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1 Supplementary Methods
1.1 Computation of the P -values for the miRNA-mediated regulation of target genes and miRNA-

targeting-specific promoter methylation

We have previously described the use of the MiRaGE method to calculate P -values for the miRNA-mediated

regulation of target genes for each miRNA [1, 2] and to attribute P -values for miRNA-targeting-specific

promoter methylation [3,4]. Therefore, the method is explained only briefly below. First, a matrix xij` that

represents either the expression or promoter methylation of the ith gene at the `th region of the jth sample

is prepared. Then, the differential expression/methylation is computed as follows,

∆x``′

ij ≡ log

(
xij`′

xij`

)
.

When xij` is not positive definite, the cases that do not satisfy the positive definite condition can either be

ignored or, alternatively,

∆x``′

ij ≡ xij`′ − xij`

2



can be used. Next, define a set of target genes Gm of the mth miRNA and a set of genes G′
m not targeted

by the mth miRNA but targeted by any other miRNA, based on simple seed match

G′
m ≡

⋃
m′ 6=m

Gm′

Then P -values to deny the null hypothesis are computed as{
∆x``′

ij | i ∈ Gm

}
=

{
∆x``′

ij | i ∈ G′
m

}
in favor of {

∆x``′

ij | i ∈ Gm

}
<

{
∆x``′

ij | i ∈ G′
m

}
or {

∆x``′

ij | i ∈ Gm

}
>

{
∆x``′

ij | i ∈ G′
m

}
using any statistical tests. The P -values computed based on the former (latter) are denoted as P ``′

mj,<

(P ``′

mj,>). A smaller P ``′

mj,< (P ``′

mj,>) indicates that the targets gene are more up(down)regulated or hy-

per(hypo)methylated in the `th tissue compared with in the `′th tissue. In our implementation, we used

the t test, the Wilcoxon rank sum test, and the Kolmogorov-Smirnov test to compute P -values. For more

details, see my recent review [4] or the vignette package in the Bioconductor software [5]. Also one should

notice that target genes of miRNAs whose target genes are significantly up/downregulated are not always

up/downregulated. The statement that target genes of a miRNA are significantly up/downregulated sim-

ply means that majority of miRNA target genes are up/downregulated. Thus minority of target genes of

miRNAs whose target genes are significantly up(down)regulated can always be down(up)regulated. This

statement can be applied only to the set of whole target genes of a miRNA, not to individual gene in the

set.

1.2 Comparison of the P -values for the distinct brain regions

For the pairwise comparisons among the frontal cortex, temporal cortex, pons, and cerebellum, P -values

of both miRNA-mediated target regulation and miRNA-targeting-specific promoter methylation were at-

tributed to each miRNA. For each sample, twelve P -values, i.e., for the six pairwise comparisons among

the four brain regions of both miRNA-mediated target regulation and miRNA-targeting-specific promoter

methylation, were attributed to each miRNA. Only the miRNAs that were among the human miRNAs in

miRBase (release 18) were considered. The Wilcoxon rank-sum test was employed to compute the P -values.

The number of miRNAs M was 1921.
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1.3 Estimation of the number of miRNAs with target genes that were significantly up/downregulated
or the number of target gene promoters that were significantly hypo/hyper methylated between
any two brain regions

M P ``′

mj,<s ( or P ``′

mj,> = 1 − P ``′

mj,< because we employed the Wilcoxon rank-sum test) were attributed to

each of the miRNAs for one of the six pairwise comparisons of one sample and adjusted using the Benjamin-

hohenberg (BH) criterion. MiRNAs with adjusted P -values less than 0.05 were regarded as significant.

This number was averaged over all the samples and the averaged value was taken as the estimation of the

number of miRNAs with target genes that were significantly up/downregulated or the number of target gene

promoters that were significantly hypo/hyper methylated between any two of the four brain regions.

1.4 Rank correlation coefficients between P -values attributed to miRNA-mediated regulation of target
genes and P -values attributed to miRNA-targeting-specific promoter methylation

M P ``′

mj,<s for one of the six pairwise comparisons of one sample was transformed to rank, r``
′

mj . The rank,

r``
′

mj , attributed to each miRNA was averaged over all the samples,

r``
′

m ≡
〈
r``

′

mj

〉
j

〈Qj〉j ≡ 1

J

∑
j

Qj

where J is the total number of samples and Qj is some variable attributed to the jth sample. The Spearman

correlation coefficient of the averaged rank between the miRNA-mediated regulation of target genes and

miRNA-targeting-specific promoter methylation is,

ρmRNA,Methyl.
``′ ≡

〈
∆r``

′,mRNA
0m ·∆r``

′,Methyl.
0m

〉
m√〈[

∆r``
′,mRNA

0m

]2〉
m

√〈[
∆r``

′,Methyl.
0m

]2〉
m

∆r``
′,s

0m ≡ r``
′,s

0m − 〈r``
′,s

0m 〉m

〈Qm〉m ≡ 1

M

∑
m

Qm,

where M is number of miRNAs and Qm is some variable attributed to the mth miRNA. r``
′,s

0m is the rank

order of r``
′,s

m over m = 1, . . . ,M , where s is either mRNA or Methyl., representing mRNA expression

and promoter methylation, respectively. P -values attributed to Spearman correlation coefficients were also

computed.

Alternatively, the Spearman correlation coefficient of the averaged rank between the miRNA-mediated

regulation of target genes and miRNA-targeting-specific promoter methylation was computed before aver-
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aging,

ρmRNA,Methyl.
j``′ ≡

〈
∆r``

′,mRNA
mj ·∆r``

′,Methyl.
mj

〉
m√〈[

∆r``
′,mRNA

mj

]2〉
m

√〈[
∆r``

′,Methyl.
mj

]2〉
m

∆r``
′,s

mj ≡ r``
′,s

mj − 〈r``
′,s

mj 〉m

Because the averaged correlation coefficient 〈ρmRNA,Methyl.
j``′ 〉j was found to be almost zero (data not

shown)—in other words positive and negative correlations appear with almost same probability—the stan-

dard deviation of the correlation coefficient was computed instead of the averaged value so as to express how

many of the values that differed from zero were observed for the correlation coefficients,

∆ρmRNA,Methyl.
``′ ≡

√√√√〈[
ρmRNA,Methyl.
j``′ −

〈
ρmRNA,Methyl.
j``′

〉
j

]2〉
j

1.5 Multiple regression model between miRNA-mediated regulation of target genes, miRNA-targeting-
specific promoter methylation, and differential miRNA expression, with the additional consideration
of age and gender

The proposed multiple regression model is

logP ``′,mRNA
mj,> = A``′

m · logP ``′,Methyl.
mj,< +B``′

m · log
(
xmj`

xmj`′

)
+ C``′

m · agej +D``′

m · genderj + E``′

m

where P ``′,mRNA
mj,> and P ``′,Methyl.

mj,< are the P -values attributed to miRNA-mediated regulation of target

genes and miRNA-targeting-specific promoter methylation, respectively. A``′

m , B``′

m , C``′

m , D``′

m and E``′

m are

all constants. xmj` is themth miRNA expression of the `th region of the jth sample. agej and genderj are the

age and gender of the jth sample respectively. genderj =1 when the jth sample is from a male, otherwise

genderj=0. After the regression results were obtained, feature extraction based on Akaike’s Information

Criterion (AIC) was applied to choose the valid terms for the right hand side of this equation. This feature

extraction procedure specifies the optimal combination of the terms with the minimum AIC values. A

positive (negative) A``′

m indicates a reciprocal (nonreciprocal) relationship between a miRNA and its target

genes. Multiple regression and feature extraction were performed using the lm function in the R base package

and the stepAIC function in the R MASS package [6], respectively.
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1.6 Selection of miRNAs that significantly regulated target genes based on multiple regression models

The P -values that were computed based on the F test were attributed to each regression model of the

miRNAs and adjusted using the BH criterion for each of the six pairwise comparisons of the four brain

regions. Then the miRNAs with P -values that could be attributed to the constant B``′

m , the multiplier of

log
(

xmj`

xmj`′

)
, were selected if their P -values were less than 0.05 among the regression model with adjusted

P -values that were less than 0.05.

1.7 KEGG pathway enrichment analysis of the selected miRNAs

The DIANA-mirpath (Ver. 2.0) web tool [7] was used to analyze the KEGG pathway enrichment of the

miRNA target genes. Twelve groups of miRNAs (listed in Table 1), namely, the reciprocal and nonreciprocal

miRNAs in each of the six pairwise comparisons, were uploaded to DIANA-mirpath one by one and P -values

were obtained with the default parameter settings: union of target genes; target genes predicted by microT-

CDS; P -value threshold as 0.05; microT threshold as 0.5; and FDR correction applied.

2 Supplementary Discussion
2.1 Supplementary Discussion on Selected KEGG pathways
2.1.1 TGF-β signaling pathway

Transforming growth factor (TGF)-β is known to play an important role in cell development and TGF-β

signaling specifies the axons during brain development [8]. Thus, TGF-β signaling is important in brain

development. However, TGF-β also plays several critical roles that are unrelated to development.

The TGF-β signaling pathway is known to be closely associated with brain disease and death. Bezchlibnyk

et al [9] studied differential cDNA expression between post-mortem samples of frontal cortex tissue from

patients with bipolar disorder and matched controls. They found that TGF-β1 decreased substantially in

the bipolar disorder samples. Lippa et al [10] observed increased immunoreactivity of TGF-β type I (RI) and

type II (RII) receptor subtypes in reactive glia in the frontal cortex and parahippocampal gyrus of Alzheimer’s

disease brains compared with matched controls. Plata-Salamán et al [11] showed that interleukin-1β (IL-1β),

Tumor Necrosis Factor (TNF)-α and TGF-β1 mRNA levels were up-regulated in all brain regions following

borna disease virus inoculation. Krieglstein et al [12] reported that glial cell line-derived neurotrophic factor

failed to promote the survival of highly purified neuron populations in vitro unless it was supplemented with

TGF-β.

Many reports have found a relationship between TGF-β and IL-1, and IL-1 is known to have diverse

actions in the brain [13]. For example, da Cunha et al [14] showed that IL-1 stimulated the production
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of TGF-β1 immunoreactive product in cells as well as TGF-β1 activity in culture fluids of all glial cells,

astrocytes, microglial cells, and oligodendrocytes, derived from neonatal rat cortex and grown in cell type-

enriched cultures. They also found that TGF-β1 production in vitro varied with the cell type and the

isoform of IL-1. In addition, da Cunha et al [15] showed that amoeboid microglia, isolated and cultured

from postmortem adult human brain, more frequently expressed TGF-β1 in the presence of IL-1. IL-1 is

a cytokine that is elevated in the brain of Human Immunodeficiency Virus (HIV)-1-infected individuals

compared with seronegative controls. Pasinetti et al [16] showed that TGF-β1 rapidly increased in adult

rat brain in response to experimental lesions. Gayle et al [17] found that in both young and old rats, IL-1β

induced a significant up-regulation of cerebellar IL-1 receptor antagonist (Ra), IL-1RI, and TGF-β1 mRNAs.

These findings together indicate the importance of IL-1 in the brain, and imply that the TGF-β signaling

pathway may also play a critical role in the brain.

Thus, it is likely that TGF-β plays critical roles in brain regions, and my finding that the miRNAs that

target genes predicted to be involved in the TGF-β signaling pathway are differentially expressed between

distinct brain regions, is a reasonable one.

2.1.2 Long-term potentiation and depression

Although the TGF-β pathway enrichment of the miRNA target genes is evidence that the miRNAs selected

in this study can play critical roles in the brain, TGF-β is not a brain function-specific pathway.

Long-term potentiation and depression are more brain-specific. Long-term potentiation is a long-lasting

enhancement in signal transmission between two neurons that results from stimulating them synchronously

and long-term depression is an activity-dependent reduction in the efficacy of neuronal synapses lasting hours

or longer following a long patterned stimulus. Prefrontal cortex long-term potentiation, but not long-term

depression, has been found to be associated with the maintenance of extinction of learned fear in mice [18]

and long-term depression is known to play important roles in cerebellar Purkinje cells [19].

The association of the long-term potentiation and long-term depression pathways with the miRNA target

genes indicates that the selection of miRNAs was reasonable.

2.1.3 The mitogen-activated protein kinase (MAPK) signaling pathway

The MAPK pathway comprises a chain of proteins in the cell that communicates a signal from a receptor

on the surface of the cell to the DNA in the nucleus of the cell. This pathway is known to play critical

roles in brain regions. Yeste-Velasco et al showed that the MAPK pathway regulates neuronal apoptosis
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through the phosphorylation of the retinoblastoma protein [20]. Bonni et al found that the MAPK-activated

kinases were associated with Rsk-induced phosphorylation of the pro-apoptotic protein BAD at serine 112

which suppressed BAD-mediated apoptosis in neurons [21]. Wu et al reported an activity-dependent stabi-

lization of the MAPK pathway that was prominent in hippocampal dendrites [22]. Schmid et al showed that

MAPK activation was essential for the neural cell adhesion molecule L1-dependent neurite outgrowth [23].

Jover-Mengual et al showed that estradiol acted via the classical estrogen receptor, the insulin-like growth

factor (IGF)-I receptor, and the ERK/MAPK signaling cascade to protect CA1 neurons against global brain

ischemia in ovariectomized female rats and gerbils [24]. Li et al suggested that the synaptic activity of central

nervous system neurons activated N-methyl-D-aspartate (NMDA) receptors that are the predominant molec-

ular device for controlling synaptic plasticity and memory function, and which in turn stimulate translation

from stored Wnt5a mRNA via the MAPK signaling pathway [25]. Wefers et al analyzed gene expression in

the hippocampus and showed that nine downregulated MAPK target genes that were candidates to cause

mutant mice to display the normal anxiety phenotype actually increased depression-like behavior [26].

The evidence clearly suggests that the MAPK signaling pathway plays a variety of critical roles in brain

regions. The association of the MAPK pathway with the miRNA target genes again indicates that the

selection of miRNAs in this study was reasonable.

2.1.4 mTOR signaling pathway

Recently, Magri and Galli reviewed the relationship between mTOR signaling pathway and neural stem

cells [27] and Russo et al reviewed the cellular and molecular features of mTOR and related pathways and

analyze their function in the brain [28]. Thus, the currently available evidence clearly shows that the mTOR

signaling pathway is important in brain function and development.

2.1.5 Wnt signaling pathway

The Wnt signaling pathway is another network of proteins that passes signals from receptors on the surface of

the cell to DNA in the nucleus. Although this pathway is thought to especially control cell-cell communication

in the embryo and adult, numerous reports have described its importance in brain functions, particularly,

those that are disease related.

For example, Shruster et al showed that the addition of Wnt3a increased the neuronal differentiation

of amyloid β(42)-treated hippocampal progenitors, which inhibits the reduction of neural differentiation

[29]. Munji et al found that the Wnt-β-catenin pathway (canonical Wnt pathway) regulated intermediate
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progenitors differentiation into neurons [30]. Buchman reported that Wnt signaling was positively regulated

by abnormal spindle microcephaly, mutations of which are known to be the most common cause of autosomal

recessive primary microcephaly [31]. Rosen et al reported an adaptive role for altered Wnt signaling in

progranulin deficiency-mediated frontotemporal dementia [32]. Peukert et al found that lack of Lhx2/Lhx9

function as well as increased Wnt signaling altered the expression of the thalamus-specific cell adhesion factor

pcdh10b which subsequently led to a striking anterior-posterior disorganization of the caudal forebrain [33].

Although most of these studies are related to developmental diseases, they also show that a proper

functioning Wnt signaling pathway is important for brain function. Thus, the enrichment of the Wnt

signaling pathway among the miRNA target genes in the present study is consistent with previous studies.

2.1.6 ErbB signaling pathway

The ErbB signaling pathway is known to play critical roles during the various developmental stages and has

also been shown to have a tight relationship with brain proliferation through the activation of neuregulin-1

(NRG-1) which is essential for the normal development of the nervous system.

Fallon et al found that constitutive activation of the NRG-1/erbB signaling pathway promoted the

proliferation of SK-N-MC neuroepithelioma cells in vitro and hypothesized that NRG-1/erbB autocrine,

paracrine or juxtacrine signaling may contribute to the development and/or progression of neuroepithe-

liomas in vivo [34]. Frohnert et al showed that NRG-1 isoforms and erbB kinases acted in an autocrine

and/or paracrine fashion to promote mitogenesis in JS1 cells [35]. Stonecypher et al showed that neoplas-

tic Schwann cells within neoplasms variably expressed the erbB kinases that mediating NRG-1 responses

(erbB2, erbB3 and/or erbB4) [36,37].

The reported mechanisms of the erbB signaling pathway, indicate that the erbB signaling pathway is

rightly listed as one of the pathways associated with the miRNA target genes.

2.1.7 Lysine degradation

Lysine is known to play a critical role in memory formation and some reports have found that lysine has

other functions as well.

Rao et al showed that lysine activity was high during the early stages of development [38]. Sauer

et al demonstrated that a low L-lysine diet lowered the concentration of glutaric acid in the brain [39].

Pyridoxine dependent epilepsy has been shown to be caused by a defect of alpha-amino adipic semialdehyde

dehydrogenase (antiquitin) in the cerebral lysine degradation pathway [40].
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Although the number of studies is limited, it is evident that lysine may contribute to biological processes

in brain other than memory formations.

2.1.8 N-glycan biosynthesis

Although N-glycan is not recognized as important for brain function, some reports have related its protein

structure variants to brain function.

For example, N-glycan in the cerebrospinal fluid of eIF2B-mutated patient samples was found by Fogli et

al to have an increased number of bi-antennary structures and a decreased number of tri-antennary/bisecting

structures [41]. Ye and Marth studied N-glycan branching as a requirement in neuronal and postnatal

viability [42]. Lee et al found that galectins bind the GlcNAc-branched N-glycans that are attached to

glycoproteins on the surface of cells where they form a molecular lattice that restricts lateral movement and

the endocytosis of glycoproteins [43].

Although these reports are related to protein structure and not to gene expression, N-glycan must be

transcribed to be transformed. Thus, it is not strange that N-glycan structures differ between brain regions

and the list in Table 2 includes miRNA that target the genes involved in N-glycan biosynthesis.

2.1.9 Tight junction and adherens junction

Götz and Huttner [44] have pointed out that tight junctions and adherens junctions are important structural

components of the nervous system. Bauer et al found that neurons expressed the tight junctions-specific

protein occludin, the main component of tight junctions [45]. Karaki et al reported that another component

of tight junctions, claudin-4, was expressed by enteric neurons in the rat distal colon [46]. Devaux and

Gow showed that claudin 11, which forms autotypic tight junctions that comprise the radial component

of central nervous system myelin, affords rapid nerve conduction principally for small diameter myelinated

axons [47]. Based upon their findings, Devaux and Gow also developed a computational model to more

accurately represent conduction in small fibers [48]. Marthiens and Ffrench-Constant found that adherens

junction domains were split by the asymmetric division of embryonic neural stem cells [49]. Meng and

Takeuchi pointed out the importance of adherens junctions in the nervous system in their review of adherens

junctions [50].
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2.1.10 Regulation of the actin cytoskeleton

The actin cytoskeleton participates in many fundamental processes including the regulation of cell shape,

motility, and adhesion [51]. It has also been reported that regulation of the actin cytoskeleton is important

in brain. Sarmiere and Bamburg reviewed the actin cytoskeleton and discussed its modulation by the

family of actin dynamizing proteins known as actin depolymerizing factor (ADF)/cofilin or AC proteins [52].

Regulation of actin dynamics by ADF/cofilin was also reported by Kuhn et al [53]. Dillon and Goda [54]

and Cingolani and Goda [55] reviewed the dynamic actin cytoskeleton and emphasized its importance for

morphological changes that are important for synapse functions .

2.1.11 Prion disease

Although diseases were not included explicitly in this study, all known prion diseases affect the structure of the

brain or other neural tissue [56]. Indeed, it has been reported that neurons degenerate in prion disease [57].

Thus, the inclusion of miRNA target genes enriched in this pathway in Table 2 is not contradictory.

2.1.12 ECM-receptor interaction

The extracellular matrix (ECM) is known to play many critical roles in brain [58]. The ECM has been

related to neurodegeneration [59] and has been reported to play especially important roles in the central

nervous system [60].

2.1.13 Focal adhesion

Focal adhesions are sub-cellular macromolecular assemblies that mediate the regulatory effects (for example,

cell anchorage) of ECM adhesion on cell behavior [61]. Some reports have emphasized the importance of

focal adhesions in brain. Valiente et al showed that focal adhesion kinase (FAK) plays a fundamental role

in the dynamic regulation of Gap-mediated adhesions during glial-guided neuronal migration in mouse [62].

Ferrari et al showed that focal adhesions and cell contractility stably link the topographical configuration

of the extracellular environment to a corresponding neuronal polarity state [63]. Vallejo-Illarramendi et

al demonstrated that FAK plays an essential role in cardiac outflow tract development by promoting the

activation of molecules such as Crkl and Erk1/2 in neural crest cells [64]. Derkinderen et al suggested that

a neuronal form of FAK was regulated by anandamide [65]. Chacón et al reported that FAK controlled

filopodia formation and actin nucleation during axonal development [66].
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2.1.14 Endocytosis

In neuronal cells, endocytosis is essential for recycling of the membrane after neurotransmitter release.

Endocytosis also plays a critical role during the early developmental stages [67]. Kotowski et al found

that endocytosis promoted rapid dopaminergic signaling in the central nervous system [68]. Raimondi et al

reported an overlapping role of dynamin isoforms in synaptic vesicle endocytosis [69]. Tojima et al showed

that asymmetric clathrin-mediated endocytosis drove repulsive growth cone guidance [70].

Although limited in number, these studies demonstrate the importance of endocytosis in brain functions.

2.1.15 Other pathways

Some of the other pathways listed in Table 2 may not be related directly to brain. For example, the

several cancer/tumor-related pathways that include pancreatic cancer, pathways in cancer, melanoma, renal

cell carcinoma, chronic myeloid leukemia, small cell lung cancer, non-small cell lung cancer, prostate cancer,

thyroid cancer, and acute myeloid leukemia, were probably selected because of the tight relationship between

miRNAs and cancers/tumors. Some other disease-related pathways such as type II diabetes mellitus, may

also have been selected for similar reasons. Other pathways, for example, CAMS, cytokine–cytokine receptor

interaction, and insulin signaling were recognized by Paul et al [71] as described above. More detailed

experimental researches in the future should help validate the roles of other miRNAs in brain.

2.2 Divergence of the selected miRNAs and uniformity of the selected pathways

Most of the commonly selected KEGG pathways listed in Table 2 have some relationship with brain even

though the selected miRNAs were not common to all four brain regions. This can be explained as follows:

each miRNA can, theoretically, target hundreds of genes and each gene is targeted by several miRNAs and

a specific combination of miRNAs can target the same set of genes.

For example, let us consider the TGF-β pathway for the cerebellum and frontal cortex pair. This pathway

was enriched for the target genes of miRNAs whose target genes were significantly up/downregulated between

the cerebellum and frontal cortexa. By definition, there were no overlaps between the miRNAs whose target

genes are significantly upregulated and those whose target genes are significantly downregulated. Despite

this, in the TGF-β pathway, some of the target genes of miRNAs whose target genes are significantly

upregulated are the same as the target genes of miRNAs whose target genes are significantly downregulated.

A total of 31 differentially regulated genes corresponding to 36 mRNAs with refseq IDs were selectedb. Of the

36 mRNAs, 25 mRNAs were significantly up/downregulated between cerebellum and frontal cortex (Table
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3). For example, SMAD5 and RBL2 were significantly more expressed in cerebellum than frontal cortex

(P = 5.54 × 10−23 and P = 1.22 × 10−22), respectively. SMAD5 is known to be activated during brain

development [72] and RBL2, also known as RB2, is known to function in neural differentiation [73]. This

is only one example, but it illustrates why different combinations of miRNAs can target genes in the same

KEGG pathway.

The TGF-β pathway was not selected every time a substantial number of miRNAs were considered. For

example, for a set of five miRNAs for which the target genes were downregulated between pons and temporal

cortex, the only pathway that was found was for valine, leucine and isoleucine biosynthesis. Conversely, for

a set of seven miRNAs for which the target genes were downregulated between cerebellum and frontal

cortex, 29 pathways were selected including the TGF-β signaling pathway. This finding shows that the

TGF-β signaling pathway was not selected automatically just because the number of selected miRNAs was

substantial. Thus, in the context of this analysis we can understand why commonly selected pathways were

found despite the fact that selected miRNAs were not common.

2.3 Positive and negative correlations between miRNA expression and target gene expression

Although some of the miRNA-mediated regulation of target genes was not reciprocal, this apparent contra-

diction was not always caused by a failure in the analysis because, even in miRNA transfection experiments,

some miRNA target genes were found to be upregulated after miRNA transfection [74].

2.4 Possible biological reasons for cooperative regulation of target genes by miRNAs and promoter
methylation

Cooperative regulation of mRNAs by miRNA and promoter methylation has not been widely investigated,

partly because no direct relationship between miRNA function and promoter methylation seemed to exist.

The miRNA-mediated regulation of target genes takes place in the cytoplasm, while promoter methylation

occurs in the nucleus of cells. These two processes, therefore, are temporally and spatially apart. However,

the relationship between TFs and miRNAs has been a popular topic of study and TFs work in the nucleus

while miRNAs work in the cytoplasm. A major difference between TFs and methylation is the few number

of known proteins that mediate promoter methylation as against the many known TF families. If promoter

methylation cooperatively regulates gene expression with miRNAs of which there is a large number of species,

it is interesting to speculate about the mechanisms that may be involved.

Halytskiy [75] suggested that Ago protein binding to miRNA may take place in the nucleus and induce

13



promoter methylation. Recently, it has been suggested that Ago protein can function in the nucleus [76]

and Weinmann et al has reported that Ago protein was localized in the nucleus [77]. If Ago protein binding

miRNA can directly methylate promoters in the nucleus, then this mechanism may be able to mediate

miRNA-targeting-specific promoter methylation. Further studies into this possibility are required to confirm

these findings.
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2.5 Table 3 - Genes differently expressed between frontal cortex and cerebellum in TFG-β pathway

Genes included in TGF-β pathway whose mean expression in cerebellum (CRBLM) is significantly greater

(a) or smaller (b) than that in frontal cortex (FCTX). Selected genes are common for both reciprocal and

nonreciprocal relathionship between miRNA and target genes. The values in columns labelled as CRBLM

and FCTX indicate mean expression over samples, respectively. p-values were computed based upon two-

sided t test and q-values were adjusted based on BH criterion. More than one refseq IDs were sometimes

attributed to one gene symbol so as to represents distinct isoforms.

(a) CRBLM > FCTX
Gene symbol Refseq mRNA CBRLM FCTX p-value q-value
ZFYVE16 NM 014733 379.10 315.78 3.12e-05 8.24e-05
ACVR2A NM 001616 301.67 249.68 3.03e-06 9.36e-06
SMAD5 NM 001001420 2070.75 1050.82 5.54e-23 6.83e-22
ACVR2B NM 001106 263.49 221.02 2.74e-03 5.07e-03
TGFBR1 NM 004612 179.61 166.86 1.57e-03 3.24e-03
SP1 NM 138473 644.87 321.13 2.60e-30 4.81e-29
E2F4 NM 001950 895.05 737.76 6.78e-10 2.51e-09
RBL2 NM 005611 1325.18 813.88 1.22e-22 1.13e-21
RPS6KB1 NM 003161 1874.87 1453.88 6.54e-07 2.20e-06
ROCK1 NM 005406 229.47 189.64 3.85e-14 2.03e-13

(b) CRBLM < FCTX
Gene symbol Refseq mRNA CBRLM FCTX p-value q-value
BMPR2 NM 001204 755.95 1081.43 1.14e-10 4.68e-10
TGFB2 NM 003238 146.80 173.75 9.98e-13 4.62e-12
PITX2 NM 000325 133.85 142.76 8.20e-03 1.32e-02
PPP2CA NM 002715 6185.02 7170.70 1.52e-04 3.52e-04
SMAD5 NM 001001419 133.94 141.30 2.66e-02 3.93e-02
ID2 NM 002166 1224.03 2262.97 1.62e-21 1.18e-20
TGFBR2 NM 003242 419.08 509.84 2.03e-02 3.13e-02
TGFBR2 NM 001024847 138.58 148.31 4.63e-05 1.14e-04
ID3 NM 002167 507.03 732.96 1.17e-03 2.56e-03
MAPK1 NM 002745 794.07 1253.35 1.91e-21 1.18e-20
MAPK1 NM 138957 214.98 234.92 1.15e-05 3.26e-05
SMAD2 NM 005901 127.55 136.03 5.12e-03 8.61e-03
LTBP1 NM 206943 140.04 150.27 2.50e-03 4.87e-03
SMAD3 NM 005902 411.53 947.52 6.84e-39 2.53e-37
CUL1 NM 003592 1157.79 1235.39 3.28e-03 5.78e-03
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