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Abstract
5-Lipoxygenase (5-LOX), an enzyme involved in the metabolism of arachidonic acid, participates
in the modulation of the proliferation and differentiation of neural stem cells and cerebellar granule
cell (CGC) precursors. Since epigenetic mechanisms including DNA methylation regulate 5-LOX
expression and have been suggested as possible modulators of stem cell differentiation and aging,
using primary cultures of mouse CGC (1, 5, 10, 14, 30 days in vitro; DIV), we studied DNA
methylation patterns of the 5-LOX promoter and 5-LOX mRNA levels. We also measured the mRNA
and protein content of the DNA methyltransferases DNMT1 and DNMT3a. 5-LOX, DNMT1, and
DNMT3a mRNA levels were measured by real-time PCR. We observed that 5-LOX expression and
the expression of maintenance DNMT1 is maximal at 1 DIV (proliferating neuronal precursors),
whereas the expression of the de novo DNA methyltransferase DNMT3a mRNA increased in aging
cultures. We analyzed the methylation status of the 5-LOX promoter using the methylation-sensitive
restriction endonucleases AciI, BstUI, HpaII, and HinP1I, which digest unmethylated CpGs while
leaving methylated CpGs intact. The 5-LOX DNA methylation increased with the age of the cells.
Taken together, our data show that as cultured CGC mature and age in-vitro, a decrease in 5-LOX
mRNA content is accompanied by an increase in the methylation of the gene DNA. In addition, an
increase in DNMT3a but not DNMT1 expression accompanies an increase of 5-LOX methylation
during in-vitro maturation.
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The ALOX5 gene, which encodes 5-lipoxygenase (5-LOX; EC 1.13.11.34), the key enzyme
in the biosynthesis of the inflammatory leukotrienes and the anti-inflammatory lipoxins
(Radmark et al., 2007, Serhan et al., 2008), is regulated by epigenetic modifications of DNA
methylation of the 5-LOX promoter (Radmark et al., 2007; Uhl et al., 2002, 2003; Zhang et
al., 2004). Epigenetic mechanisms play a significant role in neuronal development (MacDonald
and Roskams, 2009; Wen et al., 2009) and aging (Siegmund et al., 2007). The expression of
5-LOX in mouse (Wada et al., 2006) and rat (Uz et al., 2001) neural stem cells and the
production of 5-LOX metabolites have been shown to play a role in regulating neural stem cell
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proliferation and differentiation. On the other hand, the brain expression of 5-LOX increases
during aging (Chinnici et al., 2007; Uz et al., 1998) and has been associated with the
pathobiology of Alzheimer's disease (Firuzi et al., 2008; Ikonomovic et al., 2008) and possibly
with mechanisms of co-morbid cardiovascular and neuropsychiatric disorders (Manev and
Manev, 2007; Chu and Pratico, 2009).

Both increases and decreases in DNA methylation occur during neurodevelopment (Wen et
al., 2009) and with aging (Ono et al., 1993; Rath and Kanungo, 1989). Furthermore, aging-
altered epigenetically regulated gene expression in the central nervous system (CNS) may
contribute to aging-associated brain pathologies; for example, Tohgi et al. (1999) reported that
cytosines, particularly those at −207 to approximately −182 in the promoter region of the
amyloid precursor protein (APP) gene, are frequently methylated and suggested that their
demethylation during aging may favor the development of Aβ deposition in the aged brain. It
has been suggested that the modulation of gene methylation could be a strategy for preventing
Alzheimer’s disease (AD) (Morrison et al., 1996; Scarpa et al., 2003). However, it has to be
stressed that changes in the CNS DNA methylation pattern in aging-associated
neurodegenerative disorders do not appear to be general. Further, it was proposed that their
putative pathobiological role might be limited to certain genes and/or cell types (Barrachina
and Ferrer, 2009). Recent data indicate that 5-LOX DNA methylation assayed in mouse brain
samples increases with aging (Manev et al., 2008).

Interpretation of DNA methylation data obtained from analyses of tissue samples, such as
different brain regions, are complicated by the fact that these samples contain a mixture of
various cell types that could be differentially susceptible to epigenetic modifications.
Alternatively, in-vitro experiments provide the advantage of studying uniform cell populations.
Xiong et al. (2004) established a model of cerebellar granule cell (CGC) cultures as a tool to
study the effects of neuronal maturation and in-vitro aging (i.e., cultures maintained for up to
1 month). These cultures are prepared from the postnatal neuronal precursor grown in a uniform
neuronal population of CGC. In this model, 5-LOX participates in the regulation of neuronal
precursor proliferation (Uz et al., 2001). We used a model of in-vitro differentiation and aging
of CGC to investigate 5-LOX expression along with the characterization of 5-LOX DNA
methylation. Since DNA methylation depends on DNA-methyltransferases (DNMTs), we
investigated the effect of in-vitro differentiation/aging on the CGC content of mRNAs for
DNMT1 and DNMT3a, which are the maintenance and de novo DNMTs, respectively (Sharma
et al., 2008).

EXPERIMENTAL PROCEDURES
Preparation of primary cerebellar granule cell (CGC) cultures

Primary CGC cultures were prepared from 5-day-old C57BL/6J mouse pups as described
previously (Uz et al., 2001). The experimental protocol was approved by the Institutional
Animal Care and Ethics Committee of the University of Illinois at Chicago. CGC were plated
in 20 µg/ml poly-D-lysine- (Sigma, St. Louis, MO) coated 3.5-cm-dishes at the density of 0.6
million/ml. Cells were grown either in a serum-free medium (Neurobasal medium, GibcoBRL,
Rockville, MD) containing the B27 supplement (GibcoBRL) or in basal modified Eagle’s
medium (BME, GibcoBRL) supplemented by 10% heat inactivated fetal bovine serum
(GibcoBRL). To prevent the growth of non-neuronal cells in the BME cultures, 10 µM
Cytosine-β-D-arabinofuranoside was added to the BME medium 18–24 h after plating. Both
media contained 2 mM L-glutamine, 50 mg/ml gentamicin, and 25 mM KCl (Sigma). Cultures
were kept at 37 °C and 5% CO2 and maintained up to 30 days by adding 5 mM D-glucose
(Sigma) to the growth medium on the seventh day in vitro (DIV) followed by additional glucose
supplementation every fourth day in addition to adding some water to compensate for loss due
to evaporation.
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Real-time PCR
Total RNA was extracted using the TRIzol® reagent (Invitrogen, Carlsbad, CA) following the
manufacturer's instructions (3 dishes were pooled for each individual sample). To eliminate
possible DNA contamination, RNA samples were treated with a DNase reagent, DNA-free™
(Ambion, Inc., Austin, TX). Total RNA (3 µg) was reverse-transcribed with 200U of cloned
Moloney Murine Leukemia Virus reverse transcriptase (Gibco BRL, Carlsbad, CA). Real-time
RT-PCR was performed in a Mx 3005P Real-time PCR System (Stratagene, La Jolla, CA)
using Maxima™ SYBR Green pPCR Master Mix (Fermentas, Glen Burnie, MD) in a two-step
cycling protocol as described by the manufacturer. The initial 5-min denaturing step was
followed by 40 cycles of denaturing at 95°C for 15 s and annealing/elongation at 60°C for 1
min. Table 1 shows the sequences of primers used to detect 5-LOX, DNMT1, DNMT3a, and
cyclophilin mRNA (primers were purchased from Integrated DNA Technologies, Inc.,
Coralville, IA). Reactions were performed using three different concentrations (12.5, 25, 50
ng) of reverse transcribed material (duplicated for each sample). Real-time PCR results were
normalized against the corresponding cyclophilin mRNA signals. Data are presented as units
(i.e., the coefficient of variation; Schmittgen and Livak, 2008). In addition, the amplification
products of all genes studied (5-LOX, DNMTs, and cyclophilin) were verified using an agarose
gel assay that revealed a single band at the expected size for each product.

5-LOX DNA methylation assay
For the DNA methylation assay, we targeted the promoter-5'UTR of the mouse 5-LOX gene
(Table 2), which contains 14 CpG dinucleotides located upstream from the ATG translation
start codon. In preliminary studies, we also investigated the 27 CpG dinucleotides located
downstream in the first exon-intron region of the 5-LOX gene and found that in CGC cultures
their methylation status was not affected by different days in vitro. Here, we investigated the
methylation rate of the 5-LOX promoter with the aid of four methylation-sensitive
endonucleases – AciI (C↓CGC), BstUI (CG↓CG), HinP1I (G↓CGC), and HpaII (C↓CGG)
(their respective recognition sequence cutting sites are shown in parentheses). For the
extraction of genomic DNA, cells were collected in saline and resuspended in homogenizing
buffer (100 mM NaCl, 10 mM Tris-HCl pH 8.0, 25 mM EDTA, 0.5% SDS, 0.1 mg/ml
proteinase K) and incubated 4–5 h at 37°C. The DNA was purified with phenol, phenol-
chloroform (pH 8.0), precipitated with isopropanol, and dissolved in H2O. To measure 5-LOX
DNA methylation levels, we used restriction digest-quantitative PCR (SYBR Green RD-
qPCR) - the methylation-sensitive endonucleases digest only unmethylated recognition sites
and do not act on sites with methylated cytosine. As a result, in methylated DNA samples
greater amounts of templates are available for the action of Taq DNA polymerase. The assay
was performed as follows: 1 µg of genomic DNA was used in a restriction digest reaction for
each of the four endonucleases. Digested DNA samples were diluted with water and an aliquot
(100 ng DNA) was used for qPCR (Stratagene) with the Maxima™ SYBR Green qPCR Master
Mix (Fermentas) according to the manufacturer’s protocol. The following primers were used:
forward 5’-agagaaggatgcgttggaaggt-3’, reverse 5’-gactccgggcaagtgagtgct -3’. These primers
amplify the 238 nt region upstream of the first ATG translation start codon. This region contains
two recognition sites for each of 4 endonucleases selected for the assay. For input control, we
used the 394 nt region in the first intron because this region does not contain recognition sites
for the selected methylation-sensitive endonucleases. This region was amplified with the
following primers: forward 5’- tgatgtggctggcctcttatgtga-3’, reverse 5’-
actgggactgagtgcaggaaatgt-3’. qPCR reactions were run with 2 different primer sets (target and
input) in separate tubes and the coefficient of variation (CV) for the relative amount of a target
sequence was calculated.
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Quantitative Western blotting
Pooled CGC samples from three dishes were homogenized in RIPA lysis buffer [50 mM Tris-
HCl (pH 7.5), 150 mM NaCl, 4% (w/v) sodium deoxycholate, 1% (w/v) SDS (sodium
dodecylsulfate), 1% (v/v) NP-40, and 1mM EDTA (ethylenediamine tetraacetic acid)]
supplemented with protease inhibitors (2 mM dithiothreitol, 0.2 units/ml aprotinin; 1.45 µM
pepstatin A, 2.1 μM leupeptin, 5.7 mM phenylmethylsulfonylfluoride) immediately before
homogenizing the samples. Protein concentrations were measured using a BCA protein assay
kit (Pierce, Rockford, IL). Ten and 20 µg proteins per sample were run on polyacrylamide
Thermo Scientific Precise Proteins Gels [4–20% (w/v), Thermo Scientific, Rockford, IL] in a
running solution (100 mM Tris-base, 100 mM HEPES, 3 mM SDS, pH 8, Thermo Scientific).
The proteins were transferred electrophoretically overnight to a nitrocellulose membrane
(Amersham Piscataway, NJ) in transfer buffer [25 mM Tris–base, 192 mM glycine, and 20%
(v/v) methanol]. The non-specific binding sites were blocked by a solution containing 5% (w/
v) non-fat dry milk, 10% (v/v) 10 × TBST buffer (100 mM Tris–base, 1.5 M NaCl, 5 ml/l
Tween 20), 0.002% (v/v) Igepal, and 0.02% (w/v) SDS, pH 8 for 30 min. The membranes were
incubated overnight at 4°C with an anti-DNMT1 primary antibody (1:1000; Sigma) and
subsequently incubated for 3 h at room temperature with anti-rabbit IgG horseradish-
peroxidase-linked secondary antibody (1:1000; Amersham). An ECL Plus Kit (Amersham)
was used for band visualization. Blots were scanned and the bands were visualized using a
Storm 860 Phosphor Imager (GE Helthcare, Piscataway, NJ). The membranes were stripped
with a Western Blot Recycling Kit (Alpha Diagnostic International, San Antonio, TX) and re-
probed with anti-DNMT3a primary antibody (1:300; overnight at 4 °C, Imgenex, San Diego,
CA) and with an anti-mouse IgG horseradish-peroxidase-linked secondary antibody (1:1000,
Amersham). To normalize the signal for DNMT1 and DNMT3a, the amount of β-actin was
measured on the same blot using an anti-β-actin antibody (1:5000, Sigma). Band intensities
were analyzed by ImageQuant software (GE Helthcare).

Statistics
For statistical analysis, we used SPSS software (version 12.0). Data were analyzed by either
one-way ANOVA followed by Dunnett’s multiple comparison test or by an independent
sample t-test. Results are expressed as the mean ± standard error mean (SEM). The p<0.05
values were accepted as statistically significant.

RESULTS
The expression of 5-LOX mRNA in CGC cultures is significantly lower than it is in leukocytes,
the cell type considered one of the main sources of 5-LOX (Fig. 1). Furthermore, the levels of
CGC 5-LOX mRNA content decreased significantly as cultures transitioned from their
immature state (1 DIV) to mature neurons (e.g., 10 DIV, which is typically reported in the
literature as mature CGC) (Fig. 2). The levels of DNMT1 mRNA changed in a similar pattern
- they decreased as the cultures matured (Fig. 3A). On the other hand, the levels of DNMT3
mRNA increased significantly from 1 DIV to 14 DIV (Fig. 3B). Using four methylation-
sensitive endonucleases – AciI, BstUI, HinP1I, and HpaII – to assay DNA methylation status
of the 5-LOX promoter, we found that maturation of CGC grown in a serum-free medium was
accompanied by increased DNA methylation. This increase was most significant at the AciI
site. Furthermore, across all four sites, the methylation increase was most consistent after 14
DIV (Fig. 4).

We confirmed that the maturation-associated changes in CGC DNMT1 and DNMT3a mRNA
levels were accompanied by corresponding alterations in DNMT protein content. Thus, a
quantitative Western blotting assay revealed lower DNMT1 protein content in 10 DIV CGC
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compared with 1 DIV CGC, whereas the content of the de novo DNA-methylating enzyme
DNMT3a increased in 10 DIV CGC (Fig. 5).

In studies of the effects of in-vitro aging, we used 1 DIV cultures and their corresponding sister
cultures (i.e., from the same cell preparation) maintained in-vitro for 30 days. Since previous
work has demonstrated that the addition of serum to the culture medium increases the
expression of CGC 5-LOX (Manev and Uz, 1999), we performed these experiments both in
cultures grown in a serum-free medium and in cultures grown in the presence of serum.
Although the 5-LOX mRNA content was greater in 1 DIV cultures grown in the presence of
serum compared to cultures grown in the B27-containing medium, aging significantly reduced
5-LOX mRNA content in both culture conditions (Fig. 6). Also, in both culture conditions the
content of DNMT1 mRNA was lower and the content of DNMT3a mRNA was higher in 30
DIV CGC compared to 1 DIV cultures (Fig. 7).

The methylation-sensitive endonuclease assay revealed that in both culture conditions, in-vitro
aging was accompanied by a significant increase in 5-LOX DNA methylation at all four sites
(AciI, BstUI, HinP1I, and HpaII) (Fig. 8)

DISCUSSION
Using primary cultures of mouse CGC, we found that this in-vitro model of neuronal maturation
and aging revealed consistent maturation and aging-associated changes in 5-LOX mRNA
expression and 5-LOX promoter DNA methylation. As expected, we found that the content of
5-LOX mRNA in CGC cultures is several orders of magnitude lower than in leukocytes, cells
known for their abundant 5-LOX expression. Consistent with previous findings in rat CGC
cultures (Manev and Uz, 1999; Uz et al., 2001), we found that the content of 5-LOX mRNA
in mouse CGC was the highest at 1 DIV and decreased significantly as cultures matured and
aged. Furthermore, similar to rat CGC (Manev and Uz, 1999), the mouse CGC cultures grown
in the presence of serum also expressed higher levels of 5-LOX compared to cultures grown
in the absence of serum (in a B27 supplemented medium). Furthermore, the presence of serum
in the culture medium did not interfere with the aging-associated (i.e., 30 DIV) decrease in 5-
LOX mRNA levels observed in serum-free conditions. Previously, we found that CGC cultures
contain less than 5% glia cells (Favaron et al., 1988). Since we did not observe any differences
in glia content in cultures grown in different culture conditions (visually inspected), it appears
that the observed mRNA changes are of a neuronal origin.

In these in-vitro conditions, the maturation/aging-decreased 5-LOX mRNA expression in
mouse CGC cultures was consistently accompanied by increased methylation of CpG
dinucleotides in the promoter region of the 5-LOX gene. DNA methylation at the sites of CpG
dinucleotides is a known regulator of gene expression, and an aging-associated rise in the DNA
methylation levels of 5' CpG islands of certain CNS genes frequently accompanies their
decreased mRNA levels (Siegmund et al., 2007). Uhl et al. (2002) demonstrated the importance
of 5-LOX promoter methylation for 5-LOX expression in human cell lines. Thus, a
hypermethylation of the 5-LOX promoter in certain human tumor cell lines was associated
with the complete silencing of this gene. Compared to the human 5-LOX gene (on chromosome
10), the mouse 5-LOX gene (on chromosome 6) lacks the typical CpG islands - the mouse
promoter-5’ UTR sequence contains two recognition sites for each of the four endonucleases
used in our assay to assess the promoter methylation. All these sites were hypermethylated in
older cultures compared to1 DIV CGC cultures.

If this DNA methylation change contributed to decreased 5-LOX expression in older cultures,
one possible mechanism involved may be the methylation-sensitive binding of regulatory
molecules (e.g., transcription factors) to the DNA region of the 5-LOX promoter. By analyzing
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the mouse 5-LOX promoter sequence (Table 2) with software that searches transcription factor
binding sites in transcription factor database TRANSFAC R.3.4. (Tsunoda and Takagi,
1999), we identified the following putative transcription factors: AHR/ARNT, NMYC, E2F,
AP4, AP2, USF, and SP1. In ongoing studies, we plan to directly examine the role of DNA
methylation and also to look at these factors in regulating the activity of the mouse 5-LOX
promoter.

Multiple enzymatic mechanisms are involved in determining the pattern of DNA methylation,
including DNA-demethylases (Hamm et al., 2008) and DNA-methyltransferases - DNMTs
(MacDonald and Roskams, 2009). DNMT1, which is involved in the maintenance of DNA
methylation in proliferating cells, is also expressed in post-mitiotic neurons but its role in these
cells is unclear. It is possible that a pathological expression of neuronal DNMT1 may contribute
to the pathobiology of psychiatric disorders such as schizophrenia (Costa et al., 2007). It
appears that in our in-vitro CGC model, significantly greater expression of DNMT1 was
associated with the proliferation of neuronal precursors (Uz et al., 2001) at 1 DIV and that this
was accompanied by lower 5-LOX promoter methylation and greater 5-LOX mRNA
expression. Hence, the changes in 5-LOX promoter methylation we observed during neuronal
maturation cannot be explained by altered DNMT1. On the other hand, the increase in the
expression of DNMT3a was associated with neuronal maturation and also with an increased
methylation of 5-LOX promoter accompanied by decreased 5-LOX mRNA levels. Also in-
vivo, the expression of neuronal DNMT3a increases during the first 3 weeks of postnatal
development (Feng et al., 2005). Collectively, these data are consistent with the proposed role
for DNMT3a in neuronal maturation (Watanabe et al., 2006).

Furthermore, our results indicate that epigenetic regulation of 5-LOX expression may be
important during neural development. Previously, it was shown that leukotrienes and lipoxins
produced via the 5-LOX pathway play a significant role in the regulation of neural stem cell
(NSC) proliferation and differentiation (Wada et al., 2006). These studies demonstrated that
in addition to 5-LOX, NSCs express leukotriene and lipoxin receptors and also that these
receptors directly regulate proliferation and differentiation of NSCs. Also in proliferating CGC
precursors, i.e., at 1 DIV, inhibitors of 5-LOX were capable of inhibiting their proliferation
(Uz et al., 2001). The results we obtained in this study suggest that epigenetic suppression of
5-LOX expression in neural precursors, possibly via the activity of DNMT3a, may be involved
in the transition of these proliferating cells from precursors into differentiated neurons.

CONCLUSION
The main finding in this work is that in-vitro CGC maturation involves epigenetic alterations
of the 5-LOX promoter, i.e., its increased methylation that was accompanied by decreased 5-
LOX mRNA levels. The concomitant differential changes in expression of DNMT1 and
DNMT3a suggest that DNMT3a but not DNMT1 is responsible for maturation-associated
epigenetic 5-LOX silencing. Future studies, for example in different culture models such as
glia cells are needed to evaluate how findings from this in-vitro model, consisting of a
population of a single neuronal type, i.e., CGC, apply to studies in brain samples, which
typically contain multiple cell types.

List of abbreviations
AD, Alzheimer's disease; APP, amyloid precursor protein; CGC, cerebellar granule cells; CNS,
central nervous system; DNMT, DNA-methyltransferase; 5-LOX, 5-lipoxygenase; NSC,
neural stem cell; SEM, standard error mean.
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Fig. 1.
5-LOX mRNA expression in mouse leukocytes (L) and cerebellar granule cells (CGC).
Leukocytes were extracted from whole blood as described elsewhere (Mohammadi and
Saberivand, 2009). The signals for 5-LOX and cyclophin (Cyc; a loading control) mRNAs
were obtained by RT-PCR using specific primers (see Table 1). The amplification step lasted
for 30 cycles with denaturation (94°C, 30 sec), annealing (57°C, 30 sec), and elongation (72°
C, 30 sec). Shown is an example of gel electrophoresis of the PCR products (bands at the
expected size for 5-LOX and Cyc, i.e., 178 and 153 bp respectively). Note the stronger 5-LOX
mRNA signal in leukocytes compared to CGC whereas the cyc signals were comparable in
both samples. A real-time PCR assay of these samples revealed that leukocytes express about
400 times more 5-LOX mRNA than CGC [5-LOX mRNA (units): leukocyte = 87, CGC =
0.22; n = 2].
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Fig. 2.
5-LOX mRNA levels in CGC matured in-vitro in a serum-free medium (containing the B27
supplement). Total RNA was extracted at 1, 5, 10, and 14 days in vitro (DIV). 5-LOX mRNA
was measured by real-time PCR. The results were normalized against the corresponding
cyclophilin contents and are presented as units (coefficient of variation arbitrarily multiplied
by a factor of 1000, see text). Data are expressed as mean ± SEM of 4 different cell preparations
and were evaluated by one-way ANOVA followed by Dunnett’s multiple comparison test. *
P<0.05; ** P<0.01 compared to 1 DIV.
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Fig. 3.
DNMT mRNA levels in CGC maturing in-vitro in a serum-free medium. (A) DNMT1 and (B)
DNMT3a mRNA levels measured by real-time PCR in CGC at 1, 5, 10, and 14 DIV. The
results were normalized against the corresponding cyclophilin contents and are presented as
units (see text). Data are expressed as mean ± SEM of 4 different cell preparations and were
evaluated by one-way ANOVA followed by Dunnett’s multiple comparison test. * P<0.05; **
P<0.01; *** P<0.001 compared to 1 DIV.
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Fig. 4.
Methylation of the 5-LOX promoter – 5’UTR region in maturing CGC (serum-free medium)
assayed at the methylation-sensitive endonuclease (AciI, BstUI, HinP1, and HpaII) sites. Data
obtained in samples from 5, 10, and 14 DIV cultures are expressed as a fold change compared
to the methylation level in 1 DIV cultures. Data are expressed as mean ± SEM of 4 different
cell preparations and were evaluated by one-way ANOVA followed by Dunnett’s multiple
comparison test. *P<0.05, **P<0.001 vs. corresponding 1 DIV.
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Fig. 5.
DNMT1 and DNMT3a protein levels in immature (1 DIV) and mature (10 DIV) CGC grown
in serum-free conditions. Panel A shows representative Western immunoblots assayed at two
different concentrations of proteins (20 and 10 µg). DNMT1 and DNMT3a signals were
normalized by the corresponding β-actin signals measured on the same blot. Panel B shows
the quantitative data (open bars DNMT1; closed bars DNMT3a). The ratio for each sample at
two different protein concentrations was similar and the average of these two ratios was used
as single value. Data (mean ± SEM from 3–4 different cell preparations) are presented as a
percentage of the corresponding 1 DIV and were evaluated by independent sample t-test. **
P<0.01; *** P<0.001.
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Fig. 6.
5-LOX mRNA content decreases in old (30 DIV) CGC compared to 1 DIV cultures grown
both in the serum-free (B27 supplement) and serum-containing medium. Total RNA was
extracted from CGC grown in a serum-free medium (B27, open bars) and a serum-
supplemented medium (Serum, closed bars) at 1 and 30 DIV. 5-LOX mRNA levels were
measured by real-time PCR. The results were normalized against the corresponding cyclophilin
contents and are presented as units (see text). Data are expressed as mean±SEM from 3 different
cell preparations and were evaluated by independent sample t-test. *** P<0.001 compared to
1 DIV.
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Fig. 7.
DNMT1 mRNA content decreases while DNMT3a mRNA increases in aged (30 DIV)
compared to 1 DIV CGC grown both in serum-free (B27 supplement) and serum-containing
conditions. The mRNA levels of DNMT1 (panel A) and DNMT3a (panel B) were measured
by real-time PCR. The results were normalized against the corresponding cyclophilin contents
and are presented as units (see text). Data are expressed as mean ± SEM from 3 different cell
preparations and were evaluated by independent sample t-test. * P<0.05; ** P<0.01 compared
to 1 DIV.
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Fig. 8.
Methylation of the 5-LOX promoter – 5’UTR region in young (1 DIV) and old (30 DIV) CGC
assayed at methylation-sensitive endonuclease (AciI, BstUI, HinP1, and HpaII) sites. Data
obtained in samples from 30 DIV cultures are expressed as a fold change compared to the
methylation level in 1 DIV cultures (open bars, serum-free; closed bars, serum-containing
medium). Data are expressed as mean ± SEM of 5 different cell preparations and were evaluated
by t-test. *P<0.05, **P<0.01 ***P<0.001 vs. corresponding 1 DIV.
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Table 1

The sequences of primers used for real-time PCR.
Gene Bank
Accession
Number

Primers Fragment size
(bp)

5-LOX NM_009662 F: 5’-ATTGCCATCCAGCTCAACCAAACC-3’
R: 5’-TGGCGATACCAAACACCTCAGACA-3’

178

DNMT1 NM_010066 F: 5’-AGTGCAAGGCGTGCAAAGATATGG-3’
R: 5’-TGGGTGATGGCATCTCTGACACAT-3’

150

DNMT3a NM_007872
NM_153743

F: 5’-ACAAGAATGCTACCAAAGCAGCCG -3’
R: 5’-TGAGAACTTGCCATCTCCGAACCA-3’

200

Cyclophilin X52803 F: 5’- AGCATACAGGTCCTGGCATCTTGT –3’
R: 5’- AAACGCTCCATGGCTTCCACAATG -3’

153

Neuroscience. Author manuscript; available in PMC 2010 December 29.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Imbesi et al. Page 18

Table 2

The sequence of the mouse 5-LOX promoter-5’UTR analyzed for methylation states with methylation-sensitive
endonucleases AciI (C↓CGC), BstUI (CG↓CG), HinP1I (G↓CGC), and HpaII (C↓CGG).

The endonuclease recognition sites are highlighted in black (two for each endonuclease). ud are primers used in real-time PCR - forward 5’-
agagaaggatgcgttggaaggt-3’, reverse 5’-gactccgggcaaagtgct-3’. Position 1 indicates the translation start codon (ATG).
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