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Method for diagnosing or predicting a non syndromic autosomal recessive

optic atrophy, or a risk of a non syndromic autosomal recessive optic atrophy.

FIELD OF THE INVENTION

The present invention relates to a method for diagnosing or predicting a non syndromic

autosomal recessive optic atrophy, or a risk of a non syndromic autosomal recessive optic

atrophy.

BACKGROUD OF THE INVENTION

Hereditary optic atrophy is a group of neurodegenerative disorders characterized by a

sudden or gradual loss of retinal ganglion cells function. The disease primarily involves the

macular beam of the optic nerve and may progress to peripheral fibres. Leber hereditary

optic neuropathy (LHON, [MIM 535000]) and autosomal dominant optic atrophies (adOA,

[MIM 65500]) are by far the more frequent than recessive forms.

Typically, patients with LHON and adOA have no relevant health problems apart from optic

atrophy. However, the disease may be associated with a wide range of extraocular features

of mitochondrial dysfunction, including brain, cardiac, muscle or auditive signs. The clinical

expression of extraocular manifestations varies from absence of expression to severe

dysfunction defining the 'plus' forms of LHON and OPA1 4

In contrast with LHON and adOA, autosomal recessive optic atrophies (arOA) usually involve

the central nervous system and other organs. Non syndromic arOA are less common.

Hitherto, one locus has been mapped but no disease gene has been identified (OPA6, ROA1

[OMIM258500]). 5

SUMMARY OF THE INVENTION

The present invention relates to a method for diagnosing or predicting a non syndromic

autosomal recessive optic atrophy, or a risk of a non syndromic autosomal recessive optic

atrophy, in a subject, said method comprising detecting a mutation in the TMEM126A gene in

a sample obtained from said subject, wherein the presence of a homozygous TMEM126A

mutation is indicative of a non syndromic autosomal recessive optic atrophy or of a risk of a

non syndromic autosomal recessive optic atrophy.

The inventors have discovered that defective TMEM126A is involved in the pathological

process of non syndromic autosomal recessive optic atrophy. The present invention also

relates to methods of screening for and detection of carriers of a defective TMEM 126A gene,



diagnosis of a defective TMEM126A gene, prenatal TMEM126A gene defect screening and

detection.

The invention also relates to a 7ME/W7_?6/4-encoding polynucleotide for use in therapy, in

particular for treating or preventing a non syndromic autosomal recessive optic atrophy.

DETAILED DESCRIPTION OF THE INVENTION

Definitions:

A "coding sequence" or a sequence "encoding" an expression product, such as a RNA,

polypeptide, protein, or enzyme, is a nucleotide sequence that, when expressed, results in

the production of that RNA, polypeptide, protein, or enzyme, i.e., the nucleotide sequence

encodes an amino acid sequence for that polypeptide, protein or enzyme. A coding

sequence for a protein may include a start codon (usually ATG) and a stop codon.

The term "gene" means a DNA sequence that codes for or corresponds to a particular

sequence of amino acids which comprise all or part of one or more proteins or enzymes, and

may or may not include regulatory DNA sequences, such as promoter sequences, which

determine for example the conditions under which the gene is expressed. Some genes,

which are not structural genes, may be transcribed from DNA to RNA, but are not translated

into an amino acid sequence. Other genes may function as regulators of structural genes or

as regulators of DNA transcription. In particular, the term gene may be intended for the

genomic sequence encoding a protein, i.e. a sequence comprising regulator, promoter, intron

and exon sequences.

As used herein, the term "TMEM126A gene" denotes the TMEM126A gene of any species,

especially human, but also other mammals or vertebrates to which the methods of the

invention can apply.

The human TMEM 126A gene located at 11q1 4.1 , covers a genomic region of 8542 bp and is

composed of 5 exons. The transcript is 773 bp long, with a coding sequence of 588 bp

(exons 2-5, SEQ ID NO:1 ) . The encoded protein TMEM1 26A (transmembrane protein 126A)

is 195 amino-acids long (accession number NP_1 15649 (SEQ ID NO:2)).

We have chosen to number the A of the start codon (ATG) of the cDNA sequence of

TMEM126A (Genbank accession numbers NM_ 032273) as nucleotide 1.

A nucleic acid molecule is "hybridizable" to another nucleic acid molecule, such as a cDNA,

genomic DNA, or RNA, when a single stranded form of the nucleic acid molecule can anneal

to the other nucleic acid molecule under the appropriate conditions of temperature and

solution ionic strength (see Sambrook et al., 1989).



The conditions of temperature and ionic strength determine the "stringency" of the

hybridization. For preliminary screening for homologous nucleic acids, low stringency

hybridization conditions, corresponding to a T m (melting temperature) of 55 0C , can be used,

e.g., 5x SSC, 0.1 % SDS, 0.25 % milk, and no formamide ; o r 30 % formamide, 5x SSC,

0.5 % SDS). Moderate stringency hybridization conditions correspond to a higher Tm, e.g.,

40 % formamide, with 5x or 6x SCC. High stringency hybridization conditions correspond to

the highest Tm, e.g., 50 % formamide, 5x or 6x SCC. SCC is a 0.1 5 M NaCI, 0.015 M Na-

citrate. Hybridization requires that the two nucleic acids contain complementary sequences,

although depending on the stringency of the hybridization, mismatches between bases are

possible. The appropriate stringency for hybridizing nucleic acids depends on the length of

the nucleic acids and the degree of complementation, variables well known in the art. The

greater the degree of similarity o r homology between two nucleotide sequences, the greater

the value of T m for hybrids of nucleic acids having those sequences. The relative stability

(corresponding to higher Tm) of nucleic acid hybridizations decreases in the following order:

RNA:RNA, DNA:RNA, DNA:DNA. For hybrids of greater than 100 nucleotides in length,

equations for calculating T m have been derived (see Sambrook et al., 1989, 9.50-9.51). For

hybridization with shorter nucleic acids, i.e., oligonucleotides, the position of mismatches

becomes more important, and the length of the oligonucleotide determines its specificity (see

Sambrook et al., 1989 11.7-1 1.8). A minimum length for a hybridizable nucleic acid is at least

about 10 nucleotides, preferably at least about 15 nucleotides, and more preferably the

length is at least about 20 nucleotides.

In a specific embodiment, the term "standard hybridization conditions" refers to a T m of 55 0C,

and utilizes conditions as set forth above. In a preferred embodiment, the T m is 60 0C . In a

more preferred embodiment, the T m is 65 0C . In a specific embodiment, "high stringency"

refers to hybridization and/or washing conditions at 68 0C in 0.2 X SSC, at 42 0C in 50 %

formamide, 4 X SSC, or under conditions that afford levels of hybridization equivalent to

those observed under either of these two conditions.

As used herein, an amplification primer is an oligonucleotide for amplification of a

target sequence by extension of the oligonucleotide after hybridization to the target sequence

or by ligation of multiple oligonucleotides which are adjacent when hybridized to the target

sequence. At least a portion of the amplification primer hybridizes to the target. This portion

is referred to as the target binding sequence and it determines the target-specificity of the

primer. In addition to the target binding sequence, certain amplification methods require

specialized non-target binding sequences in the amplification primer. These specialized

sequences are necessary for the amplification reaction to proceed and typically serve to

append the specialized sequence to the target. For example, the amplification primers used

in Strand Displacement Amplification (SDA) include a restriction endonuclease recognition



- A -
site 5' to the target binding sequence (US Patent No. 5,455,1 66 and US Patent No.

5,270,1 84). Nucleic Acid Based Amplification (NASBA), self-sustaining sequence replication

(3SR) and transcription based amplification primers require an RNA polymerase promoter

linked to the target binding sequence of the primer. Linking such specialized sequences to a

target binding sequence for use in a selected amplification reaction is routine in the art. In

contrast, amplification methods such as PCR which do not require specialized sequences at

the ends of the target, generally employ amplification primers consisting of only target

binding sequence.

As used herein, the terms "primer" and "probe" refer to the function of the oligonucleotide. A

primer is typically extended by polymerase or ligation following hybridization to the target but

a probe typically is not. A hybridized oligonucleotide may function as a probe if it is used to

capture or detect a target sequence, and the same oligonucleotide may function as a primer

when it is employed as a target binding sequence in an amplification primer. It will therefore

be appreciated that any of the target binding sequences disclosed herein for amplification,

detection or quantisation of TMEM126A may be used either as hybridization probes or as

target binding sequences in primers for detection or amplification, optionally linked to a

specialized sequence required by the selected amplification reaction or to facilitate detection.

The terms "mutant" and "mutation" mean any detectable change in genetic material, e.g.

DNA, RNA, cDNA, or any process, mechanism, or result of such a change. This includes

gene mutations, in which the structure (e.g. DNA sequence) of a gene is altered, any gene or

DNA arising from any mutation process, and any expression product (e.g. protein or enzyme)

expressed by a modified gene or DNA sequence. Generally a mutation is identified in a

subject by comparing the sequence of a nucleic acid or polypeptide expressed by said

subject with the corresponding nucleic acid or polypeptide expressed in a control population.

A mutation in the genetic material may also be "silent", i.e. the mutation does not result in an

alteration of the amino acid sequence of the expression product.

In the context of the instant application, mutations identified in TMEM126A gene are

designated pursuant to the nomenclature of Dunnen and Antonarakis (2000). As defined by

Dunnen and Antonarakis at the nucleic acid level, substitutions are designated by ">", e.g.

"163C>T" denotes that at nucleotide 163 of the reference sequence a C is changed to a T.

The expression"homozygous TMEM 126A mutation", as used herein, refers to a subject

whose two alleles of the TMEM 126A gene are mutated. The expression thus encompasses

both homozygous mutations strico sensu (wherein the same mutation is present on both

alleles) and composite heterozygous mutation (wherein each allele presents a different

mutation).



In the context of the invention, the term "treating" or "treatment", as used herein, means

reversing, alleviating, inhibiting the progress of, or preventing the disorder or condition to

which such term applies, or one or more symptoms of such disorder or condition. A

"therapeutically effective amount" is intended for a minimal amount of active agent (e.g.,

TMEM126A encoding polynucleotide) which is necessary to impart therapeutic benefit to a

subject. For example, a "therapeutically effective amount" to a mammal is such an amount

which induces, ameliorates or otherwise causes an improvement in the pathological

symptoms, disease progression or physiological conditions associated with or resistance to

succumbing to a disorder.

The term "biological sample" means any biological sample derived from a subject.

Examples of such samples include fluids, tissues, cell samples, organs, biopsies, etc.

Preferred biological samples are a cell or tissue sample. Preferred biological samples are

whole blood, serum, plasma or urine. Typically, in the case where the subject is a foetus, the

sample may be an amniosynthesis sample.

As used herein, the term "subject" denotes a mammal, such as a rodent, a feline, a

canine, and a primate. Preferably a subject according to the invention is a human.

Diagnostic methods of the invention:

The inventors have shown that mutations found in the TMEM126A gene are associated with

a non syndromic autosomal recessive optic atrophy. Defective TMEM126A is involved in the

pathological process of non syndromic autosomal recessive optic atrophy.

Therefore, the present invention relates to a method for diagnosing or predicting a non

syndromic autosomal recessive optic atrophy, or a risk of a non syndromic autosomal

recessive optic atrophy, in a subject, said method comprising detecting a mutation in the

TMEM126A gene in a sample obtained from said subject, wherein the presence of a

homozygous TMEM126A mutation is indicative of a non syndromic autosomal recessive

optic atrophy or of a risk of a non syndromic autosomal recessive optic atrophy.

The present invention also relates to a prenatal method for diagnosing or predicting a non

syndromic autosomal recessive optic atrophy, or a risk of a non syndromic autosomal

recessive optic atrophy, said method comprising detecting a mutation in the TMEM 126A

gene in a sample obtained from a foetus, wherein the presence of a homozygous

TMEM126A mutation is indicative of a non syndromic autosomal recessive optic atrophy or

of a risk of a non syndromic autosomal recessive optic atrophy.



The present invention also relates to a method for the detection of subject carrying a

defective TMEM 126A gene, which method comprises detecting a mutation in the TMEM126A

gene in a sample obtained from said subject.

A TMEM126A mutation according to the invention may be found in a regulating region of

TMEM126A gene (e.g. a promoter sequence, or a binding site for transcription factor) or in

exons that encode the TMEM126A protein.

Typically the TMEM 126A mutation is a mutation which results in a reduction of TMEM126A

expression or the TMEM126A mutation is a nonsense mutation which results in a truncated

TMEM 126A protein.

Preferably, a mutation of TMEM126A gene according to the invention leads to a mutation of

the arginine at residue 55 of the protein sequence, in particular mutation of TMEM126A gene

according to the invention is 163C>T, i.e. a substitution of C by T at position 163 of SEQ ID

NO:1 .

In a preferred embodiment, the mutation is a homozygous mutation stricto sensu, wherein

both alleles of the TMEM1 26A gene present the 163C<T substitution.

In another embodiment, the mutation is a composite heterozygous mutation, wherein one

allele of the TMEM126A gene presents the 163C>T subsitution and the other allele presents

another mutation.

Said mutation may be detected by analyzing a TMEM126A nucleic acid molecule. In the

context of the invention, TMEM126A nucleic acid molecules include mRNA, genomic DNA

and cDNA derived from mRNA. DNA or RNA can be single stranded or double stranded.

These may be utilized for detection by amplification and/or hybridization with a probe, for

instance.

The nucleic acid sample may be obtained from any cell source or tissue biopsy. Non-

limiting examples of cell sources available include without limitation blood cells, buccal cells,

epithelial cells, fibroblasts, or any cells present in a tissue obtained by biopsy. Cells may also

be obtained from body fluids, such as blood, plasma, serum, lymph, etc. DNA may be

extracted using any methods known in the art, such as described in Sambrook et al., 1989.

RNA may also be isolated, for instance from tissue biopsy, using standard methods well

known to the one skilled in the art such as guanidium thiocyanate-phenol-chloroform

extraction.



TMEM126A mutations may be detected in a RNA or DNA sample, preferably after

amplification. For instance, the isolated RNA may be subjected to coupled reverse

transcription and amplification, such as reverse transcription and amplification by polymerase

chain reaction (RT-PCR), using specific oligonucleotide primers that are specific for a

mutated site or that enable amplification of a region containing the mutated site. According to

a first alternative, conditions for primer annealing may be chosen to ensure specific reverse

transcription (where appropriate) and amplification; so that the appearance of an

amplification product be a diagnostic of the presence of a particular TMEM 126A mutation.

Otherwise, RNA may be reverse-transcribed and amplified, or DNA may be amplified, after

which a mutated site may be detected in the amplified sequence by hybridization with a

suitable probe or by direct sequencing, or any other appropriate method known in the art. For

instance, a cDNA obtained from RNA may be cloned and sequenced to identify a mutation in

TMEM126A sequence.

Actually numerous strategies for genotype analysis are available (Antonarakis et al.,

1989; Cooper et al., 1991 ; Grompe, 1993). Briefly, the nucleic acid molecule may be tested

for the presence or absence of a restriction site. When a base substitution mutation creates

or abolishes the recognition site of a restriction enzyme, this allows a simple direct PCR test

for the mutation. Further strategies include, but are not limited to, direct sequencing,

restriction fragment length polymorphism (RFLP) analysis; hybridization with allele-specific

oligonucleotides (ASO) that are short synthetic probes which hybridize only to a perfectly

matched sequence under suitably stringent hybridization conditions; allele-specific PCR;

PCR using mutagenic primers; ligase-PCR, HOT cleavage; denaturing gradient gel

electrophoresis (DGGE), temperature denaturing gradient gel electrophoresis (TGGE),

single-stranded conformational polymorphism (SSCP) and denaturing high performance

liquid chromatography (Kuklin et al., 1997). Direct sequencing may be accomplished by any

method, including without limitation chemical sequencing, using the Maxam-Gilbert method ;

by enzymatic sequencing, using the Sanger method ; mass spectrometry sequencing ;

sequencing using a chip-based technology; and real-time quantitative PCR. Preferably, DNA

from a subject is first subjected to amplification by polymerase chain reaction (PCR) using

specific amplification primers. However several other methods are available, allowing DNA to

be studied independently of PCR, such as the rolling circle amplification (RCA), the

InvaderTMassay, or oligonucleotide ligation assay (OLA). OLA may be used for revealing

base substitution mutations. According to this method, two oligonucleotides are constructed

that hybridize to adjacent sequences in the target nucleic acid, with the join sited at the

position of the mutation. DNA ligase will covalently join the two oligonucleotides only if they

are perfectly hybridized.



Therefore, useful nucleic acid molecules, in particular oligonucleotide probes or

primers, according to the present invention include those which specifically hybridize the

regions where the mutations are located.

Oligonucleotide probes or primers may contain at least 10 , 15 , 20 or 30 nucleotides.

Their length may be shorter than 400, 300, 200 or 100 nucleotides.

According to a further embodiment said mutation in the TMEM126A gene may be

detected at the protein level.

Said mutation may be detected according to any appropriate method known in the art.

In particular a sample, such as a tissue biopsy, obtained from a subject may be contacted

with antibodies specific of the mutated form of TMEM1 26A, i.e. antibodies that are capable of

distinguishing between a mutated form of TMEM1 26A and the wild-type protein (or any other

protein), to determine the presence or absence of a TMEM1 26A specified by the antibody.

Antibodies that specifically recognize a mutated TMEM126A also make part of the

invention. The antibodies are specific of mutated TMEM1 26A, that is to say they do not

cross-react with the wild-type TMEM126A.

The antibodies of the present invention may be monoclonal or polyclonal antibodies,

single chain or double chain, chimeric antibodies, humanized antibodies, or portions of an

immunoglobulin molecule, including those portions known in the art as antigen binding

fragments Fab, Fab', F(ab')2 and F(v). They can also be immunoconjugated, e.g. with a toxin,

or labelled antibodies.

Whereas polyclonal antibodies may be used, monoclonal antibodies are preferred for

they are more reproducible in the long run.

Procedures for raising "polyclonal antibodies" are also well known. Polyclonal

antibodies can be obtained from serum of an animal immunized against the appropriate

antigen, which may be produced by genetic engineering for example according to standard

methods well-known by one skilled in the art. Typically, such antibodies can be raised by

administering mutated TMEM126A subcutaneously to New Zealand white rabbits which have

first been bled to obtain pre-immune serum. The antigens can be injected at a total volume of

100 µl per site at six different sites. Each injected material may contain adjuvants with or

without pulverized acrylamide gel containing the protein or polypeptide after SDS-

polyacrylamide gel electrophoresis. The rabbits are then bled two weeks after the first

injection and periodically boosted with the same antigen three times every six weeks. A

sample of serum is then collected 10 days after each boost. Polyclonal antibodies are then

recovered from the serum by affinity chromatography using the corresponding antigen to

capture the antibody. This and other procedures for raising polyclonal antibodies are

disclosed by Harlow et al. ( 1988) which is hereby incorporated in the references.



A "monoclonal antibody" in its various grammatical forms refers to a population of

antibody molecules that contains only one species of antibody combining site capable of

immunoreacting with a particular epitope. A monoclonal antibody thus typically displays a

single binding affinity for any epitope with which it immunoreacts. A monoclonal antibody

may therefore contain an antibody molecule having a plurality of antibody combining sites,

each immunospecific for a different epitope, e.g. a bispecific monoclonal antibody. Although

historically a monoclonal antibody was produced by immortalization of a clonally pure

immunoglobulin secreting cell line, a monoclonally pure population of antibody molecules can

also be prepared by the methods of the present invention.

Laboratory methods for preparing monoclonal antibodies are well known in the art

(see, for example, Harlow et al., 1988). Monoclonal antibodies (mAbs) may be prepared by

immunizing purified mutated TMEM126A into a mammal, e.g. a mouse, rat, human and the

like mammals. The antibody-producing cells in the immunized mammal are isolated and

fused with myeloma or heteromyeloma cells to produce hybrid cells (hybridoma). The

hybridoma cells producing the monoclonal antibodies are utilized as a source of the desired

monoclonal antibody. This standard method of hybridoma culture is described in Kohler and

Milstein (1975).

While mAbs can be produced by hybridoma culture the invention is not to be so

limited. Also contemplated is the use of mAbs produced by an expressing nucleic acid cloned

from a hybridoma of this invention. That is, the nucleic acid expressing the molecules

secreted by a hybridoma of this invention can be transferred into another cell line to produce

a transformant. The transformant is genotypically distinct from the original hybridoma but is

also capable of producing antibody molecules of this invention, including immunologically

active fragments of whole antibody molecules, corresponding to those secreted by the

hybridoma. See, for example, U.S. Pat. No. 4,642,334 to Reading; PCT Publication No.;

European Patent Publications No. 0239400 to Winter et al. and No. 0 125023 to Cabilly et al.

Antibody generation techniques not involving immunisation are also contemplated

such as for example using phage display technology to examine naive libraries (from non-

immunised animals); see Barbas et al. (1992), and Waterhouse et al. ( 1993).

Antibodies raised against mutated TMEM126A may be cross reactive with wild-type

TMEM126A. Accordingly a selection of antibodies specific for mutated TMEM126A is

required. This may be achieved by depleting the pool of antibodies from those that are

reactive with the wild-type TMEM126A, for instance by submitting the raised antibodies to an

affinity chromatography against wild-type TMEM 126A.

Alternatively, binding agents other than antibodies may be used for the purpose of the

invention. These may be for instance aptamers, which are a class of molecule that

represents an alternative to antibodies in term of molecular recognition. Aptamers are



oligonucleotide or oligopeptide sequences with the capacity to recognize virtually any class

of target molecules with high affinity and specificity. Such ligands may be isolated through

Systematic Evolution of Ligands by Exponential enrichment (SELEX) of a random sequence

library, as described in Tuerk C. and Gold L., 1990. The random sequence library is

obtainable by combinatorial chemical synthesis of DNA. In this library, each member is a

linear oligomer, eventually chemically modified, of a unique sequence. Possible modifications,

uses and advantages of this class of molecules have been reviewed in Jayasena S.D., 1999.

Peptide aptamers consists of a conformational^ constrained antibody variable region

displayed by a platform protein, such as E. coli Thioredoxin A that are selected from

combinatorial libraries by two hybrid methods (Colas et al., 1996).

Probe, primers, aptamers or antibodies of the invention may be labelled with a

detectable molecule or substance, such as a fluorescent molecule, a radioactive molecule or

any others labels known in the art. Labels are known in the art that generally provide (either

directly or indirectly) a signal.

The term "labelled", with regard to the probe, primers, aptamers or antibodies of the

invention, is intended to encompass direct labelling of the the probe, primers, aptamers or

antibodies of the invention by coupling (i.e., physically linking) a detectable substance to the

the probe, primers, aptamers or antibodies of the invention, as well as indirect labeling of the

probe, primers, aptamers or antibodies of the invention by reactivity with another reagent that

is directly labeled. Other examples of detectable substances include but are not limited to

radioactive agents or a fluorophore (e.g. fluorescein isothiocyanate (FITC) or phycoerythrin

(PE) or lndocyanine (Cy5)). Examples of indirect labeling include detection of a primary

antibody using a fluorescently labeled secondary antibody and end-labeling of a DNA probe

with biotin such that it can be detected with fluorescently labeled streptavidin. An antibody or

aptamer of the invention may be labelled with a radioactive molecule by any method known

in the art. For example radioactive molecules include but are not limited radioactive atom for

scintigraphic studies such as 1123, 1124, In1 11, Re186, Re188.

Kits of the invention

According to another aspect of the invention, the TMEM 126A mutation is detected by

contacting the DNA of the subject with a nucleic acid probe, which is optionally labeled.

Primers may also be useful to amplify or sequence the portion of the TMEM126A gene

containing the mutated positions of interest.

Such probes or primers are nucleic acids that are capable of specifically hybridizing with a

portion of the TMEM126A gene sequence containing the mutated positions of interest. That



means that they are sequences that hybridize with the portion mutated TMEM126A nucleic

acid sequence to which they relate under conditions of high stringency.

The present invention further provides kits suitable for determining at least one of the

mutations of the TMEM 126A gene.

The kits may include the following components:

(i) a probe, usually made of DNA, and that may be pre-labelled. Alternatively, the

probe may be unlabelled and the ingredients for labelling may be included in the kit in

separate containers; and

(ii) hybridization reagents : the kit may also contain other suitably packaged

reagents and materials needed for the particular hybridization protocol, including solid-phase

matrices, if applicable, and standards.

In another embodiment, the kits may include:

(i) sequence determination or amplification primers : sequencing primers may be

pre-labelled or may contain an affinity purification or attachment moiety ; and

(ii) sequence determination or amplification reagents : the kit may also contain

other suitably packaged reagents and materials needed for the particular sequencing

amplification protocol. In one preferred embodiment, the kit comprises a panel of sequencing

or amplification primers, whose sequences correspond to sequences adjacent to at least one

of the polymorphic positions, as well as a means for detecting the presence of each

polymorphic sequence.

In a particular embodiment, it is provided a kit which comprises a pair of nucleotide

primers specific for amplifying all or part of the TMEM126A gene comprising at least one of

mutations that are identified herein, especially position 163.

Alternatively, the kit of the invention may comprise a labelled compound or agent

capable of detecting the mutated polypeptide of the invention (e.g., an antibody or aptamers

as described above which binds the polypeptide). For example, the kit may comprise (1) a

first antibody (e.g., attached to a solid support) which binds to a polypeptide comprising a

mutation of the invention; and, optionally, (2) a second, different antibody which binds to

either the polypeptide or the first antibody and is conjugated to a detectable agent.

The kit can also comprise, e.g., a buffering agent, a preservative, or a protein

stabilizing agent. The kit can also comprise components necessary for detecting the

detectable agent (e.g., an enzyme or a substrate). The kit can also contain a control sample

or a series of control samples which can be assayed and compared to the test sample

contained. Each component of the kit is usually enclosed within an individual container and

all of the various containers are within a single package along with instructions for observing

whether the tested subject is suffering from or is at risk of developing a non syndromic

autosomal recessive optic atrophy.



Therapeutic methods of the invention:

In a further object, the invention relates to use, methods and pharmaceutical compositions

for treating or preventing a non syndromic autosomal recessive optic atrophy. Gene therapy

is a particularly convenient way to treat a non syndromic autosomal recessive optic atrophy

as it enables the provision of a constant supply of polypeptide or correction of the defective

gene, for example as discussed below.

Gene therapy may be carried out by means of supplementation of cells lacking a functional

TMEM126A polypeptide with a wild type TMEM 126A gene product. Production of a suitable

gene product may be achieved using recombinant techniques. For example, a suitable vector

may be inserted into a host cell and expressed in that cell.

Thus the invention further relates to a method for treating or preventing a non

syndromic autosomal recessive optic atrophy which comprises the step of administering a

subject in need thereof with a TMEM126A polynucleotide, i.e. a nucleic acid sequence that

encodes a wild-type TMEM126A, so that TMEM126A is expressed in vivo by the cells of the

subject that have been transfected with said polynucleotide. Accordingly, said method leads

to an overexpression of wild-type TMEM126A which compensates expression of defective

mutated TMEM126A.

The invention also relates to the use of a TMEM 126A polynucleotide for the

manufacture of medicament intended for the treatment of a non syndromic autosomal

recessive optic atrophy.

Said TMEM126A polynucleotide is administered in a therapeutically effective amount.

Preferably the TMEM126A polynucleotide sequence according to the invention is

associated with elements that enable for regulation of its expression, such as a promoter

sequence.

Such a nucleic acid may be in the form of a vector. As used herein, the term "vector"

refers to a nucleic acid molecule capable of transporting another nucleic acid to which it has

been linked. One type of vector is a "plasmid", which refers to a circular double stranded

DNA loop into which additional DNA segments can be ligated. Another type of vector is a

viral vector, wherein additional DNA segments can be ligated into the viral genome. Certain

vectors are capable of autonomous replication in a host cell into which they are introduced

(e.g., bacterial vectors having a bacterial origin of replication and episomal mammalian

vectors). Other vectors (e.g., non-episomal mammalian vectors) are integrated into the

genome of a host cell upon introduction into the host cell, and thereby are replicated along

with the host genome. Moreover, certain vectors, expression vectors, are capable of directing



the expression of genes to which they are operably linked. In general, expression vectors of

utility in recombinant DNA techniques are often in the form of plasmids (vectors). However,

the invention is intended to include such other forms of expression vectors, such as viral

vectors (e.g., replication defective retroviruses, adenoviruses and adeno-associated viruses

(AAV)), which serve equivalent functions.

In a preferred embodiment, the expression vector is an AAV vector.

Adeno-associated viral (AAV) vectors have become powerful gene delivery tools for the

treatment of retinal degeneration. AAV vectors possess a number of features that render

them ideally suited for retinal gene therapy, including a lack of pathogenicity, minimal

immunogenicity, and the ability to transduce postmitotic cells in a stable and efficient manner.

In the sheltered environment of the retina, AAV vectors are able to maintain high levels of

transgene expression in the retinal pigmented epithelium (RPE), photoreceptors, or ganglion

cells for long periods of time after a single treatment. Each cell type can be specifically

targeted by choosing the appropriate combination of AAV serotype, promoter, and intraocular

injection site (Dinculescu et al., Hum Gene Ther. 2005 Jun;1 6(6):649-63).

The TMEM126A polynucleotide may be introduced into a target cell by means of any

procedure known for the delivery of nucleic acids to the nucleus of cells, ex vivo, on cells in

culture or removed from an animal or a patient, or in vivo.

Ex vivo introduction may be performed by any standard method well known by one

skilled in the art, e.g. transfection, electroporation, microinjection, transduction, cell fusion,

DEAE dextran, calcium phosphate precipitation, or use of a gene gun.

The TMEM126A polynucleotide can also be introduced ex vivo or in vivo by

lipofection. In certain embodiments, the use of liposomes and/or nanoparticles is

contemplated for the introduction of the donor nucleic acid targeting system into host cells.

Nanocapsules can generally entrap compounds in a stable and reproducible way. To

avoid side effects due to intracellular polymeric overloading, such ultrafine particles (sized

around 0.1 µm) should be designed using polymers able to be degraded in vivo.

Biodegradable polyalkyl-cyanoacrylate nanoparticles that meet these requirements are

contemplated for use in the present invention, and such particles may be are easily made.

Liposomes are formed from phospholipids that are dispersed in an aqueous medium

and spontaneously form multilamellar concentric bilayer vesicles (also termed multilamellar

vesicles (MLVs)). MLVs generally have diameters of from 25 nm to 4 µm. Sonication of MLVs

results in the formation of small unilamellar vesicles (SUVs) with diameters in the range of

200 to 500 A, containing an aqueous solution in the core.



Synthetic cationic lipids designed to limit the difficulties and dangers encountered with

liposome mediated transfection can be used to prepare liposomes for in vivo transfection of a

gene encoding a marker. The use of cationic lipids may promote encapsulation of negatively

charged nucleic acids, and also promote fusion with negatively charged cell membranes

(Feigner et al., 1989).

Alternatively, one of the simplest and the safest way to deliver TMEM126A

polynucleotide across cell membranes in vivo may involve the direct application of high

concentration free or naked polynucleotides (typically mRNA or DNA). By "naked DNA (or

RNA)" is meant a DNA (RNA) molecule which has not been previously complexed with other

chemical moieties. Naked DNA uptake by animal cells may be increased by administering

the cells simultaneously with excipients and the nucleic acid. Such excipients are reagents

that enhance or increase penetration of the DNA across cellular membranes and thus

delivery to the cells delivery of the therapeutic agent. Various excipients have been

described in the art, such as surfactants, e.g. a surfactant selected form the group consisting

of Triton X-1 00, sodium dodecyl sulfate, Tween 20, and Tween 80; bacterial toxins, for

instance streptolysin O, cholera toxin, and recombinant modified labile toxin of E coli; and

polysaccharides, such as glucose, sucrose, fructose, or maltose, for instance, which act by

disrupting the osmotic pressure in the vicinity of the cell membrane. Other methods have

been described to enhance delivery of free polynucleotides, such as blocking of

polynucleotide inactivation via endo- or exonucleolytic cleavage by both extra- and

intracellular nucleases.

Alternatively, the invention also provides a method for treating or preventing a non

syndromic autosomal recessive optic atrophy which comprises the step of administering a

subject in need thereof with a wild-type TMEM1 26A.

Knowing the amino acid sequence of the desired sequence, one skilled in the art can

readily produce said polypeptides, by standard techniques for production of polypeptides. For

instance, they can be synthesized using well-known solid phase method, preferably using a

commercially available peptide synthesis apparatus (such as that made by Applied

Biosystems, Foster City, California) and following the manufacturer's instructions.

Alternatively, the polypeptides of the invention can be synthesized by recombinant

DNA techniques as is now well-known in the art. For example, these fragments can be

obtained as DNA expression products after incorporation of DNA sequences encoding the

desired (poly)peptide into expression vectors and introduction of such vectors into suitable

eukaryotic or prokaryotic hosts that will express the desired polypeptide, from which they can

be later isolated using well-known techniques.



Polypeptides of the invention can be use in an isolated (e.g., purified) form or

contained in a vector, such as a membrane or lipid vesicle (e.g. a liposome).

Transgenic non-human animal models of non syndromic autosomal recessive optic

atrophy

The present invention further relates to an in vivo model of non syndromic autosomal

recessive optic atrophy: a transgenic non-human animal which is TMEM1 26A-deficient.

By transgenic non-human animal which is TMEM126A-deficient, it is meant a homozygous

animal (i.e., the two alleles of TMEM126A are defective).

Typically suitable transgenic non-human animals are laboratory animals such as rodents,

rats, mice, monkeys, dogs, rabbits, guinea pigs, goats, sheep, pigs and cattle. In one

embodiment the transgenic non-human animal of the present invention is a rodent. In a more

preferred embodiment the transgenic animal is a mouse.

Typically the transgenic animals according to the invention are generated using General

Methods Standard molecular biology techniques known in the art (see for example US

Patent 6740793, US2006/0101533).

The invention provides a means for identification of agents that interfere, delay or inhibit

processes involved in diseases or conditions involving a mutated TMEM 126A gene, such as

non syndromic autosomal recessive optic atrophy. Such agents would be of significant

clinical importance for treatment of non syndromic autosomal recessive optic atrophy. The

provision of the animal model according to the present invention can greatly shorten the time

required for screening for such agents. Thus the present invention relates to a method for

identifying a compound useful for treating, preventing or inhibiting non syndromic autosomal

recessive optic atrophy, comprising the step of contacting a candidate compound with a

transgenic animal according to the invention.

The invention will further be illustrated in view of the following figures and example.

FIGURES

Figure 1: Critical region of ROA2 locus, structure of TMEM126A gene and mutation

identified in four arOA families.

(A) Physical map of human chromosome 11q14.1 -q21 with selected genetic markers.

Location and transcriptional direction of known genes are schematically represented and

distances are indicated relative to chromosome 11 according to the Ensembl and UCSC

Genome Browser databases. Mitochondrial candidate genes tested in our study are in grey:

Coiled-coil domain containing (CCDC90B; Maestro score7 = +15), transmembrane protein



126A (TMEM 126; Maestro score = + 16) and malic enzyme 3 (ME3; Maestro score = +23).

(B) Structure of the TMEM126A gene and position of the disease causing mutation identified

in arOA families. The gene, located at 11q1 4.1 , covers a genomic region of 8542 bp and is

composed of 5 exons. The transcript is 773 bp long, with coding sequence of 585 bp (exons

2-5, NM_032273.2). The coding region is indicated in grey and UTRs (5' and 3') in white. (C)

The transmembrane 126A protein is predicted to contain four transmembrane domains

(PredictProtein) and a domain of unknown function DUF1 370 (Pfam). Chromatograms of

TMEM126A genomic and cDNA sequences have shown a homozygous nonsense c.1 63C>T;

p.Arg55X identified in patient III-6 family 1. The arginine at residue 55 is highly conserved in

different species (NCBI BLAST).

Figure 2 : Localisation of transmembrane 126A protein to mitochondria of cultured

cells. Expression in COS-7 cells of a TMEM126-myc fusion protein labeled 48 hours after

transfection with an antibody against the myc tag (green) compared to mitochondrial markers

(red) using the following primary antibodies: mouse monoclonal anti-Complex I l subunit 70

kDa Fp (1/2000, MitoSciences), mouse monoclonal anti-Complex IV subunit 1 (1/200,

MitoSciences), mouse monoclonal anti-ATP Synthase subunit beta (1/400, MitoSciences)

and mouse monoclonal anti-ATP Synthase subunit (1/500, MitoSciences): Complex Il

subunit 70 kDa Fp, Complex IV subunit 1, ATP Synthase subunit beta and ATP Synthase

subunit alpha, respectively. The Pearson's coefficient (r) was calculated using the ImageJ

1.42d software to estimate the degree of colocalisation between TMEM1 26-myc and

organelle markers. Its value can range from 1 to - 1 , with 1 standing for complete positive

correlation and - 1 for a negative correlation, with zero standing for no correlation. Pearson's

coefficients between TMEM1 26-myc and mitochondria markers are > 0.83 showing a strong

colocalization. These results were confirmed by JACoP Van Steenel's CCF coefficients 2 1 and

Pearson's coefficients calculated with lmaris 6.1 .5 software (data not shown). Images were

acquired using a Leica SP5 confocal microscope (objective x63, scale bar = 20 µm) and

Leica Application Suite Advanced Fluorescence Lite software.

Figure 3 : Analyse of TMEM126 mRNA expression by in situ hybridization compared to

localization of mitochondria in adult mouse retina.

Murine retina cDNA was amplified using primers 5'-T7-acagagtcacgtgtgagccaa-3' and 5'-

ccattgacgggtatagccaa-3' (sens probe) and 5'-T7-ccattgacgggtatagccaa-3' and 5'-

acagagtcacgtgtgagccaa-3' (anti-sens probe) to produce a 524-bp product of the mouse

Tmem126a coding region (NM 025460, primer T7: 5'-taatacgactcactatagggaga-3'). The PCR

products were purified (QIAquick PCR Purification Kit), verified by sequencing and

subsequently amplified by PCR using T7-polymerase specific primers (Invitrogen) and



Digoxigenin (DIG) RNA labeling mix (Roche). The DIG-labeled cRNA probes were hybridized

to the mouse retina sections and detected using a n anti-digoxygenin alkaline phosphatase-

linked antibody (Roche) and visualized using NBT/BCIP (Roche). (A-L) Magnification of the

mouse retinal cell layers. (D-L) In adult mouse retina TMEM126 gene is expressed in

ganglion cell layer (GCL), in the inner nuclear layer (INL), outer plexiform layer (OPL) and the

outer ellipsoide (oe) length of photoreceptors inner segments (IS). The staining is slightly

less pronounced in the optic nerve (ON) and in the inner plexiform layer. TMEM126A mRNA

was not detected in the outer nuclear layer (ONL), outer plexiform layer and in the inner

plexiform layer. (G-I) A sense DIG-cRNA probe revealed no staining in all cellular layers

indicating the specificity of the assay. (J, K ) Immunolocalization of mitochondria in mouse

retinal cell layers with a n anti-ATP5A. Mitochondria are sequestered in ganglion cell layer,

outer plexiform layer, outer ellipsoid length of the photoreceptors inner segments, retinal

pigment epithelium cells and in the optic nerve. (L) Negative control. Note that outer

segments display a n auto-fluorescence. PCL, photoreceptor cell layer; OS, outer segments;

RPE, retinal pigment epithelium. Images were recorded on an Olympus 1X81 microscope

(objective 1Ox and 4Ox, scale bar = 100 µm ) with an Olympus DP70 camera, processed with

Soft Imaging System Cell ΛP and Leica SP5 confocal microscope (objective 4Ox oil immersion

objective, scale bar = 50 µm ) and Leica Application Suite Advanced Fluorescence Lite

software for immunohistochemistry.

Figure 4. Full parametric linkage analysis of Family 1 using a combination of Affymetrix

GeneChip Human Mapping 1OK 2.0 Arrays and microsatellite markers. This approach points

to a unique candidate region o n chromosome 11 with a maximum lod-score >+3. Parametric

LOD scores were calculated using the MERLIN22 software program.

Figure 5 . Localization of the ROA2 locus and segregation of disease-causing

mutations.

Pedigree structure of families 1 to 4 with haplotypes reconstruction for informative markers

on chromosome 11q14.1-q21 . Black circles (women) and squares (men) indicate affected

members. The code numbers of all sampled individuals are given below the symbols.

Chromosomal positions of SNP and microsatellite markers are indicated in Mega base pairs

(Mb) according to the draft of the human genome sequence (UCSC and Ensembl databases).

VNTR: variable number of tandem repeat chosen from the UCSC database (primers in Table

1) . Brackets show the deduced haplotype of subject 11-1 . Hashes point multiallelic markers

used to refine the interval indicated by the "Affimetrix 10k SNP" genome scan in individuals

III-2, III-5, III-6, III-8 and III-9 (Family 1) . The homozygous haplotype in which the mutated

gene is most likely located in affected patients is flanked by black boxes. Arrows indicate the



position of key recombination events that were used to restrict the candidate ROA2 interval:

obligatory recombination events between loci D 11S4143 and VNTR1 9CA (Family 1, patient

III-9), and loci rs2020351 and VNTR26AT (family 1, individual III-8), respectively, defined a

14.4 Mb interval between loci D 11S4143 and VNTR26(AT). The ancestral haplotype shared

by the four families is framed. Segregation of disease-causing mutations: "C" indicates wild-

type allele and "T" indicates the nonsense mutation c.1 63C>T, p.Arg55X. Mutations were

detected after PCR of the five TMEM126A exons (primers in Table 1) , sequencing of the

purified fragments using the Big Dye chemistry version 3.1 (Applied Biosystems) and

analysis using an ABI-3130 sequencer (Applied Biosystems). We have chosen to number the

A of the start codon (ATG) of the cDNA sequence of the TMEM126A (Genbank accession

numbers NM_ 032273) as nucleotide 1.

Figure 6. Ophthalmological data in 37-year-old patient III6, Family 1 harboring the

TMEM126 p.Arg55X mutation.

The fundus photograph of left eye shows optic disc pallor with normal aspect of the retina

including the macular region. Flash visual evoked potentials (VEP) showed flattened waves,

prolonged latencies and highly reduced amplitudes for right eye (RE) and left eye (LE).

Electroretinographic recordings were strictly normal. Pattern reversal VEP displayed hardly

recordable traces. Goldman Dynamic perimetry show severe bilateral visual field loss.

Figure 7. Brain Magnetic Resonance Imaging (MRI) of 37-year-old patient III6, Family 1

harboring the TMEM126 p.Arg55X mutation.

(A) Axial FLAIR weighted images show asymmetric and homogeneous punctate

hyperintensities with no evidence for necrosis (white arrows). (B) Coronal weighted FSE T2

and axial FLAIR images show hyperintensities in the bilateral stratum subependymal (left >

right side) near the head and corpus of the caudate nuclei (black arrow).

Figure 8. Expression of the TMEM126-myc fusion protein in COS-7 cells, 48 hours after

transient transfection.

COS-7 cells were transfected with 1 µg plasmid DNA (OmicsLink ORF Expression Clone-

GeneCopoeiaTM clone EX-V0975-M09; Ressourcenzentrumfuer Genomforschung

imaGenes) with FuGENE®6 transfection reagent, according to the manufacturer's

instructions (Roche). The cells were fixed for 15 min in 4% formaldehyde, 48 hr

posttransfection. lmmunocytochemistry was performed via classical procedures.

Colocalization experiments were performed using specific or myc antibodies (mouse

monoclonal anti-myc and rabbit polyclonal anti-myc, 1/200, 0.2 mg/mL, Santa Cruz

Biotechnology), respectively. Secondary antibodies were Alexa Fluor®488 conjugated goat



anti-rabbit (1/1000, Molecular Probes) and ZyMax™ goat anti-mouse CY™ 3 conjugate

(1/1 00, Invitrogen). No significant colocalization of Transmembrane 126A protein was noted

with Golgi apparatus (mouse monoclonal anti-Giantin, 1/200, Abeam), lysosomes (mouse

monoclonal anti-Lamp2, 1/200, Abeam), endoplasmic-reticulum (mouse monoclonal anti-

Calreticulin, 1/400, Stressgen), early endosomes (rabbit polyclonal anti-EEA1 , 1/200,

Abeam), cytoskeleton (mouse monoclonal anti- βActin, 1/1 00, AbCys) and microtubule

(mouse monoclonal anti-.Tubulin, 1/200, Sigma), respectively. Cells were counterstained and

mounted with ProLong Gold antifade reagent with DAPI (Invitrogen). Images were recorded

using a Leica SP5 confocal microscope (objective 63x oil immersion objective, scale bar = 20

µm) and Leica Application Suite Advanced Fluorescence Lite software. Expression of a myc-

tagged fusion protein of the expected size was verified on Western blots of cell extracts with

a myc antibody (mouse anti myc, 1/1000, Santa Cruz Biotechnology, data not shown).

Figure 9. RT-PCR quantification of TMEM126A mRNA in human tissues.

TMEM126A mRNA expression was analyzed by RT-PCR in adult human tissues, normalized

with respect to vimentin expression, (A) semiquantitatively (at 25 PCR cycles, in the

exponential phase) and (B) at end point PCR (at 35 cycles, in the plateau phase). One

microgram of total RNAs from adrenal gland, bone marrow, brain, cerebellum, brain fetal

brain, fetal liver, lung (whole), placenta, prostate, salivary gland, skeletal muscle, testis,

thymus, thyroid gland, trachea, uterus and spinal cord (Human Total RNA Master panel II,

Clontech) were reverse transcribed with the High Capacity cDNA Archive Kit (Applied

Biosystems) primed with Oligo d(T)16 (Applied Biosystems) in accordance with the supplier's

recommendations. 0.5 microgram of total RNAs from retina, optic nerve, retinal pigmentary

epithelium (RPE), cornea, iris, sclera and lens extracted from a twenty-week-old fetal human

ocular globe were also reverse transcribed. A 523 pb cDNA fragment of TMEM 126A from

exon 2 to exon 5 was amplified using primer: (forward) 5'-taaccagcttccagaagcag-3', (reverse)

5'-gtgaatttctttgccaggttca-3' (Genbank accession numbers NM_032273). A 274 bp cDNA

fragment of VIMENTIN containing exons 1 to 4 was amplified using primers: (forward)

5'accagctaaccaacgacaaa-3', (reverse) 5'-tgctgttcctgaatctgagc-3' (GenBank accession

number NM 003380), as a reference. Semi-quantitative condition showed a predominantly

expression in brain (whole), cerebellum, fetal brain, skeletal muscle, testis, fetal retinal

pigmentary epithelium (RPE) and retina (A) while a widespread expression of TMEM126A

mRNA in all adult tissues was noted (B).

Table 1: Sequences of primers used for amplification of (A) four polymorphic markers

developed from the UCSC Draft of the Human Sequence; and (B) the five exons of the

TMEM126 gene (Genbank accession number NM 032273).



A) Polymorphic markers (VNTR = variable number of tandem repeat).

B) TMEM126

EXAMPLE

Abstract

Non-syndromic autosomal recessive optic neuropathies are rare conditions of unknown

genetic and molecular origin. Using a whole-genome homozygosity mapping and positional

cloning approach, we have identified the first gene, to our knowledge, responsible for this

condition, TMEM126A, in a large multiplex inbred Algerian family and subsequently in three

other families originating from Maghreb. TMEM126A is conserved in higher eukaryotes and

encodes a transmembrane mitochondrial protein supporting to the view that mitochondrial

dysfunction may be a hallmark of inherited optic neuropathies including isolated autosomal

recessive forms.

Using a combination of Affymetrix GeneChip Human Mapping 1OK 2.0 Arrays and

microsatellite markers, we performed homozygosity mapping in a multiplex inbred non-

syndromic arOA family of Algerian ancestry. This approach identified a unique region of

homozygosity on chromosome 11q14.1-q21 (ROA2, Family 1, Figures 4 and 5). The critical

interval spanned 14.4 Mb and contained 40 known genes (Figure 1; maximum lod-score

Zmax = 3.73 with no recombination event at the D 11S4187 locus).

We selected in the interval three genes predicted to encode mitochondrial products 7 (Figure

1). Systematic sequence analysis identified a homozygous nonsense mutation in the gene

encoding TMEM126A, a transmembrane protein (c.1 63C>T; p.Arg55X; Genbank accession

NM 032273; Figure 1; Figure 5). The mutation occurred in a CpG doublet, segregated with



the disease in the family (Figure 5) and was not found in 700 control chromosomes

(European n= 600; Algerian n=100).

We screened for TMEM126A mutations 48 additional unrelated patients affected with non-

syndromic OA (arOA n=14; adOA n=10; sporadic n=24). All Affected patients and their

relatives, including all members of Family 1, were recruited with their informed and written

consent, as prescribed by the law on bioethics of the European Community and after

approval by the local ethics committee (DC-2008-51 2 , Paris-Necker). In all cases, OPA1

mutations and the most frequent LHON mutations (mtDNA G 11778A, G3460A, T14484C and

G 15257, respectively) were previously excluded by direct sequencing. None of the sporadic

and adOA cases carried TMEM126A mutations. Conversely, the p.Arg55X mutation was

identified in three additional arOA families of Maghrebian origin (Tunisa, Family 2 ; Morocco,

Families 3 and 4 ; Figure 5).

Segregation analysis of microsatellite markers flanking the mutation supported the

hypothesis of a founder effect by showing the transmission of a small common haplotype

with the disease in the four families (Figure 5). Haplotype studies as well as Bayesian

calculations 8 suggested that the TMEM126A c.163C>T mutation occurred 80 generations

ago, i.e. about 2400 years ago (95% credible interval 35-150 generations).

The p.Arg55X mutation caused an early-onset severe bilateral deficiency in visual acuity

(VA), optic disc pallor and central scotoma (onset between 4 to 6 years; VA = counting

fingers to 20/200; Figure 6). The peripheral visual field was strictly normal in all but the oldest

patient who lost it between the age of 30 and 37 (III6, Family 1; Figure 6).

The phenotype differs from that of ROA1 patients (OPA6 [MIM258500]) presenting with an

early onset but slowly progressive OA affecting the macular beam of optic nerve with

preservation of the peripheral bundles in advanced stage.5

Polarographic tests and spectrophotometric assays on cultured skin fibroblasts 9 showed

normal respiratory chain function in Patient III6 - Family 1 but partial deficiency of complex I

in Patient V 1 - Family 2 (17 nmol/min/mg of protein, mean = 37 +/-MSD 5 nmol/min/mg of

protein). Patient V 1 - Family 2 presented with normal brain MRI but moderate hypertrophic

cardiomyopathy. These features along with the minor brain MRI alterations (Figure 7) and

mild hearing loss in Patient III6 - Family 1 are suggestive of a mitochondrial dysfunction as

previously noted in patients with LHON or OPA1 mutations. 1 4 10

The TMEM126A gene spans 8.5 kb on chromosome 11 and encodes a single ubiquitous

transcript (770 bp) made of one non-coding and four coding exons (Figure 1) .

The TMEM126 protein includes the Pfam domain of unknown function defined by the

homology between the TMEM126A p.Lys5-Gly1 9 1 and TMEM1 26B p.Asn45-229Glu

aminoacid sequences, respectively. Four transmembrane domains with the N terminal and C

terminal sequences on the outside of the membrane were predicted in the TMEM126A



DUF1 370 domain (PredictProtein, Figure 1). DUF proteins are hypothetical eukaryotic

proteins of around 200 residues in length. Members of this family are regarded as specific to

mammals but phylogenetic analyses contradict this notion. Indeed, orthologs of several DUF

proteins, including TMEM1 26A, have been found in many vertebrate and invertebrate

species as well as in plant organisms. 1 1 12 No ortholog could be identified in yeast and fungi.

To determine its subcellular localization we overexpressed a TMEM1 26A-myc fusion protein

into COS-7 cells. Epitope-tagged wild-type TMEM1 26A colocalized with mitochondrial

Complex I l subunit 70 kDa Fp (SDHA [MIM 600857]), Complex IV subunit 1 (MTCO1 [MIM

516030]), ATP Synthase subunit beta (ATP5B [MIM 102910]) and ATP-Synthase subunit

alpha (ATP5A [MIM 164360]) supporting the mitochondrial localization of the protein (Figure

2). The fusion protein did not significantly colocalize with the markers of the Golgi apparatus,

lysosomes, early endosomes, cytoskeleton and microtubule - centrosome, respectively

(Figure 8).

RT-PCR on total RNA from various adult and fetal human tissues showed that TMEM 126A is

strongly expressed in the brain (whole), cerebellum, fetal brain, skeletal muscle, testis, fetal

retinal pigmentary epithelium (RPE) and fetal retina (Figure 9). In situ hybridization on adult

mouse retina (8 months) detected significant levels of specific mRNA in the ganglion cell

layer (GCL), the optic nerve head (ON), the outer plexiform layer (OPL) and in the outer

ellipsoide (oe) length of photoreceptor inner segments (IS). Faint to no labelling was noted in

the outer nuclear layer (ONL) and photoreceptor outer segments. Immunolocalization of the

mitochondria-specific alpha-subunit of the ATP synthase (ATP5A) on retinal sections of the

same animal showed the same pattern of expression, supporting the view that TMEM126A

transcripts colocalized with mitochondria (Figure 3). This result suggests that similarly to the

dynamin-related GTPase protein Mgm1 , of which OPA1 is the human ortholog, TMEM126A

is a mitochondria localized mRNA (MLR) proteins and may be essential in early nucleation

process of large mitochondrial complexes. 13 16

In contrast to OPA 1 mutations, we found no fragmentation of the mitochondrial network

and/or in depletions of the mitochondrial DNA (mtDNA) 17 18 in the fibroblasts of patients III6-

Family 1 and V 1 - Family 2 (data not shown) suggesting that TMEM126A and OPA 1 may not

be functionally related.

Recently, mutations in an other TMEM protein have been reported to cause neonatal

mitochondrial encephalocardiomyopathy. 12 Interestingly, the absence of TMEM70 in patients

resulted in the loss of ATP synthase 12 which subunits have also been shown to be MLR

proteins. 16

As a probable MLR protein, TMEM1 26A may be important to the assembly of a protein

complex required for the function retinal ganglion cells in higher eukaryotes. In other tissues,

it is possible that another protein of the TMEM family could adequately substitute for the



defective function of TMEM126A. It is also possible that TMEM126A may be required to

accelerate the assembly of a protein complex. In the absence of TMEM126A, the complex

would constitute slowly and only high energy-demanding retinal ganglion cells would be

affected.

We have identified TMEM126A as a gene encoding a mitochondrial protein of higher

eukaryotes which mutations are to our knowledge the first known genetic cause of non-

syndromic autosomal recessive optic atrophy. This finding gives further support to the view

that mitochondrial dysfunctions are a hallmark of optic neuropathies, suggesting that

common therapeutic approaches may be developed to improve the long-term prognosis of

patients whatever the gene involved. 19 20

Web resources
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Online Mendelian Inheritance in Man (OMIM), http://www.ncbi.nlm.nih.gov/Omim/

Ensembl, http://www.ensembl.org

UCSC Genome Browser, http://genome.ucsc.edu

NCBI BLAST, http://www.ncbi.nlm.nih.gov/BLAST

Pfam Sanger Institute, http://pfam.sanger.ac.uk

PredictProtein, http://www.predictprotein.org
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CLAIMS

1. A method for diagnosing or predicting a non syndromic autosomal recessive optic atrophy,

or a risk of a non syndromic autosomal recessive optic atrophy, in a subject, said method

comprising detecting a mutation in the TMEM 126A gene in a sample obtained from said

subject, wherein the presence of a homozygous TMEM126A mutation is indicative of a non

syndromic autosomal recessive optic atrophy or of a risk of a non syndromic autosomal

recessive optic atrophy.

2 . A prenatal method for diagnosing or predicting a non syndromic autosomal recessive optic

atrophy, or a risk of a non syndromic autosomal recessive optic atrophy, said method

comprising detecting a mutation in the TMEM126A gene in a sample obtained from a foetus,

wherein the presence of a homozygous TMEM126A mutation is indicative of a non

syndromic autosomal recessive optic atrophy or of a risk of a non syndromic autosomal

recessive optic atrophy.

3 . A method for the detection of subject carrying a defective TMEM126A gene, which method

comprises detecting a mutation in the TMEM 126A gene in a sample obtained from said

subject.

4 A method according to any of claims 1 to 3 wherein the TMEM126A mutation is a mutation

which results in a reduction of TMEM126A expression.

5 A method according to any of claims 1 to 3 wherein the TMEM126A mutation is a

nonsense mutation which results in a truncated TMEM126A protein.

6 A method according to any of claims 1 to 3 wherein the TMEM126A mutation is a

substitution of C by T at position 163 of SEQ ID NO:1 .

7 . A method according to any of claims 1 to 6 wherein the mutation is a homozygous

mutation.

8 . A 77WE/W7-?6/4-encoding polynucleotide for use in therapy.

9 . A 77WE/W7-?6/4-encoding polynucleotide for treating or preventing a non syndromic

autosomal recessive optic atrophy.

10 . A transgenic non-human animal which is TMEM126A-deficient.
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