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Short Report

Mutational analysis of the human MBX gene in four Korean families
demonstrating microphthalmia with congenital cataract
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The MBX gene is a novel paired-type homeobox gene. It plays a number
of critical roles in the development of the eyes in the zebrafish. The
knockdown of the mbx expression by morpholino antisense oligonucleotides
leads to a reduction in the size of eyes and tectum in the zebrafish. We
investigated whether the human MBX gene was associated with susceptibility
to microphthalmia by analyzing four Korean families demonstrating
microphthalmia with congenital cataract. Mutational analysis was performed
on the human MBX gene using these families. However, no mutations could
be detected. Therefore, no indications were found for an association between

the MBX gene and microphthalmia with congenital cataract in humans.
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Homeobox genes play a number of critical
roles in early central nervous system (CNS)
patterning!. The Mbx gene, a novel paired-type
homeobox gene, was identified in the zebrafish
and human genomes2. The MBX homeodomain
possesses some similarities to that of Pax family
proteins. Since knockdown of mbx expression
by morpholino antisense oligonucleotides
(mbx-MOQ) leads to a reduction in the size of
the eyes and tectum in the zebrafish?, mbx
function has been proposed to be involved
in anterior brain development, including the
formation of the eyes and tectum. On the
other hand, the microinjection of double-
stranded RNA targeted to Pax6.1 is associated
with the depressed expression of Pax6.1, thus
resulting in an absent or greatly reduced eye
and forebrain development in the zebrafish3.
We previously isolated the mouse Mbx cDNA
and analyzed its expression pattern during early
mouse embryogenesis. The Mbx homeodomain
is identical among mice, zebrafish and humans.
Therefore, a high homology also exists in the

domain between the mouse Mbx and Pax
family. The expression of the mouse Mbx is
predominantly restricted to the midbrain region
at E9.5%5. In Drosophila and the mouse, the
Pax6 gene is required for eye formation and its
mutation causes both eyeless and small-sized
eye phenotypes, respectively®7.

In humans, microphthalmia is one of the
most common ocular birth defects and a
significant cause of congenital blindness®. The
etiology of microphthalmia is diverse, with
several genetic mutations associated with this
condition along with potential environmental
causes®. Mutations in the CHX10 (recessive)
and SHH (dominant) genes correlate with
cases of human microphthalmial®!l. One
of the most common ocular malformations
associated with microphthalmia is congenital
cataracts. Homozygous mutations in the PAX6
are known to cause anophthalmia and its
heterozygous mutations can cause aniridial2.
Based on the phenotypes of the knockdown
of the mbx in zebrafish and the patients
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with mutations on the PAX6 in humans, we
analyzed the human MBX gene in four Korean
families with microphthalmia accompanied by
congenital cataract only.

Human MBX cDNA was isolated in 20022, and
the nucleotide sequence is now available from
GenBank under accession numbers AF398527
and AF398528. Human MBX cDNA consists
of two distinct splice variants producing long
and short forms (MBX-L and MBX-S) that
differ by only five amino acids. This MBX-L
cDNA consists of 1,155 nucleotides and spans
an open reading frame from nucleotide 7 to
1155, encoding 363-amino acid proteins. We
herein report the results of mutation analysis
of the MBX gene in four Korean families
with microphthalmia and congenital cataract
only. The full-length cDNA sequences were
compared with the human genomic sequences
and all exon-intron borders were determined.
The coding region is composed of exon 1 to
exon 4. The mutation screen of MBX in the
patients from the four families was performed
in all coding regions. The analyzed patients
were the following: MC31, MC47, MC45,
MC44, MC41, MC42 (family 1), MC30b, MC28,
MC29, MC30 (family 2), MC13b, MC13, MC14
(family 3), and MC17b, MC17 and MC18
(family 4) (Fig. 1). All patients participating
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in this study gave their informed consent for
a molecular analysis to be performed on their
blood samples, and the study protocol was
approved by the Committee for the Ethical
Issues on Human Genome and Gene Analysis,
Seoul National University. Genomic DNA was
obtained from peripheral lymphocytes using
QIAGEN Blood and Cell Culture DNA Midi
Kit (QIAGEN, Hilden, Germany). Nested
polymerase chain reactions (PCRs) were carried
out with primers designed to be homologous to
the intronic regions adjacent to each exon, from
exon 1 to exon 4, and the samples of human
DNAs. All oligonucleotide primers are listed
in Table I. The resultant PCR products were
used for a direct sequence analysis. However,
no mutation or polymorphism was detected
in any patient (data not shown).

Knockdown of the mbx expression leads to a
reduction in the size of the eyes and tectum in
the zebrafish?. It was suggested that mbx may
play a critical role in the formation of the eyes
and tectum in the zebrafish. The expression of
the mouse Mbx is almost completely restricted
to the midbrain region at E9.545. The findings
of these studies were very interesting, however,
there have to date been no reports on the
functions of the mouse MBX gene. Creating
knockout mice is no longer such a difficult task.
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Fig. 1. Pedigree of families 1, 2, 3 and 4.
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Table I. Oligonucleotide Primers Used in Mutation Analysis

Exon

Primer sequence

HMBXE1F1=5-ATCAGAAGGTGGGCATCCAG-3
HMBXE1F3=5-TCCCTTITTCCGTCTGTAGGC-3
HMBXE1R1=5-ACAAGCTTGGCCAGTGCTCC-3
HMBXE1R3=5--ACAGTCCTGTCCCCATGGTC-3
HMBXE2F1=5--ATATGGAGAGGGGATGGCTG-3
HMBXE2F2=5--CTAAGGGTAAGGGACCAGGG-3
HMBXE2R1=5--CATGCTGGCTCCTGGACAAG-3
HMBXE2R2=5.-ATGGGCTGGTGTTTGTCTGC-3

HMBXE3F1=5--CGTACATCCTCTCCCAGAGC-3:
HMBXE3F2=5--CAACCCCACTTICTTTCITGC-3
HMBXE3R1=5-GAGGGGCAGTTGATTACTCG-3-
HMBXE3R2=5--GACTTGCTTCACACGCTCAG-3

HMBXEAF1=5--GTGAGAAGGCTGAGTGCACC-3
HMBXEA4F3=5-GTTCTTGGGTICTCTGCITG-3:

HMBXEAR1=5-CCACCTAGGGATAACCACAG-»
HMBXEAR3=5-CTGGGTTGGAAGCCAGACAG-3

In addition, many of the homo-mutant mice have
been reported after the interesting genes were
isolated in mice. The mouse Mbx was isolated in
2002, over four years ago. We could not detect
any mutation or polymorphism in the human
MBX from the four families that were analyzed
herein. Therefore, the MBX (Mbx) genes may
have some other functions in mammals.

In conclusion, our investigation did not detect
any association between the human MBX gene
and microphthalmia accompanied by congenital
cataract only.
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