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bDiagnoslic method

The present investion relakes to a methed for the
identification of foetal DNA, in a maternal sample such as a
bleood o vaginal sample. Foetal DMA identified in this way can

then be used, fer instance, in pre-natal diagnosis.

Chromoscme disorders are among the most commen genetic disease
in humans. Constitutional chromosome disorders range in
incidence from more thap 50% of the lethality assocclated with
miscarriage during the first trimester of pregmzncy as well as
arcund 5% of intrauterine or perinatal deaths. In additicn at
least 0.5% of liveborn children bave a constitutional
chromosgme abnormality associlated with mental end/for physical

disabilizy.

Chromoscme abnormalities may be either numerical or structural.
Wumerical abnarmalities, implying a change from the normal
dipleid chromesome number of 46 in somatic bissues include
trisomies {oae extra chromosome), monoscmies (one chromoscome
missing) and polyploidy (whole extra set of chromosomes).
Structural rearrangements, caused by chromosome breakage
follewed by healing of the broken chromosome ends in absrrant
poaitions, include so called transiocations, inversicms and
inasrtions. Structural chromoscme rearrangements can occour in
balanced form, in which case the genetic wmaterial usually

rewains the same as normal.

Carriers of balanced structural chromoscme resrrangement are
physically and mentally normal but may suffer reproductive
vroblems with an increased risk for reduced fertility as well
25 an increased risk for chromosomally uchalanced offspring,
leading to miscarriage, intra-or perinatal death andfor

liveborn children with physical and/or mental disability.

JP 2004-502466 A 2004.1.29
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The most common chromosome abnormality ocourring as an entity
in the human popuwlaticon is trisomy 71, associated with Down
Syndrome. It is generally acceptied that around 1/650 liveborn
childran has triscmy 21 Down 3yndrome characterised by more or
legs gevere psychomotor development delay. There is no
substantial difference ip the incidence of trisomy 21 Down

syndrome in different countries world-wida.

The diagnosis of trisomy 21 Down Syndreme in child- and
agulthood is usually performed by chromocscme analysis following
in wvitre colture of bleod lymphocytes. The cell culture
procedure takes 2-3 days to allow accurulation of enough cells
in the metaphase stage of the cell cvcle, when chromescmes are
suffiviently condensed for their indivicual ldentification by

standard chromosome banding technology.

The only clearly deoumented clinigcal risk facter for having a
child with regular Trisomy 21 Down Syadrom concerns maternal
age, Thus it iz generally acceptad that there is an increasing
risk for having a trisemy 21 child with advancing maternal age,
which in the highest age group of more than 45 years may be
over 10% of pregnancliss. This situation has led to iatensive
screening programmes oif pregnant women to identify those that
are most likely to be carrying z child with trisemy 21. These
screening programmes include analysis of maternal bleod samples
for biochemical characteristics as well as ultrazoncegraphy of
the foetus with the aim especially to look at the accumulation
of fluid under the skin of the neck, which is
characteristically increased in foetuses with Down Syndrome and

gone other common aneuplcidies.

In addition pregnant women over a cerktain age, ususlly 35
years, are coutinely cffered invasive procedures (choriopic
villus sampling and/or amniocentesis) to allow foetal cell
sampling for chromosome analysis. The most common current

method for perferming prenatal diagnosis of chromosome

JP 2004-502466 A 2004.1.29
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disorders concerns karyoetyping, following in vitro culture of
amniotic fluid samples. This invelves microscopy analysis of
mitotic cells, whers chromosomes are sufficiently condensed.
Cell cultures occupy arcund 1-3 weeks, and the long delay in
dlagnesis is recognised as being associated witb much parental

anxlety.

Blternative technelagies for more rapid prenatal chromosome
giagnosis inelude (1) fluerescence in situ hybridisation (FISH)
of resting {interphass) cell noclel from uncultured amniotic
fiuid samples, and (2} DNA diaconosis using DNA isclated from
amniotic flulé samples, amplifisd by for example the polymerase
chain xeaction (PCR) and quantity of chromosome-specific

primers determined by Q-PCR techniques.

Thase two zlternatives for prenatal diagnesis for chromoscme
disorders, using amnjotic fluid samples, may imply that reports
can be issued rapidly, within the same or the Zollowing day
after the sample has arrived ip the laborstocry. So far they
have been limited to the rapid diagnosis of the most common
chromcsome abnermalities, i,e. thoss invelving trisomies 21,

13, 18 and sex chromosome aneuploidy.

In any case, invasive methods such as amniocentesls and
chorionic villus sampling, as well as heing uncomfortable for
the mother, are asscciated with an inoreased risk of
miscarriags af arcund i-1,5%, There is a need therefore to
provide a more efficient way of carrying out pre-natal

diagnesis witheut resorting to such invasive sampling methods.

Samples cbtained using less invasive methods from the pregnant
mother will commonly contzin a vast mejority of maternal cells
with a relatively swall nunber of foetal cells, in the order of
1 per 10,000 to 1 per 10 million. Current methods for foetal
cell isolation include the nse of antibadies, gradient

fractionation, praferentizl maternal cell lysis, magnetic

JP 2004-502466 A 2004.1.29
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activated cell sorting (MAC3), ferrofluid suspension with
magnel, micremanipulation ¢f individual cells, charged flow
separation and flucrescence activated cell soriing (FACS).
However, maternal <ells still tend to dominate any foetal cells
recovered. In addition, many of these technigues are time

consuming and labour intensive.

It has more recently heen recognised that maternal hlood
samples, in particular plasma or serun ceontain relatively large
amounts of foetal DNA (Lo et al., Lancet 1897, 350, 485-487, WO
98/38474) . It has further been demonstrated that this foetal
DA, following in vitro amplification by technigues such as PCR
may be identified with respect Lc fcatus-specific sequences.
This technology has been applied on several occasions [or
diagnosis of foetal sex by Y-chromesome specific primers, and
other conditions such as Haemoglcbinepathies, whers prenatal

diagnosis is based on specific mutations in foetal DNA.

In addition it has been shown that foetal chromoscme
shnormalitias such as frisemy 21 is associated with an increase
in foetal DNA in maternal serum/plasma in comparison to the
normal situation wsing foetal-specific primers as exemplified
azbove. TFurthermore complications in pregnancy such as pre-
eclampsia and preterm labour and Lhe post partum develomment cif
aLteinmune disease, may alst be characterised by increased
fetonaternal transfusion, leading to bigher lewvels of fetal
cells in maternal blood (reviews in Pertl and Bianchi Senin
Perinatel 23, 5, 383-402, 122%;Bianchi Fur J Chstet Gynegol
Reprod Biol 92, 1, 103-8,2000;}.

It has been concluded that the amount of foetal DNA,
ascertained by foetal-specific DNA primers, (such as ¥—
chromosome specific primers in male foetuses) may be used as a
screening method for the detection of pregnancies, where there
L5 an increased risk for foetal chromoscme anevploidy. Most

importantly however, it has not been possible teo diagnose

JP 2004-502466 A 2004.1.29
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foetzal aneuploidy per se by ssid methods. Thus these methods
are not sensitive enough to measure the difference between
foetz) DNA, Lo determine whether the fostus is normal or
aneuploid. Examples of the sorts of resulks these tests give
are illustrated in Figure 1 hereinafter. In Figure la, the
foetus is noxmal and there are two peaks corresponding to the
maternal alleles. One of these (M2) is larger than the other
{M1) and there is an additional amount of DNA originating from
the foetal DNA (F). The size of this is the same as the peak

originating from the fostal sllele of paternal origin [F-Pat).

In Figure lb, the toetus has trisomy 21 with one copy of F on
gach of the maternal alleles M1 and M2, plus one copy of
paternal origin {F-Pat)., This will reduce the differencs in
fluorescence between the alleles ¥l and M2 in comparison to the
nornal situvation illustrated in (a). In Figure 1lc, the foetua
las trisomy 21 with two copies of ¥ on matsrnal allele M2, plus
cne copy of paternal origin (F-Pat). This increases the
difference in fluorescance between the allelss Ml and M2 in
comparison to the normal situatien illustrated in Figure la.
Firally in Figure 1d, the foetus has triscmy 21 with 2 copies
of paterpal origin F-Pat. This makes po difference to the
fluorescence from the maiternal alleles ML and M2, but ths
fluorescence of the paternal allele is doubled. Such results
are very difficult to interpret, and there is to our knowledge
no documented case whers prenatal diagnosis of trisemy 21 {or
any other aneuploidy) has bean diagnoased in this way, using a

maternal blood or vaginal sample.

There is therefore an urgent need for new methods to identify
foetal DNA in a maternal DNA-conteining sample such as a bloecd
or vaginal sample, comprising a novel way of non-invasive

prenatal diagnosis.

It is5 well xnownm that the telemeres, constituting repeated DNA

sequences that cap the ends of chromesomes, vary such that

JP 2004-502466 A 2004.1.29
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young people have a higher number of the repeats than older
people. IL is thought that DNA replication is not taking place
at the wvery ends of the telomere repeats. This means that, at
each cell division, the telomerss bhecome shorter than before.
It 13 also thought that this shortening eventually leada to

cell death.

Telomeres of all human chromosomss contain the same DNA core
repeat TTAGGG. The variation in telomere lenglh with age of
the ipdividual is a general phenomenon observed on all the
chromosomes. Depending upon the age of the individuoal,
variaticn in repeat length of telemeres is estimated Le ke in
the order of 4-200 Kb of DHA.

Chromosome-specific telomere lenghbhs can be measured using
special software and microscopy image analysis of chromoscmes
nybridised with telomeric¢ probes or commercizlly available
peptide nuclelc acid probes (PHA, DAKO Ltd). These
investigations indicate that there may be some variation
between individual cell rnuclei in the telcmere conlent of
individual chromosomes. Hevertheless, as alresady menticned,
there is a substantial decrease in telcmere length with the age
of the subject.

On this basis, the telomere length of individual chromosomes in
foetal cells should be longer than in the newborn child, and
lenger still thar in the adult. Tt is implicit therefore that
foelal celle have longer telomeres, l.e. & higher copy number
per chromosomes of the telomere DNA repeats, than cells from
the mother (Butler et al., Cancer Genetlcs and Cytocgenetics
105, 138-144, 1998; Xreji and Koch, Chromoscma 107, 196-203,
1598) .

The applicants have found that this characteristic can be used

&8 a basls for differentiation between maternal and foetal DHA,

JP 2004-502466 A 2004.1.29
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in particnlar DWA, present in a maternal DNR-containing sample

such as a blood (including plasma or serum) or vaginal sample.

Thus according to the present invention there is provided a
method for the identification of foetal DHA in a maternal DNA-
containing sample, said method comprising {a) isoclating DNA
from satd sample, (&) subjeciing said DNA to exonuclaclyiic
digestion by an enzyms 5o as to remove end regions of sald DBA,
and (e} detecting the presence of 2 DNA seguence remaining in
foetal DNA but abhsent from materpal DNA as a result of said

digeation preocess.

Stepz {(a) and {b) may be conducted in any order. For example,
DNA i1z first isclated from the cells and then subject to
enzymatic digestien in accordance with step (k). However,
altarnatively, the digestion may be effected directly in cells,
and digested DHA isolated for exsmple by PCR amplification

therefrom for analysis in step ().

Suitably the maternal DNWA-—contaiping sample is a blood or
vaginal sample. Preferably, the method is carried out using a
maternal blood sample. The expression “blcood sample” as used
herein encompasses whole blood, or serum or plasma derived

therefrom.

In a particularly preferred embodiment, cells are first
separated from maternal plasma and DHA sxtracted from these as
step (a), or if appropriate during or after step (b], of the
preocess. Examples of such DNA amplification, which is
advantageous when only a small smount of material i1s availlabkle,
are described for instance in Findlay ebt al Mel Pathol 51 (2,
164~-167, 19%3, Klein et al Proc Hatl Acad Sci U S & 98 (B),
4494-4499%, 1999,

However there may be cases were the invention is conveniently

empleyed in the analysis of cther prenatal sample types such as

JP 2004-502466 A 2004.1.29
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ampictic fluid. Generally ambictic fluid samples contain
relatively little materral DNA and identificaticen of feetal DEA
is net difficult. OCn scome occasions however, the samples are
conlaminated with maternal bloocd, and give complicated
fluorescence patierns when analysed Jor example using the Q-PCR
method. Isolation of fvetal DHAR from such samples using a
method of the inventicn as a preliminary step might be useful.

DNA may be isclated from the sample using conventional methods.
Preferably tecinigues are employed which resolt in the
isolation of long DNA fragments. An axample of such a method
is tha use of agarcse plugs as described by Heiskanen et al.,

Biotechniques 17, 5, 923-82%; 3320833, 1994.

In one embodiment, the DNA from step (2} is cut using a
restriction enzyme inta fragments prior to step (b). Thus the
excoucleclyiic digestion removes terminal regions of the DNA
fragments (See Figure 2 hercinafter). [Bowevez, this may not
always be necessary, in particalar where cells isclated from
plasma are themselves directly subject to exonucleic digestion,

and the resvltant DNA amplified by PCR prior to apalysis.)

In a particularly preferred embodiment., cut ends of the DHA
fragments are protectsd prior to the exonucleolytic digestion
so that they are not susceptible to digesilon by exonucleolytic
enzymes such as Bal3l., This will mean that the digestion of
fragments derived from the terminal regions of the DNA will be
unidiresticonal, from the telomere region inwards. The proximal
and will be protected from digestion, as will fragments derived
from internal regioms of the DNA. Rs a result, digestion will
take place only in the telomere region {See Figure 3

hereinafter).

Sultably, the restriction enzyme used to form the D¥A fragments
is one which cuts o as to provide binding sites for a

protecting weiety, such as an adaptor. Proteclion can then be

JP 2004-502466 A 2004.1.29
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effected by ligation of a suitable adaptor. A switable adaptor
may be 2’/ -0O-methyl ribkonueclestide DNA (Mukai 2t al. fucleic
Acid Research Symposium Series 19, 1998} or complementary

oligonucleotide containing phosphorothiate links.

Suitable DNAR sequences remaining in foetal ONA which may be
detected in step (c) is a telomere seguence ox a chromoscnme
marker lLocated proximal to the telomere reglon, and is most
preferakly a subtelomeric sequence, in particular one which i

uanique to the specific chromosame.

Zetection in step {c} may be effected by any of the known
technigues. In a preferred esbodiment howsver, foetal DNA is
isclated and purified using magnetic separation techniques. A&
particular methoed by which this can be achieved involves the
use of piotinvlated primers as probeg apecific for telomexss.
Hybridisation of primers will mean that the foetal DHA will
have a biotin lzbel which can be separated magnetically using
streptavidia coated paramagnetic particles (2MPs} or beads (see

for example Figurxe 4} .

In context of the methods of the invention, it is frequently
Lhe case that primers can be used to funcbien as probes. It
will be <¢lear to the skilled person where this applies. Thus
the term “primexr” as used hereipn should be understocd as
referring to seguences which may have probe Function, as well
as sequences which are used as conventicnal primers for

amplificatien reactions,

Cnee isolated in this way, the DNA fragmenls may be analysed.
If necessary, thsy may first be subjected to amplification.
Pure amplified foetal DNA obtained in this way may have a wide
application in neon-invasive prenatal genetic analyais and
diagmosis. It may be particularly preferred Lo carry out
ghantitative analysis for exampls, using a fiuorescence (Q-BCR

method for instance by Applied Blosystems DNA sequencers and

JP 2004-502466 A 2004.1.29
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the Genescan saftware, as well a Pyreseguencing and olher such
methods including Microarrays. Many of these metheds are now

becoming fully antemated,

In effect, the invention uses differences in the number of
telomere repeats in foetal and maternal DNAR a2 a basis for
identification of foetal DNA in maternal DNA-containing
sanples. buring step (b), ONA, praisrably in the form of
fragments and most prefersbly long fragments, is digested,
preferably unidirestfonally following protection of out ends,

from the telomeriec end regions of the fragments inwards.

Telonere regions of zll chromosomes present in the sample are
digested first during this process. Exonucleolytic digestion
wmay he carried oui for a period of time sufficient te eliminate

at least all maternal telomeric DNA sequences,

If digestion is halted ar this point, some Foeral DNA frogmenty
will retzin some tslomeric DNA (Figure 3a). This DNR is then
getectable using for example, 2 labelled primer specific for
the primer telomere DNA which will therefore hybridise only to

foetal DNA.

Digestion may however be continwed such that subtelomeric DHA
sequences are eliminated from all fragments of maternal DHA
(Figure 3b). In this instance, because digestion of the longer
foetal telomeres takes longer, some chromosome-specific THA
will remain at the corresponding site in fragments of foetal
DHA and sc will be detectable for example using a primer for
that DMA which therefore acts as a marker. The primer would

not hybridise to matexnal DNA under these circumstances.

Preferably, primers nsed ip the detection are lakelled with

visible labels such as fluorsscent labels.

JP 2004-502466 A 2004.1.29
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Where the sequence detected in step (o) is a chromosome marker,
it may be preferable that it is a sub-telomeric polymerphic
chromosome marker, as this gives rise to the possibility that

the markar can itsslf be readily useful in pre-natal diagnesis.

In any event, the identification ¢f foetal DHA can be used as 2

preliminary step Lo pre-natal diagnosis of the identified DMA.

In a particularly alternative embodiment, DNA present in the
sanple after digestion is amplified with & first lzbeiled DNA
primer specific for the said DNR sequence, such as the
teloneric and/or subtelomeric sequence., Most preferably the
first primer is labelled with a visible label in pacticular a
fluorescent label, and fluorescence from the amplified sample

is debected.

Suitapble enzymes for conducting exenuclestylic digestion
include Bal3l. It may be preferable to use enzymes which
digest specific regions of the DNA only, in crder to ensure &
more controllable digestion pracesa. In particnlar, digestion
i3 effected in a three step process, in which, in a first step,
37 extension DNA is removed, in a second step, 3°-5 =s regiors
are excised and in a third step, ss regicns are digested.
Suitable enzymes for effecling the first and third slteps
include Mungbean nuclease, and for the szecond step, suilable

enzymes include Exonuclease IIIL.

The conditiens, such as enzyme concentrations, buffer systems,
temperature and time of incubation, required in order Lo
provide reliable digestion to allow differentiation between
maternal and foetal DNA, regquire careful selsction and depend

upon factors such as the particular enzyme being used.

A5 a result of the varlation in the numbers of telomsric DNA
sequence repeais petween different DNA ends, it is desirable

firet to “rcallbrate” the enzyme system, preferably in a
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chromosome specific mamner. Calibration of this type may be
effected by anaiysing the rasults of exenucleclytic telcmeric

digestion of the isclated DNA under various cenditions.

Anolher means of calibrating particular enzyme systems is to
chtain bass-line infoxmatlion on the telomeris langth of cach
individual chromosome end in materpal and fostal ‘tissue
samples. This may be done using fluorescence in sitw
hybridisation (FISA) of telomeric DNA sequences at the
metaphase stage of the cell cycle. At this stoge the
ingividusl telomeres at each chromosome end may be highlighted
using FISH with telomere-specific probes in combination with
subtelomeric DFA probes. Measursments of teleomeric sedguencss
may be performed by Microscopy Tmage Bnalysis, using for
example a Comparative Gencmic Hybridisation (CGH) scitware

programmne,

Blood samples from foetuses subject to cordecentesis and cord
blood samples, obtained at delivery, can also be utilised, with
a view to obtaining additional base-line ianformation on tie
normal variation in length of telomeric DNHR sequences for each

chromossome arm in maternai and foetal tissue samples.

Ihe conditicns of enzyme concentrations and exposure times
reguired to eliminate a subtelomeric marker from maternal DNA
can be determined in 2 similar manner. In this ipstance,
amplification for example using the polymerase chain reaction
(PCR) of the subtelomerie markers of the DNR product may be
effected in order to distinguish between censtitutional
maternal DHE alleles and foetal DMAR allele=. This
gxperimentation will provide hase-line information on the rate
of removal of subtelameric DNA sequences by the respective

enzymatic digestion copditions applied,

rreferred subtelemeric markers include, for instance a small
Tandem repeat (ETR} or a microsatellite. For tils purpose,
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they may or may not be polymorphic markers as they are only
used for evaluation of their rate of disappearance by the
exonucleclytic digestion and for differentiation between

constitutional maternal and foetal DHA.

Polymorphic diagnestic markers may be preisrred however if the
analysis is subseguently used for prenmatal diagnosis. Exsamples
of chromosome 21- specific polymorphic tetranucleotide repeat
markers are D21811, DZ1sl412, D2181411 and D2151414, TENAR,

. which is a diruclectide repeat alsc shows a simple

amplification pattern, in contrast to most other smaller repeat
narkers, which may be associated with stutter bands. Other
examples of polymophic markers include gingle nucleokide
polymorphisms (3WPs), which ccour with very high freguency in
the human geneme, and where an increasing number ave currently

being identified.

In thls case, the concentraticn of the foetal marker may
subseguently be determined, Zor example using guantitative FCR
methods such as TAQMAN™. This information, can be useful in
pre-natal diagnesis of foetal conditions where cnly toe amount
of certain CNA seguences zre different between the feetus and
the mother. A reliable guantification of amcunt of chromosome-
unique foetal DNA is required for the non-invasive prenatal
diagnosis of common foetal comditions, including areuploidies,
such as Trisomy 21 Down syndrome, using 2 maternal blood

sample.

In a preferred option the subtelomeric markers in gquestico
sheuld be located as distal as possible among the chromosome—
unique DNA seguences within each chromesome arm. These markers
wlll be preselected for each chromesome end ssparately wath
respect to lacatiens and degree of polymorphisms ip the

population studied.
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Suitably the DHA markers selected are strategically localised
in subtelomeric chromosome poasitions, containing cbromosome-
specific unigue DNA. These locations are preferred for two

main reasons.

Firstly, markers, localisad near bto the telomeres bul yet
containing unigque chromczome specific DNA, will facilitate the
digestion procedure, as only limited exonucleocliytic digestion
will e reguired in comparison to that needed to selectively
elininste maternal, more proximal, interstitial, DNA. This
will He particularly useful when vnidirectional digestion is

undertaken as described above.

Secondly, the use of polymorphic swubtelcmeric Chromosome/DHA
markers will ellew guantificstion of nek ¢nly numearical
chromoseme aberrations (such as trisomies} but alsc unbalanced
structural chromosome rearrangementa such as unbalanced
translocations. An unbalanced transiocation may be identified
as a duplication of dosage for one subtelemeric marker in
combination with a deletion of dosage for another subtelomeric
marker, cdependent on which chromosomes are involved in the
transglocation. In additicn, other relatively common chromosome
gberrations should be identifiable this way. These include
exire marker chromosomes such as foetal iso 12p, or iso 18p,
both associated with severe foetal malformatioms, which weould
give rise to extra double dosages in relation to the normal

situatiaon.

specilal exonucleolytic procedures may be regmired for the
diagnosig of extra chromeosome markers such as 15 inv dup, as
this invelves two extra doses of 15p telomeric DNA sequences.
Such duplicaticns of telomeric seguences alone are harmless
with respect to foetal development, while markers that alse
contain chromosome 15-specific DMR, located in the proximal
part of the g arm, are associated with foetal psychemator

development delay, which may ba severe.
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By appropriate selection of subtelomeric markers used in the
prenatal foetal diagnosis, the majority of chromesome
abnermalities, leading te foetal development disturbance may be
determined nsing this method. The only chromosome
abnormalities that may net be detectable using the methad,
applying subtelomeric DNA markers alone, are more proximal
{interstitizl] deletions and duplications that are unexpected
and therefors their exact locations cannot be determined.
Special modifications of the methed will alse be required to
diagnose specified deletions and duplications, expected bacause

either parent 1s a carvier.

Opce identified using the method of the invention, foestal DWA,
may De subject {o pre-natal diagnesis, for exanple to detsrmine
the presence of chromosoms aberrations such as aneupleoidy,

pown syndrome, Bdward syndrome or Klinefelter Syndrome or other

information such as the sex of the foetus.

Suitably. DNA 1s separated pricr to analysis, for example using
& magnetic separation method. TIn particular, the DNA is
amplified using a labelled primer such as a specific
bictinylated primer. If say a telomeric primer is used at this
point, only telomere-containing, i.e. foetal DNA fragments will
be measured and labelled, assuming all the corresponding

maternzl DNA has heen eliminated during the digestion.

Said DMA fragments may then be captured using for example
streptavidin coated para-magnetic particles or heads. After
separation of the magnetic particles from the supernatant, the
target DMA can be relezsed by elution of the particles {Figure
4.

Once separabed, said DNA may be amplified with a labelled
primer which is specific for a particular chreomoscme or
diagnostic regiom of DMA under conditions in which the primer

amplifies DWA within the sample. Detection of this primer in
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DNA identified as being of foetzl origin will thersfore provide
information about the foetus. Depending upen the particular
diagnostic purpose, it may be uwseful if the second primer is
specific for chromoscme 18, Z1 or 13, or the X or ¥
chromosomes. Abnormalitles in chromosome nunber (sneuploidies)

of these chromosomes are the nest common.

In a particularly preferred embodiment of the invention, DNA is
isclated from a maternal hlood sample, for example, from cells
in maternsl plasma, fragmented with a restrictien enzyme, and
ther ligaled to an adapter. The modified fragments are then
incubated with an exonucleolyiic enzyme such as Bal3l, for a
pericd of time which is sufficlent to entirely digest maternal

telomeres, but leave some Foetal lelomeric DNR. Further

purification of teleomers-containing (foetal) DNA fragments may
be achieved by magnetic separation using blotinylated telomeric
probes or telemeric primers used as probes and streptavidin

paramagnetic particles [PMPs) (Fig 4)

Isolaled telomere-containing (fostal) DNA fragments are then

amplified by a methed such az PCR, using chromosome-specific
primers. Analysis iz thereafter psrformed using a finorescent
methoed such as Q-PCR ubilising, for instance, a2 DRR sequencer
and Genescan soflware (Applied Blosystems), real time PCR o

pyreseguencing .

In adgdition, the information obtainable using the method of the
invenition, in particular relating the amount of concentration
of foetal DA in the maternal sample, may be useful in prenatal
screening/diagnosis as well as in diagnesis of a range of
malterral conditions. These include complications in pregnancy
such &8 pre-aclampsia, in predicting the risk of pre-term

labour, and in the later develcopment of autolmmune disease,

According te a further aspect of the invention, there iz

provided a kit for identifylng fostal DWA in 2 maternal DNA-
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containing samples, szid kit comprising means for isclating DNA
from a DHNA-contalining zample, an exenucleclytic enzyme capable
of digesting terminal regions of DNA, and a lahelled primer
for detecting a specific DNA seguence found in a terminal

regicn of DHA.

The kit may centain one or more further rsagents or commodities
which are required for affecting the method as described above.
In particular, tre kit may furtner comprise a resiriction
erzyme which cuts DNA ao zs %o produse a binding site on the
DNA for an adaptor, teogether with the adaptor suitable for
protecting the cut ends of DWA fragments from enzymatic

digestion.

Depending upon the way the assay is operated, biotinylated
primers and particularly bictinylated telomeric primexs as well

as strephavidin paramagnetic particles may alse be iacluded.

Gther potential kit components include one or mors additional
labelled primexs, such as a different fluorescently labelled

primer, whicgh 15 diagnostic of a chromeosome conditien.

The inveption will now be particularly dascribed by way of
example with reference to the acceompanying diagrammatic

drawings in which:

Figure 1 shows & comparative example of Genescan analysis of
DHA extracted from maternal bilood (a) where the foetus is
nermal and (b), {c) end (d] where the foetns has trisomy 2i, as

carried out using prier art method.

Figure 2 illustrates diagrammatically the exonucleclytlc
digestion of DNA fragments such as Bal3l, where fragments are
digested at both ends: although ithere are fewer telomeric
zeguences in the maternal seguences (M) in comparison to the

foetal seguence (F) and =o allow foetal ONMA to be identified,

JP 2004-502466 A 2004.1.29
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differentiation between M and F fluorescent marker signals, if

positionsd a2 shown, would net be possible;

Figure 3 illustrates diagrammaticaily the unidirectional
exonuclecliytic digestion of DNA fragments using an adapter in
accordance with a preferred embodiment of the invention: such
that in an cptimal Lime course, the enzyme will eliminsts all M
telomeric seguences (Fig. 3a) and also the M fluorescent marker
signzl (Fig 3b). Such a systemt will allew differentiation of
M and F fragments with selective retention of F fluoresceat
signal allowing enumeraticn of the F chromosemes concerned
following DNA amplificaticn e.g. by Q-PCR: and

Figure 4 illustrates diagrammatically the magnetic purification
of foetal DNA using 2 biotinylated telomere probe.

Ezample 1

Step 1

DMA extraction

Smls of materns] blood was taken into each of two tubge, one of
which contained EDTA. Blood samples wers centrifuged at 3000g
and plasma and serum were carefully removed, intc clean tubes,
from the EDTRE-containing and plain tubes, respectively. The
vlasma and serum samples were centrifuged again st 3000g and

the supernatants were transferred inte clean tubes.

WA was exiracted from the plasma and serum sanples using the
QlRamp Rlood Kit from Diagen, acccording to the marvfacturers'

recormendations.

Step 2}
Rastriction enwyme digest to provide adaptor attachment sites

The extracted DNA iIs digested with enzymes such as Notl using

standard restriction enzyme digestion protocols.
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Step 3)

Ligation of DNA template and adaptor to protect the proximal
ends of DNA fragments from digestion by exonucleolytic snzyme

(such as Bal 11}

This appxoach concerns a unidirectional DNA deletlon with Bal

31 auclease (Mukal 3., Shibahara 8., Morisawa H.d¥ucleic Acids
Besearch Svmpesium Series ne. 1%, 19%8). The principla is
based on the fact that 7bp ¢f 2'-C-methyl rihonuclectide-DHA
chimeric adapter forms greater atakility and alse due to steric
hs

ligation to Hotl sites on the DHA fragments will allow

drance prevents the action of nuclease attack. Therefore,

digestion from cne end only.

DHA and adaptor are incubated overnight at 15°C with Ligase and

buffer.

Step 4)
Digestion of ligated DNA tewplates and adaptor with
excnucleolytic enzyme such as Bal 31

1 unit of Bal 31 per microgram of D¥A was used to yield a
uniform ladder of dsleticns (>1kk) over a 20 minute period at
30°C. The reaction was stopped by adding EDTA to a final
concentration of S0mM. (Fig 3). DNA is ethanol precipitated,
to remove the high NaCl cencentratien from the Bal 31 reaction.
Variation in cong. andsor timing of exposure is optimised for
each chromosoms enumeration. In the optimised situstion all
maternal telomeric sequences will be digested, while scme of
foetnl telomeric DWA seguences will remain (Fig 3a). This
zllows differentiation between maternal and foetal DHA

fragments per se.

Extended digestion will siiminate the DHA sequences
corresponding to the chromosome-specitic primer site (Fig 3b),
which will allow positive identification ¢f foetal DNA and

enumeration of the respective chromosome, following Q-PCR.

JP 2004-502466 A 2004.1.29
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St )
Magnetic purification of foetal DNA using bictinylated telomere
probe

DHA fragments are hybridised in solulion with a Blotipylated

telomere DNMA primer by beating the DNA at &5°C for 10 mins,
adding the biotinylateq primer and leaving the sclution to coel
down at xroom Ltemperature. Thereafier streptavidin paramagnetic
parkicles (3A-PMP) are washed with 0.5x 53C. The annealed DNAL
framments and blotinvlated telomeric primer are added and
incubated at voom temperature for 10 mins. SA-DMFs nound to
the biotinylated primer are captured using a magnetic stand,
and the suparnatant is carefully removed. The particles are
wgshed 4 times with 0,lx S5C. Telomere positive (foetal
fragments are eluted by resuspending the final SA-PMP particles

in deionised water.

Step 63
Q-PCR using chromesome epacific polymorphic markers

Ouantirative PCR was carried out nsing standard methodolouy as
described in our publication Verma et al., The Lancet 352, 9-
1z, 1%99%8.

Ex e 2
A protocol for conducting analysis using the method of the

invention ls illustrated in Scheme 1 hereinafter.

Step 1

Preparation of blood sawples on Percoll gradient
Blood samples are prepared on Percoll gradients and the plasms

ramoved. Flasma ceils are recovered by centrifugation using =z
modification of the standard protocel for discontinuous Perocll
gradient (ses a.g. Van Wijke et al. Clinical Chemistry 46, 5,
FR%-731, 2000).

JP 2004-502466 A 2004.1.29
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In particular, 3 mls each of 40%, 45% and 5%0% Perccll scolulion
(Amersham Pharmacia) in PBS, for each tube are prepared. Znle
of EDTA blood are mixed with 3mls of PBES in a 15ml Polystyrol
tube (Sarstedt, Roher 15ml tubes cat no. 62.553.042). 3ml of
40% Pergoll is introduced as an underlayer using 2 canula
(BE.Braun, Filter &traw cat mo. 415020) attached to a Sml
syringe. The tip of the canula is placed at the bettom of the
tube going through the blood and the Percall sclutien ejected
s5lawly. Using the same camalz, the underlayvering process is
then repeated twice with 45% and 508§ Percoll respectively. In
each case, the tip of the canula 15 placed at the bottom of the
tuhe and the ejectien is made carefully so a3 not te disturb

the gradients.

In general 3-4 tubes will be prepared in this way for cach
sample under test. The prepared tubes are then centrifuged
{without using the centrifuge brakes) at 500g for 30 minutes at
18-20°C.

After this, the tubes are removed and the plasma (top) laver

taken off and put in & clean tube. Plasma from different tubes
from the same sample may be added together to ensurs that there
is about 6mls of fluid in each tuie. This is then centrifuged
again &t 500g for 20 wmipnutes, this time with the brakes on. The
resultant cell pellet is then washed in éml of PBES a couple of

times.

Step 2.
Extraction of high melecular weight DNA

Plasma cells® are resuspended in PBVE at 2 x 10° cells par
50#12. Equal amounks of agarcse sclution {1.9% Nufieve GTG)
are added to cell suspension-containing 1 x 10° cells. 350p
are dispensed into molds and allowed to set. BAgarose plugs aze
then trezted im: O.5M BDTA, pH §.0, 1%N-Lanryisarcrogine, 2
mg/ml Proteinase X for z4-72 hours at 56°C (although ©/W

JP 2004-502466 A 2004.1.29
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incukation may be sufficient for our downstream applications).
This treatment digests cell membrane allowing penetration of
enzymes in later stages. The agarose plugs are then washed in
water and incubated at 50°C in PMSF (a protease iphibitor) te
fully inactivale any remaining Proisinase K Lhat will effect
enzymatic treatment. Agarose plugs are then washed and stored
at 4°C.

Hotea:

1. 3 ml biood contains ~ 2 x 10° plasma cells

Z. 1 x 10% cells = 1 pl DHA

Plasma DHNA is extracted with phencl:chlereform (1:1), ethanol
precipitated, washed twice in 70% ethancl and carefully

resuspended in water.

Step 3

Ligation of Muclease rasistant adapters

This procedurs may be omitted if the ligation of zdapters is
unnecessary, as this is the only step that is affected by the
DNA being in the agarese plugs. Both Balll digestiocn and the
PCR reaction will be unaffectad by the agarose plugs. The
protocel allows the sgarcse to be digested into aleshol soluble
oligesaccharides, this makes the DNR more accessible without
damaging or shearing the DHA. The agarase plugs are melted and
an equal volume of 50 x buffer is added plus 1U f-Rgarase
incubated at 45°C far 60 minutes. 7The remaining
oligoszccharides and B-Agarzsze do not interfare with subsegurent

enzymatic reactions.

For the ligation of adapters the DNA will have to be cut with a
rare cutter such as asc I or Wot T which cut within the human
genome ~ every 670kb and 310kb respectively. This will produce
conpatible ends for the adapter to lipate to, restriction sites
between the telomere and marker will have to he checked to

ensure that these enzymes do not cut within this region.
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Equilibrate the agarose plug in 10041 of 1 x restriction buffer
with 100 of enezyme, incubate for Z hours and then riese with

wabar.

Complementary cligonucleotides conlaining phosphorcthicate
links will be annealed to preduce adapters resistant te
nucleasse digestien. They will also centain cohesive ands
complementary to the restriction endonuclease uzad to cleave
the DNA szmples. These adapters will be ligated by the
addition of 1 x ligation buffer, BU Ligase and incobated at
37°C for 2 hours.

Step 4.
Bal3l Nuclease digestion of talamere ends

Agarose plugs conlaining high molecular weight DMA are
eguilibrated for 30 minutes in @ ml of 1 x Bai3l buffer with
50 U of enzyme (NEBL) on ice for 30 minutes. Digestien is
effected by placing the reaction at 307°C, removing plugs at
each tima point i.e. 0, 30, &0, 30 and 120 minutes and placing
in I ml ice-cold TE. Balldl is removed by rinsing plugs in
water for 30 minutes on ice. Bal3l should be completely
inactivated during the heat dematuration step of the PCR. Time
points are taken imitially to estallish the length of digestion
negded to remove the required length of DNA to allow

discrimination of the feta)l DNA with the longer telomerss.

Step S

Amplification of polymorphic markers by QF-PCR

Polymerphic markerz are amplified by QF-PCR using standard
technolocgy {see e.g. Verma et al., TLencet, 352, 5-12, 19%R;

Pertl et al., 8mar. J. Obstet. Gynecol. 177, 4, B99-306).

The X22 marker ({(~2D0kb from telomere) is a particular marker
which may be amplified in this way, but other telomeric

polymorphic markers may be selected depending upon the

JP 2004-502466 A 2004.1.29
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particular aims of the diagnosis. For example, twe highly
polymorenic markers on cnrld DL481219 and D1481420 are located
at ~210kk and 25kb from the telomere.

Example 3: Won-invasive Prenabal Diagnosis of Foetal Trisomy 21

Down S ome using the Methods of the Inwvention

Exanple 32
1. Pregnancy and Blood Sample

12 ml of blood was drawn into 2 edetic acid {BEDTA) tubes by
venipuncture from a pregnant woman at 12 weeks gestational ags,
following written infermed consent with Ethical Bpproval from

the Local Bthical Committee.

2. Isolation of cells from the nuclear compartment and plasma
Both nucleated cells from the nuclear compartment and from
plasma were isclated from the maternal blood using a Triple
Density Gradient according to the protocol as described
{Ganshirt el al_, Blagnostic Cytogenetics, Springer Leb Manual,
1953 R. -D. Wagner, Fetal Cells in Maternal blood, pp 401-415)

with slight modifications,

12 mi of the EDTA blocd is added to 12 ml of Phesphate Buffer
Selution {PB5) and mixed by inverting the tube. 6 ml of the
hlood/PBS mixture is pippetted into four 15ml polyatyrol tubes.
Three layers of Perccll® {Amersham Pharmacia) are underlayerad,
using 2 long end thin canula attached to a syringe. Initlally
3ml of 40% Zercoll is underlayered, followed Ly 3mi of 45% and
3ml of 50% Percoll. The suspension is thea centrifuged at 500g
for 30 min. The plasma layer and the lymphocyte layer are
removed and transferred fo clean tubes and agaip centrifuged at
300 g for 10 min. The cell pellet is washed in DPRS and
transferred to microtubes containing 5p) proteinase K solutien
(400mg/1 proteinase X, 20 mmal/l dithicthreital, 1.7 pmol/l

sodium dodecyl sulfate, 10mmol/l Trisbuffer, 50mmol/l potassium
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3. Extragtion of high molecular weight DNA

Plasma cells are resuspended in PBVS at Z x 10 cells per S0pL.
Fqual smounts of agarase solution [1.9% Wulieve GTG) are added
to the rell suspension, containing 1 x 10" cells. 50Kl are
dispensed into molds and allowed to set. Agarcse plugs are
then treated im: 0.5M EDTA, pH 2.0, 1%N¥-Laurylsarcrosine, 2
mg/ml Proteinase K for 24-72 hpurs at 50°C. The agarose plugs
are then washed in water and incubated at 20°C in PMSF la
protease inhibitor) to fully inactivate any remaining

Proteinase ¥ that will effect enzymatic treatment.

4., Ligation of Nuclease rosistant adapters

The agarosse plugs are melted and an egual volume of 50 % buffer
is added plus 10 B-Agarase and incubated at 45°C for 60
minukes. The agarnse plug is eguilibrated in 100pl of 1 x
restoiction buffer with 10U of enzyme, incubated for 2 hours

and then rinsed with water,

These adapters are then ligated hy the addition of 1 x ligation
huffer, BU Ligase and iacubated at 37°C feor 2 hours.

5. Bal3l Nuclease digestion of talomere ends

Agarose piugs containing high molecular weight DNA are
equilibrated for 30 minotes in @1 ml of 1 % Bai3dl buffer with &
U of @&nzyme {NEEL] on ice fer 30 minutes, Digestion is
effected by placing the reaction at 30°C, removing plugs at
each time point i.e. 0, 30, 60, 20 and 120 minutes and placing
in 1 ml ice-cold TE. Bal3l is removed by rinsing plugs in

water for 30 minotes on ice.

6. Amplification of polymorphic markers F-PCR
A multiplex fluorescence FCR assay is applied by routine
technology (see e.g. Pertl et 21 1997 Am. J. Obstet. Gynecol.
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177,899-80€) using primers for D2151411 and DZ181446. Each of
the forward primers is labelled {57end) with a fluorescent dye
to enable visualisation and snalysis of the PCR product. After
the initial denaturation, 24 eycles of 95°C for 48 sec, &0°C
For 4B sec, and 72°C for 1 min is performed, followed by an

extenzion of 729 for 15 min.

7. analysis

The allelic fragments are resclved on a 6% denaturing
polyacrylamide gel, and analysed on ar Applied Biosystems
[(Warrington) 373 DHNA seguancer running Genescan &72 software.
Amplificgtion products are sized, and their flucrescence
intensities calculated, hased on the areas of the psaks seen cn
the electrophercgrams. Analysis was performed on {(a) DNA from
lymphkocytes of the materral bleod sample directly, (>} DNA from
same type of cells after enzymatic digestion, and (¢} DNA from
<ells in the plasma component of the maternal sample (expected
to contaln an enrichment of fetal cells) after enzymatic

digestion.

8. Results

ia]The electropheregram cohtained from BCR products of DNA of
thz lymphooytes of the matertal blood sample shows the
occurrence of two equal sized peaks for each of tbhe two primers
D2151411 and DE1S1446. This result is the expected from a

nermal female.

{kb)The electropherogram cbtained from PCR products of DNA of
the Lymphocytes from the maternal blocod sample, follewing
enzymetic exonucleolytic digestion sith 2 Units of Bal3l far 20
min, shows absence of signals for ths most distal marker
D218l446, while two equal sized sigrals are aeen at positions

for the proximal marker D2131411.
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This indicates that these conditions for engymatic digeslion
are optimal for cur purposes vl diflerentiating between
maternal and fetal DNA.

(¢} The electropherogram obtained from the DNA of cells in
maternal plasma. following ernzymatic digestion under same
conditions =g in (b} shows unclear signals Lor the proximal
marker DZ151411 but three clear signale for the distal marker

DZ215ld46.

This result indicatss first of all thal the telomeric DHA
seguences have been enlirely eliminated (belth from maternal and
fetal DNA). Secondly, Llhe unclear signal of the DNA seguences
of the proximal marker D21814%1, is interopreted to be caused by
a mixture of maternal and fektzl DMA. Thirdly, we conclude that
the three clear signals of the distal marker D2181446 {(cne of
which is locaked in a pesition, which is neot the same as the
maternal as seen in the eleciropherogram of the DMA from the
iymphoeytes of the maternal blood sample], are fetal, and shows

ihat the fetuns has trisomy 21.

5. Summery

Tris example iilustrates that it is possible %o routinely
enumerate mumbers of chromosomes 21 and thus identify foetal
trisomy 21 Down syndrome by DNA analysi= of 3 maternal blosd
sample, Iollowing enzymakic digestion of telomeriec and
subtelomeric DR seguences. ‘The process is rapid with results
avallable within the same day of arrival of the blood sampla in
the laboratory. Furthermere, substential automation is

vossible.

Example 3B

1. Pregnancy and Blood Sample

12 ml of hlood was drawn inte 2 edetic acid (ERTA) tubes by

venipuncture from a pregnant woman at 12 weeks gestational age,

JP 2004-502466 A 2004.1.29
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follewing written informed conssnt with Ethical Bpprovael from

the Tocal Rthical Committes.

2. Isolation of celis from the nuclear compartment and plasma

Boih nucleated gells from the auclear compartment and from
plasme were isclatad £rom the maternal blood using a Triple
Density Gradient according te the protecel as described
Ganshirt et al., Diagnestic Cytogenetics, 3pringer Lab Manual,
139% R. -D. Wagner, Fetal Cells in Maternal blood, pp 401-415)

with slight modifications.

12 ml of the EDTA hlood is added to 12 ml of Phosphate Buffer
$olution (PBS) and mixed by inverting the tube. 6 ml of the
Pleod/FES mixture is pippetted into four 19%9ml polystyrol tubes,
Three layers of PercollR (Awershem Pharmacia} are underiavered,
using a leng and thin samila attached to a syringe. Initially
Iml of 40% Percoll is underlayered, followed by 3ml of 45% and
3ml of 50% Percoll. The suspension is then centrifuged at 5009
for 27 min. The plasms layer and the lymphocyte laver are
removed and transferred te clean tobes and zgain centrifuged at
510 g for 10 min. The cell pellet is washed in PBS and
transferred te microtubes containing 5l proteinase K solution
(400mg/1 proteinase K, 20mmcl/1 dithiethreitol, 1.7pmol/l
sodium dodeoyl sulfate, 1l0mmol/lTrisbuffer, 50mmel/l potassivm

chloride).

3. Exonucleclytic enzyme digestion

1 unit of Bal3l per microgram of DHA was used to vield a
uniform ladder of deleticms ({»1kb) over a Z0 minute period at
30°C. The reaction was slopped by adding FEUTA to a final

concentration of S0mM.

Enzymatic digestion is first performed on DMA of lymphocytes ta
calibrate the concentration and time regquired for optimal

eiiningtion of DNA seguences to allow differentiation betwesn
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fetal and maternal DMA. The primers chesen in this case axe
02181445 and D2181411 at 21g22.3 (with D2151411 being located
proximal to D2151445) together with the primer for the telomere
CRA sequence TTAGGS.

The optimsl conditions to discriminate hehween maternal and
fetal signals was seb for eliminalion of telomeres plus the
marker D2151448 in DNA of lymphocyles of the maternal bicod
sample {primarily maternal cells). This= was evaluakted as
described in steps 4 and 3. The enzymebic digestien of cells
isolated from maternal plasma f(a mixture of maternal cells with
an efnrichment of fetal cells) was then expesed to Bal3l under

these verified optimal conditions.

4. Multiplox PCR

A multiplsx flucrescence PCR assay i35 applied hy routine
technolegy (see e.g. Pertl et al., 1887 Am. J. Chstet. Gynecol.
177,8%99-206} using primers for D21S1411 and D2181448, Each of
the forward primers was labelled (5"end} with a flucrescent dye
to emable visualisation and analysis of the PCR product. after
the initial denaturation, 24 cycles of 95°C Ffox 48 sec, &0°%
for 48 scc, and 72°C for 1 min was performed followed by an

extension of 72°C for 15 min.

5. Analysis

The zlislic fragments were resolved on a8 6% denaturing
polyacrylamide gel, and analysed on an Applied Blozyatens
fWarringtoni 3732 DRA sequencer running Genescan 672 software.
Amplification products were sized, and their flucrescence
intensities were calculated, based on the areas of the peaks
seen on the electrophercgrams. Apalysis was performed cn {(a)
LA Erom lymphocytes of the maternal blocd sample directly, (b}
DRA from same Type of cells after ensymatic digestion, and (o)

DWA frem cells in the plasma component of the maternal sample
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{expected to contain an enrichment of fetal cells) after

enzymatic digestion.

6. Results

{a) The electreophercgram obtalned from PCR preoducts of DNA of
the lymphocytes of the maternal blood sample shows the
securrence of two equal sizad peaks for eack of the two primers
02181411 and D2131446, This result is the s¥pected from a
normal female.

[h) The electropherogram obtalnec from BFCR products of CHA of
the lymphooytes {rom the maternal bloed sample, fellowing
anzymatic exonucleclytic digestien with 2 units of Bal3l foxr 20
min shows absence of signals for the most distal marker
DZ15144%, while two signals are 3een at positiens for the

proximal marker D21231411.

This indicates that these conditions for snzymatic digesticn
are optimal for our purpnses of diffsrentiating betwsen
maternal and fetal DHA.

[c) The electrophercgram obtained from the DNR of cells in
maternal plasma, following emzymatic digestion under same
conditions as in (b} shows unclear signals for the proximal
marker 1215141) but three clear sigunals for the distal marker
Dz151446.

This result indicates first of all that the telemerie DNA
seguences nave been entirely eliminated (hoth from maternal and
fetal DNB). Secondly, the unclear sigral of the DNA sedquences
of the prowimal marker D2151411, is interpreted to he caused by
& mixture of matermal and fetal DNA. Thirdly, we conclude that
the three clear signals of the distal merkex D2151446 (ons of
which is located in a position, which 1s not the same as the

maternal as seen in the electrepherogram of the DNA from The
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lymphocytes of the maternal bleod sample), ars fetal, and shows

that the fetus has Trisomy 2i.

Stanmary

This example illustrates that it is possible to routinely
enumerate numbers of chromeosemes 21 and thus identify feetal
trisomy Z1 Down svndrome by DHA analysis of a maternal hlood
sample, Tollowing enzymatic digestion of telomaric and
subtelemeric DA sequences. In this examples DMA is less
deqraded, and it has therefore beer possible to perform the
diagnostic analysis without the applicatiion of an adapter. As
with Example 3A analysiz is rapid with results available within
the same day of arrival of the blood sample in the laboratory;

and substantial automztion is posaible.
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Claims
1. A method for the ldentification of fostal DWA in a

il

23

ki)

maternal DiWA-containing ssmple, ssid method comprising (a)
isolating DNA from said sample, (b} subjecting said DNA to
exomazleolytic digestion by an enzyme so as te remove end
ragions of said DMA, and (c} detecting the presence of a ONA
seqguence xemaining in foetal DWA but absent from maternal DNA
as a result of said digestion process.

2. & methoed aceording to claim 1 wherein said maternal DNA-

containing sample is a bleood or vaginal sample,

3. B method according to claim 1 of claim 2?2 wherein in a
preliminary step, cells are first isolated from maternal

plasma, and DNA then isolated from these in step (2).

4. A method according to any one of the preceding claims
wherein DWA from step (3} is ¢ut wsing a restriction emzyme

inte fragments prior to atep (b},

5. A method according to ¢laim 4 wherein cut ends of the DHR
fragments are protected pricr te the exopucleolytic digestion
o that they are not susceptible to digestion by the

ewcnucleclytic enzyme.

6. R methed according to claim 5 wherein the restriction
enzyme used to form the DMA fragments is one which cuts such as
to provide binding sites for a protecting moiety, and

protection is achieved by ligation of tbat protecting maisty.

7. A fethod accerding to claim £ wherein the protecting moiaty
is an adaptor.
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8. & method zccording to claim 7 wherein the adaptor is 27—
o-methyl riborucleotide DNA or a complementary cligonuclieolide

containing phosphorethicate links.

9. R method according Lo any cne of the preceding claims

wherein foetal BWA is isclated from maternal DNA.

i0. A method acrording to claim 9 wherein foetal DA
fragments are separated by hybridising biotinylated probes
specific for teleomere DNA sequences remsining in fostal CWA
after digestion, to said DHA and thereafter lmmobilising said

probes to a streptavidin coversd support.

11, B methed according to claim 10 wherein said strepavidin

covered support comprises & paramagnetic particle.

12, A wethod according to any one of the preceding <laims
wherein the said DNA sequence remalining in foetal DNA is a
telomere sequence or a chromasome marker located proximal the

telomere region.

13. A method according to claim 12 wherein szid DHA sequence

remaining in foetal DNA is a telomere ssguence.

14. A wmethod according 4o claim 12 whereir said DNA sequence
remaining in foetal DNA is a sub-lelomeric polymorphic

chromesome-specific marker.

15. A methed accerding te any cne of the preceding claims
wherein the said DNA sequence ls detected using a first
Labeglled prebe which iz specific for said segquencge.

16. A method according to claim 15 wherein zaid lakel is a

fluorescent label,
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17. A method according to any one of the preceding claims

wherein the esonucleclybic enzyme is Bal3dl.

1B. A method accerding te any one of claima 1 to 16 wherein

exonucleclytic digestion is effected in stages in which, in =

first step, 3' extenston D¥A is removed, in a second step, 3'-
5" s& regions are excilsed and in a third step, 35 regicns are

aigested.

19. A method according to claim 12 wherein the first step is
effected using Mungbean nucleage.

z0. A method according to claim 18 or claim 19 wherein the

second step is effected using Exonuclease IIL.

21l. A method according to any one of claims 18 to 20 wherein

the third step is effected using Munghbean nuclease.

22. A method according to any one of the preceding claims
wherein the mmount of DHA of foetal arigin in the sample ig

detemined.

23. A msthod according ta any one of the preceding claims

wherein faetal DNA in the semple is amplified,

24, A method according to claim 23 wherein the amplification

is effected using the polymerase chain reaction (PCR).

25. A method according to claim 24 whersip PCR is used to
quantitate the ameunt of foetal TNA In the sample, or the

amplified sample {5 subjected to genetic analysis.
26. A wethod according to any one of the preceding ¢laims
wherein foetal DNA identified is subjected to pre-natal

diagnosis.
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27. A method according o claim 26 wherein the diagnosis

detects chromosome aberrations.

28. A method according to any one of the preceding claims

wherein befors step (¢}, DWA is separated according to size.

29. A method acceording to any one of claims 25 to 27 wherein
saparated DNA identifiad as being of foetal crigin iz amplified
with a labelled primer which is specific for a particular

chromescma or diagnostic region of DNA.

30. A nethed accerding to cleim 29 wherein said second primer

carries a fluorescent label.

31. B method according to <laim 25 or claim 26 wherein foetal
DNA is amplified using a fluorescently labelled primer, and the
amplified seguence is diagnostic for a chromogome or DHA

condition.

32. A method according to claim 31 wherein said primer
amplifies a seguence which is specific for chromoscme 18, 21,
13, X or Y.

33. A nethod according teo claim 25 which is used in the

diagnosis of conditicons of the mother.

34, B method acceording to claim 33 wherein the conditions are
pre-—eclanpslda, in predicting the risk of pre-term labour, snd

in the later development of autoimmune dissase.

35. B kit for identifying foetal DWA in a maternal blood or
vaginal sample, said kit comprising means for extracting DA
from a blood or vaginal sample, an exonucleclytic enzyme
capable of digeating DNA, and a labelled primer suitable for
detecting a specific DNA sequence found in & terminal region of
DN&.,
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36. A kit zecording to <laim 3% which further comprises &
resiriction enzyme which cuts DEA 30 as to produce a binding
site on the DWA for an adaptor suitable for protecting the cut

ends of DNR Fragments frem enzymatic digestion.

37. A kit according to claim 34 cr claim 35 which further
comprises an adaptor suitable for protecting the ends of DRA

fragments from enzymatic digestiom.

3g. A kit according to any one of claims 34 to 37 which
further compriges a biotinylated telomeric probe.

39. A kit according to claim 38 which further comprises

streptavidin costed paramagrnetic particles.

40, A kit agcording te any one of c¢laims 34 to 3% which
comprises a labelled primer which is diagnostic of s chromosome

cendition.
4i. A method for the identification of foetal DWA in a
maternal DMA-containing sample, substantially as hersinbafors

described.

42. A kit for the identification of fostal DNA in a maternal

DNA-containing sample substantially as hereinbefore described.

SUBSTITUTE SHEET {(RULE 26)

JP 2004-502466 A 2004.1.29



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(60) JP

WO 02040672 PCTILROTG002

4

Fluarescencs
intensily

M1 M2iF F-Pat
Length of chromesome 21 specific polymorphic DNA murker in base pairs

]

Fluerescence

mntensity

M LR M 2+F F-Pal
Tength of chremusome 21 specific polymorphic DNA marker in base peis

<)

Fluprescenee

intensity

M1 M2+T F-Pat
Tength of chromusome 21 specific potymorphic DNA marker in base pairs

Figure 1
1/5

SUBSTITUTE SHEET (RULE 26)

2004-502466

A 2004.1.29



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(61) JP

WO O2/04672 PCT/GBRI/N3092
]

Fluorescence
intensity

Mi M2 F-Pat

Longth of chromosome 21 specific pelymeorphic DNA marker i base pairs

Fignre 1 (con'd)

a)

RBAL 31 BAL 31
—» -+
s A A
Prox oS T TTAGGE Tl
M
Fluorescent marker
E—
I " ™, . ~, N
Prox @ TN TTAGEE T
F
b} . <
> R
Pron AN ANANEE IV B
AN AN YN ¥ el
M
Flucreseent marker
- N

AN AN R
Prox &N, TTAGeE Tl

Figure 2
25
SUBSTITUTE SHEET {RULE 26}

2004-502466 A 2004.1.29



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(62)

JP

WO 0204672 POTIGBOLN3092
" BAL 3]
<
<
tay AN AN I
ADAPTOR NN TIAGGE Te
Fluorcseent marker M
\ B
«
ABAFTOR TN T, TTAGSS . T
F
b)
<
<
ADAPTOR. P AYAVAVANE /YR &
Fluorescent murlker M
\ <
ADAPTOR & TN, TTAGES el
i

Figure 3

315
SUBSTITUTE SHEET {RULE 26}

2004-502466 A 2004.1.29



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

WO O2/04672

ADATTOR
ADAPTOR PO AV AW AN AN
AR AN

Hybridise with biotin-telomere
DA probe

N s
ADAFTOR FYYAYAVAVAN

ATAPTOR P AV AVAVAY

ADAPTOR

' A N
ADAPTOR R Y

{aquenus)

Figrare 4
3

(63)

PCT/GBRI/N3092

TTAGGG

TTAGGG
AATCCC-B

TTAGGY
AATCCC-B PMP

B X

TTAGGG
AATCCC-B PME
—
—M

TTAGGG
M
A
AATECCH )@ 5
E
T
(salid)

SUBSTITUTE SHEET (RULE 26)

JP 2004-502466 A 2004.1.29



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(64) JP 2004-502466 A 2004.1.29

PCTILROTG002

WO 04072
Scheme 1
Step 1 Prepare bleod samples on Percoll gradient
Flasma cells Free plasma DNA
/ Step 2 Mega-base DNA preparstion
Dircet trestment
Remove protein by phenol :
chiproform extraction,

Prepare agarose plaes, precipitate DNA. Proceed to

proteinase K ireat to digest steps 4-G.

proteins, inactivate

proteinase K with PMSE,

wash plugs.

Step 3 [f necessary, recover DNA
from. agaresc by P- Agarase digestion.
Step 4 Cut DNA with rare cutter such a5 Acs
[{670kb) or Not 1{310kk). Ligate
phosphorothicate clipodeoxynuclentide
adapters resistant to Bal3t digestion. This
step may not he necessary if foral DNA
recovered is mega-bases in length,
' l

Step 5 Bal31 digest
telomeres in cells

N\

Step 6 Amphfy markers by PCR and analyse
Test markers: X22 distance ~300kb
14q D1481419. distanee ~210kk
DS1451420,  distance ~95kb

Figure 5
345
SUBSTITUTE SHEET (RULE 26)

Y

Bal3! digest iclomere and maternal marker



L T e T e T e T e B T T e T e O e Y e O e O s O e, T e, R e T e, IO e, T e O e R e O e O e T e T e T e T e T e T e

(65)

oooooooboboOooooooooobDboooad

(I INTERNATIONA L APPLICATION PHBLISHEDR UNIDER THE PAT]

[ COOPERATION TREATY {PCT)

(193 Warld Intellectual Praperty Organizaton
iernatienal Hurean

110) [uternztional Publicatien N

QLTI

ber

{43} International Publicalion Date

17 January 2002 (17.01.2002) PCl WO 02/004672 A3
1S1) Internalienst Palent Classifiention™ CA20 1568 (i) Designated Sates sronomalls AL AGOATL AN, AT, ALL
AZ BA.BR.BG.RR.BY. BZ CA CILCM. CO.CR. O
{21) Taternatinnal Applicativn Nunther:  PUTAGRO105002 ©Z, DL, DK. DM, DZ. Tt . LS D, GD. QL. GIL

CINL IR I, L INC IS IR RH KL KR KR KA 1,
LK, LR, L&, LT, LU, LY, AA, MD, MG, MK, MR, RIY,
ML NL NG RE LT RO RED SI SE, 8GL 50, 5K
ALTL T TR T TZ. UA. UG U5, UZ. VN YT Za,
W

@) Tnwenatisnal Filling Date: 910y 2001 «Q207.20071
{25) Filing Langusge: Heplish

{26) Pullication Langnage: £rplish
@) Desinnated Stales sroonadti ARTRO paiery (GHL GM.

KIS, ¥R M7, SD. 8L 87 TZ. TG ZW, Tumasiun
Rt 1 Nl A BY. KRG, K2 ML RUC T TM Lorapean
bz VRILCH. CY DI DR [ IR, GRGR, DG
1,110 MO N BT ST TR, OAPL el (RE RY €10
COCT OM.GA OGN, G M, MR, N SH TR TG,

{30 Priorily Dats:
00167124 10 Tuly 2000 410.07.20001  GB

{1y Applamal o il desrrsicd S ox
/GT,

inwham T 1 971 {0,

g 807 SIMFG
Moseley. Birr

Published;

1) Luventor: and Wt furcmatonol search repart

(T8 DavencorsApplicant ifor 45 oudy st HULTEN. Maj, Anita
[ARAGR]. 22 MuySeld Rual Moselzs. Bi am B73 (38 Date of publication of the internatioan search repors:
GIIT {GE, O Sepuender 2007

Azents: GREAYVES, Caral, Pamting et al: Gemaves Biew-
ster A Woodhoraugh Rozd. Winseomhe, Nor Srer
B3Z5 LALY (UGB arfeny of Cut resmiten

e B ens, rofer it the "Uned-
oviations” appaaring o e hagin
e of fhe PCE Gluzeae

{54 Titles DIAGNOSTIC METIOD FORTILE WPENTILCATION Q7 FOLTAL DNA BN A MATERNAL SAMPLL

{57) Abstra

: ing sample sach as 2 hlood or v
senple. vaid n

1INA W ezamachasy
5 DNA ~equence remaining in
e L vetal BINA can be subjzel o digmuesis
143 feetal risomy 21,

02/004672 A3

thgestin:g

SNZETTE 4 L) TEmovE
DA but abacot Form malemil DBNA s cesull ol said
tor example fo deteet chromaesomal /131 A abnotma

JP 2004-502466 A 2004.1.29



L T e T e T e T e B T T e T e O e Y e O e O s O e, T e, R e T e, IO e, T e O e R e O e O e T e T e T e T e T e T e

oooooooao

INTERNATIONAL SEARCH REFPORT

(66)

Ianal Aprlication Na

.. GB 01/02092

A
IFC 7

CLASSIFILA

THON OF GUBJECGT MATTER
201/68

Aoty e ileinalidial Patert Classifualion IPG) of 1o both naticn sl clessltivation and 1PC

B. HELDS SEARCHED

IFC 7

Minkiehen dozurientalion SSEREhed (EACANEATAN syslon’ TOIAAT by lassifiating: symosia)

othar <han tothe exan: 1hat 3121 deruTenls A8 inzhudad I Ihe fads sea hed

d10 during tne eArCh (3 of thTa ana ARG, Ve FradAl Same Iems nesl)

EPO-Internal, WPl Data, PAJ, BIOSIS, MEDLINE, CHEM A5 Data, SCISEARCH. EMBASE

. DOGUMENTS GONSIDERED TO BE RELEVANT

Crtagory ®

Ciarfan A L wih indwalior pproprale, < Lo ratevanl passdges

Hubvan! ko dim Ma,

EP 0 430 402 A (UNIV CALIFORNIA)
5 June 1991 (1991-U6-C5)

page 21, Yine 41 - line 50; claims
10-18,41,73,85

WO 98 39474 A (LO YUK MING
DENNIS;WATNSCOAT JAMES STESHEN ; ISIS
INNOYATION {GB))

11 Septewber 1998 (1928-09-11)

clains 1-8,18

Ko 94 02646 A {RES DEY FOUNDATION ;ASGARI
MORTEZA (US); PRASHAD NAGINDRA (US); CU)
3 February 1994 {1294-07-03)

claims 1-5,12

‘f'_k

35,36,
38,40,42

1-34,41

1-34,41

Furtho: documants sn: lsted in e cunhaution o b £,

E Paban! fainily niamibsrs are Sslad i annes.

A" document Blnng e ge-ara e of IFa 2t uhich I wot
nsidered ta L of panioular wlevanee
E mular dicument bul pulidisd on or alksr ho intamal snol
oy dat

B o Sy et reasn a3 speqTied)
O gosuwer] [eewlig Lo an oral Glkdlosye, Use, cxhipznor
Slhcr mieans

“P' dooimani pubiishes priorto tha intermational ¢ ling cak bu:
Dt fAan he prisdly dete cised

= Bpetlzl Carogonos of ehad dneumanle

¥ tatsr documert publ whed aitir the im+1a onal fing caw:

“woren

itk 12 fo v
a0 [ MR 5 o 0 5 T8 G 01 U
e, sl cambinalor Reip etvite 2 petson sdied
b1 thet arl,

of pno‘iy il ard ol Ir sonfict wilh 1o appication
cited ko Uncerstan ihe pr.solgle or theory uncerlying the

I 4ACLTERLOF PAMIEI I BRVANCA. 158 AAAIMAT InvsnIIn

THWL| DE I FO/EL D2 CIANUL LB Congioared !
17 oM e Ay s 1 prony 3Tt o TR AL MUARETE SHp o1 Ui OMINENL 3 Lakan dors
Klich I3 cRed o evadlsl Hhe pubicad mlher ¥ doctrenl of evlicuka rbsra s G cinad I

nive slop wier the

*& deoucecnl sebor of the samra patasl lumily

Uiale o the aehval comgietion o 1 inlenraion st search

5 June 2002

Tode of WG oF L inleTaborsa’ wwanci e

13/05/2002

MName and m::\lnq acddress of The 134

aan P'.de {m:e. B, 50:6 Patantiuan 2

Autherized ollger

il ERY Rl
1o By SR, T 31 6 epe, sabriels, J
.

Fag: 10376 2006

e 145 SSARTD [sarmnd show) fuy 13920

page 1 of 2

JP 2004-502466 A 2004.1.29



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

INTERNATIONAL SEARCH REPORT

(67)

lanal Appiication Ho

vo0. BB 01403092

CAGmyinuation) DOGUMENTS CONSWDERED TO $E AELEVANT

and telomerase activity wary with age in
peripharal biood ceils odta“ned from
narmal individuals. "

HUMAN BENETICS,

vol. 1C2, no. 4, April 1993 {1993-04),
pages 397-402, XPO02200863

I5SH: 0340-6717

page 339 —page 401; toble 1

Tatogony - | CAIAI N 07 O0-MBE VAl ITREALON Whers ApSICETar e, of W 1238Ua! Passagas Relevan’ 1o Al .
A YOUNGREN KJELL ET AL: “Synchrony in 1-34,41
telomere length of the human fetus.”
HUMAN GENETICS,
val. 102, no. &, June 1998 {1998~06},
pages 640-643, XPOC2200856Z
ISSN: 0340-6717
the whole document
A IWAMA HIROSHL ET AL: "Telomeric langth 1-34,41

o S TASATI [Gurt b o el o] Rty 1992}

page 2 af 2

JP 2004-502466 A 2004.1.29



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

INTERNATIONAL SEARCH REFORT

afarmaticn on patent family members

(68)

tenal AppHeation No
r.1 /6B 01/62092

Fatent coo.men Publication Patant famity ‘ uidlleadion

cltedIn searchecport <ate riembeizh date

EP 0430402 A 05-06-1991 AT 176281 T 15-02-199%
AU 647741 B2 51-03-1991
AU 5898790 A 06-06-1991
cA 2021489 Al 20-01-19%1
0E 63032920 D1 21-03-1999
1E 69032920 12 09-09-~ 1549
EP 0430402 AZ 05-06-15%1
EP (885971 A2 23-12-1%98
IE 902727 Al 05-06-19%1
IL S4906 A 31-10-1985
Jr 3224499 A 03-10-1%91
hZ 234529 A 23-12-1993
K 245427 A 26-07-19%4
PT 94751 A 20-03-1981
Us 5756696 A 26-05~1998
us 5721098 A 24-02-1598
Lis 6344315 Bl 05-02-2002
us 6132961 A 17-10-2040
us 6280929 Bl 28-08-2001
LS 6159685 A 12-12-2000
Zn QUORS6L A 24-04-1991

WO 3839474 A 11-09-1998 Al 727919 B2 04-01-2001
Al 607498 A 22-09-1998
EP 0994963 Al 26-04-2000
W3 9839474 AL 11-09-1933
dP 2001513648 T 04-09-2001
53 6252540 Bl 10-07-2001
Ue 2001051341 Al 13-12-2001

w0 9402646 A 03-02-1994 AU 46BEBO3 A 14-02-1991
BR 9306867 A 08-12-1998
Ca 2140278 Al 03-02-1994
EP 7662152 Al 12-47-1935
oL 7609136 T 12-10-1995
WO 02646 Al 03-02-1994
us BEZ9147 A 13-05-1997
us 5766843 A 16-06-1998
us 5861253 A 19-01-1999
us 5853648 A 12-01-1939

o PET ATz et et ol Svie) fally 10533

JP 2004-502466 A 2004.1.29



(69) JP 2004-502466 A 2004.1.29

ooooogooooo

1) Int.CL.’ oo 0oooo0o0o0o0o0o
0OooO  33/566 0ooOo 33/553 0000 ooooo
oooo 0000 33/566 0000 ooooo

@énHoooooono  AP(GH,GM,KE,LS,Mw,mz,SD,SL,SZ,TZ,UG,ZW) ,EA(AM, AZ,BY,KG,KZ ,MD,RU, TJ, TM) ,EP(AT, BE,
CH,CY,DE,DK,ES,FI,FR,GB,GR, IE, IT,LU,MC,NL,PT,SE, TR) ,0A(BF,BJ,CF,CG,CI ,CM,GA,GN,GW,ML ,MR,NE, SN, TD, TG)
,AE,AG,AL,AM,AT,AU,AZ ,BA,BB,BG,BR,BY,BZ,CA,CH,CN, CO,CR,CU,CZ,DE,DK,DM,DZ,EC, EE,ES,FI,GB,GD,GE,,GH, GM,
HR,HU, ID, IL, IN, IS,JP,KE,KG,KP,KR,KZ,LC, LK, LR,LS,LT,LU,LV,MA,MD, MG, MK, MN, MW, MX ,MZ ,NO,NZ, PL ,PT,RO,RU, S
D,SE,SG,SI,SK,SL, T3, T™M, TR, TT,TZ,UA,UG,US,UZ, VN, YU, ZA,ZW

(72000 OOopoOooooooood
ooooooooooooboooooboooooooooooooooboobooooobobooooOoo

O
0000 @ DO) 26045 AA25 AA27 BA11 BB51 CA25 CA26 CBO1 CB15 DA12 DA13
ooog oo DA77 FBO1 FBO2 FBO3 FBO7 FB12 GC15

0000 OO0 4B024 AALL CAO4 CAO9 HAO9 HAL2
0000 OO 4B063 QAL9 QA20 QQO3 QQ43 QRO8 QR14 QR42 QRS6 QS25 QS34
0oooo OO0 QX02



THMBW(EF)

[FR]ER B (T R A (IR)
RIB(ERR)AGE)
R & B A

REBAA

IPCHERS

CPCH %S

FID%5

F-TERMZ S

patsnap

1 D

JP2004502466A ASIHUN=! 2004-01-29
JP2002509525 FiE B 2001-07-09
SIMEG

Shimegu Rimitido

JILVTURATZ—&

INTRATZ—2R

GO01N33/50 C12N15/09 C12Q1/68 C12Q1/6881 GO1N33/53 GO1N33/553 GO1N33/566
C12Q1/6881 C12Q2600/156

C12N15/00.A C12Q1/68.A GO1N33/50.J GO1N33/53.M GO1N33/53.U GO1N33/553 GO1N33/566

2G045/AA25 2G045/AA27 2G045/BA11 2G045/BB51 2G045/CA25 2G045/CA26 2G045/CB01 2G045
/CB15 2G045/DA12 2G045/DA13 2G045/DA77 2G045/FB01 2G045/FB02 2G045/FB03 2G045/FBO7
2G045/FB12 2G045/GC15 4B024/AA11 4B024/CA04 4B024/CA09 4B024/HA09 4B024/HA12 4B063
/QA19 4B063/QA20 4B063/QQ03 4B063/QQ43 4B063/QR08 4B063/QR14 4B063/QR42 4B063/QR56
4B063/QS25 4B063/QS34 4B063/QX02

REA(F) AH %
7L B
R 2000016742 2000-07-10 GB
ShEREERE Espacenet
BEGF) e &
— R R D2 FAEDNA ( Bl E R FAERR ) BRSRRR JLDNAK T i E §
%, BfE (a) MATBR GRS BDNAR (b ) HERFTEDNAK i X5 B =’ )
BB DNA T B A I B (L SUEREB XA, R (o) fERMIL - & )
UERMER , WNREENR)LDNAFETHFE T SHDNARHDNAFS 3 lé ; g <
Wi, —RHASENNSR, —BEE , MAKILDNAH TSN , Bl i <" < .
MM S DNARE | 4551 RIFREH | HlmpsIL=dtE21. ; - e .
/ t /I

B3]
—
i

)
b)


https://share-analytics.zhihuiya.com/view/38568d02-af12-4059-bcc7-8f4a9bb2c4f6
https://worldwide.espacenet.com/patent/search/family/009895241/publication/JP2004502466A?q=JP2004502466A

