
4C FIELD OF INVENTION The present invention relates to
the analysis of the frequency of interaction of two or
more nucleotide sequences in the nuclear space.
BACKGROUND TO THE INVENTION Studies on mammalian
nuclear architecture aim to understand how 2 meters of
DNA is folded into a nucleus of 10 mm across, while
allowing accurate expression of the genes that specify
the cell-type, and how this is faithfully propagated
during each cell cycle. Progress in this field has
largely come from microscopy studies, which revealed
that genomes are non-randomly arranged in the nuclear
space. For example, densely packed heterochromatin is
separated from more open euchromatin and chromosomes
occupy distinct territories in the nuclear space. An
intricate relationship exists between nuclear
positioning and transcriptional activity. Although
transcription occurs throughout the nuclear interior,
active genes that cluster on chromosomes
preferentially locate at the edge or outside of their
chromosome territory. Individual genes may migrate
upon changes in their transcription status, as
measured against relatively large nuclear landmarks
such as chromosome territories, centromeres or the
nuclear periphery. Moreover, actively transcribed
genes tens of megabases apart on the chromosome can
come together in the nucleus, as demonstrated recently
by fluorescence in situ hybridization (FISH) for the
b-globin locus and a few, selected, other genes.
Besides transcription, genomic organisation is
associated with the coordination of replication,
recombination and the probability of loci to
translocate (which can lead to malignancies) and the
setting and resetting of epigenetic programs. Based on
these observations it is thought that the
architectural organisation of DNA in the cell nucleus
is a key contributor to genomic function. Different
assays have been developed to allow an insight into
the spatial organisation of genomic loci in vivo. One
assay, called RNA-TRAP has been developed (Carter
etal. (2002) Nat. Genet. 32, 623) which involves
targeting of horseradish peroxidase (HRP) to nascent
RNA transcripts, followed by quantitation of
HRP-catalysed biotin deposition on chromatin nearby.
Another assay that has been developed is called
chromosome conformation capture (3C) technology, which
provides a tool to study the structural organisation
of a genomic region. 3C technology involves
quantitative PCR-analysis of cross-linking frequencies
between two given DNA restriction fragments, which
gives a measure of their proximity in the nuclear
space (see Figure 1). Originally developed to analyse
the conformation of chromosomes in yeast (Dekker et
al., 2002), this technology has been adapted to
investigate the relationship between gene expression
and chromatin folding at intricate mammalian gene
clusters (see, for example, Tolhuis et al., 2002;
Palstra et al., 2003; and Drissen et al., 2004).
Briefly, 3C technology involves in vivo formaldehyde
cross-linking of cells and nuclear digestion of
chromatin with a restriction enzyme, followed by
ligation of DNA fragments that were cross-linked into
one complex. Ligation products are then quantified by
PCR. The PCR amplification step requires the knowledge
of the sequence information for each of the DNA 



fragments that are to be amplified. Thus, 3C
technology provides a measure of interaction
frequencies between selected DNA fragments. There is
an important need for high-throughput technology that
can systematically screen the whole genome in an
unbiased manner for DNA loci that contact each other
in the nuclear space. The present invention seeks to
provide improvements in 3C technology. SUMMARY OF THE
INVENTION 3C technology as currently applied only
allows analysis of a limited number of selected
DNA-DNA interactions owing to the limitations of the
PCR amplification step, which requires knowledge of
specific sequence information for each fragment to be
analysed. Moreover, selecting restriction fragments as
candidates for long-rangeDNA interactions requires a
substantial amount of prior knowledge (e.g. the
location of hypersensitive sites) of the locus of
interest, which is usually not available. Given the
functional relevance of many long-range DNA-DNA
interactions described so far, the ability to randomly
screen for DNA elements that loop to a sequence of
interest - such as a gene promoter, enhancer,
insulator, silencer, origin of replication or MAR/SAR
- or a genomic region of interest - such as a
gene-dense or gene-poor region or repetitive element -
can greatly facilitate the mapping of sequences
involved in a regulatory network. The present
invention relates to 4C technology [ie. capture and
characterise colocalised chromatin), which provides
for the high-throughput analysis of the frequency of
interaction of two or more nucleotide sequences in the
nuclear space. 4C (capture and characterize
co-localized chromatin) technology is a modified
version of 3C technology that allows an unbiased
genome-wide search for DNA fragments that interact
with a locus of choice. Briefly, 3C analysis is
performed as usual, but omitting the PCR step. The 3C
template contains a bait (e.g. a restriction fragment
of choice that encompasses a gene of interest) ligated
to many different nucleotide sequences of interest
(representing this gene's genomic environment). The
template is cleaved by another, secondary, restriction
enzyme, and ligated. Advantageously, the one or more
nucleotide sequences of interest that are ligated to
the target nucleotide sequence are amplified using at
least one (preferably, at least two) oligonucleotide
primer, wherein the at least one primer hybridises to
a DNA sequence that flanks the nucleotide sequences of
interest. Typically, this yields a pattern of PCR
fragments that is highly reproducible between
independent amplification reactions and specific for a
given tissue. In one embodiment, HindlTL and Dp il are
used as primary and secondary restriction enzyme.
Next, the amplified fragments may be labeled and
optionally hybridised to an array, typically against a
control sample containing genomic DNA digested with
the same combination of restriction enzymes.In one
preferred embodiment of the present invention, the
ligated fragments that are cleaved by a secondary
restriction enzyme are subsequently religated to form
small DNA circles. 3C technology has therefore been
modified such that all nucleotide sequences of
interest that interact with a target nucleotide
sequence are amplified. Practically this means that
instead of performing an amplification reaction with
primers that are 



specific for the fragments that one wishes to analyse,
an amplification is performed using oligonucleotide
primer(s) which hybridise to a DNA sequence that
flanks the nucleotide sequences of interest.
Advantageously, 4C is not biased towards the design of
PCR primers that are included in the PCR amplification
step and can therefore be used to search the complete
genome for interacting DNA elements. SUMMARY ASPECTS
OF THE PRESENT INVENTION Aspects of the present
invention are presented in the accompanying claims. In
a first aspect, there is provided a method for
analysing the frequency of interaction of a target
nucleotide sequence with one or more nucleotide
sequences of interest (eg. one or more genomic loci)
comprising the steps of: (a) providing a sample of
crosslinked DNA; (b) digesting the cross-linked DNA
with a primary restriction enzyme; (c) ligating the
cross-linked nucleotide sequences; (d) reversing the
cross linking; (e) digesting the nucleotide sequences
with a secondary restriction enzyme; (f) ligating one
or more DNA sequences of known nucleotide composition
to the available secondary restriction enzyme
digestion site(s) that flank the one or more
nucleotide sequences of interest; (g) amplifying the
one or more nucleotide sequences of interest using at
least two oligonucleotide primers, wherein each primer
hybridises to the DNA sequences that flank the
nucleotide sequences of interest; (h) hybridising the
amplified sequence(s) to an array; and (i) determining
the frequency of interaction between the DNA
sequences.In a second aspect, there is provided a
method for analysing the frequency of interaction of a
target nucleotide sequence with one or more nucleotide
sequences (eg. one or more genomic loci) comprising
the steps of: (a) providing a sample of crosslinked
DNA; (b) digesting the cross-linked DNA with a primary
restriction enzyme; (c) ligating the cross-linked
nucleotide sequences; (d) reversing the cross linking;
(e) digesting the nucleotide sequences with a
secondary restriction enzyme; (f) circularising the
nucleotide sequences; (g) amplifying the one or more
nucleotide sequences that are ligated to the target
nucleotide sequence; (h) optionally hybridising the
amplified sequences to an array; and (i) determining
the frequency of interaction between the DNA
sequences. In a third aspect there is provided a
circularised nucleotide sequence comprising a first
and a second nucleotide sequence, wherein each end of
the first and a second nucleotide sequences are
separated by different restriction enzyme recognition
sites, and wherein said first nucleotide sequence is a
target nucleotide sequence and said second nucleotide
sequence is obtainable by cross-linking genomic DNA.
In a fourth aspect there is provided a method for
preparing a circularised nucleotide sequence
comprising the steps of: (a) providing a sample of
cross-linked DNA; (b) digesting the cross-linked DNA
with a primary restriction enzyme; (c) ligating the
cross-linked nucleotide sequences; (d) reversing the
cross linking; (e) digesting the nucleotide sequences
with a secondary restriction enzyme; and (f)
circularising the nucleotide sequences. In a fifth
aspect there is provided a method for analysing the
frequency of interaction of a target nucleotide
sequence with one or more nucleotide sequences (eg.
one or 



more genomic loci) comprising the use of the
circularised nucleotide sequence. In a sixth aspect
there is provided an array of probes immobilised on a
support comprising one or more probes that hybridise
or are capable of hybridising to the circularised
nucleotide sequence.In a seventh aspect there is
provided a set of probes complementary in sequence to
the nucleic acid sequence adjacent to each one of the
primary restriction enzyme recognition sites of a
primary restriction enzyme in genomic DNA. In an
eighth aspect there is provided a process for
preparing a set of probes comprising the steps of: (a)
identifying each one of the primary restriction enzyme
recognition sites for a primary restriction enzyme in
genomic DNA; (b) designing probes that are capable of
hybridising to the sequence adjacent each one of the
primary restriction enzyme recognition sites in the
genomic DNA; (c) synthesising the probes; and (d)
combining the probes together to form a set of probes
or substantially a set of probes. In a ninth aspect
there is provided a set of probes or substantially a
set of probes obtained or obtainable by the process
described herein. In a tenth aspect there is provided
an array comprising the array of probes or
substantially the set of probes described herein In an
eleventh aspect there is provided an array comprising
the set of probes according described herein. In a
twelfth aspect there is provided a process for
preparing an array comprising the step of immobilising
on a solid support substantially the array of probes
or substantially the set of probes described herein.
In an thirteenth aspect there is provided a process
for preparing an array comprising the step of
immobilising on a solid support the array of probes or
the set of probes described herein. In an fourteenth
aspect there is provided an array obtained or
obtainable by the method described herein.In a
fifteenth aspect there is provided a method for
identifying one or more DNA-DNA interactions that are
indicative of a particular disease state comprising
the step of performing steps (a)-(i) of the first and
second aspects of the present invention, wherein in
step (a) a sample of cross-linked DNA is provided from
a diseased and a non-diseased cell, and wherein a
difference between the frequency of interaction
between the DNA sequences from the diseased and
non-diseased cells indicates that the DNA-DNA
interaction is indicative of a particular disease
state. In an sixteenth aspect there is provided a
method of diagnosis or prognosis of a disease or
syndrome caused by or associated with a change in a
DNA-DNA interaction comprising the step of performing
steps (a)-(i) of the first and second aspects of the
present invention, wherein step (a) comprises
providing a sample of cross-linked DNA from a subject;
and wherein step (i) comprises comparing the frequency
of interaction between the DNA sequences with that of
an unaffected control; wherein a difference between
the value obtained from the control and the value
obtained from the subject is indicative that the
subject is suffering from the disease or syndrome or
is indicative that the subject will suffer from the
disease or syndrome. In a seventeenth aspect there is
provided a method of diagnosis or prognosis of a 



disease or syndrome caused by or associated with a
change in a DNA-DNA interaction comprising the step
of: performing steps (a)-(i) of the first and second
aspects of the present invention, wherein step (a)
comprises providing a sample of cross-linked DNA from
a subject; and wherein said method comprises the
additional step of: (j) identifying one or more loci
that have undergone a genomic rearrangement that is
associated with a disease. In an eighteenth aspect
there is provided an assay method for identifying one
or more agents that modulate a DNA-DNA interaction
comprising the steps of: (a) contacting a sample with
one or more agents; and (b) performing steps (a) to
(i) of the first and second aspects of the present
invention, wherein step (a) comprises providing
crosslinked DNA from the sample;wherein a difference
between (i) the frequency of interaction between the
DNA sequences in the presence of the agent and (ii)
the frequency of interaction between the DNA sequences
in the absence of the agent is indicative of an agent
that modulates the DNA-DNA interaction. In a
nineteenth aspect there is provided a method for
detecting the location of a balanced and/or unbalanced
breakpoint (eg. a translocation) comprising the step
of: (a) performing steps (a) to (i) of the first and
second aspects of the present invention; and (b)
comparing the frequency of interaction between the DNA
sequences with that of a control; wherein a transition
from low to high DNA-DNA interaction frequency in the
sample as compared to the control is indicative of the
location of a breakpoint. In a twentieth aspect there
is provided a method for detecting the location of a
balanced and/or unbalanced inversion comprising the
steps of: (a) performing steps (a) to (i) of the first
and second aspects of the present invention; and (b)
comparing the frequency of interaction between the DNA
sequences with that of a control; wherein an inversed
pattern of DNA-DNA interaction frequencies for the
sample as compared to the control is indicative of an
inversion. In a twenty-first aspect there is provided
a method for detecting the location of a deletion
comprising the steps of: (a) performing steps (a) to
(i) of the first and second aspects of the present
invention; (b) comparing the frequency of interaction
between the DNA sequences with that of a control;
wherein a reduction in the DNA-DNA interaction
frequency for the sample as compared to the control is
indicative of deletion. In a twenty-second aspect
there is provided a method for detecting the location
of a duplication comprising the steps of: (a)
performing steps (a) to (i) of the first and second
aspects of the present invention; and (b) comparing
the frequency of interaction between the DNA sequences
with that of a control; wherein an increase or a
decrease in DNA-DNA interaction frequency for the
subject sample as compared to the control is
indicative of a duplication or insertion.In a
twenty-third aspect there is provided an agent
obtained or obtainable by the assay method described
herein. In a twenty-fourth aspect there is provided
the use of the circularised nucleotide sequence for
identifying one or more DNA-DNA interactions in a
sample. In a twenty-fifth aspect there is provided the
use of the circularised nucleotide 



sequence for the diagnosis or prognosis of a disease
or syndrome caused by or associated with a change in a
DNA-DNA interaction. In a twenty-sixth aspect there is
provided the use of the array of probes or the set of
probes described herein for identifying one or more
DNA-DNA interactions in a sample. In a twenty-seventh
aspect there is provided the use of the array of
probes or the set of probes described herein for the
diagnosis or prognosis of a disease or syndrome caused
by or associated with a change in a DNA-DNA
interaction. In a twenty-eighth aspect there is
provided the use of the array described herein for
identifying one or more DNA-DNA interactions in a
sample. In a twenty-ninth aspect there is provided the
use of the array described herein for the diagnosis or
prognosis of a disease or syndrome caused by or
associated with a change in a DNA-DNA interaction. In
a thirtieth aspect there is provided a method, an
array of probes, a set of probes, a process, an array,
an assay method, an agent, or a use substantially as
described herein and with reference to any of the
Examples or Figures.PREFERRED EMBODIMENTS Preferably,
the ligation reaction in step (f) results in the
formation of DNA circles. Preferably, the target
nucleotide sequence is selected from the group
consisting of a genomic rearrangement, promoter, an
enhancer, a silencer, an insulator, a matrix
attachment region, a locus control region, a
transcription unit, an origin of replication, a
recombination hotspot, a translocation breakpoint, a
centromere, a telomere, a genedense region, a
gene-poor region, a repetitive element and a (viral)
integration site. Preferably, the target nucleotide
sequence is a nucleotide sequence that is associated
with or causes a disease, or is located up to or
greater than 15Mb on a linear DNA template from a
locus that is associated with or causes a disease.
Preferably, the target nucleotide sequence is selected
from the group consisting of: AMLl, MLL, MYC, BCL,
BCR, ABLl, IGH, LYLl, TALI, TAL2, LM02, TCRa/ d, TCRb
and HOX or other loci associated with disease as
described in "Catalogue of Unbalanced Chromosome
Aberrations in Man" 2nd edition. Albert Schinzel.
Berlin: Walter de Gxuyter, 2001. ISBN. 3-1 1-01
1607-3. Preferably, the primary restriction enzyme is
a restriction enzyme that recognises a 6-8 bp
recognition site. Preferably, the primary restriction
enzyme is selected from the group consiting of BgIH,
Hindm, Ec , BaniHL, Spel, Pstl and NJeI. Preferably,
the secondary restriction enzyme is a restriction
enzyme that recognises a 4 or 5 bp nucleotide sequence
recognition site. Preferably, the secondary
restriction enzyme recognition site is located at
greater than about 350bp from the primary restriction
site in the target nucleotide sequence.Preferably, the
nucleotide sequence is labelled. Preferably, the
probes are complementary in sequence to the nucleic
acid sequence adjacent each side of each one of the
primary restriction enzyme recognition sites of a
primary restriction enzyme in genomic DNA. Preferably,
the probes are complementary in sequence to the
nucleic acid sequence that 



is less than 300 base pairs from each one of the
primary restriction enzyme recognition sites of a
primary restriction enzyme in genomic DNA. Preferably,
the probes are complementary to the sequence that is
less then 300 bp from each one of the primary
restriction enzyme recognition sites of a primary
restriction enzyme in genomic DNA. Preferably, the
probes are complementary to the sequence that is
between 200 and 300 bp from each one of the primary
restriction enzyme recognition sites of a primary
restriction enzyme in genomic DNA. Preferably, the
probes are complementary to the sequence that is
between 100 and 200 bp or 0 to 100 bp from each one of
the primary restriction enzyme recognition sites of a
primary restriction enzyme in genomic DNA. Preferably,
two or more probes are capable of hybridising to the
sequence adjacent each primary restriction enzyme
recognition site of a primary restriction enzyme in
the genomic DNA. Preferably, the probes overlap or
partially overlap. Preferably, the overlap is less
than 10 nucleotides. Preferably, the probe sequence
corresponds to all or part of the sequence between
each one of the primary restriction enzyme recognition
sites of a primary restriction enzymeand each one of
the first neighbouring secondary restriction enzyme
recognition sites of a secondary restriction enzyme.
Preferably, each probe is at a least a 25 mer.
Preferably, each probes is a 25-60 mer. Preferably,
the probes are PCR amplification products. Preferably,
the array comprises about 300,000-400,000 probes.
Preferably, the array comprises about 385,000 or more
probes, preferably, about 750,000 probes, more
preferably, 6 x 750,000 probes. Preferably, the array
comprises or consists of a representation of the
complete genome of a given species at lower
resolution. Preferably, one out of every 2, 3, 4, 5,
6, 7, 8, 9 or 10 probes as ordered on a linear
chromosome template is contained in the array.
Preferably, a transition from low to high interaction
frequencies is indicative of the location of a
balanced and/or unbalanced breakpoint. Preferably, an
inversed pattern of DNA-DNA interaction frequencies
for the subject sample as compared to the control is
indicative of an balanced and/or unbalanced inversion.
Preferably, a reduction in the DNA-DNA interaction
frequency for the subject sample as compared to the
control, in combination with an increase in DNA-DNA
interaction frequency for more distant regions, is
indicative of a balanced and/or unbalanced
deletion.Preferably, an increase or a decrease in
DNA-DNA interaction frequency for the subject sample
as compared to the control is indicative of a balanced
and/or unbalanced duplication or insertion.
Preferably, spectral karyotyping and/or FISH is used
prior to performing said method. Preferably, the
disease is a genetic disease. 



Preferably, the disease is cancer. Preferably, the two
or more amplified sequences are differentially
labelled. Preferably, the two or more amplified
sequences are identically labelled when the sequences
reside on different chromosomes. Preferably, the two
or more amplified sequences are identically labelled
when the sequences reside on the same chromosome at a
distance that is far enough for minimal overlap
between DNA-DNA interaction signals. Preferably,
wherein the diagnosis or prognosis is prenatal
diagnosis or prognosis. ADVANTAGES The present
invention has a number of advantages. These advantages
will be apparent in the following description. By way
of example, the present invention is advantageous
since it provides inter alia commercially useful
nucleotides sequences, processes, probes and arrays.
By way of further example, the present invention is
advantageous since it provides for the high throughput
analysis of the frequency of interaction of two or
more nucleotide sequences in the nuclear space.By way
of further example, the present invention is
advantageous since using conventional 3C technology,
each single DNA-DNA interaction must be analysed by a
unique PCR reaction containing a unique pair of
primers. High-throughput analysis is therefore only
possible if PCR is automated, but the costs of so many
primers will be too high. Accordingly, high-throughput
(genome-wide) analysis of DNA-DNA interactions is not
viable with conventional 3C technology. In contrast,
the present invention now allows the simultaneous
screening of thousands of DNA-DNA interactions.
High-throughput analysis of DNA-DNA interactions
according to the present invention will greatly
increase the scale and resolution of analysis. By way
of further example, the present invention is
advantageous since using conventional 3C technology,
the screen is biased towards those DNA sequences for
which oligonucleotide primers were designed, ordered
and included in the analysis. The choice of such
oligonucleotide primers is typically based on
knowledge concerning the position of, for example,
(distant) enhancers and/or other regulatory
elements/hypersensitive sites that it is believed will
cross-link with the nucleotide sequence that is being
investigated. Thus, conventional 3C is biased towards
the design of PCR primers that are included in the PCR
amplification step, whereas 4C is unbiased and can be
used to search the complete genome for interacting DNA
elements. This is because amplification of
cross-linked sequences in 4C is not based on the
predicted knowledge of sequences that cross-link with
the nucleotide sequence being investigated. Rather, in
one embodiment of 4C, sequences that cross link to the
first (target) nucleotide sequence can be amplified
using PCR primers that hybridise to that nucleotide
sequence. Thus, the present invention allows an
unbiased genomewide screen for DNA-DNA interactions.
By way of further example, the present invention is
advantageous because using conventional 3C technology
only allows the selective amplification of a single
DNADNA interaction. This is not informative when
hybridised to an array. The 



technology has been improved such that all fragments
that interact with a first (target) nucleotide
sequence are now amplified eg. selectively
amplified.By way of further example, the present
invention is advantageous because 4C technology can be
used to detect balanced or unbalanced genetic
aberrations - such as all types of translocations,
deletions, inversions, duplications and other genomic
rearrangements - in nucleic acid, for example,
chromosomes. 4C technology (which measures proximity
of DNA fragments) can even determine a subject's
predisposition to acquire certain translocations,
deletions, inversions, duplications and other genomic
rearrangements (eg. balanced or unbalanced
translocations, deletions, inversions, duplications
and other genomic rearrangements). An advantage over
current strategies is that it is not required to know
the exact position of the change because the
resolution of 4C technology is such that it can be
used to detect rearrangements even when the '4C-bait'
(as defined by the primary and secondary restriction
enzyme recognition sites that are analysed) is located
away (eg. up to one megabase or even more) from the
change. Another advantage is that 4C technology allows
the accurate mapping of changes since it can be used
to define the two (primary) restriction sites between
which changes occurred. Another advantage is that
cells need not to be cultured before fixation. Thus,
for example solid rumours can also be analysed for
genomic rearrangements. By way of further example, the
present invention is advantageous because the 4C
technology can also detect changes (eg.
rearrangements) in a pre-malignant state, i.e. before
all the cells contain these changes. Thus, the
technology can be used not only in the diagnosis of
disease but also in the prognosis of disease. By way
of further example, the array design according to the
present invention is particularly advantageous as
compared to existing genomic tiling arrays - such as
Nimblegen genomic tiling arrays - since the design
allows representation of a much larger part of the
genome per single array. By way of example, for a
restriction enzyme recognising a hexa-nucleotide
sequence about 3 arrays with about 385,000 probes each
will be sufficient to cover, for example, the complete
human or mouse genome. For a restriction enzyme
recognising more than 6bp, a single array of about
385,000 probes can be used to cover, for example, the
complete human or mousegenome. The advantages of the
array design are that: (1) each probe is informative
since each analyses an independent ligation event,
greatly facilitating the interpretation of the
results; and (2) a large representation of the genome
can be spotted on a single array which is
cost-effective. 4C technology can advantageously be
used for the fine-mapping of poorly characterised
rearrangements originally detected by cytogenetic
approaches (light microscopy, FISH, SKY, etc). 4C
technology can advantageously be used for the
simultaneous screening on a single array for
combinations of rearrangements that have occurred near
multiple loci. BRIEF DESCRIPTION OF THE FIGURES Figure
1 The principle of 3C technology Figure 2 



(a) The principle of one embodiment of 4C technology.
3C analysis is performed as usual, with e.g. HindIK
(H) as restriction enzyme. After reversal of
cross-links, DNA mix will contain a first (target)
nucleotide sequence ligated to many different
fragments. These fragments will be amplified and
labelled by using amplification methods - such as
inverse PCR - on eg., Dp R circles, using first
(target) nucleotide sequence-specific primers.
Labelled amplification products may be hybridised to
the arrays as described herein. HindWl and Dp W. are
given as examples, but other combinations of
restriction enzymes - such as 6 or 8- and 4 or
5-cutters - can also be used (b) PCR results separated
by gel electrophoresis from two independent fetal
liver (Ll, L2) and brain (Bl, B2) samples (c)
Schematic representation of the location of the
microarray probes. Probes were designed within 100 bp
of HindIH sites. Thus, each probe analyzes one
possible ligation partner. Figure 3AC Technology
detects the genomic environment of b-globin
(chromosome 7). Shown are unprocessed ratios (4C
signals for b-globin HS2 divided by signals obtained
for control sample) for probes located in ~35 Mb
genomic regions on mouse chromosome 10, 11, 12, 14,
15, 7 and 8 (top to bottom; regions shown are at
identical distance from each corresponding
centromere). Note the large cluster of strong signals
around the (globin) bait on chromosome 7 (row 6),
which demonstrates that 4C technology detects genomic
fragments close on the linear chromosome template (in
agreement with the fact that interaction frequencies
are inversely proportional to the genomic site
separation). Note that the region linked in cis around
the bait that shows high signal intensities is large
(>5Mb), implying for example that translocations can
be detected even with baits more than 1MB away from
the breakpoint. Figure 4 AC technology detects the
genomic environment of Rad23A (chromosome 8). Shown
are unprocessed ratios (4C signals for Rad23A divided
by signal obtained for control sample) for probes
located in ~15 Mb or more genomic regions on mouse
chromosome 10, 11, 12, 14, 15, 7 and 8 (top to bottom;
regions shown are at identical distance from each
corresponding centromere). Note the large cluster of
strong signals around the (Rad23A) bait on chromosome
8 (row 7), which demonstrates that 4C technology
detects genomic fragments close on the linear
chromosome template (in agreement with the fact that
interaction frequencies are inversely proportional to
the genomic site separation). Note that the region
linked in cis around the bait that shows high signal
intensities is large (>5Mb), implying for example that
translocations can be detected even with baits more
than 1MB away from the brealcpoint. Figure 5 AC
interactions of b-globin on chromosome 7 (~135Mb) for
a transcribing tissue (fetal liver) and a
non-transcribing tissue (fetal brain) (analysed by a
running mean approach). Note that long-range
interactions with b-globin differ between tissues
(likely dependent on the transcription status of the
gene). Independent of the tissue strong 4C signals
demarcate a large region (>5 Mb) around the
bait.Figure 6 Uros and Era/ interact with b-globin in
fetal liver cells. The 4C approach reveals that 



two genes, Era/ and Uros, interact over >30 Mb with
the b-globin locus located ~30 Mb away. These two
interactions were previously found by a different
technology (Fluorescence In Situ Hybridisation) as
described in Osborne et al., Nature Genetics 36, 1065
(2004). This example shows that long-range
interactions detected by 4C technology can be verified
by FISH and truly reflect nuclear proximity. Figure 7
4C technology accurately identifies transitions
between unrelated genomic regions that are linked in
cis. For these experiments transgenic mice were used
that contain a human b-globin Locus Control Region
(LCR) cassette (~20 kb) inserted (via homologous
recombination) into the Rad23A locus on mouse
chromosome 8. 4C technology was performed on E14.5
fetal livers of transgenic mice that were homozygous
for this insertion. A HindlH fragment within the
integration cassette (HS2) was used as '4C-bait'. The
data show that 4C technology accurately defines both
ends of the transgenic cassette (bottom row: only
probes in the human LCR (~20kb) give 4C-signals and
not probes in the remainder of ~380 kb human b-globin
sequence) and clearly reveals the position of
integration on mouse chromosome 8 (upper panel:
compare signals on chromosome 8 (for position of
integration, see arrow) with signals on 6 other mouse
chromosomes) (complete chromosomes are depicted). This
example shows that 4C technology can be used to detect
the genomic position of ectopically integrated DNA
fragments (virus, transgene, etc.). It shows that
transitions between unrelated genomic regions that are
linked in cis can be identified accurately, which can
be used to identify genomic breakpoints and
translocation partners. Figure 8 4C technlogy produces
reproducible data since the profile for HS2 and
b-globin are very similar. Four biologically
independent 4C experiments were performed on E14.5
fetal livers, using either the b-globin gene b-major
(upper 2 rows) or b-globinHS2(bottom two rows) as the
bait. These baits are ~40 kb apart on the linear
chromosome template but were previously shown to be
close in the nuclear space (Tolhuis et al, Molecular
Cell 10, 1453 (2002)) Depicted is a ~5 Mb region on
mouse chromosome 7 that is 20-20 Mb away from the
b-globin locus. The data show high reproducibility
between independent experiments and demonstrate that
two fragments close in the nuclear space share
interacting partners located elsewhere in the genome.
Figure 9 4C technology is applied to measure DNA-DNA
interaction frequencies with sequence X (on chromosome
A) in cells from a healthy person (top) and a patient
with translocation (A;B) (bottom). Signal intensities
representing DNA-DNA interaction frequencies (Y-axis)
are plotted for probes ordered on linear chromosome
templates (X-axis). In normal cells, frequent DNA-DNA
interactions are detected on chromosome A around
sequence X. In patient cells, a 50% reduction in
interaction frequencies is observed for probes on
chromosome A located on the other side of the
breakpoint (BP) (compare grey curve (patient) with
black line (healthy person). Moreover, the
translocation brings part of chromosome B in close
physical proximity 



to sequence X, and frequent DNA-DNA interactions are
now observed for this region on chromosome B. The
abrupt transition from low to high interaction
frequencies on this chromosome marks the location of
its breakpoint. Figure 10 (Balanced) inversion(s) can
be detected by 4C technology. Inversed patterns of
DNADNA interaction frequencies (measured by 4C
technology as hybridization signal intensities) are
observed in diseased (solid curve) as compared to
non-diseased (stippled curve) subject, which reveals
the presence and size of the inversion. Figure 11
Heterozygous deletion(s) detection by 4C technology.
Probes with reduced DNADNA interaction frequencies
(measured by 4C technology as hybridization signal
intensities) in diseased (grey curve) as compared to
non-diseased (black curve) subjects, reveal the
position and size of the deleted region. Residual
hybridizationsignals in the deleted region of the
diseased subject come from intact allele (heterozygous
deletion). Deletion is typically accompanied by an
increase in signal intensities for probes located
directly beyond the deleted region (note that the grey
curve is above the black curve at right hand of the
deletion), since these regions come in closer physical
proximity to the 4C sequence (bait). Figure 12
Duplication detected by 4C technology. Probes with
increased hybridization signals in a patient (solid
curve) as compared to a normal subject (stippled
curve) indicate the position and size of duplication.
Duplication as detected by 4C technology is typically
accompanied by decreased hybridization signals in
diseased versus non-diseased subjects for probes
beyond the duplicated region (duplication increases
their genomic site separation from the 4C sequence).
Figure 13 Long-range interactions with b-globin
revealed by 4C technology a, Unprocessed ratios of 4C
over control hybridization signals, revealing
interactions of b-globin HS2 with chromosome 7 and two
unrelated chromosomes (8 and 14). b-c, Unprocessed
data for two independent fetal liver (top, in red) and
fetal brain samples (bottom, in blue) plotted along
two different 1-2 Mb regions on chromosome 7. Highly
reproducible clusters of interactions are observed
either in the two fetal liver samples (b) or the two
brain samples (c). d-e, Running mean data for the same
regions. False discovery rate was set at 5% (stippled
line) f, Schematic representation of regions of
interaction with active (fetal liver, top) and
inactive (fetal brain, bottom) b-globin on chromosome
7. Figure 14 Active and inactive b-globin interact
with active and inactive chromosomal regions,
respectively a, Comparison between b-globin long-range
interactions in fetal liver (4C running mean, top),
microarray expression analysis in fetal liver (log
scale, middle) and the location of genes (bottom)
plotted along a 4 Mb region that contains the gene
Uros (~30 Mb away from b-globin), showing that active
b-globin preferentiallyinteracts with other actively
transcribed genes b, The same comparison in fetal
brain around a OR gene cluster located 38 Mb away from
globin, showing that inactive b- 



globin preferentially interacts with inactive regions
c Characterization of regions interacting with
b-globin in fetal liver (left) and brain (right) in
terms of gene content and activity. Figure 15
Ubiquitously expressed Rad23A interacts with very
similar, active, regions in fetal liver and brain, a,
Schematic representation of regions on chromosome 8
interacting with active Rad23A in fetal liver (top,
red) and brain (bottom, blue) b, Comparison between
Rad23A long-range interactions (4C running mean) and
microarray expression analysis (log scale) in fetal
liver (top two panels), Rad23A long-range interactions
(4C running mean) and microarray expression analysis
(log scale) in fetal brain (panel 3 and 4) and the
location of genes (bottom panel) plotted along a 3 Mb
region of chromosome 8. c, Characterization of regions
interacting with Rad23A in fetal liver (left) and
brain (right) in terms of gene content and activity.
Figure 16 Cryo-FISH confirms that 4C technology truly
identifies interacting regions a, example of part of a
(200 nm) cryo-section showing more than 10 nuclei,
some of which containing the b-globin locus (green)
and/or Uros (red). Due to sectioning, many nuclei do
not contain signals for these two loci b-d, examples
of completely (b) and partially (c) overlapping
signals and contacting signals (d), which were all
scored as positive for interaction e-g, examples of
nuclei containing non-contacting alleles (e-f) and a
nucleus containing only b-globin (g), which were all
scored as negative for interaction, h-i, Schematic
representation of cryo-FISH results. Percentages of
interaction with b-globin (h) and Rad23A (i) are
indicated above the chromosomes for regions positively
identified (red arrowhead) and negatively identified
(blue arrowhead) by 4C technology. The same BACs were
used for the two tissues. Interaction frequencies
measured by cryo-FISH between two distant OR gene
clusters in fetal liver and brain are indicated below
the chromosomes.Figure 17 4C analysis of HS2 and
b-major give highly similar results. (a( Unprocessed
4C data of four independent E14.5 liver samples show a
very similar pattern of interaction with HS2 (top) and
b-major (bottom), (b) A large overlap exists between
probes scored positive for interaction in the HS-2
experiment and probes that scored positive for
interaction in the b-major experiment. Figure 18 A
comparison between interactions in cis and in trans
(a) Unprocessed 4C data from two independent
experiments showing b-globin interactions with a
region positively identified in cis (chromosome 7,
top) and a region in trans containing the a-globin
locus (chr.ll, bottom) (b) Unprocessed 4C data from
two independent experiments showing Rad23A
interactions with a region positively identified in
cis (chromosome 8, top) and a region in trans that
appeared on top when ranked according to highest
running mean value. None of the regions in trans met
the stringent conditions that allowed the
identification of long-interacting regions in cis.
Figure 19 



Regions that interact with b-globin also frequently
contact each other. Two regions (almost 60 Mb apart),
containing actively transcribed genes and identified
by 4C technology to interact with b-globin in fetal
liver, showed co-localization frequencies by cryo-FISH
of 5.5%, which was significantly more than background
co-localization frequencies. DETAILED DESCRIPTION OF
THE INVENTION 3C TECHNOLOGY The 3C method has been
described in detail in Dekker et al. (2002), Tolhuis
et al. (2002), Palstra et al. (2003), Splinter et al.
(2004) and Drissen et al. (2004). Briefly, 3C is
performed by digesting cross-linked DNA with a primary
restriction enzymefollowed by ligation at very low DNA
concentrations. Under these conditions, ligation of
cross-linked fragments, which is intramolecular, is
strongly favoured over ligation of random fragments,
which is intermolecular. Cross-linking is then
reversed and individual ligation products are detected
and quantified by the polymerase chain reaction (PCR)
using locus-specific primers. The cross linking
frequency (X) of two specific loci is determined by
quantitative PCR reactions using control and
crosslinked templates, and X is expressed as the ratio
of the amount of the product obtained with the
cross-linked template and with the control template.
In accordance with the present invention, a 3C
template is prepared using the methods described by
Splinter et ah, (2004) Methods Enzymol. 375, 493-507.
(i.e. formaldehyde fixation, (primary) restriction
enzyme digestion, re-ligation of crosslinked DNA
fragments and DNA purification). Briefly, a sample -
such as cells,tissues or nuclei -is fixed using a
cross-linking agent -such as formaldehyde. The primary
restriction enzyme digestion is then performed such
that the DNA is digested in the context of the
cross-linked nucleus. Intramolecular ligation is then
performed at low DNA concentrations (for example,
about 3.7ng/ml), which favours ligation between
cross-linked DNA fragments (ie. intramolecular
ligation) over ligation between non-cross-linked DNA
fragments (ie. intermolecular or random ligation).
Next, the cross links are reversed and the DNA can be
purified. The 3C template that is yielded contains
restriction fragments that are ligated because they
were originally close in the nuclear space. Since a
primary restriction enzyme is used to digest the DNA
prior to the intramolecular ligation step, an enzyme
recognition site for the primary restriction enzyme
will separate the first (target) nucleotide sequence
and the nucleotide sequence that has been ligated.
Accordingly, the primary recognition site is located
between the first (target) nucleotide sequence and the
ligated nucleotide sequence (ie. the ligated second
sequence). NUCLEOTIDE SEQUENCEThe present invention
involves the use of nucleotide sequences (eg. 3C
templates, 4C templates, DNA templates, amplification
templates, DNA fragments and genomic DNA), which may
be available in databases. The nucleotide sequence may
be DNA or RNA of genomic, synthetic or recombinant
origin e.g. cDNA. For example, recombinant nucleotide
sequences may be prepared using a PCR cloning
techniques. This will involve making a pair of primers
flanking a 



region of the sequence which it is desired to clone,
bringing the primers into contact with rnRNA or cDNA
obtained from, for example, a mammalian (eg. animal or
human cell) or non-mammalian cell, performing a
polymerase chain reaction (PCR) under conditions which
bring about amplification of the desired region,
isolating the amplified fragment (e.g. by purifying
the reaction mixture on an agarose gel) and recovering
the amplified DNA. The primers may be designed to
contain suitable restriction enzyme recognition sites
so that the amplified DNA can be cloned into a
suitable cloning vector. The nucleotide sequence may
be double-stranded or single-stranded whether
representing the sense or antisense strand or
combinations thereof. For some aspects, it is
preferred that the nucleotide sequence is
single-stranded DNA- such as single stranded primers
and probes. For some aspects, it is preferred that the
nucleotide sequence is double-stranded DNA - such as
double stranded 3C and 4C templates. For some aspects,
it is preferred that the nucleotide sequence is
genomic DNA - such as one or more genomic loci. For
some aspects, it is preferred that the nucleotide
sequence is chromosomal DNA. The nucleotide sequence
may comprise a first (target) nucleotide sequence
and/or a second nucleotide sequence.The primary and
secondary restriction enzyme recognition sites will be
different to each other and will typically occur only
once in the nucleotide sequence. In one aspect, there
is provided a circularised nucleotide sequence
comprising a first nucleotide sequence and (eg.
ligated to) a second nucleotide sequence separated
(eg. divided or parted) by a primary and a secondary
restriction enzyme recognition site, wherein said
first nucleotide sequence is a target nucleotide
sequence and said second nucleotide sequence is
obtainable by cross-linking genomic DNA (eg. in vivo
or in vitro). The primary and secondary restriction
enzyme recognition sites will be different to each
other and will typically occur only once in the
nucleotide sequence. In a further aspect, there is
provided a circularised nucleotide sequence comprising
a first nucleotide sequence and (eg. ligated to) a
second nucleotide sequence separated (eg. divided or
parted) by a primary and a secondary restriction
enzyme recognition site, wherein said first nucleotide
sequence is a target nucleotide sequence and wherein
said first and second nucleotide sequences are
obtainable by a process comprising the steps of: (a)
cross-linking genomic DNA (eg. in vivo or in vitro) ;
(b) digesting the cross-linked DNA with a primary
restriction enzyme; (c) ligating the cross-linked
nucleotide sequences; (d) reversing the cross linking;
and (e) digesting the nucleotide sequences with a
secondary restriction enzyme to circularise the
nucleotide sequences. Preferably, the second
nucleotide sequence intersects (eg. bisects) the first
(target) nucleotide sequence. Accordingly, the
nucleotide sequence comprises the second nucleotide
sequence, which separates the first (target)
nucleotide sequence into two portions or fragments -
such as approximately two equally sized portions or
fragments. Typically, the portions or fragments will
be at least about 16 nucleotides in length. FIRST
NUCLEOTIDE SEQUENCE 



The first nucleotide sequence is a target nucleotide
sequence.As used herein, the term "target nucleotide
sequence" refers to the sequence that is used as a
bait sequence in order to identify the one or more
sequences to which it cross-links {eg. one or more
nucleotide sequences of interest or one or more
sequences of unknown nucleotide sequence composition).
The target nucleotide sequence is of known sequence.
Cross-linking is indicative that the target nucleotide
sequence and sequence crosslinked thereto were
originally close in the nuclear space. By determining
the frequency by which sequences are close to each
other, it is possible to understand, for example, the
conformation of chromosomes and chromosomal regions in
the spatial context of the nucleus (eg. in vivo or in
vitro). Moreover, it is possible to understand the
intricate structural organisations within the genome,
for example, when enhancers or other transcriptional
regulatory elements communicate with distant promoters
located in cis or even in trans. Furthermore, it is
even possible to understand the positioning of a given
genomic region relative to nucleotide sequences
present on the same chromosome (in cis) as well as to
nucleotide sequences on other chromosomes (in trans).
Thus, it is possible to map nucleotide sequences on
different chromosomes that frequently share sites in
the nuclear space. Furthermore, it is even possible to
detect balanced and/or unbalanced genetic aberrations
- such as balanced and/or unbalanced translocations,
deletions, inversions, duplications and other genomic
rearrangements (eg. deletions or translocations in one
or more chromosomes). In this regard, genetic
aberrations result in changes in the DNA-DNA
interactions at the position that the change has
occurred, which can be detected. The first (target)
nucleotide sequence in accordance with the present
invention can be any sequence in which it is desired
to determine the frequency of interaction in the
nuclear space with one or more other sequences. In one
embodiment, the first (target) nucleotide sequence
will be greater than about 350 bp in length since a
secondary restriction enzyme is chosen that cuts the
first (target) nucleotide sequence at about 350 bp or
more from the primary restriction site.This may
minimise a bias in circle formation due to topological
constraints (Rippe et ah (2001) Trends in Biochem.
Sciences 26, 733-40). Suitably, the first (target)
nucleotide sequence following amplification comprises
at least about 32 bp by virtue of the fact that the
minimum length of the at least two amplification
primers used to amplify the second nucleotide sequence
are about 16 bases each. In a preferred embodiment,
the first (target) nucleotide sequence may comprise
completely or partially (eg. a fragment), or be close
to (eg. in the proximity of), a promoter, an enhancer,
a silencer, an insulator, a matrix attachment region,
a locus control region, a transcription unit, an
origin of replication, a recombination hotspot, a
translocation breakpoint, a centromere, a telomere, a
gene-dense region, a gene-poor region, a repetitive
element, a (viral) integration site, a nucleotide
sequence in which deletions and/or mutations are
related to an effect (e.g. disease, physiological,
functional or structural effect - such as an SNP
(single nucleotide polymorphism), or nucleotide
sequence(s) containing such deletions and/or
mutations, or any sequence in 



which it is desired to determine the frequency of
interaction in the nuclear space with other sequences.
As mentioned above, the first (target) nucleotide
sequence may comprise completely or partially (eg. a
fragment), or be close to (eg. in the proximity of) a
nucleotide sequence in which genetic aberrations -
such as deletions and/or mutations - are related to an
effect (e.g. a disease). According to this embodiment
of the invention the first (target nucleotide
sequence) may therefore be a nucleotide sequence (eg.
a gene or a locus), adjacent to (on the physical DNA
template), or in the genomic region in which changes
have been associated with or correlated to a disease -
such as a genetic or congenital disease. In other
words, the first (target) nucleotide sequence may be
or may be chosen based on its association with a
clinical phenotype. In a preferred embodiment, the
changes are changes in one or more chromosomes and the
disease may be as a consequence of, for example, one
or more deletions, one or more translocations, one or
more duplications, and/or one or more inversions etc
therein.Non-limiting examples of such genes/loci are
AMLl, MLL, MYC, BCL, BCR, ABLl, immunoglobulin loci,
LYLl, TALI, TAL2, LMO2, TCRa/d, TCRb, HOX and other
loci in various lymphoblastic leukemias. Other
examples are described in electronic databases - such
as:
http://www.ncbi.nkn.nih.gov/entrez/query.fcgi?db==canc
erchromosomes
http://cgap.nci.nih.gov/Chromosomes/Miteknan
http://www.progenetix.net/progenetix/P
14603437/ideogram.html
http://www.changbioscience.com/cytogenetics/cyto
Lpl?query=47,xy http://www.possum.net.au/
http://www.kndatabases.com/
http://www.wiley.com/legacy/products/subjeciyiife/borg
aonkar/index.html
http://www.ncbi.nkn.nih.gov/entrez/query.fcgi?db=OMIM
http://www.sanger.ac.uk/PostGenomics/decipher/
http://agserverOl.azn.nl:8O8O/ecaruca/ecaruca.jsp
Other examples are described in "Catalogue of
Unbalanced Chromosome Aberrations in Man" 2nd edition.
Albert Schinzel. Berlin: Walter de Grayter, 2001. ISBN
3-11- 011607-3. In one embodiment, the term "adjacent"
means "dkectly adjacent" such that there are no
intervening nucleotides between two adjacent
sequences. In another embodiment, the term "adjacent"
in the context of the nucleic acid sequence and the
primary restriction enzyme recognition site means
"directly adjacent" such that there are no intervening
nucleotides between the nucleic acid sequence and the
primary restriction enzyme recognition site. SECOND
NUCLEOTIDE SEQUENCEThe second nucleotide sequence is
obtainable, obtained, identified, or identifiable by
cross-linking genomic DNA (eg. in vivo or in vitro).
The second nucleotide sequence {eg. nucleotide
sequence of interest) becomes ligated to the first
(target) nucleotide sequence after treating a sample
with a cross-linking agent and digesting/ligating the
cross-linked DNA fragments. Such sequences are
cross-linked to the first (target) nucleotide sequence
because they were originally close 



in the nuclear space and ligated to the first (target)
nucleotide sequence because ligation conditions favour
ligation between cross-linked DNA fragments
(intramolecular) over random ligation events. Diseases
based on alterations - such as translocations,
deletions, inversions, duplications and other genomic
rearrangements - are generally caused by aberrant
DNA-DNA interactions. 4C technology measures DNA-DNA
interaction frequencies, which primarily are a
function of the genomic site separation, ie. DNA-DNA
interaction frequencies are inversely proportional to
the linear distance (in kilobases) between two DNA
loci present on the same physical DNA template (Dekker
et al., 2002). Thus, alteration(s) which create new
and/or physically different DNA templates, is
accompanied by altered DNA-DNA interactions and this
can be measured by 4C technology. Suitably, the second
nucleotide sequence is at least 40 base pairs.
Cross-linking agents - such as formaldehyde - can be
used to cross link proteins to other neighbouring
proteins and nucleic acid. Thus, two or more
nucleotide sequences can be cross-linked only via
proteins bound to (one of) these nucleotide sequences.
Cross-linking agents other than formaldehyde can also
be used in accordance with the present invention,
including those cross-linking agents that directly
cross link nucleotide sequences. Examples of agents
that cross-link DNA include, but are not limited to,
UV light, mitomycin C, nitrogen mustard, melphalan,
1,3-butadiene diepoxide, cis
diaminedichloroplatinum(II) and
cyclophosphamide.Suitably, the cross-linking agent
will form cross-links that bridge relatively short
distances - such as about 2 A - thereby selecting
intimate interactions that can be reversed.
Cross-linking may be performed by, for example,
incubating the cells in 2% formaldehyde at room
temperature - such as by incubating 1 x 107 cells in
10 ml of DMEM- 10% FCS supplemented with 2%
formaldehyde for 10 min at room temperature. PRIMARY
RESTRICTION ENZYME As used herein, the term "primary
restriction enzyme" refers to a first restriction
enzyme that is used to digest the cross-linked DNA.
The primary restriction enzyme will be chosen
depending on the type of target sequence (eg. locus)
to be analysed. It is desirable that preliminary
experiments are performed to optimise the digestion
conditions. The primary restriction enzyme may be
selected from restriction enzymes recognising at least
6 bp sequences or more of DNA. Restriction enzymes
that recognise 6 bp sequences of DNA include, but are
not limited to, AcII, Hindm, Sspl, BspLUllI, Agel,
MIuI, Spel, Bgip, Eco47III, Stul, Seal, CIaI, Avalll,
Vspl, Mfel, PmaCI, PvuII, Ndel, Ncol, Smal, SacII,
Avrll, Pvul, XmaHI, SpII, Xhol, Pstl, AfIH, EcoRI,
AaHI, Sad, EcoRV, Sphl, Nael, BsePI, Nhel, BamHI,
Narl, Apal, Kpnl, Snal, Sail, ApaLI, Hpal, SnaBI,
BspHI, BspMII, Nrul, Xbal, BcH, Mstl, BaU, Bsp 14071,
Psil, AsuH and AhaDI. Restriction enzymes that
recognise more than a 6 bp sequence of DNA include,
but are 



not limited to BbvC I, Ascl, AsiS I, Fse I, Not I, Pac
I, Pme I, Sbf I, SgrA I, Swa I, Sap I, Cci NI, FspA I,
Mss I, Sgf I, Smi I, Srf I and Sse8387 I.For some
aspects of the present invention, in the case of
restriction enzymes recognizing 6 bp sequences, BgIE,
HindlW.or EcoBl are preferred. The term "primary
restriction enzyme recognition site" refers to the
site in a nucleotide sequence that is recognised and
cleaved by the primary restriction enzyme. SECONDARY
RESTRICTION ENZYME As used herein, the term "secondary
restriction enzyme" refers to a second restriction
enzyme that is used after primary restriction enzyme
digestion, ligation of cross-linked DNA,
de-cross-linking and (optional) DNA purification. In
one embodiment, the secondary restriction enzyme is
used to provide defined DNA ends to the nucleotide
sequences of interest, which allows for the ligation
of sequences of known nucleotide composition to the
secondary restriction enzyme recognition sites that
flank the nucleotide sequences of interest. In one
embodiment, ligation of sequences of known nucleotide
composition to the secondary restriction enzyme
recognition sites that flank {eg. are at each side or
end of) the nucleotide sequences of interest involves
ligation under diluted conditions to favour the
intra-molecular ligation between the secondary
restriction enzyme recognition sites that flank target
nucleotide sequences and the linked nucleotide
sequences of interest. This effectively results in the
formation of DNA circles in which known target
nucleotide sequences flank unknown sequences of
interest. In another embodiment, ligation of sequences
of known nucleotide composition to the secondary
restriction enzyme recognition sites that flank {eg.
are at each side or end of) the nucleotide sequences
of interest involves the addition of unique DNA
sequences of known nucleotide composition, followed by
ligation under conditions that favour inter-molecular
ligation between the secondary restriction enzyme
recognition sites that flank the nucleotide sequences
of interest and introduced unique DNA sequences of
known nucleotide composition.In one embodiment, the
secondary restriction enzyme is chosen such that no
secondary restriction enzyme sites are within about
350bp {eg. 350-400bp) of the primary restriction site.
In another embodiment, the secondary restriction
enzyme is chosen such that the same secondary
restriction enzyme site is likely to be located in the
ligated nucleotide sequence (ie. the ligated
cross-linked sequence). Since the ends of the first
(target) nucleotide sequence and the ligated
nucleotide sequence may be compatible cohesive (or
blunt) ends, the sequences may even be ligated in
order to circularise the DNA. Accordingly, the
digestion step is followed by ligation under diluted
conditions that favour intra-molecular interactions
and optional circularisation of the DNA via the
compatible ends. Preferably, the secondary restriction
enzyme recognition site is a 4 or 5 bp nucleotide
sequence recognition site. Enzymes that recognise 4 or
5 bp sequences of DNA include, but are not limited to,
TspEI, Maell, AIuI, Nlaip, Hpall, FnuDII, Mael, Dpnl,
Mbol, Hhal, HaeDI, Rsal, Taql, CviRI, Msel, Sthl32I,
AcH, Dpnll, Sau3AI and MnU. In a preferred embodiment,
the secondary restriction enzyme is NIaDI and/or
Dpnll. 



The term "secondary restriction enzyme recognition
site" refers to the site in the nucleotide sequence
that is recognised and cleaved by the secondary
restriction enzyme. Following the digestion with the
secondary restriction enzyme, a further ligation
reaction is performed. In one embodiment, this
ligation reaction links DNA sequences of known
nucleotide sequence composition to the secondary
restriction enzyme digestion site of the one or more
sequences that are ligated to the target nucleotide
sequence.TERTIARY RESTRICTION ENZYME As used herein,
the term "tertiary restriction enzyme" refers to a
third restriction enzyme that can be optionally used
after the secondary restriction enzyme step in order
to linearise circularised DNA prior to amplification.
Preferably, the tertiary restriction enzyme is an
enzyme that recognises a 6bp or more nucleotide
recognition site. Preferably, the tertiary restriction
enzyme digests the first (target) nucleotide sequence
between the primary and secondary restriction enzyme
recognition sites. As will be understood by a skilled
person, it is desirable that the tertiary restriction
enzyme does not digest the first (target) nucleotide
sequence too close to the primary and secondary
restriction enzyme recognition sites such that the
amplification primers can no longer hybridise.
Accordingly, it is preferred that the tertiary
restriction enzyme recognition site is located at
least the same distance away from the primary and
secondary restriction enzyme recognition sites as the
length of the primer to be used such that the
amplification primer(s) can still hybridise. In a
preferred embodiment, the tertiary restriction enzyme
is one that recognises a 6-bp sequence of DNA. The
term "tertiary restriction enzyme recognition site"
refers to the site in the nucleotide sequence that is
recognised and cleaved by the tertiary restriction
enzyme. RECOGNITION SITE Restriction endonucleases are
enzymes that cleave the sugar-phosphate backbone of
DNA. In most practical settings, a given restriction
enzyme cuts both strands of duplex DNA within a
stretch of just a few bases. The substrates for
restriction enzymes are sequences of double-stranded
DNA called recognition sites/sequences.The length of
restriction recognition sites varies, depending on the
restriction enzyme that is used. The length of the
recognition sequence dictates how frequently the
enzyme will cut in a sequence of DNA. By way of
example, a number of restriction enzymes recognise a 4
bp sequence of DNA. The sequences and the enzyme that
recognise the 4 bp sequence of DNA include, but are
not limited to, AATT (TspEI), ACGT (Maell), AGCT
(AIuI), CATG (NIaID), CCGG (HpaH), CGCG (FnuDII), CTAG
(Mael), GATC (Dpnl, DpnH, Sau3AI & Mbol), GCGC (Hhal),
GGCC (HaelH), GTAC (Rsal), TCGA (Taql), TGCA (CviRI),
TTAA (Msel), CCCG (Sthl32I), CCGC (Acil) and CCTC
(MnU) By way of further example, a number of
restriction enzymes recognise a 6 bp sequence of DNA.
The sequences and the enzyme that recognise the 6
base-pair bp sequence of DNA include, but are not
limited to, AACGTT (AcII), AAGCTT (Hindlll), AATATT 



(Sspl), ACATGT (BspLUl II), ACCGGT (Agel), ACGCGT
(MIuI), ACTAGT (Spel), AGATCT (BgITl), AGCGCT
(Eco47pi), AGGCCT (Stul), AGTACT (Seal), ATCGAT
(CIaI), ATGCAT (AvalH), ATTAAT (Vspl), CAATTG (Mfel),
CACGTG (PmaCI), CAGCTG (Pvul) , CATATG (Ndel), CCATGG
(Ncol), CCCGGG (Smal), CCGCGG (SacE), CCTAGG (Avrll),
CGATCG (Pvul), CGGCCG (XmalH), CGTACG (SpU), CTCGAG
(Xhol), CTGCAG (Pstl), CTTAAG (AfIII), GAATTC (EcoRI),
GACGTC (Aatll), GAGCTC (Sad), GATATC (EcoRV), GCATGC
(SpM), GCCGGC (Nael), GCGCGC (BsePI), GCTAGC (Nhel),
GGATCC (BamHI), GGCGCC (Narl), GGGCCC (Apal), GGTACC
(Kpnl), GTATAC (Snal), GTCGAC (Sail), GTGCAC (ApaLI),
GTTAAC (Hpal), TACGTA (SnaBI), TCATGA (BspHI), TCCGGA
(BspMII), TCGCGA (Nrul), TCTAGA (Xbal), TGATCA (BcII),
TGCGCA (MstiQ, TGGCCA (BaU), TGTACA (Bspl407I), TTATAA
(Psil), TTCGAA (AsuH) and TTTAAA (Aham). By way of
further example, a number of restriction enzymes
recognise a 7 bp sequence of DNA. The sequences and
the enzyme that recognise the 7 bp sequence of DNA
include, but are not limited to CCTNAGG (Saul),
GCTNAGC (Espl), GGTNACC BstEp and TCCNGGA Pfol.By way
of further example, a number of restriction enzymes
recognise an 8 bp sequence of DNA. The sequences and
the enzyme that recognise the 8 bp sequence of DNA
include, but are not limited to ATTTAAAT (Swal),
CCTGCAGG (Sse8387I), CGCCGGCG (Sse232I), CGTCGACG
(SgrDI), GCCCGGGC (STS), GCGATCGC (Sgfl), GCGGCCGC
(Notl), GGCCGGCC (Fsel), GGCGCGCC (Ascl), GTTTAAAC
(Pmel) and TTAATTAA (Pad). A number of these enzymes
contain the sequence CG that may be methylated in
vivo. A number of restriction enzymes are sensitive to
this methylation and will not cleave the methylated
sequence, e.g. HpaII will not cleave the sequence
CCmGG whereas its isoschizomer Mspl is insensitive to
this modification and will cleave the methylated
sequence. Accordingly, in some instances the
eukaryotic methylation sensitive enzymes are not used.
In one embodiment, a recognition site is a digestion
site. In one embodiment, a restriction enzyme
recognition site is a restriction enzyme digestion
site. CIRCULARISING Li accordance with one embodiment
of the present invention, the material for 4C is
prepared by creating DNA circles by digesting the 3C
template with a secondary restriction enzyme, followed
by ligation. Preferably, a secondary restriction
enzyme is chosen that cuts the first (target)
nucleotide sequence at greater than about 350bp (eg.
350-400bp) from the primary restriction site.
Advantageously, this minimises a bias in circle
formation due to topological constraints (Rippe et a
(2001) Trends in Biochem. Sciences 26,
733-40).Preferably, the secondary restriction enzyme
is a frequent cutter recognising a 4 or a 5 bp
restriction enzyme recognition site. Thus it is
possible to obtain the smallest restriction fragments
for equal amplification efficiencies of all ligated
fragments during amplification. 



Prior to the secondary restriction enzyme digest and
ligation, the DNA template will comprise one secondary
enzyme recognition site in the first (target)
nucleotide sequence located at greater than about
350-400bp from the primary restriction site and
another secondary enzyme recognition site located in
the nucleotide sequence that has been ligated (ie in
the second nucleotide sequence). Preferably, the
secondary restriction enzyme digestion step is
performed for more than 1 hour to overnight and
followed by heat-inactivation of the enzyme.
Preferably, the DNA in this reaction mixture is
purified using conventional methods/kits that are
known in the art. Following the secondary restriction
enzyme digestion step, a secondary restriction enzyme
site will be located at greater than 350-400bp from
the primary restriction site in the first (target)
nucleotide sequence and another secondary restriction
enzyme site will be located in the ligated nucleotide
sequence (ie. the second nucleotide sequence). Since
the ends of the first (target) nucleotide sequence and
the ligated nucleotide sequence have compatible ends,
the sequences can be ligated in order to circularise
the DNA. The digestion step is then followed by
ligation under diluted conditions that favour
intra-molecular interactions and circularisation of
the DNA via the compatible ends. Preferably, the
ligation reaction is performed at a DNA concentration
of about 1- 5 ng/ml.Preferably, the ligation reaction
is performed for more than 1 hr (eg. 2, 3, 4 or more
hrs) at about 16-25 C. Accordingly, following the
ligation reaction, circularised DNA may be prepared.
The circularised DNA will comprise the recognition
sites for at least the secondary restriction enzyme or
the primary and the secondary restriction enzymes. In
circularised DNA containing the first (target)
nucleotide sequence, the primary restriction enzyme
recognition site and the secondary restriction enzyme
recognition sites will define the ends of the first
(target) nucleotide sequence and the ligated
nucleotide sequence (ie. the second nucleotide
sequence). Accordingly the first (target) nucleotide
sequence and the ligated nucleotide sequence are
separated (eg. divided) by the primary restriction
enzyme recognition site and the secondary restriction
enzyme recognition site. AMPLIFICATION One or more
amplification reactions may be performed in order to
amplify the 4C DNA templates. DNA amplification may be
performed using a number of different methods that are
known in the art. For example, DNA can be amplified
using the polymerase chain reaction (Saiki et al.,
1988); ligation mediated PCR, Qb replicase
amplification (Cahill, Foster and Mahan, 1991;
Chetverin and Spirin, 1995; Katanaev, Kurnasov and
Spirin, 1995); the ligase chain reaction (LCR)
(Landegren et al., 1988; Barany, 1991); the
self-sustained sequence replication system (Fahy, Kwoh
and Gingeras, 1991) and strand displacement
amplification (Walker et al., 1992). Preferably, DNA
is amplified using PCR. "PCR" refers to the method of
K. B. Mullis 



U.S. Pat. Nos. 4,683,195, 4,683,202, and 4,965,188
that describe a method for increasing the
concentration of a segment of a nucleotide sequence in
a mixture of genomic DNA without cloning or
purification.In one embodiment, inverse PCR is used.
Inverse PCR (IPCR) (described by Ochman et al (1988)
Genetics 120(3), 621-3) is a method for the rapid in
vitro amplification of DNA sequences that flank a
region of known sequence. The method uses the
polymerase chain reaction (PCR), but it has the
primers oriented in the reverse direction of the usual
orientation. The template for the reverse primers is a
restriction fragment that has been ligated upon itself
to form a circle. Inverse PCR has many applications in
molecular genetics, for example, the amplification and
identification of sequences flanking transposable
elements. To increase the efficiency and
reproducibility of the amplification it is preferred
that the DNA circles are linearised before
amplification using a tertiary restriction enzyme.
Preferably, a tertiary restriction enzyme that is a 6
bp or more cutter is used. Preferably, the tertiary
restriction enzyme cuts the first (target) nucleotide
sequence between the primary and secondary restriction
enzyme sites. Digestion of the 3C template with the
secondary restriction enzyme, optional
circularisation, ligation (eg. ligation under diluted
conditions) and optional linearisation of first
(target) nucleotide sequence-containing circles yields
a DNA template for amplification ("4C DNA template").
For the amplification step, at least two
oligonucleotide primers are used in which each primer
hybridises to a DNA sequence that flanks the
nucleotide sequences of interest. In a preferred
embodiment, at least two oligonucleotide primers are
used in which each primer hybridises to the target
sequence flanking the nucleotide sequences of
interest. In one embodiment, the term "flank" in the
context of primer hybridisation means that at least
one primer hybridises to a DNA sequence adjacent one
end (eg. the 5' end) of the nucleotide sequence of
interest and at least one primer hybridises to a DNA
sequence at the other end (eg. the 3' end) of the
nucleotide sequence of interest. Preferably, at least
one forward primer hybridises to a DNA sequence
adjacent one end (eg. the 5' end) of the nucleotide
sequence of interest and at least one reverse primer
hybridises to a DNA sequence at the other end (eg. the
3' end) of the nucleotide sequence of interest.In a
preferred embodiment, the term "flank" in the context
of primer hybridisation means that at least one primer
hybridises to a target sequence adjacent one end (eg.
the 5' end) of the nucleotide sequence of interest and
at least one primer hybridises to a target sequence at
the other end (eg. the 3' end) of the nucleotide
sequence of interest. Preferably, at least one forward
primer hybridises to a target sequence adjacent one
end (eg. the 5' end) of the nucleotide sequence of
interest and at least one reverse primer hybridises to
a target sequence at the other end (eg. the 3' end) of
the nucleotide sequence of interest. As used herein,
the term "primer" refers to an oligonucleotide,
whether occurring naturally as in a purified
restriction digest or produced synthetically, which is
capable of acting as a point of initiation of
synthesis when placed under conditions in which
synthesis of a primer extension product which is
complementary to a nucleic acid 



strand is induced, {i.e., in the presence of
nucleotides and an inducing agent such as DNA
polymerase and at a suitable temperature and pH). The
primer is preferably single stranded for maximum
efficiency in amplification, but may be double
stranded. If double stranded, the primer is first
treated to separate its strands before being used to
prepare extension products. Preferably, the primer is
an oligodeoxyribonucleotide. The primer must be
sufficiently long to prime the synthesis of extension
products in the presence of the inducing agent. The
exact lengths of the primers will depend on many
factors, including temperature, source of primer and
the use of the method. Suitably, the primers will be
at least 15, preferably at least 20, for example at
least 25, 30 or 40 nucleotides in length. Preferably,
the amplification primers are from 16 to 30
nucleotides in length. Preferably, the primers are
designed to be as close as possible to the primary and
secondary restriction enzyme recognition sites that
separate the first (target) nucleotide sequence and
the second nucleotide sequence. The primers may be
designed such that they are within about 100
nucleotides - such as about 90, 80, 70, 60, 50, 40,
30, 20, 10,9, 8, 7, 6, 5, 4, 3, 2 or 1 nucleotide(s)
away from the primary and secondary restriction enzyme
recognition sites. Suitably, the amplification primers
are designed such that their 3' ends face outwards
towards the primary and secondary restriction enzyme
recognition sites so that extension proceeds
immediately across the restriction sites into the
second nucleotide sequence. If the amplification
method that is used is inverse PCR, then it is
preferred that the amplification reactions are carried
out on about 100-400 ng of DNA of 4C template (per
about 50 ml PCR reaction mix) or other amounts of DNA
for which replicate PCR reactions give reproducible
results (see Figure 1) and include a maximum number of
ligation events per PCR reaction. Preferably, the
inverse PCR amplification reaction is performed using
the Expand Long Template PCR System (Roche), using
Buffer 1 according to the manufacturer's instructions.
SAMPLE The term "sample" as used herein, has its
natural meaning. A sample may be any physical entity
comprising DNA that is or is capable; of being
cross-linked. The sample may be or may be derived from
biological material. The sample may be or may be
derived from one of more entities - such as one or
more cells, one or more nuclei, or one or more tissue
samples. The entities may be or may be derivable from
any entities in which DNA - such as chromatin - is
present. The sample may be or may be derived from one
or more isolated cells or one or more isolated tissue
samples, or one or more isolated nuclei. The sample
may be or may be derived from living cells and/or dead
cells and/or nuclear lysates and/or isolated
chromatin.The sample may be or may be derived from
diseased and/or non-diseased subjects. The sample may
be or may be derived from a subject that is suspected
to be suffering from a disease. The sample may be or
may be derived from a subject that is to be tested for
the 



likelihood that they will suffer from a disease in the
future. The sample may be or may be derived from
viable or non-viable patient material. The fixation of
cells and tissues for use in preparing the 3C template
is described in detail in Splinter et al, (2004)
Methods Enzymol. 375, 493-507. LABEL Preferably, the
nucleotide sequences {eg. amplified 4C DNA templates,
primers or probes etc) are labelled in order to assist
in their downstream applications - such as array
hybridisation. By way of example, the 4C DNA templates
may be labelled using random priming or nick
translation. A wide variety of labels (eg. reporters)
may be used to label the nucleotide sequences
described herein, particularly during the
amplification step. Suitable labels include
radionuclides, enzymes, fluorescent, chemiluminescent,
or chromogenic agents as well as substrates,
cofactors, inhibitors, magnetic particles and the
like. Patents teaching the use of such labels include
US-A-3817837; US-A-3850752; US-A-3939350; US-A-
3996345; US-A-4277437; US-A-4275149 and US-A-4366241.
Additional labels include but are not limited to
b-galactosidase, invertase, green fluorescent protein,
luciferase, chloramphenicol, acetyltransferase,
b-glucuronidase, exo-glucanase and glucoamylase.
Fluorescent labels may also be used, as well as
fluorescent reagents specifically synthesised witii
particular chemical properties. Awide variety of ways
to measure fluorescence are available. For example,
some fluorescent labels exhibit a change in excitation
or emission spectra, some exhibit resonance energy
transfer where one fluorescent reporter looses
fluorescence, while a second gains in fluorescence,
some exhibit a loss (quenching) or appearance of
fluorescence, while some report rotational movements.
In order to obtain sufficient material for labelling,
multiple amplifications may be pooled, instead of
increasing the number of amplification cycles per
reaction. Alternatively, labelled nucleotides can be
incorporated in to the last cycles of the
amplification reaction (e.g. 30 cycles of PCR (no
label) + 10 cycles of PCR (plus label)). ARRAY In a
particularly advantageous embodiment, the 4C DNA
templates that are prepared in accordance with the
methods described herein can be hybridised to an
array. Accordingly, array (eg. micro-array) technology
can be used to identify nucleotide sequences - such as
genomic fragments - that frequently share a nuclear
site with a first (target) nucleotide sequence.
Existing arrays -such as expression and genomic arrays
- can be used in accordance with the present
invention. However, the present invention also seeks
to provide novel arrays (eg. DNA arrays) as described
herein. An "array" is an intentionally created
collection of nucleic acids which can be prepared
either synthetically or biosynthetically and screened
for biological activity in a variety of different
formats (e.g., libraries of soluble molecules; and
libraries of oligos tethered to resin beads, silica
chips, or other solid supports). Additionally, the
term "array" includes those libraries of nucleic acids
which can be prepared by 



spotting nucleic acids of essentially any length
(e.g., from 1 to about 1000 nucleotide monomers in
length) onto a substrate.Axray technology and the
various techniques and applications associated with it
is described generally in numerous textbooks and
documents. These include Lemieux et al, 1998,
Molecular Breeding 4, 277-289, Schena and Davis.
Parallel Analysis with Biological Chip s in PCR
Methods Manual (eds. M. Innis, D. Gelfand, J.
Sninsky), Schena and Davis, 1999, Genes, Genomes and
Chips. In DNA Microait ays: A Practical Approach (ed.
M. Schena), Oxford University Press, Oxford, UK,
1999), The Chipping Forecast (Nature Genetics special
issue; January 1999 Supplement), Mark Schena (Ed.),
Microarray Biochip Technology, (Eaton Publishing
Company), Cortes, 2000, The Scientist 14[17]:25,
Gwynne and Page, Microarray analysis: the next
revolution in molecular biology, Science, 1999 August
6; and Eakins and Chu, 1999, Trends in Biotechnology,
17, 217-218. Array technology overcomes the
disadvantages with traditional methods in molecular
biology, which generally work on a "one gene in one
experiment" basis, resulting in low throughput and the
inability to appreciate the "whole picture" of gene
function. Currently, the major applications for array
technology include the identification of sequence
(gene/gene mutation) and the determination of
expression level (abundance) of genes. Gene expression
profiling may make use of array technology, optionally
in combination with proteomics techniques (Celis et
al, 2000, FEBS Lett, 480(1):2- 16; Lockhart and
Winzeler, 2000, Nature 405(6788):827-836; Khan et al.,
1999, 20(2):223-9). Other applications of array
technology are also known in the art; for example,
gene discovery, cancer research (Marx, 2000, Science
289: 1670-1672; Scherf, et al, 2000, Nat Genet;
24(3):236-44; Ross et al, 2000, Nat Genet. 2000 Mar;
24(3):227-35), SNP analysis (Wang et al, 1998,
Science, 280(5366): 1077-82), drug discovery,
pharmacogenomics, disease diagnosis (for example,
utilising microfluidics devices: Chemical &
Engineering News, February 22, 1999, 77(8):27- 36),
toxicology (Rockett and Dix (2000), Xenobiotica,
30(2): 155-77; Afshari et al., 1999, Cancer Resl;
59(19):4759-60) and toxicogenomics (a hybrid of
functional genomics and molecular toxicology). In
general, any library may be arranged in an orderly
manner into an array, by spatially separating the
members of the library. Examples of suitable libraries
for arrayinginclude nucleic acid libraries (including
DNA, cDNA, oligonucleotide, etc libraries), peptide,
polypeptide and protein libraries, as well as
libraries comprising any molecules, such as ligand
libraries, among others. The samples (e.g., members of
a library) are generally fixed or immobilised onto a
solid phase, preferably a solid substrate, to limit
diffusion and admixing of the samples. In a preferred
embodiment, libraries of DNA binding ligands may be
prepared. In particular, the libraries may be
immobilised to a substantially planar solid phase,
including membranes and non-porous substrates such as
plastic and glass. Furthermore, the samples are
preferably arranged in such a way that indexing {i.e.,
reference or access to a particular sample) is
facilitated. Typically the samples are applied as
spots in a grid formation. Common assay systems may be
adapted for this purpose. For example, an array may be
immobilised on the surface of a microplate, 



either with multiple samples in a well, or with a
single sample in each well. Furthermore, the solid
substrate may be a membrane, such as a nitrocellulose
or nylon membrane (for example, membranes used in
blotting experiments). Alternative substrates include
glass, or silica based substrates. Thus, the samples
are immobilised by any suitable method known in the
art, for example, by charge interactions, or by
chemical coupling to the walls or bottom of the wells,
or the surface of the membrane. Other means of
arranging and fixing may be used, for example,
pipetting, drop-touch, piezoelectric means, ink-jet
and bubblejet technology, electrostatic application,
etc. In the case of silicon-based chips,
photolithography may be utilised to arrange and fix
the samples on the chip. The samples may be arranged
by being "spotted" onto the solid substrate; this may
be done by hand or by making use of robotics to
deposit the sample. In general, arrays may be
described as macroarrays or microarrays, the
difference being the size of the sample spots.
Macroarrays typically contain sample spot sizes of
about 300 microns or larger and may be easily imaged
by existing gel and blot scanners. The sample spot
sizes in microarrays are typically less than 200
microns in diameter and these arrays usually contain
thousands of spots. Thus, microarrays may require
specialized roboticsand imaging equipment, which may
need to be custom made. Instrumentation is described
generally in a review by Cortese, 2000, The Scientist
14[1 1]:26. Techniques for producing immobilised
libraries of DNA molecules have been described in the
art. Generally, most prior art methods described how
to synthesise single-stranded nucleic acid molecule
libraries, using for example masking techniques to
build up various permutations of sequences at the
various discrete positions on the solid substrate.
U.S. Patent No. 5,837,832 describes an improved method
for producing DNA arrays immobilised to silicon
substrates based on very large scale integration
technology. In particular, U.S. Patent No. 5,837,832
describes a strategy called "tiling" to synthesise
specific sets of probes at spatially-defined locations
on a substrate which may be used to produced the
immobilised DNA libraries of the present invention.
U.S. Patent No. 5,837,832 also provides references for
earlier techniques that may also be used. Arrays may
also be built using photo deposition chemistry. Arrays
of peptides (or peptidomimetics) may also be
synthesised on a surface in a manner that places each
distinct library member (e.g., unique peptide
sequence) at a discrete, predefined location in the
array. The identity of each library member is
determined by its spatial location in the array. The
locations in the array where binding interactions
between a predetermined molecule (e.g., a target or
probe) and reactive library members occur is
determined, thereby identifying the sequences of the
reactive library members on the basis of spatial
location. These methods are described in U.S. Patent
No. 5,143,854; WO90/15070 and WO92/10092; Fodor et al.
(1991) Science, 251: 767; Dower andFodor (1991) Ann.
Rep. Med. Chem., 26: 271. To aid detection, labels are
typically used (as discussed above) - such as any
readily detectable reporter, for example, a
fluorescent, bioluminescent, phosphorescent,
radioactive, etc reporter. Such reporters, their
detection, coupling to targets/probes, etc 



are discussed elsewhere in this document. Labelling of
probes and targets is also disclosed in Shalon et al,
1996, Genome Res 6(7):639-45.Specific examples of DNA
arrays are as follow: Format I : probe cDNA (500-5,000
bases long) is immobilized to a solid surface such as
glass using robot spotting and exposed to a set of
targets either separately or in a mixture. This method
is widely considered as having been developed at
Stanford University (Ekins and Chu, 1999, Trends in
Biotechnology, 1999, 17, 217-218). Format II: an array
of oligonucleotides (20-25-mer oligos, preferably,
40-60 mer oligos) or peptide nucleic acid (PNA) probes
are synthesised either in situ (on-chip) or by
conventional synthesis followed by on-chip
immobilization. The array is exposed to labelled
sample DNA, hybridised, and the identity/abundance of
complementary sequences are determined. Such a DNA
chip is sold by Affymetrix, Inc., under the
GeneChip(r) trademark. Agilent and Nimblegen also
provide suitable arrays (eg. genomic tiling arrays).
Examples of some commercially available microarray
formats are set out in Table 1 below (see also
Marshall and Hodgson, 1998, Nature Biotechnology,
16(1), 27-31).GLYCOSYLATED IL-7, PREPARATION AND USES
The present invention relates to new and improved
interleukin-7 polypeptides, as well as to compositions
comprising the same, their preparation and uses. The
invention more particularly relates to
hyperglycosylated IL-7 polypeptides having improved
properties, as well as their manufacture and
therapeutic uses. The invention also discloses novel
IL-7 polypeptides having modified amino acid sequences
containing artificially created glycosylation site(s),
as well as corresponding nucleic acid molecules,
vectors and recombinant host or host cells. The
invention also relates to the use of such
polypeptides, cells or nucleic acids for curative or
preventive treatment of mammalian subjects, including
human subjects. BACKGROUND OF THE INVENTION B and T
lymphocytes are the primary effector cells of the
immune responses. Both cell classes are considered to
derive ultimately from hematopoietic stem cells in the
mammalian bone marrow, via progenitor or precursor
cells representing distinguishable stages in the
differentiation of each class. Mature T cells develop
principally in the thymus, presumably from a precursor
cell which migrates from the bone marrow to the thymus
at an early stage of T lymphocyte development.
Lymphoid cells development is dependent on growth,
survival and differentiation factors produced by
various stromal cells. Numbers of factors are active
on mature peripheral B and T cells, including IL-1,
IL-2, IL-4, IL-5, interferon gamma, BSF-2,
neuroleukin, transforming growth factor beta and IL-7.
"Interleukin-7" or "IL-7" refers to a mammalian
endogenous secretory glycoprotein which is capable of
inducing proliferation of bone marrow-derived
lymphocyte progenitors and precursors, including the
specialized precursors known as pre-B cells.
Originally derived from the stromal element of a bone
marrow cell line, IL-7 isalso secreted by thymic
stromal cells, intestinal and other epithelial cells,
some dendritic cells and follicular dendritic cells,
keratinocytes and generally all lymphoid tissues.
Alternative designations for this molecule are "pre-B
cell growth factor" and "lymphopoietin-1". 



EP0314415 (or US4,965,195) describes mammalian
interleukin-7 proteins and corresponding DNAs. Human
IL-7 amino acid sequence contains three putative
Nlinked glycosylation sites, located at Asn residues
at positions 70, 9 1 and 116. Transient recombinant
expression of hlL-7 (human IL-7) in COS cells allowed
the visualization of r-hulL-7 (recombinant human IL-7)
as three protein bands of apparent molecular weight of
about 20, 24 and 28 kDa (Cosman et a/.; Lymphokine
Receptor Interactions; 1989; 179:229-236). Stable
recombinant expression of hlL-7 in BHK cells was also
reported (Armitage et a/.; The Journal of Immunology;
1990; 144:938-941). However, the glycosylation status
of naturally-occurring human IL-7, particularly the
O-glycosylation status, has never been documented or
studied, and the impact of the glycosylation profile
on IL-7 properties has never been considered.
Furthermore, unglycosylated mature human IL-7
(r-hlL-7) produced in E. coli, as described in
EP0314415, exhibits a 17,387 Daltons molecular weight
and displays a high activity in vitro on specific
bioassays based on the proliferation of various
lymphocytes populations. Other cytokines and growth
factors, such as G-CSF, GM-CSF, IFN, HGF, etc, also
display full therapeutic activity without
glycosylation. WO2004/018681 discloses an active
conformer of human IL-7, comprising the following
disulfide bridges: 1-4 (C2-C92), 2-5 (C34-C129) and
3-6 (C47-C141), as well as methods of producing or
characterizing the same and the uses thereof. IL-7 was
originally disclosed as a cytokine whose principal
activity was the induction of precursor B cell
proliferation (Namen A.E. et a/.; Journal of
Experimental medicine; 1988; 167:988-1002). IL-7 has
more recently beendisclosed as being involved in the
survival and proliferation of thymocytes (T-CeIIs)
during early stage of T-cell development (Schluns K.S.
et al.\ Nature Immunology; 2000; 1(5):426-432). IL-7
pathway is essential for lymphocyte development
notably on developing thymocytes (Maeurer M.J. et a/.;
Int. Rev. Immunol.; 1998; 16:309- 22 - Fry T.J. et
a/.; Blood; 2002; 99:3892-904). Fry and collaborators
further identified IL-7 as a potent modulator of
thymic-independent T-cell regeneration in a
multifactorial action (Fry TJ. et a/.; Blood; 2001;
97(6): 1525-1 533). IL-7 potently modulates mature T
cells and beside this effect on mature T cells, IL-7
may influence the development of antigen presenting
cells (Marquez C. et a/.; J. Exp. Med.; 1995;
181:475-83). IL-7 is essential for memory T cell
regeneration, both in the CD4+ and CD8+ subsets
(Kondrack R.M. et a/.; J. Exp. Med.; 2003; 198:1797-
806 - Kaech S.M. et al.; Nat. Immunol.; 2003;
4:1191-8). IL-7 has thus a great therapeutic potential
for use in the stimulation of the proliferation of T
cell precursors, of antibody-secreting B cells, in the
stimulation of antigen driven T-cell peripheral
expansion, and in the production of nave T-cells as
well as other hematopoietic cell types. A particularly
interesting therapeutic use of active IL-7 molecules
is for immune reconstitution of lymphopenic patients:
patients treated for a cancer, patients having
received a bone marrow or a stem cell transfer,
patients presenting an acquired or genetic immune
deficiency, elderly patients or any patients having
low CD4 count. Other utilities reside in the ability
of 



IL-7 to produce new nave CD4 T-cells or to expand
specific pools in order to produce or increase
specific immune responses (vaccine enhancement). In
view of its therapeutic potentials, there is
considerable interest in developing biologically
active or improved IL-7 polypeptides that are suitable
for efficient therapeutic uses. In this respect, among
the various cytokines and growth factors commercially
available, some are poorly immunogenic (e.g.,
Interferon alfa " IFNa", granulocyte colony
stimulating factor "G-CSF") so that the corresponding
drug substances do not require a very specific
polypeptide purity other thanconventional level
usually accepted for recombinant proteins. In
contrast, other growth factors are more immunogenic
(e.g., Beta interferon "b-IFN", Granulocyte Macrophage
Colony stimulating factor "GM-CSF") or their specific
activity is so critical for life (e.g., Erythropoietin
"EPO") that drug substance polypeptide purity and
profile must be specifically studied and maintained
inside narrow limits to preserve from immunogenicity.
IL-7 is a unique molecule. Due to its intrinsic
immune-enhancing properties, IL-7 used as a
therapeutic agent is particularly prone to trigger
anti-IL-7 immunogenicity (anti-IL-7 binding or
neutralizing antibodies). This immunogenicity is
deleterious for the long term therapeutic activity of
the protein. Anti-IL-7 antibodies can modify IL-7
pharmacokinetic and neutralize its therapeutic
activity. Various IL-7 isoforms are involved in
triggering anti-IL-7 immunogenicity, among which:
altered polypeptide sequences (e.g., oxidized,
reduced, deamidated or truncated forms), covalent or
non covalent IL-7 multimers, such as aggregated IL-7
molecules and the like. Therefore it is critical to
define IL-7 polypeptides and drug substances which are
more stable, less prone to intermolecular aggregation,
less immunogenic and still biologically active.
Indeed, while the activity of most drugs is correlated
with AUC parameter, the activity of IL-7 is correlated
to half-life parameter and more particularly to mean
residence time. SUMMARY OF THE INVENTION The present
invention discloses new and improved IL-7
polypeptides, drug substances and compositions. More
particularly, the invention discloses novel IL-7
molecular species having a high degree of
glycosylation and an oligosaccharide profile shifted
to a higher molecular size with increased sialylation
and fucosylation of the carbohydrate moieties and a
lower isoelectric point. The invention shows that
these new oligosaccharide profiles confer improved
chemical and pharmaceutical stability to these new
drug substances and a prolongedpharmacokinetic profile
after in vivo administration, characterized by an
increased mean residence time (MRT), allowing a less
frequent dosing schedule. The present invention
therefore provides novel highly glycosylated or
hyperglycosylated IL-7 polypeptides having improved
properties. The invention also discloses novel IL-7
polypeptides having modified amino acid sequences
containing artificially created glycosylation site(s),
as well as corresponding nucleic acid molecules,
vectors and recombinant host or host cells. The
invention also relates to the use of such
polypeptides, cells or nucleic acids for curative or
preventive treatment of mammalian subjects, including
human subjects. The 



present invention thus discloses novel active IL-7
polypeptides, drug substances and pharmaceutical
compositions, which exhibit increased stability,
reduced susceptibility to proteolysis and aggregation,
advantageous in vivo long term activity and reduced
immunogenicity, thereby allowing improved global or
specific immune responses to be generated in mammalian
subjects. An object of this invention resides in a
hyperglycosylated IL-7 composition. A further object
of this invention resides in a purified
hyperglycosylated IL-7 polypeptide. Such
hyperglycosylated IL-7 polypeptide contains at least
three N-glycosylated amino acid residues. A further
object of this invention relates to the use of
hyperglycosylated IL-7 for the manufacture of a
medicament consisting of said hyperglycosylated IL-7
and a pharmaceutically acceptable excipient or
vehicle, for treating a mammalian subject.A further
object of this invention relates to the use of a
hyperglycosylated IL-7 composition for the manufacture
of a medicament for treating a mammalian subject. A
further object of this invention is a method of
causing or stimulating an immune response in a
subject, comprising administering to the subject an
effective amount of a hyperglycosylated IL-7
composition. A further object of this invention is a
method for ex-vivo enhancing expansion of T cells,
which method comprises contacting T cells with a
hyperglycosylated IL-7 polypeptide or composition,
hereby enhancing expansion of the T cells. In a
particular embodiment, the hyperglycosylated IL-7
composition is a composition comprising at least 80 %,
preferably between 80% and 95%, IL-7 polypeptides
which are glycosylated on at least three distinct
amino acid residues. Such residues may be either
naturally present within an IL-7 polypeptide sequence
and/or artificially created glycosylation sites(s). In
a further particular embodiment, the hyperglycosylated
IL-7 composition is a composition comprising at least
80 %, preferably between 80% and 95%, IL-7
polypeptides which are glycosylated on from three up
to eight distinct amino acid residues, including one
O- and up to seven N-glycosylation sites. Such
residues may be either naturally present within an
IL-7 polypeptide sequence and/or artificially created
N-glycosylation sites(s). In this regard, a further
object of this invention relates to IL-7 polypeptides
having a modified amino acid sequence, wherein said
sequence comprises at least one artificially created
glycosylation site. According to particular
embodiments, the IL-7 polypeptides of this invention
comprise 1, 2, 3 or 4 artificially created
glycosylation sites, more preferably 1, 2 or 3; even
more preferably 1 or 2. As will be disclosedfurther,
the artificially created glycosylation sites are
preferably N-linked glycosylation sites. The IL-7
polypeptides of this invention may be from any
mammalian origin, particularly of human origin.
Furthermore, such IL-7 polypeptides may comprise the
sequence of a mature IL-7 polypeptide, or further
comprise additional amino acid residues, such as a
secretion peptide for instance. In addition, or in the
alternative, the IL-7 polypeptide is preferably a
specific 



conformer comprising the following three disulfide
bridges: Cys: 1-4 (Cys2- Cys92); 2-5 (Cys34- Cys129);
3-6 (Cys47- Cys141). Specific examples of such
modified IL- 7 polypeptides comprise at least one
amino acid modification as disclosed in Table 1 below,
or a combination thereof. A further object of this
invention resides in a nucleic acid molecule encoding
an IL- 7 polypeptide as discussed above. The nucleic
acid molecule may be any DNA or RNA molecule,
typically a cDNA molecule. A further object of this
invention resides in a nucleic acid molecule encoding
secretion signal comprising SEQ ID NO: 19. A further
object of this invention resides in a vector
comprising a nucleic acid molecule as defined above.
The vector may be any prokaryotic or eukaryotic
vector, typically a eukaryotic vector, and may be
selected from a plasmid, episomal DNA, cosmid, viral
vector, artificial chromosome, etc. The vector may
comprise any regulatory sequence allowing proper
expression of the coding nucleic acid in a selected
host cell, e.g., a promoter, terminator, polyA, origin
of replication, homologous region, intron, genes 5' or
3' untranslated regions (UTR) etc. The above nucleic
acids and vectors may be used for instance to produce
recombinant mammalian IL-7 polypeptides in various
competent host cells, as well as for gene therapy
purposes.Another object of this invention resides in a
recombinant host cell comprising a nucleic acid or a
vector as disclosed above. Such a recombinant cell may
be prokaryotic or, more preferably, eukaryotic, such
as a yeast, insect, plant or mammalian cell, for
instance, more preferably, recombinant host cell
transduced to express or over express a
glycosyltransferase and/or a 2-6-sialyltransferase
gene, e.g., from human origin. Another object of this
invention resides in a drug substance comprising an
IL-7 polypeptide as described above, typically a
hyperglycosylated IL-7 polypeptide. More preferably,
the drug substance contains less than about 10% of un-
or monoglycosylated IL-7 polypeptide and/or is
essentially devoid of product-related impurities. The
invention also relates to the use of a drug substance
as described above in the manufacture of a medicament
("drug product") or pharmaceutical composition. The
invention further relates to a pharmaceutical
composition comprising an effective amount of an IL-7
polypeptide or composition or drug substance as
described above and one or more pharmaceutically
compatible carriers or excipients. The invention also
provides an antibody, as well as fragments or
derivatives thereof, specifically immunoreactive with
an IL-7 polypeptide as defined above; hybridoma cell
lines that produce said antibody, as well as
compositions suitable for diagnosis, assay or therapy
comprising said antibody, fragments or derivatives
thereof. A further aspect of this invention is a
method of producing an IL-7 polypeptide as described
above, from prokaryotic or eukaryotic host cells, as
well as a method ofdetecting or measuring the presence
of such an IL-7 polypeptide in a sample, or to 



characterize a sample. In a particular aspect, the
method of producing an IL-7 polypeptide as defined
above comprises: a) culturing a recombinant host cell
as defined above, and b) collecting the IL-7
polypeptide produced from said cell. According to a
preferred embodiment, expression is performed under
conditions allowing efficient glycosylation motifs to
be added to the IL-7 polypeptide, in particular sialic
acid residues. In a further preferred embodiment, the
production is performed in a fed-batch or perfusion
mode maintaining the cells at the end of exponential
growth phase. Such conditions increase the quality of
post-translational modifications and contribute to a
higher degree of sialylation per IL-7 polypeptides.
According to particular embodiments, the encoding
nucleic acid comprises a secretion signal and/or an
optimized nucleic acid sequence and/or the host cell
is a eukaryotic host cell (e.g., a mammalian or
insects or yeast cell). Another object of the
invention relates to the use of an IL-7 polypeptide or
a hyperglycosylated IL-7 composition, as defined above
or obtained by a method as described above, for the
manufacture of a pharmaceutical composition to cause
or modulate an immune response in a subject,
particularly to induce prolonged lymphopoiesis
stimulation and/or to amplify an immune response. The
invention also relates to the use of an IL-7
polypeptide as defined above or obtained by a method
as described above, for the manufacture of a
pharmaceutical composition to prevent or treat a
disease associated with an immunodeficiency.As will be
discussed below, the polypeptides of this invention
exhibit an extended plasma half-life and mean
residence time, which favor in vivo receptor
interaction and activity, and/or an improved stability
and/or a lesser long term immunogenicity, thereby
allowing their uses to treat a variety of pathological
conditions in mammalian subjects, particularly in
human subjects. LEGENDS TO THE FIGURES Figure 1:
Plasmid ph-pgk.EP7-hll_-7: efla pA: "elongation factor
1 alpha" poly A sequence ; hgh pA: "human growth
hormone" poly A sequence ; SpA: synthetic polyA
sequence ; hph: hygromycin resistance ; Amp:
Ampicillin resistance ; MAR rabbit bglobin: putative
rabbit bglobin " Matrix Attachment Region " ; pr. tk:
thymidine kinase promoter , sv40 enh.: sv40 enhancer ;
pr pgk: phosphoglycerate kinase promoter ; 5'UTRint1:
5' untranslated region comprising a chimeric intron
(hBglobin-immunoglobuline) ; EP7-hlL7: optimized human
IL-7 cDNA upstream from EP7 signal peptide. Figure 2:
Plasmid pBh-pgk.EP7-hll_-7 : Bcl2: Bcl2 cDNA ; IRES:
Internal Ribosome Entry Site Figure 3: Expression of
recombinant hlL-7 in mammalian cells cultured in
Bioreactor from day 1 (D1) to day 10 (D10) Westen blot
of intracellular versus secreted IL-7. Figure 4:
Chromatographic fractionation of rec-hlL-7glycoforms
throughout 



purification process: SDS PAGE analysis of the protein
content in the different elution fractions (B1- B10).
IL-7 glycoforms were separated during both the capture
and HIC steps. Buffer gradients were used so as to
elute differentially the hlL-7 glycoforms according to
their slightly different physico-chemical properties.
Fractionation and subsequent selection of adequate
fraction allowed an enrichmentof the fully three
glycosylated recombinant hlL-7 (3 N- or 2 N-
associated with 10- sugar moiety). MWM, protein
molecular weight markers (10 ; 15 ; 20 ; 25 ; 37 ; 50
; 75 ; 100 ; 150 ; 25OkDa); B1-B10, elution fractions
; B1-B4, elution fractions retained for further
purification ; CT, fraction B 1 obtained from a
culture of HEK293 cell line transfected with the same
optimized hlL-7 cDNA. Figure 5: Analyses of the
purified recombinant hlL-7 on SDS PAGE. Samples of the
purified recombinant hlL-7 were loaded on SDS PAGE
under reducing conditions. Gels were revealed by: A.
Coomassie staining B. Western blot MWM : molecular
weight markers (10 ; 15 ; 20 ; 25 ; 37 ; 50 ; 75 ; 100
; 150 ; 25OkDa). Lane 1: HG-37-147 ; Lane 2: HG-40-104
; Lane 3: HG-hlL-7 ; Lane 4: E. coli hlL-7. Figure 6:
Comparative SDS-PAGE apparent molecular weight of
purified glycosylated rec-hlL-7 products. Lane M =
Molecular weight marker, Lane 1 = schematic
representation of purified product as described by
Namen et al. in patent # US 5 328 988 (about 25 KDa),
Lane 2 = CHO rec-slL-7 product purifed by the
Applicant, Lane 3 = CHO rec-hlL-7 product purifed by
the Applicant, Lane 4 = hlL-7 1N- and 2N- glycoforms
as standard for apparent molecular weight comparison,
Lane 5 = E.coli rec-hlL-7 product purifed by the
Applicant (CYT 99 007). Figure 7: Analyses of the
purified recombinant human IL-7 on SDS PAGE under
reducing conditions after deglycosylation. Samples of
the purified recombinant glycosylated human IL-7 were
digested by PNGase F : Kinetic samples from 2 minutes
to 24h were loaded on gel.Another sample (OO/N) was
digested over 24h with PNGase F + Oglycosidase/
b(1-4)galactosidase/neuraminidase/N-Acetylglucosaminid
ase. As a control, glycosylated human IL-7 and E. coli
human IL7 were also loaded on the gel. 3N+1O, 2N+1O,
1N+1O, 10 glycoforms and deglycosylated human IL7 were
then separated according to their MW estimated on the
gel at 33, 27, 24, 18 and 17 kDa, respectively. Figure
8: Mass spectrum analysis of different purified
rec-hlL-7 Glycoforms. - 23 kDa (23179 Da):
Rec-hlL-7(CHO S.2N+3N) - 25 kDa (25127 Da):
Rec-hlL-7(CHO S,3N) Figure 9: 2D electrophoresis
analysis of the purified recombinant hyperglycosylated
human IL-7 polypeptide. After lso Electric Focusing
(pH range 3- 10), glycoforms were separated on SDS
PAGE under reducing conditions (Coomassie blue
staining) 



Figure 10: Mass spectrum analysis of recombinant hlL-7
N-glycan complexity. Purified glycosylated hlL-7
samples were enzymatically digested with an
endoglycosidase such as peptide-N-glycosidase F
(PNGaseF, Roche). Released N-linked oligosaccharides,
released protein sample by enzymatic digestion were
separated from the peptide structure and analysed by
MALDI-TOF Mass Spectrometry. The m/z values
corresponding to each peak were searched against
international databases and allowed accurate
identification of the panel of NGlycans on the hlL-7
molecule. Figure 11: Characterization of O-glycans on
recombinant hlL-7, using specific lectins (lectin
blot). After separation of protein samples and
blotting to membrane, products were revealed with
either one of the two lectins (MAA, from Maackia
amurensis, PNA, from Arachis hypogea). Lane 1:
standard protein fetuin, asialilated protein, Lane 2,
fetuin treated with a sialidase, Lane 3, hlL-7, Lane
4, hlL- 7 treated with sialidase. Figure 12: Lectin
affinity of hyperglycosylated IL-7 polypeptide (ELISA
screen). Lectins (LEA from Lycopersicon esculentum,
WGA from Triticum vulgare, UEA.I from Ulex europeus,
MAA from Maackia amurensis, ACA from Amaranthus
caudatus, AIA from Artocarpus intergrifolia, ABA from
Agaricus bisporus, PHA.L from Phaseolus
vulgarishav'mg) - cated plates used to bind identical
amounts of recombinant purified hlL-7 preparations.
Amounts of bound IL-7, depending on the lectin
specificity to the glycan moieties, were revealed by a
specific anti hlL-7 antibody (Ab) coupled to Biotin.
The Lectin - IL-7 - Ab sandwich was revealed with a
streptavidin-peroxidase conjugate. Figure 13: Bioassay
of recombinant human IL-7 activity. Dose-response
kinetics of PB-1 cell growth induced by unglycosylated
r-hlL-7 (expressed in E. coli) or highly glycosylated
r-hlL-7 (produced in mammalian cells). Figure 14:
Bioassay of recombinant human IL-7 activity.
Dose-response kinetic data and curves obtained
routinely in a typical bioassay: the PB-1 cell growth
was induced by unglycosylated r-hlL-7 (expressed in E.
coli), highly glycosylated or hyperglycosylated
r-hlL-7 (produced in mammalian cells). (Data points
represent the mean  SD of triplicate determination).
DETAILED DESCRIPTION OF THE INVENTION The present
invention relates to hyperglycosylated IL-7
compositions, their manufacture and their uses in the
pharmaceutical industry. The present invention, for
the first time, shows that the activity and/or
properties of IL-7 may be enhanced depending on the
glycosylation profile of the polypeptide. The present
inventionalso discloses, surprisingly and contrary to
in vitro data, that the best in vivo activity can be
achieved with IL-7 polypeptides having at least 2 to
preferably 3 occupied N-linked glycosylation sites and
one O-linked glycosylation site and maximized terminal
sialylation of the oligosaccharide moieties. The
present invention also discloses artificially created
hyperglycosylated IL-7 polypeptides, which exhibit
prolonged activity (thereby allowing a reduced
administration frequency), and/or a decreased
long-term immunogenicity. Considering the utility of
IL-7, such polypeptides and compositions represent
highly valuable and useful active 



molecules for use in regulating an immune response in
a subject, including a human subject. A first object
of this invention thus resides in a hyperglycosylated
IL-7 composition. A further object of this invention
relates to the use of hyperglycosylated IL-7 for the
manufacture of a medicament consisting of said
hyperglycosylated IL-7 and at least one
pharmaceutically acceptable carrier or excipient, for
treating a mammalian subject. A further object of this
invention is a method for causing or stimulating an
immune response in a subject, comprising administering
to the subject an effective amount of a
hyperglycosylated IL-7 composition. A further object
of this invention relates to the use of a
hyperglycosylated (and preferably highly sialylated)
IL-7 composition for the manufacture of a medicament
for causing or stimulating an immune response in a
subject. IL-7 Polypeptide Within the context of the
present invention, an "IL-7 polypeptide" designates a
mammalian (e.g., human, simian, bovine, equine, feline
or canine) IL-7polypeptide. More preferably, the IL-7
polypeptide is a human IL-7 polypeptide, especially
for uses as a therapeutic or vaccine. Alternatively,
especially for use in non human primate experiments or
in veterinary applications, the IL-7 polypeptide may
be any other mammalian IL-7 polypeptides such as a
simian IL-7 polypeptide or a canine polypeptide.
Preferred human IL-7 polypeptides of this invention
comprise an amino acid sequence as described in EP 314
415 or in WO2004/0 18681 A2, as well as any natural
variants and homologs thereof. The sequence of human
IL-7 is also available on gene banks. The typical
wild-type protein comprises 152 amino acids and,
optionally, an additional N-terminal methionine
residue (SEQ ID NO: 1). Variants thereof include, more
preferably, natural allelic variants resulting from
natural polymorphism, including SNPs, splicing
variants, etc. In a specific embodiment, the term IL-7
polypeptide is meant to designate a polypeptide having
the sequence of SEQ ID NO: 1 or natural variants
thereof. In a further embodiment, the IL-7 polypeptide
is a canine IL-7 polypeptide. In this regard, the
invention discloses, for the first time, the sequence
of an isolated IL-7 polypeptide, which represents a
further object of this application. In particular, the
invention relates to an IL-7 polypeptide comprising
amino acid sequence depicted in SEQ ID NO: 7, as well
as any natural variants, homologs or distinctive
fragments thereof. The term " variants " or " homologs
" refer to polypeptides that differ from SEQ ID NO :7
by a deletion, substitution or addition of one or a
limited number of aminoacids. Preferably such variants
or homologs show a percentage of identity that is
superior to 85%, preferably superior to 90%,
preferably superior to 95%, most preferably superior
to 98% with SEQ ID NO:7. The IL-7 polypeptide used in
the present invention is preferably a recombinant
IL-7. The term "recombinant", as used herein, means
that the polypeptide is obtained or derived from a
recombinant expression system, i.e., from a culture of
host cells(e.g., microbial or insect or plant or
mammalian) or from transgenic plants or 



animals engineered to contain a nucleic acid molecule
encoding an IL-7 polypeptide. "Microbial" refers to
recombinant proteins made in bacterial expression
systems. "Mammalian" refers to recombinant
glycoproteins made in mammalian expression systems. As
will be discussed below, all of these host cells
should preferably express either naturally or after
transgenesis an appropriate glycosyltransferase and/or
sialyltransferase gene. IL-7 polypeptide can also be
glycosylated through the use of appropriate in vitro
or in vivo glycosyltransferase and/or
sialyltransferase molecules, or by grafting
oligosaccharide structures. A specific example of a
human IL-7 polypeptide is a polypeptide of SEQ ID NO:
1 comprising the disulfide bridges Cys2-Cys92;
Cys34-Cys129 and Cys47-Cys141. Also, IL-7 polypeptides
of the present invention may comprise the sequence of
a mature IL-7 polypeptide, or further comprise
additional amino acid residues, such as a secretion
peptide for instance. Preferred examples of such
secretion peptides include, without limitation, a
signal peptide selected from the group consisting of
the EPO signal peptide, SEAP signal peptide, IgGkappa
signal peptide, Lactotransferin/vitronectin signal
peptide, VIP/vitronectin signal peptide and cytostatin
bis signal peptide. The sequence of these signal
peptides is set forth, respectively, in SEQ ID NO 13
to 18. In a specific embodiment, the signal peptide is
a hybrid construct made by the inventors, between
sequences derived from the EPO and IL-7 signal
peptides. The sequence of this signal peptide, termed
EPy7 or EP7, is set forth in SEQ ID NO: 19 and
represents a particular object of this
invention.Hvperalvcosylated IL-7 and Compositions
Within the context of the present invention, the term
"hyperglycosylated IL-7" designates an IL-7
polypeptide having at least three occupied
glycosylation sites, i.e., having at least three
glycosylated amino acid residues. A "glycosylation
site" designates any amino acid residue or region in a
polypeptide which is subject to glycosylation, i.e.,
the attachment of a carbohydrate structure. Such sites
are typically N-glycosylation sites (i.e., any amino
acid residue or region in a polypeptide which allows
the attachment of a carbohydrate structure through
N-linkage) and/or O-glycosylation sites (i.e., any
amino acid residue or region in a polypeptide which
allows the attachment of a carbohydrate structure
through Olinkage). Consensus sequences for
glycosylation sites are known per se in the art. As an
illustration, a consensus N-glycosylation site
typically has the following structure: Asn-X-Ser/Thr,
where X is any amino acid except Proline. As will be
disclosed below, such glycosylation sites may be
either naturally present within an IL-7 polypeptide
sequence and/or artificially added or created within
said sequence. The term "hyperglycosylated IL-7
composition" designates an IL-7 composition in which
at least 80% of IL-7 polypeptides have at least three
occupied glycosylation sites, i.e., having at least
three glycosylated amino acid residues. Preferably,
such a composition comprises at least 80% of IL-7
polypeptides that are glycosylated, at least, at three
N-glycosylation sites(s) and, optionally, at one
O-glycosylation site. 



Such a composition is most preferably essentially
devoid of un- or monoglycosylated IL-7 polypeptides,
and thus comprises at most 20% of bi-glycosylated IL-7
polypeptides. In a preferred embodiment, a
hyperglycosylated IL-7 composition designates an IL-7
composition in which at least 90% of IL-7 polypeptides
are glycosylated at three N-glycosylation sites(s)
and, optionally, at one O-glycosylation site. Such a
composition is most preferably essentially devoidof
un- or mono-glycosylated IL-7 polypeptides, and thus
comprises at most 10% of bi-N-glycosylated with or
without mono-O-glycosylated IL-7 polypeptides. IL-7
primary amino acid sequence comprises three putative
N-glycosylation sites, namely Asparagine (Asn)
residues at positions 70, 9 1 and 116 (with respect to
the human wild type sequence, see SEQ ID NO: 1).
Furthermore, the present invention shows that the IL-7
sequence also contains one O-glycosylation site,
namely Threonine (Thr) residue at position 110. In a
particular embodiment, a hyperglycosylated IL-7
polypeptide of the present invention is an IL-7
polypeptide having the above three N-glycosylation
sites occupied associated or not to one occupied
O-glycosylation site and a hyperglycosylated IL-7
composition is an IL-7 composition in which at least
80% of IL-7 polypeptides are glycosylated at the above
N-glycosylation sites and, optionally, also at the
O-glycosylation site. In a particular embodiment, a
hyperglycosylated IL-7 polypeptide may comprise
additional artificially added or created glycosylation
sites. Accordingly, a hyperglycosylated IL-7
polypeptide of the present invention is an IL-7
polypeptide having at least three N-glycosylation
sites and one O-glycosylation site occupied, said
sites being either naturally-occurring and/or
artificially added/created; and a hyperglycosylated
IL-7 composition is an IL-7 composition in which at
least 80% of IL-7 polypeptides are glycosylated at
four glycosylation sites(s) at least, said sites being
either naturally-occurring and/or artificially
added/created. In this regard, the present invention
now discloses IL-7 polypeptides having a modified
amino acid sequence, wherein said sequence comprises
at least one artificially created glycosylation site.
According to particular embodiments, the IL-7
polypeptides of this invention comprise 1, 2, 3 or 4
artificially created glycosylation sites, more
preferably 1, 2 or 3; even more preferably 1 or 2.The
artificially created glycosylation sites are
preferably N-I inked glycosylation sites. Consensus
N-glycosylation sites typically have the following
structure: Asn- X-Ser/Thr, where X is any amino acid
except Proline. The glycosylation sites may be created
or added chemically from assembled synthetic
oligonucleotides or using several techniques including
mutagenesis methods at various positions within IL-7
primary amino acid sequence, and following techniques
known per se in the art. Because the modified IL-7
polypeptide shall retain the ability to bind an IL-7
receptor, the glycosylation site(s) is (are) most
preferably created within region(s) or domain(s) of
the IL-7 polypeptide sequence which do(es) not alter
the ability of IL-7 to bind an IL-7 receptor. More
preferably, the site(s) is (are) introduced outside of
the alpha helices of the polypeptide, preferably
except at immediate proximity of the glycine residues.
Preferably, they are introduced in the most flexible
region, avoiding 



regions that are more rigid and important for tertiary
structure of the polypeptide. Preferably, the creation
of a glycosylation site does not affect any Cystein
residue involved in a disulfide bridge (e.g., Cys 2,
34, 47, 92, 129 and 141), nor any critical residue
involved in the interaction of IL-7 polypeptide with
its cognate receptor (e.g., Ser 19, Leu 23 and 77, Tyr
12, VaI 15, GIn 22, Lys 8 1 and GIu 84) , nor any
conserved residue involved in the activity of the
polypeptide (e.g., Arg 133, GIn 136, GIu 137, Lys 139
and 144, Thr 140 and Asn 143) . The glycosylation
sites are typically created by mutation, deletion or
addition of one or several amino acid residues within
the primary sequence of a reference IL-7 polypeptide,
to create a typical consensus glycosylation site. In a
particular embodiment, the present invention relates
to IL-7 polypeptides comprising the sequence of a
human (or mammalian) IL-7 polypeptide comprising one
or several amino acid modifications selected from
Lys28Asn - lle30Ser - He30Thr - He30Asn - Ser32Thr -
Leu35Ser - Leu35Thr - Glu38Ser - Glu38Thr - Phe39Ser -
Phe39Thr - Phe42Ser - Phe42Thr - Glu52Ser - Glu52Thr -
Val82Asn -Glu84Thr - Glu84Ser - Lys97Asn - Arg99Thr -
Arg99Ser - Ala102Asn - Leu104Thr - Leu104Ser -
Leu104Asn - Glu106Thr - Glu106Ser - Leu128Ser -
Leu128Thr - lle145Asn - Met147Thr - Met147Ser -
Met147Asn - Thr149Ser (or from corresponding positions
in other mammalian IL-7 polypeptides). Specific
examples of (human) IL-7 polypeptides of this
invention comprise the amino acid modifications
disclosed in Table 1 below: Table 1The above amino
acid modifications create N-glycosylation sites
without substantially altering the binding affinity of
IL-7, thereby creating improved IL-7 polypeptides
according to the present invention. The term "without
substantially altering the binding affinity" means
that the binding affinity is not altered or may be
reduced without impacting the in vivo effects
resulting from the interaction with the receptor. When
quantified in vitro, the binding affinity may be
reduced by less than 50%, preferably less than 40%,
preferably less than 30%, preferably less than 20%,
preferably less than 5%. Also, the above modifications
can be combined to create several additional
glycosylation sites within an IL-7 polypeptide of this
invention. In this regard, the invention relates to
any biologically active IL-7 polypeptide having the
primary sequence of (human or mammalian) interleukin-7
modified by the addition of at least from one to four
additional (N-linked) glycosylation sites. A further
preferred embodiment of this invention is a
biologically active IL-7 polypeptide comprising the
primary sequence of interleukin-7 comprising one or
two additional (N-linked) glycosylation sites. Most
preferred IL-7 polypeptides of this invention are
biologically active, i.e., they are capable of binding
to an interleukin-7 receptor and show in vitro
activity in a specific bioassay and/or have an
increased mean residence time (MRT) in vivo.Comparison
of activities between the non glycosylated standard
and the hyperglycosylated IL-7 was addressed in a dose
/ response bioassay study in which an ED50 value
corresponds to a dose equal to one half of maximal
activity. Hyperglycosylation, usually leads to
decreased activity in the bioassay, which does 



not translate into decreased in vivo activity. In the
present situation, the extended kinetic profile will
in fact improve the in vivo activity. In spite of the
fact that ED50 does not reflect activity of the IL-7
in vivo, it allows comparison between different
samples with the same level of glycosylation. In this
frame, typical ED50 values for a non glycosylated
standard were ranging between 0.5 to 2.0 ng IL-7 / ml
while hyperglycosylated ED50 values were ranging
between 1.5 to 3.5 ng hyperglycosylated IL-7 / ml. The
hyperglycosylated IL-7 polypeptides of the invention
show an improved stability, and an in vivo extended
half-life and mean residence time in mammalian hosts.
The term "improved stability", "extended half-life and
mean residence time" is to be understood in comparison
to non-glycosylated forms. Preferably the increase of
half-life is at least about 3x, preferably at least
about 5 to 2Ox. Mean residence time (MRT) means the
average of the residence time of each IL-7 molecule in
the blood of patients after initial dosing.
Preferably, the increase of MRT is at least about 2x,
or preferably at least about 4 to 10x compared to the
MRT of non-glycosylated forms. For instance the
plasmatic half-life of the hyperglycosylated form was
shown to be in the range of 30 to 40 hours, whereas
the plasmatic half-life of the nonglycosylated form is
usually 5 to 8 hours (when both forms are administered
in the same conditions, i.e. in one injection,
subcutaneously).. The mean residence time (MRT) was
around 40 hours versus around 10 hours with the non
glycosylated form.It should be understood that the
invention also encompasses any distinctive fragment of
an IL-7 polypeptide of this invention, i.e., any
fragment comprising an amino acid modification as
disclosed above, or any fragment comprising an
artificially created glycosylation site as disclosed
above. Such fragments typically contain at least 5
amino acid residues, typically at least 8, 9, 10, 11,
12 or 15 residues, and may contain up to 20, 30, 40,
50 or more consecutive amino acid residues. Such
fragments may be used as antagonists or as immunogens,
to generate specific antibodies. Also, while the above
amino acid positions have been given by reference to
the human IL-7 polypeptide sequence, it should be
understood that the present invention also encompasses
IL-7 polypeptides having the primary sequence of
mammalian IL-7 modified by homologous mutations in
mammalian sequences based on sequence alignment
against human sequence. A preferred embodiment of this
invention relates to new biologically active IL-7
polypeptides comprising one or several amino acid
modification(s) selected from the group consisting of:
Phe39Ser - Phe39Thr- Phe42Ser - Phe42Thr - Leu104Asn -
Glu106Thr - Glu106Ser - Leu128Ser - Leu128Thr -
Met147Asn and a combination thereof, or a distinctive
fragment thereof. Most preferred modified IL-7
polypeptides of this invention are disclosed in Table
2 below: 



Table 2A further particular object of this invention
is a hyperglycosylated IL-7 polypeptide comprising a
primary amino acid sequence as disclosed above.
Oligosaccharide Units The structure and number of
oligosaccharide units attached to a particular
glycosylation site in a hyperglycosylated IL-7
polypeptide of this invention can be variable. These
may be, for instance, N-acetyl glucosamine, N-acetyl
galactosamine, mannose, galactose, glucose, fucose,
xylose, glucuronic acid, iduronic acid and/or sialic
acids. More preferably, hyperglycosylated IL-7
polypeptides comprise (or are enriched in) N-linked
and/or O-linked carbohydrate chain(s) selected from:
a) a mammalian type sugar chain, preferably of the
type expressed by CHO cells; b) a sugar chain
comprising a complex N-carbohydrate chain (e.g., a
triantenary or biantenary structure), more preferably
containing high mannose and acetylglucosamine
molecules and high terminal sialic acid residues; c) a
sugar chain comprising an O-carbohydrate chain without
and preferably with a terminal sialic acid residue; d)
a sugar chain sialylated by alpha2,6-sialyltransferase
or alpha2,3- sialyltransferase ; and/orQ) a sialylated
sugar chain displaying between 3 to 30
sialyl-Nacetylgalactosamine, preferably 7 to 23.
Particularly preferred carbohydrate chain(s) comprise
a triantenary or biantenary structure with partial or
complete terminal sialylation. Further preferred
carbohydrate chains comprise triantenary structures
and tri or bi-sialylation, and/or a diantenary
structure with disialylation. Examples of such
carbohydrates are disclosed in Table 4, including
motifs #2420, 2623, 2785 and 3092. According to a
further specific embodiment, the hyperglycosylated
interleukin-7 polypeptide of this invention has an
average isoelectric point inferior to 6,5 and an
average apparent molecular weight superior to 27 kDa,
between 28 KDa and 65 KDa (theroretical for a 7N + 10
glycosylation), preferably between 28 KDa and 35 KDa
(as shown for a 3N + 10 glycosylation ) , by gel
electrophoresis (confirmed by Western blot) which is
translated to 25 kDa by mass spectrometry analysis. In
a particular embodiment, the hyperglycosylated IL-7
polypeptide of this invention is produced by a
mammalian glycosylation mutant that stably expresses
a2,6 sialyltransferase and presents a deficiency in
CMP-Neu5Ac Hydrolase activity, preferably a CHO
glycosylation mutant. Such glycosylation typically
includes Nacetyl glucosamine, N-acetyl galactosamine,
mannose, galactose, glucose, fucose, xylose,
glucuronic acid, iduronic acid and/or sialic acids. In
an other embodiment, the hyperglycosylated IL-7
polypeptide is produced by recombinant technology in a
human host cell, which may be selected from human
stromal or epithelial cell lines, HEK-293 (Human
Embryonic Kidney), HER (Human Embryonic Retina), HEK
(Human Epidermal Keratinocytes), human thymus or 



human cortical epithelial cell lines, human bone
marrow or human bone marrow stromal cell lines.Most
preferred hyperglycosylated interleukin-7 polypeptides
of this invention display the following feature(s): a)
they have improved secretion profile and production
rate in recombined productive cell lines; and/or b)
they contain a high degree of sialic acid residue per
IL-7 polypeptide, leading to decrease isoelectric
point value and to improve mean residence time; and/or
c) they are protected from inter-molecular
aggregation; and/or d) they have reduced
susceptibility to proteolysis; and/or e) they contain
masked antigenic sites, reflecting reduced immunogenic
liability, reduced vulnerability to APC (antigen
presenting cells) capture, processing and presentation
through a MHCII molecule; and/or f ) they have
increased chemical stability; and/or g) they have an
extended biological half-life in vivo (Long acting
isoform of IL-7) compared to the unglycosylated parent
peptide; and/or h) they have an increased in vivo
pharmacological activity compared to unglycosylated
parent protein, mostly due to a better mean residence
time (MRT); and/or i) they permit less frequent dosing
schedule, from three / four times a week down to two
or once a week or once every fortnight for the more
long acting products; and/or j ) they display an
improved pharmacokinetic profile (decreased peak
concentration and improved mean residence time) and/or
k) they display an average molecular weight above 25
KDa as determined from Mass Spectrometry analysis or
27 KDa as determined from SDS-PAGE analysis and an
average isoelectric point below 6,5. The polypeptides
of this invention may be in the form of a monomer, or
associated or complexed with a particular compound of
choice. In this regard, in a particular embodiment,
the IL-7 conformer is associated to the hepatocyte
growth factor("HGF"), as a heterodimer. The
heterodimer may be obtained chemically, by
complexation or by recombinant technology (i.e., by
genetic fusion). In an other particular embodiment,
the IL-7 polypeptide is functionally attached to a Fc
portion of an IgG heavy chain, typically through a
peptide hinge region. Such fusion molecules have
potentially increased stability and half-life in vivo.
The IgG moiety is most preferably a human IgGI or
lgG4. In an other particular embodiment, the IL-7
polypeptide is functionally associated to a human
serum albumin ("HSA") or a portion of a HSA, as a
fusion protein. Such fusion molecules have potentially
increased stability and prolonged half-life in vivo. A
further object of this invention is a
hyperglycosylated IL-7 composition. Such compositions
preferably comprise at least 80 %, preferably between
80% and 95%, IL-7 polypeptides which are glycosylated
on at least three distinct amino acid residues, which
may be naturally present within an IL-7 polypeptide
sequence (e.g. consensus N-linked and O-linked
carbohydrate sites) and/or artificially created 



glycosylation sites(s), as discussed above. According
to particular, specific, embodiments, the invention
relates to hyperglycosylated IL-7 compositions
comprising: a) a majority (> 80%, preferably more than
90%, most preferably more than about 95%) of
interleukin-7 glycosylated on the 3 consensus N-linked
carbohydrate sites (Asn 70/91/1 16) and further
glycosylated or not on 1 Olinked carbohydrate site
(Thr 110) ; preferably, the composition contains a
minority (< 20%, preferably less than about 10%) of
interleukin-7 glycosylated on 2 consensus N-linked
carbohydrate sites only (associated or not to 1
O-linked carbohydrate site) and/or is essentially
devoid of monoor unglycosylated protein ; orb) a
majority (> 80%, preferably more than 90%, most
preferably more than about 95%) of a biologically
active interleukin-7 analog, having the IL-7 primary
amino acid sequence modified to introduce one
additional site of glycosylation, glycosylated on 4
N-linked carbohydrate sites and further glycosylated
or not on 1 O-linked carbohydrate site (Thr 110) ;
preferably the composition contains a minority of the
same analog (< 20%, preferably less than about 10%)
glycosylated on 3 or 2 N-linked carbohydrate sites
only (associated or not to 1 O-linked carbohydrate
site) and/or is essentially devoid of mono- or
unglycosylated protein ; or c) a majority (> 80%,
preferably more than 90%, most preferably more than
about 95%) of an interleukin-7 biologically active
analog, having the IL-7 primary amino acid sequence
modified to introduce two additional sites of
glycosylation, glycosylated on 5 N-linked carbohydrate
sites and further glycosylated or not on 1 O-linked
carbohydrate site (Thr 110) ; preferably the
composition contains a minority of the same analog (<
20%, preferably less than about 10%) glycosylated on
4, 3 or 2 N-linked carbohydrate sites only associated
or not to 1 O-linked carbohydrate site and/or is
essentially devoid of mono- or unglycosylated protein;
or d) a majority (> 80%, preferably more than 90%,
most preferably more than about 95%) of an
interleukin-7 biologically active analog, having the
IL-7 primary amino acid sequence modified to introduce
three additional sites of glycosylation, glycosylated
on 6 N-linked carbohydrate sites and further
glycosylated or not on 1 O-linked carbohydrate site
(Thr 110) ; preferably the composition contains a
minority of the same analog (< 20%, preferably less
than about 10%) glycosylated on 5, 4, 3 or 2 N-linked
carbohydrate sites only associated or not to 1
O-linked carbohydrate site and/or is essentially
devoid of mono- or unglycosylated protein; or e) a
majority (> 80%, preferably more than 90%, most
preferably more than about 95%) of an interleukin-7
biologically active analog, having the IL-7 primary
amino acid sequence modified to introduce four
additional sites ofglycosylation, glycosylated on 7
N-linked carbohydrate sites and further glycosylated
or not on 1 O-linked carbohydrate site (Thr 110) ;
preferably the composition contains a minority of the
same analog (< 20%, preferably 



less than about 10%) glycosylated on 6, 5, 4, 3 or 2
N-linked carbohydrate sites only associated or not to
1 O-linked carbohydrate site and/or is essentially
devoid of mono- or unglycosylated protein. The
invention also relates to pharmaceutical compositions
comprising the above compositions as the active
substance. Nucleic acids A further object of this
invention resides in a nucleic acid molecule encoding
an IL- 7 polypeptide as discussed above. The nucleic
acid molecule may be any DNA or RNA molecule,
typically a cDNA molecule. A specific object of this
invention is a nucleic acid comprising nucleotide
residues 79 to END of SEQ ID NO: 2, as well as
distinctive fragments and the complementary strand
thereof. A further object of this invention is a
nucleic acid comprising SEQ ID NO: 4, as well as any
distinctive fragment thereof, variants thereof (having
at least 90% identity with SEQ ID NO: 4), and the
complementary strand thereof. A further object of this
invention is a nucleic acid comprising SEQ ID NO: 6,
as well as any distinctive fragment thereof, variants
thereof (having at least 90% identity with SEQ ID NO:
6) and the complementary strand thereof. A specific
object of this invention is a nucleic acid comprising
nucleotide residues 79 to END of SEQ ID NO: 6, as well
as variants thereof (having at least 90% identity with
SEQ ID NO: 6)and the complementary strand thereof. The
invention also encompasses a polypeptide encoded by
such sequences (e.g., SEQ ID NO: 7). The term
"variant" as used above in relation to a nucleic acid
more specifically designates a nucleotide sequence
that hydridizes to the reference sequence under
stringent condition and/or encodes a polypeptide
having the same type of activity as the polypeptide
encoded by the reference sequence. Most preferred
variants exhibit at least between 92 and 99% (e.g.,
92%, 93%, 94%, 95%, 96%, 97%, 98% or 99%) identity
with the reference sequence. A further specific object
of this invention is a nucleic acid comprising the
sequence of: CTG AAT AAC GAA ACT AAC SEQ ID NO: 8 AAC
TTC ACT AAG SEQ ID NO: 9 GCCAACGGTACCSEQIDNO: 10 CTG
AAC GAC AGC TGT SEQ ID NO: 11,o r ATC TTG AAC GGG SEQ
ID NO: 12, or a combination thereof. Specific examples
of nucleic acids of this invention comprise the
nucleotide sequence as set forth in any one of SEQ ID
NOs: 8 to 12. A further object of this invention
resides in a cloning and/or expression vector
comprising a nucleic acid molecule as defined above.
The vector may be any prokaryotic or eukaryotic
vector, typically an eukaryotic vector, and may be
selected from a plasmid, cosmid, viral vector,
artificial chromosome, etc. The vector may comprise
any regulatory sequence allowing proper expression of
the coding nucleic acid in a selected host cell, e.g.,
a promoter, terminator, polyA, 



origin of replication, integration region (e.g.,
homologous region), intron, UTR sequences, marker
gene, etc.A particular object of this invention is an
expression vector comprising a nucleic acid molecule
as defined above, including a signal peptide, operably
linked to regulatory elements allowing expression of
said nucleic acid in a mammalian host or host cell.
Preferred regulatory elements include a promoter,
which may be selected, without limitation, from viral,
cellular and synthetic promoters, including
constitutive, tissuespecific or regulated promoters,
in particular from the group consisting of the CMV
promoter, E 1Fa promoter and metallothionein promoter.
Further regulatory elements that may be contained
within the vectors of this invention include, without
limitation, a Bcl-2 gene, UTR sequences and MAR
sequences. In a preferred embodiment, the vector is an
episomic expression vector. The above nucleic acids
and vectors may be used for instance to produce
recombinant mammalian IL-7 polypeptides in various
competent host or host cells, as well as for gene
therapy purposes. Another object of this invention
resides in a recombinant host cell comprising a
nucleic acid or a vector as disclosed above. Such a
recombinant cell may be prokaryotic or, more
preferably, eukaryotic, such as a yeast, insect, plant
or mammalian cell, for instance. In a preferred
embodiment, the host cell is a mammalian cell,
preferably selected from PERC6, NSO cells and BHK
cells, preferably CHO cells; or a human cell line. The
vectors, constructs and recombinant cells will be
disclosed in more details, but not limited to, in a
subsequent section of this application.Drug Substance
and Pharmaceutical compositions Another object of this
invention resides in a drug substance comprising as
the desired product, an IL-7 polypeptide as described
above, typically a hyperglycosylated IL-7 polypeptide.
More preferably, the drug substance contains less than
about 10% of un- or mono-glycosylated IL-7 polypeptide
and/or is essentially devoid of product-related
impurities. The invention also relates to the use of a
drug substance as described above in the manufacture
of a medicament ("drug product") or pharmaceutical
composition. A preferred drug substance is further
substantially free of process related impurities.
Within the context of the present application, the
term "drug substance" refers to a product suitable for
use as the active principle of a medicament. The "drug
substance" according to this invention is, by nature,
a complex product, i.e., as a result of its production
method (e.g., recombinant DNA technology). The present
invention now discloses that, in order to produce
efficient therapeutic and vaccine enhancement effects,
an IL-7 drug substance or pharmaceutical composition
should contain, as the major molecular species, a
hyperglycosylated IL-7 polypeptide composition. The
term "substantially free", as used herein, indicates
that the drug substance contains no significant or
adverse amount of product-related impurities and 



process-related impurities. More specifically, the
drug substance should contain less than 5%, more
preferably less than 3%, even more preferably less
than 2% of product-related impurities and
process-related impurities. Most preferred
drugsubstances contain less than about 1% of
product-related impurities and only trace amount of
process-related impurities. IL-7 product-related
substances designate IL-7 molecular variants, which
include, for example, active or inactive peptide or
polypeptide fragments of IL-7. IL-7-related impurities
include, for example, human IL-7 polypeptides
comprising mono or bi-disulfide bridges, truncated
IL-7, deamidated recombinant IL-7, dimeric or
multimeric protein comprising IL-7, oxidized
methionine form or a combination thereof. Whatever
their biological activity, these IL-7 molecular
variants and IL-7-related impurities should be
strictly minimized or discarded from the drug
substance. Process related impurities include, DNA,
endotoxins, cell debris, viruses, etc. A preferred
drug substance is thus a drug substance wherein the
total amount by weight of a hyperglycosylated IL-7
composition comprises at least 95% by weight,
preferably at least 98% by weight, more preferably at
least 99.5% by weight of a hyperglycosylated IL-7
composition according to the invention. The invention
also relates to a pharmaceutical composition
comprising an effective amount of a drug substance or
hyperglycosylated IL-7 composition as described above
and one or more pharmaceutically compatible or
acceptable carriers, excipients or diluents. The
invention shows that pharmaceutical compositions
comprising a hyperglycosylated IL-7 composition as
described above clearly increase the vaccine
properties of IL-7 and its capacity to stimulate
antigen-specific immune responses.The pharmaceutically
compatible or physiologically ace diluent may be
selected from neutral to slightly acidic, isotonic,
buffered saline, solutions or suspensions and more
preferably from sucrose, trehalose, and amino acid.
The pharmaceutically compatible carrier is preferably
contained in an appropriate buffer to form an isotonic
solution. An appropriate buffer has preferably a pH
range comprised between 4.5 to 7.5, preferably 5.0 to
7.0, even more preferably of about 5.5 and is
preferably an organic salt selected from a sodium
citrate buffer or an ammonium acetate buffer. The
pharmaceutical composition may be in the form of a
suspension, solution, gel, powder, solid, etc. The
composition is preferably a liquid form. The
composition may comprise stabilizing agents, such as
sugar, amino acids, proteins, surfactants, etc. The
composition may comprise any saline solution,
including phosphates, chloride, etc. A particular
pharmaceutical composition according to the invention
comprises, in addition to the active drug substance, a
protein and/or a surfactant. This presence of a
protein, or any other high molecular weight molecule
of natural origin, reduces exposition of IL-7 to the
host immune system and therefore avoids secondary
effects. More preferably, the protein is non
immunogenic in the subject, such as 



any protein of human origin. A most preferred example
of protein is human serum albumin. The surfactant may
be selected from known surfactants such as Polysorbate
products, preferably Tween20(tm) or TweendO(tm). A
specific composition of this invention comprises human
serum albumin (preferably 2 to 5 mg/ml) or polysorbate
(Tween 20 or 80 (typically 0.005%)) or any other
substance such as a tensioactive substance or amino
acid (e.g., arginine,, glutamate, or a mixture of
arginine and glutamate) or sugar (e.g., sucrose,
trehalose, sorbitol), capable of preventing IL-7
immunogenicity due to protein aggregation and/or local
persistence of the drug product at injection site
after administration of the composition.In this
respect, particular objects of this invention reside
in pharmaceutical compositions containing a
hyperglycosylated interleukin-7 composition at a
concentration of about 1 mg/ml to 50 mg/ml, preferably
of about 3 mg/ml to 20 mg/ml. Preferably, the
effective amount of glycosylated interleukin-7 to be
administered is comprised between about 10 to 200
mg/kg/week, preferably between about 10 to 60
mg/kg/week, e.g. for treatment or prevention of
infectious diseases. In view of the improved
properties of the polypeptides and compositions of
this invention, the pharmaceutical compositions need
to be administered less frequently than prior art
compositions or products in an equivalent amount to
obtain comparable therapeutic effects. More
specifically, in a typical embodiment, the
compositions are administered 3 times per week, 2
times per week, once a week, once every other week,
once a month, once or twice before vaccination or
before and after vaccination. A preferred dosing
regimen consists in administering the pharmaceutical
composition once every 7, 10 or 14 days. Preferred
administration routes are parenteral routes. The
parenteral route is preferably an intra-tumoral, more
preferably an intra-venous or a sub-cutaneous
administration. It includes also intra-arterial,
intra-peritoneal or intra-muscular injections. It
should be understood, however, that any other suitable
administration route may be contemplated depending
upon the health status and the reactivity of the
patient. In a particular embodiment, the
administration route is the oral route. In comparison
to other polypeptide hormones, oral route is indeed
acceptable for hyperglycosylated IL-7 because of the
exceptional stability of this protein. The
compositions of the invention are then preferably in a
solid form, such as a tablet or a powder or a capsule,
or in a form of a liquid, such as a syrup or an
emulsion, prepared in an appropriate pharmaceutically
acceptable carrier. Preferably thecarrier itself is
stable in the gastro-intestinal tract and in the
circulatory system and exhibits an acceptable plasma
half-life. Gastric acid-resistant capsules, such as
gastric acid-resistant capsules containing a
micro-emulsion or liposome formulation of
hyperglycosylated IL-7 polypeptide, are advantageous.
The pharmaceutical composition may comprise additional
active ingredients, such as immuno-stimulating agents,
preferably selected from a hematopoietic cell growth
factor, a cytokine, an antigenic molecule (or antigen)
and an adjuvant, for 



combined, separate or sequential use. Such additional
active ingredients may be formulated in combination
with the IL-7, or, separately, for combined, separate
or sequential use. In a first variant, the active
ingredients are formulated together, in the same
recipient or vessel. In another, preferred variant,
they are conditioned separately, Ae., in distinct
vessels or recipients. According to this embodiment,
the ingredients may be administered separately, e.g.,
simultaneously or sequentially (e.g., at different
injection sites or at different time points), to
produce the most efficient biological effect. Also, as
mentioned above, repeated administrations of one or
the two active ingredients may be performed. In this
respect, the invention relates to a pharmaceutical
composition comprising a hyperglycosylated IL-7
composition as described above and an active
ingredient selected from an immuno-stimulant and an
antigenic molecule, for combined, separate or
sequential use. Adjuvants are preferably formulated
separately. The hematopoietic cell growth factor is
preferably selected from the Stem Cell Factor (SCF),
particularly the soluble form of the SCF, G-CSF,
GM-CSF, Flt-3 ligand, IL-15 and IL-2. Typical examples
of cytokines or chemokines for vaccine enhancement
include cytokines that induce and/or stimulate a
Th1-type immuneresponse. The cytokine is preferably
selected from a or g interferon, IL-2, IL-12, RANTES,
B7-1 , MIP-2 and MIP-1 a. It should be understood that
other factors such as NK cell activators and/or NKT
cell activators, FGF7 or FGF10, interleukins and/or
hormones may be used in combination with IL-7 to
provide additional therapeutic benefit. A specific
composition of this invention comprises a
hyperglycosylated IL-7 composition as described above
and Stem Cell Factor, particularly the soluble form
thereof, IL-15 and/or Flt-3 ligand and/or FGF10.
Another specific composition of this invention
comprises a hyperglycosylated IL-7 composition as
described above and a cytokine selected from a or g
interferon, IL- 2, IL-12, RANTES and MIP-1 a. Another
specific composition of this invention comprises a
hyperglycosylated IL-7 composition as described above,
a Stem Cell Factor and a cytokine. As indicated above,
the pharmaceutical composition may further comprise
one or several antigens (or antigenic molecules), for
combined, separate or sequential use. The antigen may
be any synthetic or natural peptide, a recombinant
protein, a killed, inactivated or attenuated pathogen
product, a microorganism, a parasite, a lipid, etc., a
portion thereof and a combination thereof. The antigen
may be an entire protein, or any epitope-containing
fragment or portion thereof, particularly peptides
that are presented to the immune system through MHC
class I or MHC class Il molecules. The antigen can be
any viral antigen, bacterial antigen, parasite
antigen, tumor antigen, etc. Specific examples of
antigens include antigens derived from HIV, Varicella
Zoster virus, Influenza virus, Epstein Barr virus,
type I or Il Herpes Simplex virus, human
cytomegalovirus, Dengue virus, Hepatitis A, B, C, D or
E virus, Syncytium respiratory virus, human papilloma
virus, mycobacterium 



tuberculosis, Toxoplasma and Chlamydia.A particular
object of this invention relates to a composition
comprising a hyperglycosylated IL-7 composition as
described above and an antigenic molecule, for
combined, separate or sequential use. The composition
may further comprise one or several immuno-stimulating
agents as disclosed above, for combined, separate or
sequential use. A further particular object of the
present invention concerns a pharmaceutical
composition comprising hyperglycosylated IL-7
composition as described above, wherein said
pharmaceutical composition is administered
simultaneously, a few days before or sequentially with
one or several antigenic molecules in order to obtain
and/or stimulate an antigen-specific immune response
in a subject. A further particular object of the
present invention concerns a method of causing or
enhancing an antigen-specific immune response in a
subject, comprising administering to a subject said
antigen (or an epitope-containing fragment thereof)
and a hyperglycosylated IL-7 composition as described
above. The composition may be administered
simultaneously, a few days before or sequentially
with, and more preferably before said antigen in order
to obtain and/or stimulate an antigenspecific immune
response in a subject. In another preferred
embodiment, the composition of the invention further
comprises an adjuvant. The adjuvant may be selected
from any substance, mixture, solute or composition
facilitating or increasing the immunogenicity of an
antigen and able to induce a Th1-type immune response,
such as CpG, QS21, ISCOM and monophosphoryl lipid A.
Such adjuvants are particularly suited to produce
and/or amplify a specific immune response against
antigen(s) in mammalian subjects, particularly in
humans. The adjuvant is preferably conditioned and
administered separately from the IL-7 containing
composition and/or at a distinct site of injection,
preferably with the desired antigen(s).The present
invention also concerns a pharmaceutical composition
comprising an effective amount of a human
hyperglycosylated IL-7 composition according to the
invention in admixture with a suitable diluent,
excipient or carrier, for parenteral administration to
a human patient for prophylactic or therapeutic
stimulation of B or T lymphocyte development and
proliferation, or for augmentation of an immune
response. The pharmaceutical compositions of the
invention induce a prolonged lymphopoiesis stimulation
and/or amplified immune responses. A pharmaceutical
composition according to the invention may also be
used in a human patient for prophylactic or
therapeutic stimulation of B or T lymphocyte
development and proliferation, for enhancement of
global and/or specific immunoreconstitution, or for
enhancement of humoral and/or cellular immune
responses. A particular pharmaceutical composition
according to the invention is for use to prevent or
reduce opportunistic infections in immunodeficient
patients. Another particular pharmaceutical
composition according to the invention is for use to
prolong lymphopoiesis stimulation and/or to produce
specific immune response not only against dominant
epitopes but also against sub-dominant or less
immunogenic epitopes, epitopes having a lower affinity
for the T cell receptor, 



which will allow to broaden the repertoire of a
specific immune response in human patients. The
invention is particularly suited to produce a
preventive or curative immune response in subjects,
such as immunodeficient patients, cancer patients,
patients undergoing grafts, patients infected with a
virus or a parasite, elderly patients or any patients
having low CD4 count etc. Specific and preferred uses
of the IL-7 polypeptides and compositions of this
invention include the use:- as a vaccine enhancer
(administration of said composition before, during or
substantially simultaneously with antigen
administration) in an amount effective to induce
enhancement of specific immune response against
malignant cells or infectious agents ; and - to induce
immune reconstitution of patients whatever the origin:
infectious, radiations, Transplantations (BMT, SCT) or
drugs ; The IL-7 polypeptides and compositions of this
invention may be used either alone or in combination
with other active ingredients, such as lymphopoietic
factors including, without limitation, SCF, FK3-L,
a-IFN, g-IFN, IL-2, IL-3, IL-4, IL-12, IL-15, IL-18
and/or IL-21. Where combined therapy is used, the
various ingredients may be administered
simultaneously, separately or sequentially, and may be
conditioned together or separately. The IL-7
polypeptides and compositions of this invention may be
used in various areas, including to enhance
vaccination in the field of animal health and to
minimize the number of active substance
administrations. The invention further provides a
method for treating a viral infection, such as HIV
infection, viral hepatitis, West Nile fever, Dengue,
which method comprises administering to an infected
patient, a hyperglycosylated IL-7 polypeptide
composition. In a particular embodiment, the
hyperglycosylated IL-7 polypeptide is to be
administered in association with an interferon
molecule. The interferon molecule can be for instance
alpha IFN (leukocyte IFN), beta IFN (fibroblast IFN),
gamma IFN (immune IFN), omega IFN or tau IFN
(trophoblastic factor).The invention further provides
a method for improving a thymopoietic recovery in
immuno-compromised subject, which method comprises
administering to an immuno-compromised subject, a
hyperglycosylated IL-7 polypeptide composition.
Preferably the hyperglycosylated IL-7 polypeptide is
then to be administered in association with a
keratinocyte growth factor, a stem cell factor, a
gonadostimulin antagonist or a growth hormone. The
hyperglycosyltated IL-7 polypeptide can also be used
in a method for providing a therapeutic immunization
against malignant cells, virus or bacteria, wherein
the hyperglycosylated IL-7 polypeptide is to be
administered in association with an antigen or a
mixture of antigens, e.g. those described above. In
this situation, the hyperglycosylated IL-7 polypeptide
may be further administered in association with
GM-CSF. A further object of this invention is a method
for ex-vivo enhancing expansion of T 



cells, which method comprises contacting T cells with
a hyperglycosylated IL-7 polypeptide or composition,
hereby enhancing expansion of the T cells. This method
is particularly useful to prepare T cells suitable for
treating patients with cancer or viral infection by
adoptive immunotherapy. Adoptive immunotherapy is an
ex vivo methodology for selective expansion of
specific T cells targeting specific antigens
(malignant or viral). This immunotherapeutic technique
generally includes isolation of Ag-specific T
lymphocytes from whole blood of the patient, ex vivo
expansion of theses T cells using IL-7 polypeptides,
optionally ex vivo activation of theses T cells by
other cytokines and administration to the patient.
Other techniques are possible. IL-7 polypeptides
improve survival of these T cell populations which
further show an enhanced cytotoxic activity.Production
methods and tools Another aspect of the present
invention is to provide appropriate constructs and
methods for producing the above compositions,
particularly the above hyperglycosylated IL-7
polypeptides, compositions and drug substances, in
sufficient quantities and quality for pharmaceutical
use thereof. In particular, as discussed above, the
present invention provides vectors as well as
recombinant host cells that may be used to produce
recombinant human IL-7 polypeptides of this invention
in various competent host cells, as well as for gene
therapy purposes. The vector may be a plasmid, virus,
phage, cosmid, episome, etc. Preferred vectors are
viral vectors (e.g., recombinant adenoviruses) and
plasmids, which can be produced based on commercially
available backbones, such as pBR, pcDNA, pUC, pET,
pVITRO, etc. The vector typically comprises regulatory
elements or sequences to control or mediate expression
of an IL-7 polypeptide. The regulatory sequences may
be chosen from promoters, enhancers, silencers,
tissue-specific signals, peptide signals, introns,
terminators, polyA sequences, GC regions, etc., or a
combination thereof. Such regulatory elements or
sequences may be derived from mammalian, fungal,
plant, bacterial, yeast, bacteriophage or viral genes,
or from artificial sources. Useful promoters for
prokaryote expression (such as E. coli) include T7 RNA
polymerase promoter (pT7), TAC promoter (pTAC), Trp
promoter, Lac promoter, Tre promoter, PhoA promoter
for example. Suitable promoters for expression in
mammalian cells include viral promoters (e.g., CMV,
LTR, RSV, SV40, TK, pCAG, etc.), domestic gene
promoters (e.g., E1fa, chicken bactine, Ubiquitine,
INSM1, etc.), hybrid promoters (e.g., actine / globin,
etc.), etc. A vector may comprise more than one
promoter. The promoters may be inducible or regulated.
For instance, the use of inducible or regulated
promoters allows a better control of production by
dissociating the culture from production phases.
Inducibleor regulated promoters may be found in the
literature, such as the Tetracycline system, the
Geneswitch system, the Ecdysone system, the Oestradiol
system, the RU486 system, the Cumate system, the
methallothioneine promoter etc. Other systems are
based on electric currents or microwaves, such as
focalized ultrasound system, AIR induced expression
system and the like. These systems can be used to
control expression of an IL-7 polypeptide according to
the invention. 



The IL-7 may be co-expressed with an anti-apoptotic
factor (e.g., iex, Bcl2, BcIXL, etc.) or cycline (e.i.
p21, p27, etc.). The cDNAs coding for said IL-7 and
for said anti-apoptotic factor may be both placed
downstream of the same promoter, but separated by an
IRES sequence, or each of them downstream of its own
promoter. The vector may further comprise an origin of
replication and/or a marker gene, which may be
selected from conventional sequences. An amplification
selection marker such as the DHFR gene can be inserted
in the backbone of the vector. The vector may further
comprise various combinations of these different
elements which may be organized in different ways. The
present invention also provides recombinant host cells
comprising a nucleic acid or a vector as described
above. The host cell may be selected from any
eukaryotic and prokaryotic cells, typically from a
mammalian cell (in particular a human, rodent, canine
cell), a bacterial cell (in particular  . coli,
Bacillus Brevis, Bacillus Subtilis), a yeast cell, a
plant cell and an insect cell. These host cells may be
adapted to serum-free media. Production may also be
accomplished in a transgenic animal or plant.
Preferred recombinant host cells are selected from
mammalian cells, in particular human cells as well as
derivatives or mutants thereof.Specific examples of
suitable host cells include Chinese Hamster Ovary
(CHO) cells, Baby Hamster Kidney (BHK) cells, Human
Embryonic Kidney (HEK-293) cells, human epidermal
keratinocytes (HEK), human stromal or epithelial
cells, PERC6, etc. In such mammalian cells, IL-7 may
be produced as a secreted protein using functional
signal peptide sequences. A specific object of this
invention is a eukaryotic host cell comprising a
nucleic acid molecule comprising SEQ ID NO: 2, 4 or 6.
A further object of the present invention relates to
antibodies immunoreactive with an IL-7 composition or
polypeptide as described above. Such antibodies may be
produced according to conventional methods, including
immunization of animals and collecting the serum
(polyclonal) or preparing hybridomas from spleen cells
(monoclonal). Fragments (e.g., Fab') or engineered
derivatives of antibodies (e.g., ScFv or diabodies or
minibodies) may be produced by known biological and
chemical methods. Preferred antibodies are
specifically immunoreactive with a hyperglycosylated
IL-7 polypeptide as described above, i.e., can bind
the hyperglycosylated IL-7 polypeptide without
substantially binding un- or monoglycosylated
polypeptides. Although non-specific or less effective
binding to such other antigens may be observed, such
non-specific binding can be distinguished from
specific binding to the particular hyperglycosylated
IL-7 polypeptides of this invention. The antibody is
preferably of simian, murine or human origin or has
been humanized. The invention also relates to a
hybridoma cell line that produces a monoclonal
antibody as described above. Such antibodies are
useful in detecting hyperglycosylated IL-7 polypeptide
or in 



neutralizing IL-7 biological activity in assays or
experiments involving multiplelymphokines. A
composition suitable for diagnosis, assay or therapy
comprising such monoclonal antibodies is also an
object of the present invention. Another object of the
present invention relates to processes which can be
used, on an industrial scale, for the production of a
pharmaceutical grade, substantially pure
hyperglycosylated IL-7 polypeptide as described above.
The process leads to high yields of recombinant IL-7
conformer suitable for therapeutic use. The invention
also provides novel methods of controlling
IL-7-containing compositions, to determine the
presence of amount of hyperglycosylated IL-7
polypeptide as described above. In a particular
aspect, the method of producing hyperglycosylated IL-7
polypeptides or compositions as defined above
comprises: a) culturing a recombinant host cell as
described above, and b) collecting an IL-7 polypeptide
produced from said cells. The sample may be subjected
to various treatments or conditions in order to
increase purity of IL-7, to remove cell debris or
viral particles, etc. Typical examples of such
treatments include centrifugation, clarification
and/or dia- ultranano- filtration. The sample may thus
be enriched for IL-7 polypeptide. To increase the
yields or efficiency of the method, it is highly
desirable to produce a sample containing or enriched
in correctly folded and glycosylated IL-7
polypeptides. The hyperglycosylated IL-7 polypeptide
may be purified by different techniques known per se,
but which have not been used so far in the present
combination to produce a hyperglycosylated IL-7
polypeptide. These techniques are more preferably
selected from hydrophobic interaction chromatography,
ion exchangechromatography, affinity chromatography
and gel filtration chromatography, either alone or in
various combinations. Such methods allow removal of
host cell DNA and other impurities which would lower
recovery. In a preferred embodiment, step ii)
comprises a hydrophobic interaction chromatography
step. Such chromatography may be carried out using
various supports and formats, preferably using HIC
butyl. Step ii) may be carried out on any support,
preferably on batch or in column using an appropriate
gel. In a preferred embodiment, the purification step
comprises loading the sample through a column packed
with a specific gel (Sephadex for example). In another
preferred embodiment, the purification step comprises
a polishing step involving loading the sample through
a column packed with a specific gel (Source 15S) to
concentrate recovered protein of interest and
eliminate possible residual protein contaminants. In
another particular embodiment the purifying step
comprises loading the sample through a column packed
with a specific gel comprising a monoclonal anti IL-7
antibody immobilized on a resin (dextran sulfate or
heparin for example). These methods allow the
reproducible and efficient production of a
substantially pure hyperglycosylated IL-7 polypeptide
as described above. The methods are particularly
advantageous since the recombinant IL-7 can be
obtained with a purity 



of at least 95% by weight, preferably at least 98% by
weight and even more preferably at least 99% or even
99.5% by weight with respect to the total amount of
IL-7. Each step of the above described process may be
controlled by analytical methods, including SDS-PAGE
analysis. The primary structure of the optimized IL- 7
may be controlled and characterized by determining the
gene and/or amino acidsequence, by peptide mapping
analysis, after trypsic digestion, by determining
molecular weight with SDS PAGE, size exclusion HPLC,
Mass spectrometry such as MALDI TOF or electrospray or
the like, by determining hydrophobicity with reverse
phase HPLC for example, and/or by determining the
electric charge with cation exchange chromatography
HPLC or isoelectrofocalisation analysis for example. A
further embodiment of the invention relates to IL-7
production methods as described above, wherein IL-7
expression by the recombinant host cells is inducible,
regulated or transient, so that the cell culture and
IL-7 expression phases can be dissociated. More
particularly, in a particular embodiment, IL-7
expression can be repressed or minimized during
recombinant cell growth, expansion and/or culturing,
to allow the production of large amounts of
recombinant host cells without any IL-7-mediated
potential toxic effect. Then, IL-7 expression can be
induced within the cell culture (or on a sample
thereof), allowing the efficient synthesis and release
of recombinant IL-7. An object of this invention thus
also resides in a method of producing a recombinant
IL-7 polypeptide, comprising culturing a recombinant
host cell as disclosed above comprising a nucleic acid
molecule encoding said IL-7 polypeptide and recovering
the recombinant IL-7 polypeptide produced, wherein
said nucleic acid molecule provides for a regulated or
inducible expression of said IL-7 polypeptide, so that
expression of said IL-7 polypeptide can be repressed
or minimized during recombinant cell growth and
induced during production phase. The nucleic acid
typically comprises an inducible promoter, which can
be repressed or activated in the presence or absence
of a specific agent contained or added into the
culture media. The method is particularly suited to
produce an IL-7 hyperglycosylated conformer as
disclosed above.Various regulated or inducible
expression systems have been disclosed in the art,
which are functional in mammalian host cells and can
be used in the present invention. These include the
Tetracycline TetOn/Off system, Geneswitch system
(Invitrogen) with Mifepristone as inducible agent and
GAL4-E1b promoter, Ecdysone system (induction with
ponasterone A or muristerone A, analogs of insect
steroid hormones) (Invitrogen), methallothioneine
promoter (inducible by zinc), Oestradiol system, RU486
system, focalized ultrasound system, AIR (Acetaldehyde
inducible regulation) induced expression system,
Cumate system (Q-mate ; Qbiogen), Cre-Lox system, etc.
These regulated or inducible expression systems may be
used in various cells, such as for instance HEK293,
HEK293 EBNA, HEK, T-REX(tm)-293, T-REX(tm)-Hel_a,
T-REX(tm)-CHO or T-REX(tm)-Jurkat cell lines,
transformed with a recombinant vector designed to
express recombinant IL-7 



after induction. Alternatively, transient transfection
can be used to dissociate cell expansion from IL-7
production. In this regard, efficient gene delivery
vectors are used to introduce an IL-7 coding sequence
into cells upon expansion thereof. More preferably,
the vector system for transient transfection is a
viral vector, such as a recombinant adenovirus or an
episomal vector [e.g., pCEPH (Invitrogene), pTT (IRB:
Durocher Y. et al. Nucl. Acids. Res., 2002, 30(2)) or
using MAR sequences]. Adenoviruses (and other viral
vectors such as AAVs, for instance), can be produced
according to techniques known in the art. Typically, E
1-defective adenoviruses are produced in a
E1-complementing cell line, such as HEK293, PERC6
cells, etc. Such transient transfection process can be
implemented in various mammalian cells in culture,
such as A549-, HeLa-, VERO-, BHK- or CHO- transformed
cells for example (as disclosed in example A4). An
alternative transient expression method suitable for
use in the present invention is disclosed for instance
in the next article: Durocher Y. et al. Nucl. Acids.
Res., 2002, 30(2) in HEK293 EBNA or HEK293 cells.In a
preferred embodiment, the production methods of this
invention comprise an additional step c) of
characterizing and measuring or quantifying the
particular hyperglycosylated IL-7 polypeptide as
disclosed above contained in the resulting product.
The physical and biological characterization of the
desired hyperglycosylated IL-7 polypeptide may be
obtained by Mass spectrometry (MALDI-TOF or
electrospray), infra-red spectroscopy, nuclear
magnetic resonance (NMR), by determining circular
dichrosm, by assessment of the biological activity of
the IL-7 in a specific bioassay, by measuring the
affinity towards a specific monoclonal antibody raised
against said hyperglycosylated IL-7 polypeptide, or
heparin affinity HPLC. Once characterized, the
quantification of said conformer may be performed by
ELISA, bioassay, affinity of said hyperglycosylated
IL-7 polypeptide for IL-7 receptor and any method of
protein quantification if applied to the isolated
conformer. In this regard, the invention also provides
and concerns a method to identify and/or measure the
quantity of hyperglycosylated IL-7 polypeptide and/or
related impurities in a sample, particularly in a
pharmaceutical preparation. Such characterization
methods can be used to initially characterize and
qualify the protein for filing a therapeutic use, in
quality control of pharmaceutical batches. The
invention proposes, for the first time, a method of
characterizing and controlling IL- 7-containing
preparations, to determine the presence and/or
relative quantity of hyperglycosylated IL-7
polypeptide of this invention. Preferred methods use
Bicinchoninic Acid (BCA) protein Assay, SDS-PAGE,
western blot, size-exclusion HPLC, reverse phase HPLC,
ion exchange HPLC, hydrophobic interaction HPLC, Amino
Acid Assay (AAA), lsoelectrofocalisation (IEF), ELISA,
UV absorption and/or a Bioassay. These methods may be
carried out alone or in various combinations. The
invention also provides a method of producing an IL-7
drug substance or pharmaceutical composition, said
method comprising (i) culturing a recombinant host
cell encoding an IL-7 polypeptide, (ii) isolating said
recombinant polypeptide toproduce an IL-7 drug
substance and (iii) conditioning said IL-7 drug
substance to 



produce a pharmaceutical composition suitable for
therapeutic or vaccine use, said method further
comprising a step of identifying, characterizing or
measuring, in said drug substance or pharmaceutical
composition, the quantity and/or quality of
hyperglycosylated IL-7 polypeptide as defined above
and, more preferably, a step of selecting the drug
substance or pharmaceutical composition which
comprises, as the active ingredient, more than about
90%, preferably 95%, more preferably 98% of said
hyperglycosylated IL-7 polypeptide. The characterizing
step may be carried out by a variety of techniques,
more preferably by mass spectrometry-related methods,
with or without trypsic digest, Lectine Affinity
Chromatography, Amini Acid Assay (AAA), Endo- and Exo-
N- and O-glycanase digestions (PNGase A/F,
O-glycosidase, neuraminidase), Fluorophore Assisted
Carbohydrate Electrophoresis, MALDI TOF or
Electrospray Mass Spectrometry, specific monoclonal
antibody analysis for disulfide bridges and/or
conformation characterization. The identification of
molecular variants and product-related impurities is
preferably performed by using one or several methods
selected from bi-dimensional electrophoresis,
isoelectric focusing and ionexchange chromatography
for deamidated forms, size exclusion chromatography
and SDS-PAGE analysis for multimeric forms, and HPLC
reverse phase with or without enzymatic predigestion
for truncated forms. The step is particularly suited
for quality control of clinical or pharmaceutical
compositions, whereby only compositions comprising
more than about 95% of the above hyperglycosylated
IL-7 polypeptide are retained, preferably more than
about 96%, 98% or 99,5%. All these hyperglycosylated
IL-7 polypeptide showing an average isoelectric point
below 6,5. Another object of the present invention
relates to the use of a recombinant hyperglycosylated
IL-7 polypeptide obtained with the processes as
describedabove, for the manufacture of a
pharmaceutical composition to prevent or treat a
disease associated with an immunodeficiency,
particularly to induce a prolonged lymphopoiesis
stimulation, to cause and/or amplify an immune
response, particularly an antigen-specific immune
response. A further object of the invention relates to
the use of a hyperglycosylated IL-7 polypeptide as a
tool for experimental and pharmacological use in
mammalians for veterinary applications. Other aspects
and advantages of the present invention will be
described in the following examples, which should be
regarded as illustrative and not limiting the scope of
the present application. EXAMPLES Example A.
Construction and Expression of optimized human (h) and
simian (s) IL- 7-codinq nucleotide sequences in
mammalian cells A 1. Construction of an optimized
human IL-7-coding nucleotide sequence: 1.1. Peptide
signal optimization : As the expression of IL-7 cDNA
fragments linked at the 5' end to the natural IL-7
peptide signal was very low, we tested several signal
peptide sequences. 



The new human IL-7 encoding cDNA sequences were
chemically obtained from assembled synthetic
oligonucleotides. Several signal peptide sequences
were tested: signal peptide (SP) of highly secreted
proteins (Barash et a/.; 2002; Biochemical and
Biophysical Research Communications 294:835-842): IL-7
SPMFHVSFRYIF GLPPLILVLL PVASS (SEQ ID NO: 13) EPO SP
MGVHECPAWL WLLLSLLSLP LGLPVLG (SEQ ID NO: 14) SEAP SP
MLLLLLLLGL RLQLSLG (SEQ ID NO: 15) IgGkappa SP
METDTLLLWV LLLWVPGSTG (SEQ ID NO: 16)
Lactotransferin/vitronectin SP MKLVFLVLLF LGALGVALA
(SEQ ID NO: 17) Cystatin bis SP MARPLCTLLL LMATLAVALA
(SEQ ID NO: 18) EPO/IL-7 a new hydrid SP MGVHECPAWL
WLLLSLLSLV LLPVAS (SEQ ID NO: 19) The obtained cDNAs
sequences were inserted into the pTT5 vector (Durocher
et a/.; 2002; Nucl. Ac.Res.; 30) for transient
expression in mammalian cells such as HEK293 cells,
CHO cells. To check for the good cleavage of the
signal peptide, the N terminal amino acid was
determined for each obtained protein; hlL-7 integrity
was maintained. Cystatin, IgG, EPO and the hybrid EP/7
appeared as the best signal peptide sequences. Indeed,
hlL-7 expression is enhanced by, at least, a factor
10. 1.2. Human IL-7-codinq nucleotide sequence
optimization : Maintaining the EP/7hlL-7 amino acid
sequence, the nucleic acid sequence was optimized by -
elimination of human rare codons (using Graphical
Codon Usage Analyser software) - enhancing mRNA
stability by enhancing "GC" content of the sequence,
except for the signal peptide sequence (Kim et a/.;
1997; Gene; 199), and minimizing succession of "CA"
dinucleotides.The sequence is depicted in SEQ ID NO:
2. A2. Construction of an optimized simian IL-7-codinq
nucleotide sequence: As described for the human
IL-7-coding sequence, an EP/7-sll_-7 optimized
sequence was synthesized (SEQ ID NO: 3). A3.
Construction of canine IL-7-codinq nucleotide
sequence: Canine IL-7 cDNA was amplified by PCR from a
dog kidney cDNA library (Biochain), cloned and
sequenced as described above for the human IL-7-coding
sequence, an IL-7SP or EP/7SP-clL-7 sequence was
synthesized (SEQ ID NO: 6). A4. Mammalian expression
(BHK Cell Expression, or CHO Cell Expression or
HEK-293 Cell Expression): 



The IL-7 encoding cDNA sequences were amplificated by
polymerase chain reaction (PCR) (Mullis et a/.; 1987;
Methods in Enzymology; 155:335-350) to create the
restriction sites (Notl/Swal) for cloning into the
expression vector. The expression system
ph-pgk.EP7-hlL-7 (Fig. 1) or pBh-pgk.EP7-hlL-7 (Fig.
2) was designed to express an IL-7 protein predicted
from the translation of the natural human IL-7 gene
sequence. Selection for recombinant vector-containing
cells was doned on the basis of the antibiotic
(Ampicilin for cloning in E. coli and hygromycin for
expression in mammalian cells) resistance marker genes
carried on the vector.This expression vector has been
entirely constructed at CYTHERIS, beginning from
plC20H plasmid (ATCC) conferring ampicillin resistance
to the system. It contains 2 mammalian production
units: 1/ one for the expression of the IL-7 encoding
sequences, under the control of the pgk promoter, and
a synthetic polyA sequence avoiding transcription
through the pgk promoter. 2/ one for the expression of
the hygromycin resistance, under the control of the
"sv40 enhancer - tk promoter". Following sequences
were inserted into this preliminary vector: -
"hph-efla pA" : HindUUSbfl fragment from pVitro2.mcs
(Invitrogen); - tk promoter : EcoR\/Hind\\\ PCR
fragment from pMEP4 (Invitrogen); - sv40 enhancer :
BssH\\/EcoR\ PCR fragment from pVitro2.mcs
(Invitrogen); - MAR rabbit Bglobin : a putative
"Matrix Attachment Region" for a better integration in
highly transcribed region of the chromatin, EcoRV/Age\
rabbit bglobin intron2 PCR fragment from pSG5
(Stratagene); - SpA : Stu\/BspE\ fragment from pCAT3
control (Promega) - Pgk promoter : KpnUBssHU PCR
fragment from pQBI.pgk (Q-biogen); - 5'UTRint1 :
Hind\\\ chimeric intron fragment from pCAT3-control
(Promega); - Not\/Swa\ or Noft/Pmft IL-7 encoding cDNA
and mutants; - hghpA : Nru\/Swa\ synthetic synthesis
from human growth hormone cDNA sequence described by
M. Goodman (DeNoto et al.; 1981 ; Nucl. Acid. Res.; 9
(51):3719-3730). Some variants of the vector were
prepared with other IL-7 promoter than the pgk
promoter: Ef1alpha, snRNA LM , actin, Ubiquitin, CMV
promoters, etc, or other selection marker: neomycine,
etc. The mammalian (HEK-293, CHO or BHK) expression
vector comprising SEQ ID NO: 2, is called
ph-pgk.EP7-hlL-7 or pBh-pgk.EP7-hlL-7. Stable
Expression ofhuman IL-7 in HEK-293 or CHO transfected
cells was achieved using the expression vector
ph-pgk.EP7-hll_-7 or pBh-pgk.EP7-hlL-7. After
linearization by L/cfel, expression vector,
ph-pgk.EP7-hll_-7 or pBh-pgk.EP7-hlL-7, was
transfected in the mammalian host cells using methods
known to those skilled in the art. The selectable
marker used to establish stable transformants was
hygromycin (Invitrogen). A5. Inducible Mammalian
Expression (methalothioneine promoter "MT1"): In the
same expression vector, pgk promoter has also been
replaced by a 



chemically synthetized BspEUBssHW "Mus musculus MT1"
sequence, as refered in PubMed (N X53530) (Carter et
a/.; 1984; Proc.Natl. Acad. Sci. USA; 81:7392- 7396)
MT1 is a metal-dependent transcription factor
promoter. Expression of stable clones is then zinc
dependent. A6. Mammalian co-expression of IL-7 and
Bcl2 or BcIXL (BHK Cell Expression, or CHO Cell
Expression or HEK-293 Cell Expression): In order to
enhance cell viability in mammalian host cell culture
and therefore to optimize the amounts of IL-7
production, a variant expression plasmid was prepared
by inserting Bcl2 cDNA sequence in between tk promoter
and hph cDNA so that anti apoptotic action of BcI2
could be tested in bioreactor production (Zhong et
a/.; 1993; Proc. Natl. Acad. Sci. USA; 90:4533-4537 -
Lee ef a/.; 2000; Journal of cell Science;
114(4):677-684). (See Fig 2). Example B. Construction
and expression of hvperqlvcosylated analogs of IL-7-
codina nucleotide sequences in mammalian cells:B 1.
Construction of cDNA sequences of hvperalvcosylated
lL-7 analogs The hyperglycosylated IL-7 analogs were
obtained using several techniques including
mutagenesis methods. Hyperglycosylated IL-7 analogs
(alternatively: HG37 -40 -104 -126 and -147) were
chemically constructed from assembled synthetic
oligonucleotides. Several analogs were obtained by
introducing one or more desired mutations so that
giving IL-7 analogs having one or more additional
glycosylation sites. Thus the resulting full length
cDNA sequence containing one or multiple desired
additional glycosylation sites were inserted, after
digestion with Notl and PmIl restriction enzymes, in
between the Notl/Pmll restriction sites for direct
cloning into the expression vector (similar to Fig. 1
or 2 but containing appropriate IL-7 sequence). B2.
Expression of cDNA sequences of hvperqlycosylated IL-7
analogs The expression of hyperglycosylated IL-7
analogs was conducted as described above in sections
A4 to A6. Example C. Production of recombinant hlL-7
in bioreactor culture conditions The best stable
positive clone, as in example A4 was adapted to
serum-free suspension culture by several media and
components screenings in order to produce a clone
optimized for productivity and growth in high cell
density culture. Before seeding the 100 to 2000 L
bioreactor, pre-cultures are performed in the "wave
bag" system. Cell culture is performed in a 100 to
2000 liters bioreactor with a perfusion system or a
fed-batch system during 10 to 15 days. Cells were
amplified to a concentration of 10 millions cells/ml
in a low-glutamine content medium supplemented with
plant peptones.In a first expansion step the culture
temperature is regulated at 37C to increase cell
density. After a few days, the temperature was lowered
at around 28/32 0C to inhibit cell growth and allow a
better expression level. Moreover, decreasing
temperature decreases the speed of the secretion
pathway, favoring better glycosylation of the
expressed IL-7 with increased site occupancy. A few
days before the end of the culture, IL-7 expression
was boosted by addition 



of 0.5-1OmM Sodium Butyrate in the medium. Under
conditions described above, IL-7 expression was
monitored both inside the cells and in the culture
medium (Fig. 3). To produce high MW IL7 glycoforms,
3g/L glucose and 3mM glutamine are maintained in the
medium during the culture as well as a good
oxygenation. One also monitors the amino acids
consumption and feeds the culture with depleted amino
acids. Cell culture is harvested as soon as cell
viability decreases below 90%. Example D. Purification
of recombinant human IL-7 product Expressed in HEK-293
and CHO cells Crude cell culture medium was collected
and centrifuged to pellet whole cells and cells
debris. Alternatively this can be achieved by in depth
filtration on clarification capsules or modules such
as Mustang XT capsule (Pall), Sartoclear P
(Sartorius), Millistak+ Opticap (Millipore) or hollow
fiber cartridges (AXH cross flow 10 (GE)) or
equivalent. Centrifuged culture medium was
concentrated approximately 10-fold with Centrasette
Cassette apparatus, membrane cut off 1OkDa (Pall Life
Sciences) to reduce the volume of supernatant. Any
other filtration / concentration system with similar
porosity could also be used. The concentrated
supernatant was centrifuged, adjusted to pH 7.5 and
applied to a Q Sepharose Fast Flow (General Electric
Healthcare) column equilibrated with 50mM sodium
phosphate pH 7.5. The protein was then recovered in
the flow through. During this negative chromatographic
step, various contaminants among which DNA were
eliminated. An alternative to this step was to use
validated Mustang Q membrane cassettes (Pall) in
similar conditions, for better yield and/or slightly
faster process. Another alternative to this step is to
capture the protein on a strong Anion exchanger resin
(Q Ceramic Hyper D (Biosepra), Capto Q (GE)) or
membrane (Sartobind Q, Sartorius). After this
prepurification step, a capture step was performed on
a strong cation exchanger resin. The flow through
collected at the end of previous step was loaded onto
a Fractogel EMD SO3" (Merck) column equilibrated with
loading buffer (50 mM sodium phosphtate pH 7.5), and
washed with 50 mM sodium phosphate pH 7.5. Elution was
carried out using a linear NaCI gradient (15 column
volumes) in 50 mM sodium phosphate pH 7.5. Active
fractions were pooled and inactivated during 30
minutes at pH 3.5 at room temperature to eliminate
virus. An alternative to this process is to replace
this viral inactivation step by a multilayer
nanofiltration at the end of the process. After viral
inactivation, pooled protein fractions were diluted
2-fold in buffer (200 mM sodium phosphate pH 7, 3M
ammonium sulphate) and pH was adjusted to 7. Then, the
protein solution was loaded onto a Hydrophobic
Interaction Chromatography (HIC) Butyl Toyopearl 650-M
(Tosoh) column equilibrated with the loading buffer
(50 mM sodium phosphate pH 7 + 1.5M ammonium
sulphate). After washing with the loading buffer, IL-7
was eluted with 25 column volumes of a salt gradient
ranging from 1.5 M to 0 M ammonium sulphate in 50 mM
sodium 



phosphate pH 7. Alternative HIC resin such as hexyl
Toyopearl 650-M (Tosoh), Butyl/Octyl Sepharose(tm) 4
Fast Flow (General Electric Healthcare), can be
utilized for this step, Another alternative to HIC for
scaling up purposes was to use another matrix such as
MEP HyperCel (Pall Biosepra) for similar results.The
combination of the above-mentioned capture step and
Hydrophobic Interaction Chromatography allowed optimal
separation of the different glycosylated IL-7 isoforms
(from B1 to B10 as indicated on Fig. 4), according to
their intrinsic physico-chemical properties. Adequate
selection of elution fractions (fraction from B1 to
B4) lead to an enrichment in the 3N- associated or not
to 10- glycosylated hlL-7 entity. An example of such
glycoform separation is shown in Figure 4. The highly
glycosylated IL-7 fractions were pooled and loaded
onto a G25 Sephadex (General Electric Healthcare)
column equilibrated with low salt buffer (20 mM sodium
acetate pH 6). An alternative to this step is to
diafiltrate the high salt protein pool using 5 or 10
KDa molecular weight cut off TFF membranes (Qvick
start membranes, (GE), Centramate TFF (PaII)). The
protein fractions obtained from G25 step were loaded
onto a Source 15S (General Electric Healthcare) column
equilibrated with the loading buffer (20 mM acetate
sodium pH 6). This polishing step resulted in protein
concentration and elimination of the residual
contaminants. The column was washed with sodium
acetate loading buffer and the IL-7 protein was eluted
with 15 column volumes of a salt gradient ranging from
0 to 1 M NaCI in 20 mM sodium acetate pH 6. Eluted
fractions were separated by SDS-PAGE and stained with
either Coomassie blue or silver Nitrate. Only the
fractions containing IL-7 were pooled to release the
final purified IL-7 protein batch. If viral
inactivation has not been conducted before,
purification process may also include an additional
combination of two filtrations to guaranty optimal
viral clearance. Viral removal can be achieved by
filtration using a prefiltration device (Planova 75,
Asahi Kasei Medical) followed by a nanoporous
cellulose membranes (Planova 2ON, Asahi Kasei Medical)
or by other viral removal membranes (Virosart,
Sartorius ; DV20, Millipore). SDS PAGE of the purified
E.coli, glycosylated and hyperglosylated hlL-7 are
shown on Figure 5.Shifts in the gel illustrate the
level of glycosylation of the protein. Indeed, the
hyperglycosylated forms tested here (HG-37-147 and
HG-40-104) have a higher molecular weight than the
full glycosylated hlL-7. Example E. Analysis of
glycoprotein carbohydrates Production of recombinant
human IL-7 was conducted in a CHO cell-based
expression system for, but not limited to, the
following reasons. CHO cells are the current most
validated and most common host used for the production
of recombinant human therapeutic glycoprotein.
Furthermore, a large set of detailed work reported
that CHO cells, including genetically modified CHO
cell lines expressing sialyl-a-1-6 transferase, were
able to glycosylate recombinant proteins in a manner
qualitatively similar to that observed in human cells.
This particular 



feature was of major importance to reduce the
potential immunogenicity of the recombinant
glycoprotein when injected to human patients. Purified
recombinant human IL-7 product or fractions enriched
for particular glycoforms (3N or 3N+2N, associated or
not to 1 O-glycan moiety) obtained from transfected
CHO cells were analysed by western blot to confirm
glycosylation status in comparison to E. co//-derived
recombinant human IL-7. The different glycoforms of
the CHO-produced and purified IL-7 were differentially
characterized using PolyAcrilamide Gel
Electrophoresis. Apparent molecular weight
glycoprotein entities were ranging between 20 KDa and
35 KDa with a major band at around 27 KDa (observed in
SDS-PAGE, see Fig 5 and Fig 6), most probably
corresponding to a three N-glycosylated form
comprising or not one Oglycan moiety. This aspect was
specifically addressed by enzymatic deglycosylation of
the purified product (Fig 7).These glycoforms (3N or
3N+2N, associated or not to 1 O-glycan moiety) of the
CHO-produced and purified IL-7 were differentially
characterized using mass spectrometry, giving
molecular mass superior to 25 KDa for the 3N-glycoform
associated or not to 1 O-glycan moiety and superior to
23 KDa for the 2Nglycoform associated or not to 1
O-glycan moiety (see Fig. 8). Furthermore, the above
glycosylated forms present an average isoelectric
point of 5,8 reflecting a high sialylation profile
(see Fig. 9). As a comparison, similar analysis with
unglycosylated E co//-derived hlL-7 gave a protein
with an apparent molecular weight at approximately 18
KDa, and mammalian cells derived hyperglycosylated
hlL-7 were exhibiting apparent molecular weight
comprised between 27 and 37 KDa General glycosylation
complexity and total N-glycan heterogeneity of the
purified CHO-derived hlL-7 was assessed by total
enzymatic de-glycosylation followed by chromatography
separation and mass spectrometry analyses of the
generated oligosaccharides. Purified glycosylated
h-IL-7 samples were enzymatically digested with an
endoglycosidase such as peptide-N-glycosidase F
(PNGaseF, Roche). Released N-linked oligosaccharides
were separated from the peptide structure and sorted
using a graphite Carbograph 200-300 ml column
(Alltech), followed by MALDI-TOF Mass Spectrometry
(Voyager Spec, Applied Biosystems). The m/z values
corresponding to each peack of the MS spectrum allowed
identification of the NGlycan general structure of the
whole hlL-7 molecule. For specific detection of the
sialic acid containing glycans, a carboxymethylation
of the PNGase-generated oligosaccharides (as reported
in Powell AK & Harvey DJ, Rap. Com. Mass Spec. 1996)
was undertaken prior to Mass spectrometry analysis.
Analysis of the spectrum generated from purified
CHO-derived hlL-7 revealed Nglycans masses ranging
from 1340 Da up to 3516 Da. (See Fig 10).From the
spectrum, the following glycan structure could be
determined (see Table 3): Table 3 Hex : hexose
(Galactose or Mannose), HexNAc : N-acetylhexosamine
(N-acetyl 



Glucosamine or N-acetyl Galactosamine), dHex :
deoxyhexose (Fucose), Sulph : Sulfate group, NeuAc :
N-acetyl neuraminic acid Taking into account i) the
respective masses of the observed oligosaccharide
moieties, ii) the mass of each monosaccharide and iii)
laws of glycan biosynthesis pathways as they are known
today, the following highly complex N-glycan
structures can be assumed with good probability.Table
4: Complex bi and triantennary mammalian N-glycans
characterized on CHO-derived hlL-7(but not limited
to): ( ) Mannose L/-acetylglucosamine Galactose a
1-3-Fucose / \ Sialic Acid Glycosylation complexity
was also assessed wa determination of molar ratio of
the different monosaccharides found on all the glycans
(N- and O-glycan if applicable) of the purified
CHO-derived hlL-7. All the glycans of purified
glycosylated h-IL-7 samples were chemically treated by
methanolysis reaction so as to hydrolyze all the
glycosidic links between sugars. Released
monosaccharides were separated from the peptide
structure and sortedusing a coupled Gas
Chromatography-Mass Spectrometry Automass apparatus
(Finnigan). Molar ratio was determined in reference to
a known internal standard and to a 3 Mannose content
of a classical mammalian N-Glycan. Such an analysis
gave the following molar ratio for CHO-derived hlL-7
Table 5 Sites-specific N-glycan pattern heterogeneity
of the CHO-derived hlL-7 was assayed by endoprotease
digestion, followed by fractionation and Mass
Spectrometry analyses of the generated peptides.
Purified samples were digested with Tripsin or other
endo-proteases so as to generate glycopeptides
corresponding to each N-glycosylation site of the
expressed IL-7. Each glycopeptide was identified by
N-terminal microsequencing and by its specific
retention time when analyzed by reverse phase HPLC.
Each glycopeptide was therefore purified from the
other ones. The heterogeneity of the N-glycans born by
the glycopeptide was analysed by MALDI-TOF MS (Q Star,
Applied Biosystems). The m/z values corresponding to
each peak of the MS spectrum allowed identification of
the N-Glycan pattern at a designated site of the
hlL-7. O-glycosylation was assayed via the use of
O-glycan specific lectins (Lectin Blot, see Fig.
11).Purified CHO-derived hlL-7 samples were separated
by SDS-PAGE analysis and blotted to PVDF membranes.
Immobilized proteins were probed with (but not limited
to) peroxidase-labelled PNA (peanut agglutinin) and/or
MAA (Maackia amurensis agglutinin) and stained for
visualization. Glycan heterogeneity and composition
were also determined via the use of Lectin affinity to
the purified CHO-derived hlL-7. An array of lectins
having affinity for N- and O-glycan structures was
selected and used to coat 96 well microplates.
Identical amounts of recombinant purified IL-7
preparations were incubated into lectin coated
microplate wells. During this step, according to the
affinity of a given lectin to the glycan decoration of
IL-7, different 



amount of IL-7 were kept bound to the lectin.
Revelation was conducted by incubating an IL-7
specific antibody coupled to Biotin. The Lectin - IL-7
- Ab sandwich was revealed with a
streptavidin-peroxidase conjugate. Eight different
lectins were used to characterize the IL-7 purified
samples. Each lectin specifically recognizes sugar
moieties. Glycan motifs and structure specificity are
presented in Table 6. Table 6: summary of the pattern
of sugar moieties recognized by lectins and inventory
of their glycan motifs and structure specificity. LEA
is the lectin from Lycopersicon esculentum, WGA from
Triticum vulgare, UEA.I from Ulex europeus, MAA from
Maackia amurensis, ACA from Amaranthus caudatus, AIA
from Artocarpus intergrifolia, ABA from Agaricus
bisporus, PHA.L from Phaseolus vulgaris.Table 6:
Results are presented in Fig12. Lectins clearly
demonstrate differential affinity, providing
information on the general structure of the accessible
glycan decoration of the purified IL-7 protein in
solution. Thus, ACA, ABA and AIA have affinity for GaI
and GaINAc. All three lectins respond positively
suggesting the presence of N- and O-Glycan structures
bearing these monosaccharides. The specific signal
obtained with ABA reveals the presence of O-glycans
structures. ACA has a weak signal compared to AIA and
to a lesser extent ABA. This reveals that the O
glycans are extended with little GaINAc as terminal
residue. LEA has affinity for GaINAc indicating the
presence of N-Glycan structures. Among the
GlcNAc-specific lectins tested (data not shown), only
those with affinity for Nacetyllactosamine reveal a
positive signal. WGA presented a weak signal due to a
low binding affinity to core structures of Nlinked
glycans. Highly complex N-Glycans mask the core
structure and render lectin affinity difficult to
operate. UEA.I has specific activity to the presence
of branched fucose. Binding is rather weak indicating
an uncomplete but effective fucosylation of the
N-Glycans.MAA has affinity to terminal sialic acids.
MAA signal is strong indicating an effective
sialylation on both N and O-glycans. PHA.L has
affinity to complex branched structures of N-Glycan
and showed a strong signal, corroborating the results
of MAA. PHA-L signal suggests the presence of large
tri or tetra-antennary N-glycans. Most typical
mammalian O-glycans characterized on CHO-derived hlL-7
(when applicable): Galactose ( N-acetylgalactosamine
Sialic Acid 



Altogether, these analyses indicate that the CHO
cell-based expression system used generates human IL-7
complex (triantennary) N-linked oligosaccharide, as
depicted in the following figure, branched to their
ASN residue at position 70, 9 1 and 116 with high
partial to complete sialilation, up to 10 sialic acid
residues. Also, the CHO-derived IL-7 contains an
O-glycan at position T 110. Therefore, although
bearing complex sialilated N-glycans and O-glycans,
the IL-7 purified batch still contains a mixture of
fully and partially glycosylated proteins. Example F:
Drug substance to drug product: Formulation, storage
and long term stability of the recombinant CHO cell
expressed hlL-7. Search for optimal formulation of the
drug substance was conducted throughout a combinatory
matrix study to evaluate the impact of various stress
conditions (temperature, buffer, pH, tonicity modifier
concentration, agitation, intense illumination) on the
long term stability of the purified protein.Highly
complex purified recombinant human IL-7 was shown to
be stable in Acetate as well as succinate buffers, at
a concentration ranging between 5 to 50 mM. Adequate
pHs were chosen from pH=5.0 to 7.0 and ideal storage
temperatures were between -200C to +4C. Sugars and low
concentration of surfactants (Polysorbate polymers)
may be added to the preparation to prevent non
covalent soluble aggregation. In such conditions, IL-7
could be stored at +4C (in liquid form) at a
concentration ranging from 0.5 to 8.0 mg/ml,
preferably from 2.0 to 4.0 mg/ml, for more than 12
months. The pharmaceutical composition in liquid form
has an improved stability profile. Example G.
Proliferative activity analysis of mammalian
cells-derived recombinant human IL-7 in a specific
bioassav The biological activity of mammalian
cell-derived recombinant human IL-7 was evaluated in a
specific bioassay onto a murine pre-B cell line
derived from bone marrow cells from CBA/C57BL mice,
PB-1 (German Cell Bank DSMZ, Deutsche Sammlung von
Mikrooganismen und Zellkulturen), strictly dependent
on IL-7 for growth (Mire-Sluis et a/.; 2000; J.
Immunol. Methods; 236:71-76). These cells were
maintained in culture in commercial IL-7 containing
medium and starved for IL-7 prior to conducting the
bioassay. Bioassays were run with IL-7 samples to be
tested, in parallel to a known E. coliderived IL-7
positive control and a negative control lacking IL-7.
IL-7, from control or samples, added to the starved
cell culture, induced the dose dependent re-initiation
of cell proliferation during which radiolabeled
thymidine (3H-Tdr, Amersham) was incorporated by
dividing cells. The amount of labelling was pulsed and
measured in counts per minute (cpm) in a liquid
scintillation Beta counter (Wallack).Alternatively,
this bioassay may be conducted while using a dye
marker reflecting the general metabolism of the cell,
such as MTT dye (3-(4,5-dimethylthiazole-2-yl)-
2,5-diphenyl tetrazolium, reduced by mitochondrial
RedOx activity) or MTS dye (3-
(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-
2-(4-sulfophenyl)-2Htetrazolium). Serial dilutions of
both the positive control and the samples to be tested
allowed 



plotting the number of cpm in relation to the amount
of sample / control assayed. Figure 13 presents
dose-response kinetic data and curves obtained
routinely in a typical bioassay: the PB-1 cell growth
was induced by unglycosylated r-hlL-7 (expressed in E.
coli) or highly glycosylated r-hlL-7 (produced in
mammalian cells). (Data points represent the mean  SD
of triplicate determination). Figure 14 presents
dose-response kinetic data and curves obtained
routinely in a typical bioassay: the PB-1 cell growth
was induced by unglycosylated r-hlL-7 (expressed in E.
coli), highly glycosylated or hyperglycosylated
r-hlL-7 (produced in mammalian cells). (Data points
represent the mean  SD of triplicate determination).
The important parameter to be considered for each
sample was the ED50 = concentration (ng/ml) giving
half-maximal activity. A higher ED50 meaning a lower
activity. Activity comparability between IL-7 batches
is addressed via the analysis of the dose response
curve parameter, such as slope coefficient, maximal
activity. From all curve parameters an ED50
concentration (in ng/ml) pools parameters variation
together. ED50 corresponds to the IL-7 dose necessary
to induce one half of the possible maximal induction
activity in vitro. In this regard, highly bioactive
molecules correspond to low ED50 values whereas higher
ED50 concentrations will be typical from less
bioactive IL-7 preparations in vitro.Nevertheless, in
vitro bioactivity differences are not necessarily
representative of similar in vivo bioactivity
differences in the present invention. Example H. In
vivo evaluation the Immunoaenicitv of
hvperalvcosylated IL-7 polypeptide in primates Simian
hyperglycosylated IL-7 (slL-7) expressed in CHO cell
line (Examples A2, A6 and B) and purified according to
Example D, was evaluated in vivo for occurrence of
potential immunogenicity, following slL-7 repeated
administrations in normal primates. Nave young adult
Cynomolgus monkeys (Macaca fascicularis) (n=4) were
entered into the study and received hyperglycosylated
sll_-7 at the dose level of 100 mg/kg/injection.
Treated animals received a total of 6 subcutaneous
administrations of IL-7 over a period of five
consecutive weeks. The animals were clinically
observed over a two month period. Blood specimens were
collected, at different time points, throughout the
study: on day 1 before slL-7 administration, on day 37
and at the end of the study. All animals survived the
study and had no adverse reaction to slL-7 therapy.
Administration of sll-7 was locally well tolerated.
When tested by interference in a specific ELISA assay
aimed at detecting binding antibodies, no anti-IL-7
antibodies were detected in the serum of all treated
animals. In comparison, E. co//-derived recombinant
IL-7, although produced as a highly purified drug
product, induced, in similar protocol, the production
of high titers of IL-7-binding antibodies in sera
ranging from 1:400 up to 1:5000. Example I. In vivo
biological activity of hvperqlvcosylated IL-7
polypeptide in 



primates Human hyperglycosylated IL-7 (hlL-7)
expressed in CHO cell line (Examples A1, A6 and B) and
purified as in Example D, was evaluated in vivo for
determination of pharmacokinetic and pharmacodynamic
profiles of hlL-7 in normal primates.Nave young adult
Cynomolgus monkeys y iacaca fascicularis) were entered
into the study and divided into two groups: untreated
n=2 and hlL-7 100 mg/kg/injection n=2. The treated
animals received single subcutaneous administration of
hlL-7. The animals were clinically observed during 45
days. Blood specimens were collected, at different
time points, throughout the study: on days 1 (0, 3, 6,
9 and 12 hours post injection), 2, 3, 4, 7, 2 1 and
45. Administration of hlL-7 was well tolerated with no
local reaction at injection site. Following single
subcutaneous administration of hlL-7 in macaques, the
pharmacokinetic pattern and parameters of hlL-7 were
established from the first 72 hours:  The plasma
profile showed a bi-exponential decline after peak
absorption.  The observed product half-life in plasma
was in the range of 30 /40 hours. This half-life is
significantly increased when compared to the half-life
observed with the E. co//-derived recombinant IL-7 (5
to 8 hours) administered in the same conditions. This
reflects an improved in vivo stability of the
hyperglycosylated IL-7 polypeptide in blood.  The mean
residence time (MRT) was 40 hours versus around 10 hrs
with the E. coli product.  The time to reach a maximum
concentration was 180 minutes. In conclusion, the
pharmacokinetic study shows that the hyperglycosylated
IL-7 polypeptide of this invention displays an
improved and prolonged pharmacokinetic profile, which
translates into improved pharmacodynamic effects.. The
single injection of hlL-7 at 100 mg/kg induced a
significant increase in peripheral CD3+CD4+ and
CD3+CD8+ T cell numbers, respectively 200% and 170% of
changes from the baseline pre-treatment values. The
number of lymphocyte T cells (CD4 and CD8) expressing
the specific IL-7 receptor alpha chain (CD127)
transiently decreases in peripheral blood as early as
6 hours post injection. Lymphocyte T cells expressing
CD127 reappeared, in peripheral blood, 48 hours post
injection and returned to baseline values only 7 days
post injection. Following single subcutaneous
administration of E. co//-derived recombinant IL-7,
the fullreturn to baseline values of lymphocyte T
cells expressing CD127 occurred 4 days post injection.
The kinetic of receptor occupancy of hyperglycosylated
IL-7 polypeptide in more longer compared to E
co//-derived recombinant IL-7, reflecting the longer
half-life of hyperglycosylated IL-7 polypeptide in
primates as shown below. These results are in line
with previous results showing that although IV
administration of IL-7 results in a better
bioavailability, this does not translate into improved
pharmacokinetic effects, in fact the extended delivery
profile obtained by sub cutaneous injection is more
efficient than the acute delivery profile obtained
after IV injection. Here the hyperglycosylation of the
protein induces a prolonged kinetic profile, which in
turn translates into an improved 



pharmacodynamic activity. In view of this extended
profile also it is also expected an improved clinical
tolerance, because drug sides effects are usually
linked to peak concentrations.CLAIMS 1. A purified
mammalian hyperglycosylated IL-7 polypeptide, wherein
said hyperglycosylated IL-7 polypeptide contains at
least three N-glycosylated amino acid residues. 2. A
hyperglycosylated IL-7 composition, wherein said
composition comprises at least 80 % IL-7 polypeptides
which are N-glycosylated on at least three distinct
amino acid residues. 3. The composition of claim 2,
wherein said composition comprises between 80% and 95%
IL-7 polypeptides which are N-glycosylated on at least
three distinct amino acid residues. 4. A
hyperglycosylated IL-7 composition of claim 2 or 3,
which comprises at least 80 % IL-7 polypeptides which
are glycosylated on from three up to eight distinct
amino acid residues, including one O- and up to seven
N-glycosylation sites. 5. The composition of claim 4,
which comprises between 80 % and 95% IL-7 polypeptides
which are glycosylated on from three up to eight
distinct amino acid residues, including one O- and up
to seven N-glycosylation sites. 6. The
hyperglycosylated IL-7 composition of any of claims 2
to 5, wherein the IL-7 polypeptide is a human IL-7
polypeptide. 7. The hyperglycosylated IL-7 composition
of any one of claims 2 to 6, wherein the glycosylation
sites are naturally present and/or artificially
created in the IL-7 polypeptide sequence.8. The
hyperglycosylated IL-7 composition of any one of
claims 2 to 7, wherein the IL-7 polypeptide is a human
IL-7 polypeptide and wherein the glycosylation sites
are selected from Asn residues at positions 70, 9 1
and 116; Thr at position 110, as well as any
artificially created glycosylation sites as listed in
Table 1 and preferably as listed in table 2, or a
combination thereof. 9. The hyperglycosylated IL-7
composition of any one of claims 2 to 7, wherein said
IL-7 polypeptides comprise or are enriched in N-linked
selected from: a) a mammalian type sugar chain,
preferably of the type expressed by CHO cells; b) a
sugar chain comprising a complex N-carbohydrate chain
(e.g., a triantenary or biantenary structure), more
preferably containing high mannose and
acetylglucosamine molecules and high terminal sialic
acid residues; c) a sugar chain sialylated by
alpha2,6-sialyltransferase or alpha2,3-
sialyltransferase ; and/or d) a sialylated sugar chain
displaying between 3 to 30
sialyl-Nacetylgalactosamine, preferably 7 to 23. 10.
The hyperglycosylated IL-7 composition of claim 9,
wherein said IL-7 polypeptides further comprise or are
further enriched in O-linked carbohydrate chain(s)
with a terminal sialic acid residue. 



11 . The hyperglycosylated IL-7 composition of claim
9, wherein the carbohydrate chain(s) comprise from
tetra-antenary to biantenary structures with partial
or complete terminal sialylation, more preferably a
triantenary structure and tri or bisialylation and/or
a diantenary structure with disialylation. 12. The
hyperglycosylated IL-7 composition of any one of
claims 2 to 11 , wherein said IL-7 polypeptides have
an average isoelectric point inferior to 6,5 and
anaverage apparent molecular weight superior to 25 KDa
as determined by mass spectrometry analyses or an
average molecular weight superior to 27 KDa as
determined by SDS gel electrophoresis. 13. The
hyperglycosylated IL-7 composition of any one of
claims 2 to 12, wherein said IL-7 hyperglycosylated
polypeptides show an in vivo extended half-life and
mean residence time in mammalian host. 14. An IL-7
polypeptide having a modified amino acid sequence,
wherein said sequence comprises at least one
artificially created glycosylation site. 15. The
polypeptide of claim 14, wherein said polypeptide
comprises 1, 2, 3 or 4 artificially created
glycosylation sites, more preferably 1, 2 or 3; even
more preferably 1 or 2. 16. The polypeptide of claim
14 or 15, wherein said polypeptide comprises the
sequence of a human IL-7 polypeptide comprising one or
several amino acid modifications selected from
Lys28Asn - Ne30Ser - lle30Thr - lle30Asn - Ser32Thr -
Leu35Ser - Leu35Thr - Glu38Ser - Glu38Thr - Phe39Ser -
Phe39Thr - Phe42Ser - Phe42Thr - Glu52Ser - Glu52Thr -
Val82Asn - Glu84Thr - Glu84Ser - Lys97Asn - Arg99Thr -
Arg99Ser - Ala102Asn - Leu104Thr - Leu104Ser -
Leu104Asn - Glu106Thr - Glu106Ser - Leu128Ser -
Leu128Thr - Ne145Asn - Met147Thr - Met147Ser -
Met147Asn - Thr149Ser, or a distinctive fragment
thereof containing at least 5 amino acid residues,
typically at least 8, 9, 10, 11, 12 or 15 residues.
17. A nucleic acid molecule encoding an IL-7
polypeptide of any one of claims 14- 15. 18. A nucleic
acid molecule encoding a polypeptide comprising SEQ ID
NO: 19.19. A nucleic acid molecule comprising the
sequence of SEQ ID NO: 2 or 4, or a complementary
strand thereof. 20. A nucleic acid molecule comprising
the sequence of SEQ ID NO: 6. 21. A vector comprising
a nucleic acid molecule according to any one of claims
17 to 20. 22. A recombinant host or host cell
comprising a vector according to claim 21. 23. A
recombinant host or host cell according to claim 22,
wherein said host or host cell expresses or
overexpresses, either naturally or after transgenesis,
an appropriate glycosyltransferase and/or
sialyltransferase gene, preferably an a 2-6
sialyltransferase gene. 24. A method of producing an
IL-7 polypeptide as defined in any one of claims 1 to
16, comprising: a) culturing a recombinant host cell
comprising a recombinant nucleic acid molecule
encoding an IL-7 polypeptide, and b) collecting the
IL-7 polypeptide produced from said cell, 



wherein the culture is performed in a fed-batch or
perfusion mode, allowing the production of a
hyperglycosylated IL-7 polypeptide. 25. A drug
substance comprising an IL-7 polypeptide composition
according to any one of claims 2 to 16, wherein said
drug substance contains less than about 10% of un- or
mono-glycosylated IL-7 polypeptide and/or is
essentially devoid of product-related impurities.26.
An antibody, as well as fragments or derivatives
thereof, specifically immunoreactive with an IL-7
polypeptide as defined above in any one of claims 1 to
16. 27. A pharmaceutical composition comprising an
antibody according to claim 26. 28. The use of an
antiboby of claim 26 for the manufacture of a
medicament for treating lymphoproliferative disorders
or autoimmune diseases in a mammalian subject. 29. A
pharmaceutical composition comprising an effective
amount of a drug substance according to claim 25, and
one or more pharmaceutically compatible carriers or
excipients. 30. A pharmaceutical composition of claim
29 wherein said composition is administered 3 times
per week, 2 times per week, once a week, once every
other week, once a month, once or twice before
vaccination or before and after vaccination. 31. The
use of of a hyperglycosylated IL-7 polypeptide
composition of any one of claims 2 to 13 for the
manufacture of a medicament to cause or modulate an
immune response in a subject. 32. The use of claim 3
1, wherein the medicament is for induction of
prolonged lymphopoiesis stimulation and/or
amplification of an immune response. 33. The use of
claim 3 1, wherein the medicament is for treating a
viral infection, such as HIV infection, viral
hepatitis, West Nile fever, Dengue.34. The use of
claim 33, wherein the hyperglycosylated IL-7
polypeptide is to be administered in association with
an interferon molecule. 35. The use of claim 31,
wherein the medicament is for improving a thymopoietic
recovery in immuno-compromised subject. 36. The use of
claim 35, wherein the hyperglycosylated IL-7
polypeptide is to be administered in association with
a keratinocyte growth factor, a stem cell factor, a
gonadostimulin antagonist or a growth hormone. 37. The
use of claim 21, wherein the hyperglycosylated IL-7
polypeptide is to be administered in association with
an antigen or a mixture of antigens, to provide a
therapeutic immunization against malignant cells,
virus or bacteria. 38.The use of claim 37, wherein the
hyperglycosylated IL-7 polypeptide is further to be
administered in association with GM-CSF.SEQUENCE
LISTING <110> Cytheris <120> GLYCOSYLATED IL-7,
PREPARATION AND USES <130> B0346WO <160> 19 <170>
Patentln version 3.1 



<210> 1 <211> 152 <212> PRT <213> Homo sapiens <400> 1
Asp Cys Asp lie GIu GIy Lys Asp GIy Lys GIn Tyr GIu
Ser VaI Leu 1 5 10 15 Met VaI Ser lie Asp GIn Leu Leu
Asp Ser Met Lys GIu lie GIy Ser 20 25 30 Asn Cys Leu
Asn Asn GIu Phe Asn Phe Phe Lys Arg His H e Cys Asp 35
40 45 Ala Asn Lys GIu GIy Met Phe Leu Phe Arg Ala Ala
Arg Lys Leu Arg 50 55 60 GIn Phe Leu Lys Met Asn Ser
Thr GIy Asp Phe Asp Leu His Leu Leu 65 70 75 80 Lys
VaI Ser GIu GIy Thr Thr lie Leu Leu Asn Cys Thr GIy
GIn VaI 85 90 95 Lys GIy Arg Lys Pro Ala Ala Leu GIy
GIu Ala GIn Pro Thr Lys Ser 100 105 110 Leu GIu GIu
Asn Lys Ser Leu Lys GIu GIn Lys Lys Leu Asn Asp Leu
115 120 125 Cys Phe Leu Lys Arg Leu Leu GIn GIu H e
Lys Thr Cys Trp Asn Lys 130 135 140 H e Leu Met GIy
Thr Lys GIu His 145 150 <210> 2<211> 540 <212> DNA
<213> Homo sapiens <220> <221> CDS <222> (1) . . (537)
<223> EPy7-hIL7 -optimized <400> 2 atg ggt gtt cat gaa
tgt cct get tgg ttg tgg ttg ttg ttg tet ttg 48 Met GIy
VaI His GIu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser
Leu 1 5 10 15 ttg tct ttg gtt ctg ttg cct gta gcc tct
gat tgc gat att gaa ggg 96 Leu Ser Leu VaI Leu Leu Pro
VaI Ala Ser Asp Cys Asp lie GIu GIy 20 25 30 aaa gat
ggg aag cag tat gag tec gtg ctg atg gtg age ate gat
caa 144 Lys Asp GIy Lys GIn Tyr GIu Ser VaI Leu Met
VaI Ser lie Asp GIn 35 40 45 



ttg ttg gac tec atg aaa gaa att ggg agt aac tgc ctg
aat aac gaa 192 Leu Leu Asp Ser Met Lys GIu lie GIy
Ser Asn Cys Leu Asn Asn GIu 50 55 60 ttt aac ttc ttt
aag cgc cat ate tgt gat get aat aag gaa ggt atg 240
Phe Asn Phe Phe Lys Arg His lie Cys Asp Ala Asn Lys
GIu GIy Met 65 70 75 80 ttt ttg ttc cgc get get egg
aag ttg cgc cag ttc ctt aag atg aac 288 Phe Leu Phe
Arg Ala Ala Arg Lys Leu Arg GIn Phe Leu Lys Met Asn 85
90 95 tct act ggt gat ttc gat etc cac etc ctg aaa gtt
tec gaa ggg act 336 Ser Thr GIy Asp Phe Asp Leu His
Leu Leu Lys VaI Ser GIu GIy Thr 100 105 110 act ate
ctg ttg aac tgc act ggc cag gtt aaa gga aga aaa ccc
get 384 Thr lie Leu Leu Asn Cys Thr GIy GIn VaI Lys
GIy Arg Lys Pro Ala 115 120 125 gcc ctg ggt gaa gcc
caa ccg aca aag agt ttg gaa gaa aat aaa tct 432 Ala
Leu GIy GIu Ala GIn Pro Thr Lys Ser Leu GIu GIu Asn
Lys Ser 130 135 140 ttg aag gaa cag aag aag ctg aac
gac ttg tgt ttc ctg aag cgc ctg 480 Leu Lys GIu GIn
Lys Lys Leu Asn Asp Leu Cys Phe Leu Lys Arg Leu 145
150 155 160 ttg cag gag att aag act tgt tgg aat aag
ate ttg atg ggg act aag 528 Leu GIn GIu lie Lys Thr
Cys Trp Asn Lys lie Leu Met GIy Thr Lys 165 170 175
gag cat tga taa 540 GIu His <210><211> 178 <212> PRT
<213> Homo sapiens <400> 3 Met GIy VaI His GIu Cys Pro
Ala Trp Leu Trp Leu Leu Leu Ser Leu 1 5 10 15 Leu Ser
Leu VaI Leu Leu Pro VaI Ala Ser Asp Cys Asp lie GIu
GIy 20 25 30 Lys Asp GIy Lys GIn Tyr GIu Ser VaI Leu
Met VaI Ser lie Asp GIn 35 40 45 Leu Leu Asp Ser Met
Lys GIu lie GIy Ser Asn Cys Leu Asn Asn GIu 50 55 60
Phe Asn Phe Phe Lys Arg His lie Cys Asp Ala Asn Lys
GIu GIy Met 65 70 75 80 Phe Leu Phe Arg Ala Ala Arg
Lys Leu Arg GIn Phe Leu Lys Met Asn 85 90 95 



Ser Thr GIy Asp Phe Asp Leu His Leu Leu Lys VaI Ser
GIu GIy Thr 100 105 110 Thr lie Leu Leu Asn Cys Thr
GIy GIn VaI Lys GIy Arg Lys Pro Ala 115 120 125 Ala
Leu GIy GIu Ala GIn Pro Thr Lys Ser Leu GIu GIu Asn
Lys Ser 130 135 140 Leu Lys GIu GIn Lys Lys Leu Asn
Asp Leu Cys Phe Leu Lys Arg Leu 145 150 155 160 Leu
GIn GIu lie Lys Thr Cys Trp Asn Lys lie Leu Met GIy
Thr Lys 165 170 175 GIu His <210> 4 <211> 537 <212>
DNA <213> Simian <220> <221> CDS<222> (1) . . (537)
<223> EPy7-sIL-7 Optimized <400> 4 atg ggt gtt cat gaa
tgt cct get tgg ttg tgg ttg ttg ttg tet ttg 48 Met GIy
VaI His GIu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser
Leu 1 5 10 15 ttg tct ttg gtt ctg ttg cct gta gcc tct
gat tgc gat att gaa ggg 96 Leu Ser Leu VaI Leu Leu Pro
VaI Ala Ser Asp Cys Asp lie GIu GIy 20 25 30 aaa gat
ggg aag cag tat gag tec gtg ctg atg gtg age ate gat
caa 144 Lys Asp GIy Lys GIn Tyr GIu Ser VaI Leu Met
VaI Ser H e Asp GIn 35 40 45 ttg ttg gac tec atg aaa
gaa att ggg agt aac tgc ctg aat aac gaa 192 Leu Leu
Asp Ser Met Lys GIu H e GIy Ser Asn Cys Leu Asn Asn
GIu 50 55 60 ttt aac ttc ttt aag cgc cat ctg tgt gat
gat aat aag gaa ggt atg 240 Phe Asn Phe Phe Lys Arg
His Leu Cys Asp Asp Asn Lys GIu GIy Met 65 70 75 80
ttt ttg ttc cgc get get egg aag ttg cgc cag ttc ctt
aag atg aac 288 Phe Leu Phe Arg Ala Ala Arg Lys Leu
Arg GIn Phe Leu Lys Met Asn 85 90 95 tct act ggt gat
ttc gat etc cac etc ctg aaa gtt tec gaa ggg act 336
Ser Thr GIy Asp Phe Asp Leu His Leu Leu Lys VaI Ser
GIu GIy Thr 100 105 110 act ate ctg ttg aac tgc act
ggc aag gtt aaa gga aga aaa ccc get 384 Thr H e Leu
Leu Asn Cys Thr GIy Lys VaI Lys GIy Arg Lys Pro Ala 



115 120 125 gcc ctg ggt gaa ccc caa ccg aca aag agt
ttg gaa gaa aat aaa tct 432 Ala Leu GIy GIu Pro GIn
Pro Thr Lys Ser Leu GIu GIu Asn Lys Ser 130 135 140
ttg aag gaa cag aag aag ctg aac gac tec tgt ttc ctg
aag cgc ctg 480 Leu Lys GIu GIn Lys Lys Leu Asn Asp
Ser Cys Phe Leu Lys Arg Leu 145 150 155 160 ttg cag
aag att aag act tgt tgg aat aag ate ttg atg ggg act
aag 528 Leu GIn Lys H e Lys Thr Cys Trp Asn Lys H e
Leu Met GIy Thr Lys 165 170 175 gag cat tga 537 GIu
His <210> 5 <211> 178 <212> PRT <213> Simian <400>
5Met GIy VaI His GIu Cys Pro Ala Trp Leu Trp Leu Leu
Leu Ser Leu 1 5 10 15 Leu Ser Leu VaI Leu Leu Pro VaI
Ala Ser Asp Cys Asp lie GIu GIy 20 25 30 Lys Asp GIy
Lys GIn Tyr GIu Ser VaI Leu Met VaI Ser lie Asp GIn 35
40 45 Leu Leu Asp Ser Met Lys GIu lie GIy Ser Asn Cys
Leu Asn Asn GIu 50 55 60 Phe Asn Phe Phe Lys Arg His
Leu Cys Asp Asp Asn Lys GIu GIy Met 65 70 75 80 Phe
Leu Phe Arg Ala Ala Arg Lys Leu Arg GIn Phe Leu Lys
Met Asn 85 90 95 Ser Thr GIy Asp Phe Asp Leu His Leu
Leu Lys VaI Ser GIu GIy Thr 100 105 110 Thr lie Leu
Leu Asn Cys Thr GIy Lys VaI Lys GIy Arg Lys Pro Ala
115 120 125 Ala Leu GIy GIu Pro GIn Pro Thr Lys Ser
Leu GIu GIu Asn Lys Ser 130 135 140 Leu Lys GIu GIn
Lys Lys Leu Asn Asp Ser Cys Phe Leu Lys Arg Leu 145
150 155 160 Leu GIn Lys lie Lys Thr Cys Trp Asn Lys
lie Leu Met GIy Thr Lys 165 170 175 GIu His <210> 6
<211> 480 <212> DNA 



<213> canine <220> <221> CDS <222> (1) ..(480) <223>
EPy7-cIL-7 <400> 6 atg ggt gtt cat gaa tgt cct get tgg
ttg tgg ttg ttg ttg tct ttg 48Met GIy VaI His GIu Cys
Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 1 5 10 15 ttg
tct ttg gtt ctg ttg cct gta gcc tct gat tgt gat att
gaa ggc 96 Leu Ser Leu VaI Leu Leu Pro VaI Ala Ser Asp
Cys Asp lie GIu GIy 20 25 30 aaa gac ggc aga gag tat
cag cac gtt eta atg ate age ate aat gac 144 Lys Asp
GIy Arg GIu Tyr GIn His VaI Leu Met lie Ser H e Asn
Asp 35 40 45 ttg gac ate atg ata aaa aat cgt ace aat
tgc teg aat aat gaa cct 192 Leu Asp H e Met H e Lys
Asn Arg Thr Asn Cys Ser Asn Asn GIu Pro 50 55 60 aac
att tta aaa aaa cat gca tgt gat gat aat aag gaa ggt
atg ttt 240 Asn H e Leu Lys Lys His Ala Cys Asp Asp
Asn Lys GIu GIy Met Phe 65 70 75 80 tta tat cgt get
get cac aag ttg aag caa ttt gtt aaa gtg aat aac 288
Leu Tyr Arg Ala Ala His Lys Leu Lys GIn Phe VaI Lys
VaI Asn Asn 85 90 95 agt gag gat ttc aat etc cac tta
tea aga gtt tea cag ggc aca tta 336 Ser GIu Asp Phe
Asn Leu His Leu Ser Arg VaI Ser GIn GIy Thr Leu 100
105 H O caa ttg ttg aac tgt act ccc aag gaa gac aat
aaa tct tta aag gaa 384 GIn Leu Leu Asn Cys Thr Pro
Lys GIu Asp Asn Lys Ser Leu Lys GIu 115 120 125 cag
aga aaa cag aag age ttg tgt tec eta ggg ata eta eta
caa aag 432 GIn Arg Lys GIn Lys Ser Leu Cys Ser Leu
GIy H e Leu Leu GIn Lys 130 135 140 ata aaa act tgt
tgg aac aaa att ttg agg ggc tct aaa gaa cat tga 480 H
e Lys Thr Cys Trp Asn Lys H e Leu Arg GIy Ser Lys GIu
His 145 150 155 <210> 7 <211> 159 <212> PRT <213>
canine <400> 7 Met GIy VaI His GIu Cys Pro Ala Trp Leu
Trp Leu Leu Leu Ser Leu 1 5 10 15 



Leu Ser Leu VaI Leu Leu Pro VaI Ala Ser Asp Cys Asp H
e GIu GIy 20 25 30 Lys Asp GIy Arg GIu Tyr GIn His VaI
Leu Met H e Ser H e Asn Asp 35 40 45 Leu Asp H e Met H
e Lys Asn Arg Thr Asn Cys Ser Asn Asn GIu Pro 50 55
60Asn H e Leu Lys Lys His Ala Cys Asp Asp Asn Lys GIu
GIy Met Phe 65 70 75 80 Leu Tyr Arg Ala Ala His Lys
Leu Lys GIn Phe VaI Lys VaI Asn Asn 85 90 95 Ser GIu
Asp Phe Asn Leu His Leu Ser Arg VaI Ser GIn GIy Thr
Leu 100 105 110 GIn Leu Leu Asn Cys Thr Pro Lys GIu
Asp Asn Lys Ser Leu Lys GIu 115 120 125 GIn Arg Lys
GIn Lys Ser Leu Cys Ser Leu GIy H e Leu Leu GIn Lys
130 135 140 H e Lys Thr Cys Trp Asn Lys H e Leu Arg
GIy Ser Lys GIu His 145 150 155 <210> 8 <211> 18 <212>
DNA <213> Artificial sequence <220> <223> description
of artificial sequence: mutated domain <400> 8
ctgaataacg aaactaac 18 <210> 9 <211> 12 <212> DNA
<213> Artificial sequence <220> <223> description of
artificial sequence: mutated domain <400> 9 aacttcacta
ag 12 <210> 10 <211> 12 <212> DNA <213> Artificial
sequence <220> <223> description of artificial
sequence: mutated domain <400> 10 gccaacggta cc
12<210> 11 <211> 15 



<212> DNA <213> Artificial sequence <220> <223>
description of artificial sequence: mutated domain
<400> 11 ctgaacgaca gctgt 15 <210> 12 <211> 12 <212>
DNA <213> Artificial sequence <220> <223> description
of artificial sequence: mutated domain <400> 12
atcttgaacg gg 12 <210> 13 <211> 25 <212> PRT <213>
homo sapiens <400> 13 Met Phe His VaI Ser Phe Arg Tyr
lie Phe GIy Leu Pro Pro Leu lie 1 5 10 15 Leu VaI Leu
Leu Pro VaI Ala Ser Ser 20 25 <210> 14 <211> 27 <212>
PRT <213> homo sapiens <400> 14 Met GIy VaI His GIu
Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 1 5 10 15
Leu Ser Leu Pro Leu GIy Leu Pro VaI Leu GIy 20 25
<210> 15 <211> 17 <212> PRT <213> homo sapiens <400>
15Met Leu Leu Leu Leu Leu Leu Leu GIy Leu Arg Leu GIn
Leu Ser Leu 1 5 10 15 GIy <210> 16 <211> 20 <212> PRT 



<213> homo sapiens <400> 16 Met GIu Thr Asp Thr Leu
Leu Leu Trp VaI Leu Leu Leu Trp VaI Pro 1 5 10 15 GIy
Ser Thr GIy 20 <210> 17 <211> 19 <212> PRT <213> homo
sapiens <400> 17 Met Lys Leu VaI Phe Leu VaI Leu Leu
Phe Leu GIy Ala Leu GIy VaI 1 5 10 15 Ala Leu Ala
<210> 18 <211> 20 <212> PRT <213> homo sapiens <400>
18 Met Ala Arg Pro Leu Cys Thr Leu Leu Leu Leu Met Ala
Thr Leu Ala 1 5 10 15 VaI Ala Leu Ala 20 <210> 19
<211> 26 <212> PRT <213> Artificial sequence <220>
<223> description of artificial sequence: chimeric
signal peptide<400> 19 Met GIy VaI His GIu Cys Pro Ala
Trp Leu Trp Leu Leu Leu Ser Leu 1 5 10 15 Leu Ser Leu
VaI Leu Leu Pro VaI Ala Ser 20 25 


