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Abstract—MicroRNAs (miRNAs) are a class of small regulatory RNAs that control a level of expression of protein encod-
ing genes. Their role in brain pathologies is unknown. We made a first attempt to carry out a genetic study coupled with gene
expression analysis of microRNA in human neuropsychiatric pathology. Presumably, at least one third of known miRNA
genes are expressed in the brain. Mutations disrupting MECP2 protein lead to abnormal development of the brain and
resulting behavior. MiR-130b expressed in the brain and potentially targeting MECP2 is located in the susceptibility locus
for schizophrenia (22q11). We performed a comparative analysis of the expression of miR-130b in 24 brain neocortex sam-
ples from schizophrenic and normal individuals. The stability and effective detection of mature microRNA in postmortem
tissues using Real-time PCR have been shown. Screening for mutations has identified a population polymorphism in the 5'-
upstream miR-130b gene region containing DNA elements for putative transcription factors. Genetic association analysis
of 300 schizophrenia and 316 normal control individuals revealed no statistically significant association of any of the miR-
130b allelic variants with schizophrenia. The data demonstrated feasibility and perspective of convergent genetic and expres-

sion analysis of human microRNA genes in testing their role in human diseases.
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MicroRNAs (miRNAs) are a class of 19-22-nt regu-
latory RNAs that are products of small non-protein-cod-
ing genes found in animals and plants [1]. MiRNAs are
thought to promote degradation of target mRNASs or sup-
press translation of corresponding protein by forming an
imperfect duplex with the RNA target. Evolutionary con-
servation of many miRNA genes and mutation analysis in
invertebrates and in zebrafish demonstrated their impor-
tant regulatory role in development [2, 3]. Using a
hybridization approach with micro-chip technology we
have determined that microRNA is relatively stable in the
postmortem-brain and hypothesized that the role of small
non-coding RNA in human brain development and neu-
ropsychiatric disorders may be tested by genetic and gene
expression analysis [4]. In this study the genetic and
expression analysis of miR-130b gene was conducted in
schizophrenia and normal individuals.

Abbreviations: miRNAs) microRNAs.
* To whom correspondence should be addressed.

MATERIALS AND METHODS

Selection of miRNA for DNA polymorphism analysis.
The choice of miRNA that target 3'-UTR of MECP2 and
the miRNA:target duplex prediction were made using the
algorithm described in [5]. PCR primers were designed
(Primer3; http://www-genome/wi/mit/edu/cgi-bin/
primer/primer3www/cgi/) to amplify the precursor
miRNA with flanking sequences. For example, for miR-
130b we developed PCR with miR130bl.dir 5-tgctctga-
gaagcagtgcaa-3' and miR130bl.rev 5'-tcagaagctggggag-
gtct-3' primer oligonucleotides resulting in ~600 bp PCR
product. The following primers were used for sequencing:
miR130b2.dir 5'-tacccaattcgcteccttct-3', miR130b2.rev
S'-agctctgecacccacctgat-3'. The sequencing reaction was
done using ABI BigDye terminators and analyzed on ABI
PRISM 310 Genetic Analyzer.

Genotyping. The case-control samples were collect-
ed as previously described. The schizophrenia samples
from unrelated individuals were mainly from patients
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with a diagnosis of paranoid schizophrenia. The diagnosis
was made in accordance with International Classification
of Diseases 10 (ICD-10) criteria. The control group, con-
sisting of age-and gender-matched subjects with no regis-
tered psychiatric illnesses, was collected from the same
ethnic and population group of Russian origin. DNA was
extracted from peripheral venous blood by the
phenol—chloroform method.

Restriction fragment length polymorphism analysis
was developed for genotyping of the case-control groups.
MiR130b2.dir and miR130b2.rev primers were used for
PCR amplification. The PCR was conducted for 30 cycles
each consisting of denaturation at 95°C for 30 sec, anneal-
ing at 60°C for 45 sec, and extension at 72°C for 40 sec.
The PCR product was digested by Faul restriction
enzyme. The resulting restriction fragments were analyzed
by electrophoresis in 10% polyacrylamide gel. Statistical
analysis was performed using CLUMP software
(www.mds.qmw.ac.uk/statgen/dcurtis/software.html).

MiRNA microarray analysis. Total RNA was isolated
from parietal cortex (BA7) (Stanley Foundation Medical
Research Institute collection) with Trizol Reagent
(Invitrogen, USA) and then pooled. The procedures for
small RNA enrichment using mirVana miRNA isolation
kit (Ambion), human chips containing probes for mature
miRNAs (LC Science) and Applied Biosystem (USA)
TagMan MicroRNA assay were used for analysis of
miRNAs.

RESULTS

In this pilot study, the miRNAs potentially targeting
MECP2 mRNA were selected. The MECP2 gene muta-
tions cause disorders with autistic condition (Rett syn-
drome) and the contribution of MECP2 gene variation
was implicated in the case of schizophrenia [6]. It is
intriguing that miR-130b is located in the 22ql1 locus.
This chromosomal region is among the most consistently
reported susceptibility locus for schizophrenia identified
via linkage studies. Interstitial deletions of chromosome
22ql1 also cause velo-cardio-facial syndrome (VCFS)
with a high risk for schizophrenia and depression [7-9].
The 3'UTR of the MECP2 gene was searched for com-
plementarity with 7-nucleotide seed region (bases 2-8) of
the miRNAs [5]. The structure of potential duplex was
predicted using RNAfold with artificial loop attached to
the 3’ end of the seed match in target and 5’ end in
miRNA. The putative targets for miR-130b, miR-130a,
miR-19a, and miR-19b were detected.

We have screened for population polymorphisms in
or nearby these miRNA genes by direct sequencing
analysis of five schizophrenia and five normal individuals.
The genomic region of about 600 bp that includes the
complete sequence of 71-96 bp precursor miRNA was
amplified for the sequencing analysis. We found no muta-
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tions in the sequence corresponding to mature or precur-
sor miRNA in these genes. However, common single
nucleotide polymorphism (C/G) was found at the —63 bp
position from the start of the precursor miR-130b
(rs861843) (Fig. 1, a and b). Interestingly, the common C
allele sequence hits multiple putative regulatory DNA
elements for putative transcriptional factors, whereas G
mutation disrupts these matches, but generates novel ele-
ment for neural-restrictive-silencer (Fig. 1¢).

To test whether the variation in 5'-region in miR-
130b may directly contribute to a genetic risk for schizo-
phrenia, we analyzed the age- and gender-matched
groups of schizophrenia and normal individuals. Three
hundreds schizophrenic patients and 316 control individ-
uals from Moscow (Russia) were collected and used for
the case-control association study as described previous-
ly [10]. All patients in this study met criteria for paranoid
schizophrenia (F20.0x) according to the International
Classification of Diseases 10 (ICD-10). DNA was
extracted from peripheral venous blood samples using the
phenol—chloroform method. Direct and reverse primer
oligonucleotides were designed to amplify the polymor-
phic region (Fig. 1c) and 450 bp PCR fragment was
digested by Faul endonuclease for the genotyping. Exact
tests and ’-test were used to perform association analysis
between the SNP allele or genotype and schizophrenia
(Table 1). No statistically significant prevalence of the C
allele was found in the total group of paranoid schizo-
phrenia (Ms cohort) (P = 0.960, OR = 1.012, C. I. =
0.737-1.391). Comparison of CC and GG genotype fre-
quencies in schizophrenia versus control did not produce
a statistically significant difference (P = 0.738, OR =
1.176, C. 1. = 0.456-3.032). Real-time PCR analysis was
undertaken using TagMan MicroRNA Assays (Applied
Biosystems) to elucidate whether expression of miR-130b
in the adult human neocortex is modified in individuals
with schizophrenia and whether its expression correlates
with genotype. The total RNA was isolated from speci-
mens of human parietal neocortex (Brodman area 7)
from different individuals using mirVana miRNA isola-
tion kit (Ambion). The frozen tissue specimens were
kindly provided by the Stanley Medical Research
Institute (Brain Collection). The control PCR experi-
ments with original RNA (prior generation of cDNA)
and with genomic DNA revealed no effective PCR in
TagMan MicroRNA Assay (Applied Biosystems). The
data indicate that potential genomic contamination in
RNA extracts cannot contribute to quantitative analysis
of miRNAs in this assay. PCR of each specimen was repli-
cated and the average mean was used for comparison.
Normalization was performed using expression of let-7a
abundant in most tissues including brain. On average,
there was no strong difference in expression of miR-130b
between schizophrenia and norm groups (12 normal indi-
viduals and 12 individuals with schizophrenia, p > 0.5)
(Fig. 2a). No correlation of expression of miR-130b and
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Fig. 1. Human gene for miR-130b: a) chromosomal location; b) precursor gene structure and polymorphism found in 5'-upstream region;
¢) putative regulatory regions for two allelic variants.

the —63 C/G genotypes was observed (Fig. 2b). Using normal individuals using hybridization or direct RT-PCR
Human MicroChip hybridization array we determined profiles (our unpublished data) and other hybridization
what miRNAs are expressed in the adult human brain, assay [11] detected putative variations in expression of
which may be subjects of further investigation (Table 2). some miRNAs. More detailed validation of the expres-
Comparative expression analysis of multiple miRNA in  sion of the miRNA and the role of genetic factors in vari-
collection of brain specimens from schizophrenia and ations in miRNA gene expression is required to deter-

Table 1. Genotype and allele frequency in case and control groups

Genotype (% frequency) Allele (% frequency)
Group N p P HWE
CC CG GG C G
Case (Ms) 300 221 (73.67) 71 (23.67) 8(2.67) | 0.738 | 513(85.50) | 87 (14.50) | 0.960 | 0.482
Control (Ms) 316 235 (74.37) 71 (22.47) | 10(3.16) 541 (85.60) | 91 (14.40) 0.113
Case (Ms-1) 293 215 (73.38) 70 (23.89) 8 (2.73) | 0.741 | 500 (85.32) | 86 (14.68) | 0.911 | 0.481

age < 18 (14.7 £ 3.4) 132 107 (81.06) | 22 (16.67) 3(2.27) | 0.504 | 236 (89.39) | 28 (10.61) | 0.124 | 0.106
age > 18 (26.8 £ 7.5) 154 103 (66.88) | 46 (29.87) 5(3.25) | 0.850 | 252(81.82) | 56 (18.18) | 0.141 | 0.106
Control (Ms-r) 308 229 (74.35) | 69(22.40) | 10(3.25) 527 (85.55) | 89 (14.45) 0.106

Note: Case-control group (Ms) represents the total sample of the paranoid schizophrenia patients and control individuals from the Moscow popu-
lation; case-control group (Ms-r) excludes the individuals of non-Russian ethnic background documented in medical records; Ms-r group
was stratified by gender and age of onset of schizophrenia (patients with unknown age-of onset were excluded); p values for allelic and geno-
type distributions are shown. HWE, p values for deviation from Hardy—Weinberg equilibrium.
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Table 2. miRNA genes expressed in adult human brain
hsa_ miR_125b hsa_let 7a hsa_miR_26a hsa_let_7c hsa_let 7f hsa_let_7b
hsa_miR_9 hsa_miR_124a hsa_let_7d hsa_miR_125a hsa_miR_23b hsa_miR_128a
hsa_ miR_128b hsa miR_181a hsa_let 7¢ hsa_let 7g hsa_ miR_103 hsa_miR_29a
hsa_miR_191 hsa_miR_342 hsa_miR_107 hsa_miR_23a hsa_miR _181b hsa_miR_126
hsa_miR_16 hsa_miR_132 hsa_miR_24 hsa_miR_100 hsa_miR_361 hsa_miR_99b
hsa_let_7i hsa_miR_222 hsa_miR_99a hsa_miR_30c hsa_miR_195 hsa_miR_221
hsa_miR_145 hsa_miR_27b hsa_miR_26b hsa_miR_127 hsa_miR_7 hsa_ miR_143
hsa_ miR_30d hsa_miR_320 hsa_miR_30b hsa_ miR_185
hsa_miR_181d hsa_miR 433 hsa_miR_30a_5p hsa_miR_382 hsa_miR_92 hsa_miR_495
hsa_miR_129 hsa_miR_432 hsa_miR_149 hsa_miR_17_5p hsa_miR_151 hsa_miR_139
hsa_miR_27a hsa_miR_331 hsa_miR_98 hsa_miR_451 hsa_miR_22 hsa_miR_93
hsa miR 324 5p hsa_miR_20a hsa_ miR 223 hsa miR 323 hsa_miR_330 hsa_miR_152
hsa_ miR_409 3p hsa_miR _146b hsa_miR _106a hsa_miR 137 hsa_miR 485 5p hsa_miR_379
hsa_ miR_31 hsa_miR_335 hsa_miR_34a hsa_ miR 214 hsa_miR_134 hsa_miR_383
hsa_miR_329 hsa_miR_15b hsa_miR_150 hsa_miR_106b hsa_miR_346 hsa_miR_491
hsa_miR_130a hsa_ miR_212 hsa_miR_130b hsa_miR 494 hsa_miR_146a hsa_miR_422b
hsa_ miR_377 hsa_miR_28 hsa_miR 25 hsa_ miR 370 hsa_miR_20b hsa_miR 181c¢
hsa_miR_489 hsa_ miR 328 hsa_miR_218 hsa_miR_138

Note: MiRNA transcripts detected by hybridization of Human miRNA Array (probes for 312 mature miRNAs spotted in 4-5 replications) with a
Cy3- or Cy5-labeled fraction of small RNA isolated from the human neocortex from adult individuals. The miRNAs in two sections for rel-
atively high/medium and low expression: order from the highest (at the top) to the lowest (at the bottom) level of detectable signal (read from
left to the right).

mine their role in schizophrenia. It must be noted that
variability in level of miR-130b RNA between individual
specimens regardless the disease status was clearly
observed (Fig. 2). Theoretically, a variety of factors may

contribute to the individual variability in miRNA gene
expression, including cellular heterogeneity of brain tis-
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sues used in analysis, partial degradation of selected
miRNA in some post-mortem specimens or, indeed,
inter-individual difference in expression of miRNA
caused by variable genetic or epigenetic factors. Further
studies are required to address this question. To our
knowledge, the data present the first genetic study cou-
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Fig. 2. Expression of miR-130b (ddCt, normalized by miR-let-7a as endogenous control) in human neocortex brain according to Real-Time
PCR data. The experiment was undertaken in two replicates on 7900HT Fast Real-Time PCR System using 386-well plates and according to
ABI protocol for TagMan miRNA Assays. a) Comparative expression analysis of miR-130b in schizophrenia and normal individuals; b) com-
parative expression analysis of individuals with miR130b CC or GC genotypes.
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pled with expression analysis of miRNA gene in schizo-
phrenia and implicate the feasibility of convergent
miRNA analysis in neuropsychiatric disorders.
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