449-regulated genes.

The microarray assay showed that chemokine (C-C motif) ligand 4 (Ccl4) was a
strong up-regulated gene (fold change = 411.2) (Table 2) in Ayul7-449” mice, which should
be suppressed by Ayul7-449 protein in normal physiological status. As reported in a previous
study, Cc/4 acts as a critical factor in mediating inflammatory processes, promoting beneficial
leukocyte recruitment to infected tissues and the clearance of the microbes (Khuu et al., 2007).
However, Bless et al. (2000) demonstrated that Cc/4 also contributed to host tissue damage
associated with some inflammatory diseases. Therefore, Ayul7-449 deficiency probably en-
hanced immunological damage caused by Ccl4 overexpression. This would be an important
cause of death in Ayul7-449” mice.

Our research revealed that Ayul7-449 may play key roles in hematopoiesis and reg-
ulate production of some blood coagulation factors. The chip results showed that three fi-
brinogen genes (Fga, Fgb, Fgg) were extremely down-regulated. Their fold changes were
0.000445, 0.000608 and 0.000739, respectively. Fibrinogen, which is a symmetry dimer com-
posed of three pairs of polypeptide chains termed a (or A), B (or B) and v, is the main clot
structural precursor protein and displays its function when it is enzyme-cleaved into fibrin by
thrombase (Doolittle, 2003). Fibrin is an essential molecule that mediates platelet adhesion
and aggregation, which are vital for the coagulation cascade (Ruggeri, 1997). In addition,
our results showed that the serine (or cysteine) peptidase inhibitor, clade C (antithrombin),
member 1 (Serpincl) is 0.000812-fold down-regulated. Antithrombin is one of the most im-
portant serine protease inhibitors of blood coagulation; it inactivates thrombin and several
serine proteases, including blood coagulation factors [Xa, Xa, XIa, XIla (Blajchman et al.,
1992). All antithrombin-null mice could not survive at the 16.5 gestational days (Ishiguro et
al., 2000). Serine (or cysteine) peptidase inhibitor, clade F, member 2 (Serpinf2) was also sub-
stantially down-regulated (0.0048-fold) in Ayul7-449" mice. Serpinf2 is the principal inhibi-
tor of plasmin and inhibits fibrinolysis and another serine (or cysteine) peptidase inhibitor with
coagulation function (Aoki, 2005). Interestingly, our results revealed that factor X (F.X), which
is a major structural component of the blood clot, was also down-regulated about 0.00274-
fold. FX can convert prothrombin to thrombin and promotes thrombus formation by activat-
ing platelets and converting fibrinogen to fibrin (Aasrum and Prydz, 2002). Moreover, some
groups have proven that FX deficiency in mice causes partial embryonic lethality or death at
birth from fatal neonatal bleeding or perinatal lethality (Dewerchin et al., 2000). Further stud-
ies are needed to determine the concrete roles that the Ayul7-449 gene plays in precoagulation
or anticoagulation.

Our results suggest that Ayu/7-449 gene could influence fetal liver function of lipid
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metabolism. Alpha-2-HS-glycoprotein (44sg), fatty acid binding protein 1 (Fabpl), alpha-
2-glycoprotein 1, zinc (Azgp1), angiopoietin-like 3 (Angpt/3), hydroxysteroid (17-beta) dehy-
drogenase 2 (Hsd17b2), and carboxypeptidase N polypeptide 1 (Cpnl) are genes that show
significant down-regulation in Ayul7-449" mice. Ahsg (fetuin) (fold change = 0.000731) is
a member of the cystatin superfamily of cysteine protease inhibitors, which is an abundant
serum protein in adult mammals and is expressed in many organs during embryogenesis (Ter-
kelsen et al., 1998). Ahsg could act as a molecular carrier for the transportation of some in-
soluble molecules. It plays a significant role in promoting weight gain and insulin resistance,
and may be a novel therapeutic target for type 2 diabetes mellitus, obesity or other insulin-
resistant diseases (Mathews et al., 2002). Ahsg-null mice display the properties of high insulin
sensitivity and obesity resistance (Mathews et al., 2006). Furthermore, AAsg prevents extraos-
seous calcification induced by uremia and phosphate challenge (Westenfeld et al., 2007). In-
tracellular fatty acid binding proteins (F4BPs), 0.000332-fold down-regulation compared to
Ayul7-449"" mice, are small, soluble and abundant cytoplasmic proteins. FABPs can also
bind fatty acids and other small hydrophobic molecules. Although they have broad substrate
specificity, they are commonly expressed in mammalian enterocytes and hepatocytes. Intracel-
lular FABPs are considered to some degree to be involved in the process of cellular uptake,
intracellular transport and esterification of long-chain fatty acids and storage and metabolism
of their respective ligands, and possibly in other cellular processes, such as differentiation or
regulation of gene expression (McArthur et al., 1999). Recently, loss of intestinal fatty acid
binding protein was shown to increase the susceptibility of high fat diet-induced fatty liver
in male mice, and it has been confirmed that F4BP gene alteration promotes age-dependent
obesity in female mice (Agellon et al., 2007; Martin et al., 2008). Azgp, which was down-reg-
ulated 0.00894-fold in Ayul7-449" mice, is a possible candidate gene for controlling weight,
elucidation of polygenic inheritance, and age-dependent changes in the genetic control of
obesity (Gohda et al., 2003). Angiopoietin-like protein 3 (4ngpt/3), a member of the vascu-
lar endothelial growth factor family of proteins, inhibits lipoprotein metabolism through its
capacity to inhibit lipoprotein lipase (LPL) (Ge et al., 2004). LPL is known to play a central
role in overall lipid metabolism and is associated with several pathophysiological conditions,
such as atherosclerosis, obesity, and diabetes (Mead and Ramji, 2002). Moreover, Angptl3
acts as an inhibitor of endothelial lipase and may be involved in the regulation of plasma high-
density lipoprotein (HDL) cholesterol and HDL phospholipid levels in humans and rodents
(Shimamura et al., 2007). Hydroxysteroid (17-p) dehydrogenase 2 (HSD17B2), another down-
regulated gene (0.058472-fold) in Ayul7-449" mice, is vital for lipid metabolism. HSD17B2
is a member of the aldo-keto reductase superfamily and catalyzes the conversion between
17-keto and 17B-hydroxysteroids. In addition, some HSD17B enzymes have been shown to
be involved in other metabolic pathways, such as f-oxidation of fatty acids and oxidation of
branched- and straight-chain fatty acids (Baes et al., 2000).

Knockout Ayul7-449 gene would decrease the expression of key signal transduction
pathway-related genes, for instance, HSDI7B2 (fold change = 0.00881), angiotensinogen
(fold change = 0.31), Mn superoxide dismutase (Sod?2) (fold change = 0.358), SMAD family
member 5 (Smad5) (fold change = 0.392), potassium inwardly-rectifying channel, subfam-
ily J, member 8 (KCNJS) (fold change = 0.397), 3 beta-hydroxysterol-delta(24)-reductase
(DHCR24) (fold change = 0.484). These genes play very importance roles in maintaining the
normal survival status. Homozygous HSD17B2 knockout mice would result in embryonic
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lethality (Rantakari et al., 2008). Gene knockout of the KCNJ8-encoded Kir6.1 K, channel
is predisposed to an early and profound survival disadvantage (Kane et al., 2006). Targeted
disruption of DHCR24, an enzyme catalyzing the conversion of desmosterol to cholesterol,
caused death in mice within a few hours after birth (Mirza et al., 2006). Angiotensinogen-
gene knockout mice are not able to restore blood pressure and sodium-water depletion to
normal levels, and about 60% do not survive until weaning (Umemura et al., 1998). Tsan et al.
(1998) have shown that homozygous Mn superoxide dismutase (Sod2) gene-knockout mice
(Sod2") die shortly after birth with extensive myocardial injury. Smad5 has been implicated as
a downstream signal mediator for several bone morphogenetic proteins. Homozygous mutant
embryos die between E9.5 and E11.5, and display variable phenotypes (Chang et al., 1999).
The Smad?2 gene knockout mice were independently researched by three groups. Although dif-
ferent strategies were used, all mutant mice died during the early stage of embryonic develop-
ment, indicating that Smad2-mediated TGF-p signals are required for the early development
of embryos (Nomura and Li, 1998; Waldrip et al., 1998; Weinstein et al., 1998).

The results of this study are completely from the whole genome microarray data com-
paring Ayul7-449 knockout and wild-type mice. They reveal that Ayul7-449 regulates the
expression of several important genes involved in complement and coagulation cascade, com-
plement activity, metabolism and cell differentiation, proliferation, and apoptosis. These data
only provide a road map for future studies, a great deal of research is needed to understand
the true biological activities of Ayul7-449 gene, by gene addition, protein-protein interaction
or other methods.
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