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57) ABSTRACT

This invention concerns an apparatus for chemical or bio-
logical analysis or treatment in situ comprising (i) a micro-
system for investigation of a substrate and/or for delivery of
active agents in a substrate and (ii) a flexible rod to one end
of which the microsystem is attached and the other end of
which is intended for the control of said microsystem. The
microsystem is advantageously of the type comprising a
support on the surface of which predefined regions are
arrayed, each containing different chemical or biological
substances for investigation or treatment of the substrate
where the microsystem is brought in contact thanks to the
flexible rod.
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Fig. 2
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Fig. 3

Flexible system for guidance of the support
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Fig. 4
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Fig. 5
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Fig. 6
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DEVICE FOR IN SITU ANALYSIS AND/OR
TREATMENT CONSISTING OF A FLEXIBLE ROD
AND MICRO SYSTEM FIXED AT ONE END OF
SAID FLEXIBLE ROD

[0001] This invention concerns an apparatus making it
possible to carry out by remote control an investigation
and/or treatment in situ in a substrate, for example, of tissues
or organs, consisting of a flexible rod, to one end of which
an investigation and/or treatment microsystem is attached.

[0002] TInvestigation microsystems employing an array of
biological molecules placed in given positions on a surface
are described in the prior art. Those systems, known as
“biochips” or DNA chips, are useful for the investigation of
polynucleotide or amino acid sequences. Examples of such
systems are described, for example, in the European patent
applications published under No. 619,321, No. 373,203 and
No. 691,978. Other investigation microsystems are, for
example, the microanalysis tests using ligand/receptor type
reactions or microimmunoanalyses using antigen/antibody
type reactions.

[0003] Apparatuses for in vivo investigation of organs or
tissues are also known in the prior art, such as a catheter
consisting of a flexible tube inserted in the vessels or through
the natural routes, associated, for example, with a laser, an
optical fiber, a probe or a sensor. Those apparatuses can also
make possible the administration of active substances like
drugs or diagnostic agents, such as, for example, the appa-
ratus described in U.S. Pat. No. 5,938,595.

[0004] The inventors have now designed a remote-con-
trolled apparatus for analysis and/or treatment in situ com-
bining the two technologies mentioned above. It appears
useful, in fact, to have available new means of investigation
and/or treatment in situ in a substrate of an organism in vivo
or in vitro the least traumatizing as possible, particularly in
the case of a human patient, and which makes it possible to
access (i) information useful for diagnosis as well as for
screening, for example, for therapeutic indications, or (ii)
new methods of administration of active pharmaceutical
agents directly in a substrate consisting, for example, of
target cells.

[0005] This objective is attained according to the present
invention thanks to an apparatus for chemical or biological
analysis or treatment in situ comprising (i) a microsystem
for investigation of a substrate and/or for delivery of active
agents in a substrate and (ii) a flexible rod to one end of
which the microsystem is attached and the other end of
which is intended for the control of said microsystem, and
in that, in the case of an investigation, the microsystem is not
of the type based on analysis of the emission and detection
of a fluorescent signal.

[0006] Said microsystem and said flexible rod are advan-
tageously kept together in situ. Thus, according to the
invention, said microsystem and said flexible rod remain
joined to one another upon use in situ and are separated only
before or after the operation in situ, so that the microsystem
does not constitute a system implantable or releasable in
situ.

[0007] In a first embodiment, the microsystem is of the
type comprising a support on the surface of which pre-
defined regions are arrayed, each containing different chemi-
cal or biological substances for investigation or treatment of
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the substrate into which the microsystem is brought in
contact thanks to the flexible rod. Said surface contains at
least two and preferably more than 100 and especially
preferably more than 1000 predefined regions on a surface
in the order of several cm® and preferably in the order of 1
cm? or less. Each predefined area contains a different chemi-
cal or biological substance, but the process according to the
invention also allows several or even all of said predefined
regions to contain the same chemical or biological sub-
stance, for example, in case of the same analysis or of
delivery of the same active substance in time.

[0008] The support can contain several faces, at least one
of which consists of an active surface. The latter is the site
of one or more biological bonding agents. In the midst of
said active surface predefined regions are arrayed.

[0009] This surface of approximately one cm® can be flat
and is situated in a single plane, and it can also be ribbon-
shaped and spiral-wound on a rigid support which extends
the flexible rod and then presents the microsystem of the
same nature as the previous one, but of a more elaborate
configuration. FIG. 1 represents a working example of an
apparatus according to the invention, consisting of a flexible
rod (1) like, for example, a deformable catheter, at the end
of which the microsystem (2) is inserted in the opening of
the flexible rod, the microsystem consisting of a support (3)
on which a ribbon (4) is wound or specific antibiodies of an
antigen present in the substrate analyzed are fixed. The
support (3) is rigid, while the flexible rod (1) is relatively
deformable. The flexible rod (1) can be combined with an
endovascular exploration system (5) like, for example, an
endoscope.

[0010] The apparatus of the invention can be combined
with an endocavitary to endovascular exploration system
making it possible to bring the microsystem in contact with
or in proximity to the target substrate.

[0011] In a second embodiment, the apparatus of the
invention can consist of a flexible rod, possibly combined
with an endocavitary or endovascular exploration system.
The latter ends in a microsystem consisting of an articulated
segment composed of an alternation of rigid substances
(platinum ball type) and of more or less hydrophilic gel
(hydrogel) on which the reactive groups, molecules or
substances are fixed. The active layer surrounding the rigid
support can be a flat ribbon or a round cord on which the
reagents are deposited and fixed. It can involve ligands and,
notably, antigens or antibodies, but also nucleotides. Thus,
in this embodiment the microsystem consists of a support
coming in the form of a ribbon wound around one end of the
flexible rod. An example of this embodiment is represented
on FIG. 1 of the attached drawings.

[0012] As previously indicated, each predefined area can
contain the same active chemical or biological substance, for
example, in case of the same analysis or of delivery of the
same active substance reproduced in time. Each predefined
area can also contain a different chemical or biological
substance, and the microsystem then supporting a plurality
of different chemical or biological substances is intended to
carry out a multiple analysis.

[0013]

in:

The apparatus according to the invention is useful

[0014] the therapeutic field for in situ delivery of
agents active in a substrate, and

[0015] the field of diagnosis for in situ analysis of a
substrate.
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[0016] In particular, the apparatus of the invention is
useful for therapeutic applications conducted within the
framework of guided therapy, as proposed for intracardiac
gene therapy aimed at bringing autologous myeloid cells in
situ after having evaluated with the endocavitary probe the
state of the cell tissue of the myocardial area to be treated.
This is with the aid of different systems and, in particular, of
the microsystems of diagnosis or therapeutic follow-up of
the invention.

[0017] Within the scope of the therapeutic applications,
the biological and/or chemical substances arrayed in each
predefined region of the surface of the microsystem are
active agents, notably therapeutic substances. The active
agents can be any substance useful in the treatment of
diseases requiring an intervention in target cells or tissues,
like cancer cells, centers of infection, etc.

[0018] Within the scope of the diagnostic applications, the
biological and/or chemical substances arrayed in each pre-
defined region of the surface of the microsystem are sub-
stances making it possible to detect specific analytes of the
substrate where the microsystem is taken, or even radio-
labeled substances making possible the remote display of the
organ targeted by any known medical imaging technique.

[0019] Said substances can be fixed in each predefined
region of the support either reversibly, in order possibly to
be released again by the microsystem so that they may
perform their function “in vivo”, after removal of said
microsystem, or irreversibly on said surface. Fixation can be
carried out by simple adsorption or by means of a coupling
product.

[0020] The active agents are released in the substrate:

[0021] by simple contact with the latter, in which
case they are physically protected, as described
below, until the microsystem is placed in said sub-
Strate, or

[0022] thanks to a complementary system of release
in the microsystem.

[0023] A preferred method of use of the therapeutic appli-
cation of the apparatus of the invention consists in utilizing
active substances which are nucleic acids, like naked DNAs
or antisense oligonucleotides, fixed on the surface of the
support of the microsystem by hybridization. But the active
substances can also be proteins or antibodies fixed on each
predefined region thanks to an immunological bond. By way
of example of a microsystem forming part of a treatment
apparatus according to the invention, one can mention the
bionic chips which electrically control cell activity, so as to
release therapeutically active agents.

[0024] For the applications of diagnosis and, more widely,
of analysis of a substrate, the microsystem of the apparatus
of the invention is an investigation microsystem.

[0025] According to a preferred embodiment of the appa-
ratus of the invention, the chemical or biological substances
are capable of reacting with corresponding substances pos-
sibly present in the substrate where the investigation micro-
system is brought thanks to the flexible rod.
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[0026] Thus, the microsystem is preferably a receptor/
ligand microsystem using pairs of chemical or biological
substances in which either or both of the members of the pair
are fixed on each predefined region, notably for therapeutic
applications.

[0027] The microsystem according to the invention advan-
tageously uses biological substances which are polynucle-
otide or amino acid sequences. The invention envisages as
chemical or biological substances present in each predefined
region chemical or biological substances constituting:

[0028] an array of polynucleotide sequences capable
of being hybridized with nucleic acids present in the
substrate notably constituting the investigation site,
or

[0029] an array of peptides, polypeptides or proteins
capable of reacting with a corresponding receptor or
immunologically with antibodies or antigens present
in the substrate notably constituting the investigation
site.

[0030] But the investigation microsystem can also use
chemical substances capable of reacting according to varied
chemical reactions with corresponding chemical substances
present in the substrate analyzed. Thus, the investigation
microsystem according to the invention makes possible the
simultaneous analysis of several physiological factors in
situ.

[0031] Taking into account the diversity of types of bio-
logical or chemical reactions capable of being used in the
investigation microsystem, the apparatus of the invention
makes possible the identification of genes or their compo-
nents of DNA, of RNA, of pertinent nucleotide sequences or
of their specific protein products, but also of agonists and
their receptors. It also makes possible in vitro and in vivo the
identification of viruses, bacteria, parasites or their specific
components, as well as pathogenic agents of prion type.

[0032]

[0033] for purposes of analysis of different types of
genomes and notably for their sequencing,

The apparatus of the invention can thus be used:

[0034] for identification of cells, tissues and organs
or of different types of normal or pathological spe-
cific receptors,

[0035] for purposes of diagnosis as, for example,
thanks to the identification of genes, their component
or their product,

[0036] for purposes of screening of molecules or
chemical or biological substances with known or
potential therapeutic characteristics,

[0037] for follow-up of the activity of new or already
known therapeutic agents (possibility of multistage
and repeated guided examinations).

[0038] The above list is not exhaustive, and with this
information the expert is capable of extending the use of the
apparatus of the invention to any other type of analysis, such
as those employing the antigen-antibody bond or ligand
systems to the extent, at least in part, that the bonds
occurring in vivo are detectable by means of the microsys-
tems described, even if additional bonds are subsequently
formed to reveal ex vivo or in vitro a reaction having taken
place in vivo and in situ.
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[0039] The apparatus of the invention offers, in particular,
a significant improvement in methods of diagnosis, thera-
peutic indication, treatment and therapeutic follow-up, as
well as in screening of drugs having originated from
genomic and proteinomic (or proteomic) research.

[0040] The apparatus of the invention is noteworthy in that
it is noninvasive or microinvasive and nondestructive and
makes possible the remote identification of all chemical or
biological substances capable of reacting more or less spe-
cifically with active substances fixed on investigation micro-
systems. It can involve, notably, molecules or substances
present exclusively in situ in the organ or tissue or in cells
(intracellular fusion). This exclusive presence is linked to
the fact that these molecules or substances are rapidly
metabolized outside the tissue studied as soon as they depart
from their local environment. This demonstrates the impor-
tance of operating in situ with the microsystem described.

[0041] It is therefore suitable for analysis or treatment:

[0042] in vitro: on natural or genetically modified
cell, tissue or organ cultures originating from speci-
mens taken from living beings;

[0043] in vivo: under invasive or microinvasive con-
ditions. It makes possible the guidance, orientation
and positioning of the microsystem intended, nota-
bly, for molecular hybridization in situ in target cells,
tissues or organs.

[0044] The apparatus of the invention is further particu-
larly noteworthy, for it makes it possible to reach, for
analysis or treatment, sites inaccessible or hard to reach by
conventional methods.

[0045] The flexible rod makes it possible to bring and then
position the microsystem in contact with the substrate to be
analyzed, whether involving a living or expired biological
material (fresh, fixed, frozen, mummified or fossilized),
consisting of identical or comparable cells, mono- or mul-
ticellular tissues or organs, directly or after microeffraction
of the mesothelium or protective epithelium and of the
connective capsule as well as vascular endothelia in case of
endovascular exploration. The flexible rod ensures the
strength and cohesion of the apparatus and its flexibility and
transmissibility of the movements imparted by remote con-
trol manually or robotically. The apparatus must, of course,
be biocompatible and advantageously sterile, at least in its
terminal part in contact with the substrate to be treated or
analyzed.

[0046] The apparatus of the invention therefore includes,
in addition to the microsystem where the chemical and
biological reactions are carried out, a rod making possible
the manual or robotic control of the apparatus.

[0047] The flexible rod controlling the apparatus makes it
possible to ensure at least the following two functions:

[0048] Guidance of the microsystem up to the sub-
strate analyzed or treated

[0049] Orientation and positioning of the microsys-
tem in the substrate analyzed or treated, including
the opening into a flexible catheter which will in turn
be initially guided by an endocavitary or endovas-
cular exploration system. In some cases the micro-
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system can be directly entered at the hollow end of
the endocavitary or endovascular exploration sys-
tem.

[0050] The flexible rod is advantageously designed to
cooperate with different medical instruments used for diag-
nostic, therapeutic or experimental purposes. It is a question
of apparatuses that are:

[0051] noninvasive, intended for the exploration of
natural cavities in contact with the outside environ-
ment, like instruments for ORL, bronchopulmonary,
digestive, urological or gynecological exploration;

[0052] microinvasive, with a view to exploration of
natural cavities not in direct contact with the outside
environment; it is then a question of instruments
used in arthroscopy, colonoscopy, etc., or of endo-
vascular exploration systems, or even superficial
tissue or organ biopsy tools, notably used transcuta-
neously, like parenchymal effraction systems, such
as needles, sharp points, cutting devices, etc.

[0053] The flexible rod is thus combined with one of those
medical instruments. According to a preferred embodiment,
the flexible rod is microadapted to be introduced in the
above-mentioned instruments possessing an internal open-
ing. The flexible rod can then slide into that internal opening
by means possibly of a guiding groove specially provided
for that purpose and thus make possible in vivo control of
the apparatus of the invention in the course of different
stages of a diagnostic or therapeutic exploration.

[0054] But the flexible rod can also consist of those
different medical instruments themselves, which are then
used as rods for control of the investigation or treatment
microsystem.

[0055] The microsystem is attached to one of the ends of
the flexible rod, either on the outside of the latter or inserted
in the opening of said flexible rod by any means of connec-
tion. That means of connection can be a pivot system making
possible the remote-controlled orientation and positioning of
the microsystem in space from the flexible rod. The means
of connection can consist of a deformable material elec-
tronically remote-controlled. It can also involve a biological
glue, notably a type of glue used for bone tissue repair.

[0056] In all cases, the means of connection must satisfy
the following criteria: adherence, strength and flexibility
(resistance to handling and to stresses associated with
remote-controlled movements), biocompatibility and steril-

1ty.

[0057] The apparatus of the invention can be made from a
mold of adaptive configuration into which one or more
homogeneous materials or electronic component materials
are poured in order to take the desired shape. The means
intended for making the pivot system and possibly a tem-
porary mask can be cast at a chosen location of the mold
either in the form of an intermediate device or in the form
of material suitable for constructing the entire apparatus
described above. It thus gains in efficiency, while retaining
its functional coherence.

[0058] The means of connection can be operable by
remote control to release the microsystem in situ. Thus, the
apparatus of the invention comprises the two embodiments
described below.



US 2003/0049679 Al

[0059] According to a first embodiment of the apparatus of
the invention, the control rod makes it possible to introduce,
position and then extract the microsystem after the chemical
and biological reactions sought are produced in the sub-
strate.

[0060] In order to improve contact between the microsys-
tem placed in situ and the substrate, a rotary or back-and-
forth motion can be locally imparted to the microsystem by
means of the flexible guide rod, whether the latter is solid
(the microsystem is then attached at its end by an appropriate
system, possibly a robotic ball joint), or is hollow and
tubular, in order to receive the base of the microsystem
which is then partially inserted there. The objective is
laceration of the tissue, or even cell lysis, through the
introduction of appropriate reactive substances, conveyed by
the catheter to the microsystem.

[0061] These operations are controlled either manually or
by robotic assistance. For applications of analysis of a
substrate, once recovered, the microsystem is analyzed in
the laboratory by standard methods of revealing chemical
reactions, notably of receptor/ligand type, which are pro-
duced, possibly after preparatory stages like a polymeriza-
tion chain reaction. In that embodiment the microsystem is
released from the flexible rod after extraction and the means
of connection does not need to be remote-controlled. The
means of connection must, however, ensure cohesion and
sufficient flexibility to permit remote control with a view to
guidance, orientation and positioning and possibly the
extraction of the microsystem in situ.

[0062] According to a second embodiment of the appara-
tus of the invention, the means of connection between the
flexible rod and the microsystem can be remote-controlled to
position the apparatus on the site to be analyzed. The
microsystem can be transported and positioned by means of
a compatible sterile balloon. In that embodiment the micro-
system can be analyzed by remote control thanks to systems
of sensors making possible analysis of the chemical or
biological reactions which are possibly produced in the
investigation microsystem. Any microprocessor or any
apparatus capable of increasing the sensitivity, efficiency
and, therefore, performance of the microsystem or the
remote control of placement (guidance, orientation and
positioning) of the microbiochip comes within the scope and
can be used within the scope of the apparatus according to
the invention.

[0063] The apparatus of the invention can include a sys-
tem of protection of the investigation microsystem, which is
removed once the latter is brought to and positioned on the
site to be analyzed. That system of protection, for example,
a removable screen or deformable net, can cover the entire
microsystem or only its active surface. That system of
protection can be situated in the means of connection or
placed in the microsystem itself.

[0064] The apparatus of the invention can include, at the
end where the microsystem is attached, any system of
assistance to operation of the microsystem, like a heating
and/or cooling system, system for release of biological or
chemical substances like buffers, development reagents, any
biological alteration product or any molecules of the cell
environment.

[0065] It can be supplemented by any system capable of
lacerating the tissue examined or by a system introducing
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substances capable of planned lysis of the cells in order to
have access to the content of the latter, while remaining in
situ long enough for an optimal fixation reaction of the
molecules of the substrate on those of the reactive layer.

[0066] The apparatus of the invention can be combined
with any means making possible by remote control:

[0067] monitoring by sensory receptors (tactile, opti-
cal, physicochemical and, notably, electronic or
computer-digitized) or for any system of signal cap-
ture or processing,

[0068] the performance of biopsies, whatever the
size,

[0069] treatment, for example, of tumors,

[0070] local injection of chemical or biological prod-

ucts (cells or tissues carrying or not carrying gene
vectors or components of same, as well as indepen-
dent vectors), cell or tissue products, chemical or
physicochemical molecular agents, and labeling
agents of any kind, radioactive or not).

[0071] The apparatus of the invention can be used con-
comitantly or successively with means based on chemical or
biological reactions other than those used in the microsys-
tem, or with complementary means of cell laceration, cell
lysis, biopsy, injection or sensory capture.

[0072] The apparatus of the invention is noteworthy in that
it can be used on any type of biological or chemical substrate
belonging to beings living or dead, human, animal or
vegetable.

[0073] For example, it is useful in the animal, under
normal conditions or under experimental conditions, for
pathological studies, or in transgenic animals presenting
malignant tumors or different pathological disorders, as well
as in the course of cell, tissue or organ grafts in order to
monitor tolerance or rejection. It makes it possible to follow
the biological course of animals for the development of
selective treatments, selection of animal breeds, and moni-
toring of viral, microbial and parasitic diseases as well as
diseases from prion-type agents. The apparatus of the inven-
tion makes it possible to improve, in the animal, techniques
of reproductive cloning or those intended to obtain cell lines
with regenerative therapeutic activity originating from
embryonal stem cells or from stem cells taken after birth
called “adult” stem cells. These are cells from the vessels of
the umbilical cord, but also autologous adult cells activated
in vitro and presenting the characteristics of stems cells
capable of being subsequently differentiated in situ, notably
after guided regenerative therapy in the myocardium.

[0074] In the human being the apparatus of the invention
makes it possible, noninvasively or microinvasively, to
prepare the isolation and sequencing of genes and/or the
identification of their functional product, to specify a diag-
nosis by chemical or biological methods, to identify thera-
peutic indications more pertinently, to test new biological
preparations or new molecules with therapeutic activity, and
to follow therapeutic effectiveness thanks to multistage
guided examinations, repeated without major risk, consid-
ering the noninvasive or microinvasive nature of use of the
apparatus. The apparatus of the invention is thus applicable
to the analysis of benign or malignant tumor pathology,
involving solid or fluid tumors like cancers or leukemia, and
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neurological, muscular, hematological, cardiovascular,
metabolic or degenerative pathologies, notably whether
linked or not to an identified genetic anomaly as well as to
a pathological predisposition with a genetic component. The
apparatus of the invention is also suitable for the practice
and monitoring of cell therapy, gene therapy, regenerative
treatment carried out with embryonal stem cell cultures or
stem cells taken after birth or even for preimplantation
diagnosis after in vitro fertilization (IVF). The apparatus of
the invention is also useful in the developing human being,
for example in the embryo after IVF in observance of the
ethical rules in effect, in the fetus within the scope of a
prenatal diagnosis with a view, notably, to the diagnosis of
genetic anomalies, but also within the scope of prenatal
therapy carried out in utero, in which use of the apparatus
could expand the indications. The apparatus of the invention
is also applicable in legal medicine and in the course of
forensic investigations.

[0075] In plants or in the environmental field, the appa-
ratus of the invention can be a valuable tool for the identi-
fication and selection of plant varieties, creation of geneti-
cally modified organisms, monitoring of viral or parasitic
diseases, soil surveys and monitoring of ecological imbal-
ances of a biological or chemical nature, thanks to in vitro
and in vivo applications, notably for the identification of
biological or chemical pollutants of ecosystems.

[0076] In the food and agriculture field, the apparatus of
the invention is useful for the development and follow-up of
GMOs, notably, for monitoring gene regulation and expres-
sion, for monitoring possible contamination throughout the
food chain without prior denaturation of foodstuffs, for
example for the identification of microorganisms, parasites,
viruses, rickettsiae or proteins of prion type. Thus, the
apparatus of the invention is useful for monitoring different
stages of preservation processes, notably by freezing.

[0077] The apparatus of the invention is also of interest in
the paleontological field for identification and analysis of the
chemical or biological characteristics of mummified or
fossilized cells, tissues and organs, with the advantage of not
destroying the objects analyzed, and it makes it possible to
improve the tools for identification of the different stages of
the evolution of species.

[0078] The invention will be better understood by reading
the following examples concerning one particular embodi-
ment of the apparatus of the invention, in which:

[0079] FIG. 1 represents a working example of an appa-
ratus according to the invention,

[0080] FIGS. 2 and 6 represent a general diagram of
immunocapture by the ELISA method, with an anti-mannan
antibody and with an anti-laminin antibody respectively,

[0081] FIG. 3 shows a model of a flexible system used for
guidance of the support,

[0082] FIG. 4 represents a diagram of the support pre-
senting a plurality of regions sensitized by an antibody,

[0083] FIG. 5 shows a pilot apparatus in which the rigid
plastic support is inserted in the guidance system.

[0084] This work was carried out with a system of “in
situ” sampling of an analyte for its subsequent character-
ization in vitro. The analyte sampling was performed by
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immunocapture or affinity capture and the sampling system
presented the following characteristics:

[0085] rigidity,

[0086] guidance by a flexible system,
[0087] compound of a polymer making possible the

coupling of the antibody (Ab) or of the ligand for an
immunocapture or affinity capture of the analyte.

[0088]

[0089] A first model entails the analysis of a dissemi-
nated candidiasis in the mouse upon disclosing anti-
gens (Ag) of Candida albicans mannans type in the
kidneys or liver.

Two models were adopted for this work:

[0090] A second model is based on analysis of the
Engelbreth-Holm-Swarm (E.H.S.)) tumor in the
mouse upon disclosing laminin in the tumor of the
thigh.

[0091] For study of these two models, an immunocapture
system was used with the aid of anti-Candida Ab or anti-
laminin Ab.

[0092] The different parameters mentioned above were
studied in advance in a microplate system:

[0093]
[0094]
[0095]

[0096] Detection of the biotinylated Ag by the
streptavidin-enzyme complex

Ab concentration for immunocapture
Ab specificity for immunocapture

Biotin labeling of the revealing Ab

[0097] The following characteristics of the supports
were studied in an in vitro immunocapture system:

[0098]
[0099]
[0100]

their nature: polystyrene or other
activation by different agents
Ab coupling on the supports

[0101] The results obtained on this work show that it is
possible (i) to fix on a rigid support (joined to a flexible rod)
two antibodies of different specificities (anti-Candida and
anti-laminin), (ii) to sample corresponding analytes (Can-
dida and laminin antigens), and (iii) to identify those ana-
lytes by antibodies labeled with biotin which is then
revealed by a streptavidin-enzyme complex.

[0102] I—Conception and Development of the System for
Disclosing C. albicans Mannan Antigens

[0103] 1) Principle of the reaction

[0104] 1t involves an immunocapture by the ELISA
method on microplate or on plastic supports (ELISA:
Enzyme Linked Immuno Sorbent Assay), the prin-
ciple of which is represented on the attached FIG. 2.

[0105] 2) Preparation and control of the reagents

[0106] a) Purification of the Anti-mannan Monoclonal
Antibody (Anti-M Ab)

[0107] The anti-mannan monoclonal antibody was puri-
fied and supplied by SR2B.
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[0108] b) Labeling of the Anti-M with Biotin

[0109] The purified antibody, at 3 mg/ml, is dialyzed
overnight at 4° C. in the presence of borate buffer 0.1 M pH
8.8. A biotin solution (ester of 6-biotinamidocaproylami-
docaproic acid and N-hydroxysuccinimide; Sigma®) at 10
mg/ml in DMSO is then added at the rate of 50 ug/mg of
antibody. After 4 h of incubation at room temperature and
stirring, ammonium chloride 1 M is added at the rate of 20
w7250 ug of biotin, and the solution obtained is incubated
again for 10 min. at room temperature.

[0110] After stopping of the reaction, the labeled antibody
is precipitated by ammonium sulfate 2M and, after centrifu-
gation, the base is taken up by a TBS buffer (trissHCL 20
mM, pH 7.5, NaCl 150 mM) and dialyzed for 24 hours at
+4° C. in the presence of that same buffer.

[0111]
~20° C.

[0112] c) Preparation of the Mannan Antigen
[0113] The different stages of preparation are as follows:

This labeled antibody is kept in aliquot form at

[0114] Obtaining blastospores of Carndida albicans
ATCC 66396, 48 hours on Sabouraud Dextrose Agar
at 22° C.

[0115]

[0116] The lyophilisate is taken up by a citrate
buffer pH 7.2, 0.2 M

[0117] Autoclaving for 2 hours at 131° C. (1.3 bar)

[0118] Centrifugation of the suspension for 15
minutes at 3000 rpm

[0119] Addition of 2 volumes of absolute ethanol
to the supernatant and precipitation overnight at
+4° C.

[0120] Centrifugation for 15 minutes at 3000 rpm
and washing of the base with 60% ethanol;

[0121] Centrifugation for 15 minutes at 3000 rpm
and addition of acetone to dehydrate the base

[0122]

[0123] The carbohydrate determination is made by the
Dubois method. The carbohydrate concentration obtained is
21 mg/ml.

[0124] d) Choice of Plastic Supports
[0125]

[0126] Among the different flexible systems tested for
guidance of the support, the one represented on the photo-
graphs given in the attached FIGS. 3 to § was adopted. It
involves a plastic flexible hollow tube in which the support
is fitted.

Lyophilization of yeasts

Take-up of base in distilled water

Flexible systems

[0127] Rigid plastic supports

[0128] Three types of plastic supports were chosen and
used for development of the system, one described as
“yellow” plastic, one described as “blue” plastic and one
described as “white” plastic. For each, three methods of
coupling were tested, as represented on the attached FIG. 4:
coupling without treatment (p), coupling with treatment by
coupling agent 1 (Al), and coupling with treatment by
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coupling agent 2 (A2). The three types of support were
tested untreated or treated with Al or A2 and for each system
the supports were used sensitized with the anti-M Ab (U).
The “white” and “blue” supports gave similar results. Only
the support consisting of “white” plastic, 2 cm long and
treated with coupling agent A2, was adopted for continua-
tion of the experiments.

[0129] e) Control of Reagents and Determination of the
Parameters of Sensitivity and Specificity on Microplate and
on Plastic Supports in vitro

[0130] On microplate

[0131] The method was applied on microplate for ELISA
(Greiner®). The parameters adopted for a maximum sensi-
tivity are: concentration of the anti-M Ab for immunocap-
ture at 1 pg/ml, saturation in 10% PBS-milk overnight at +4°
C., and concentration of biotinylated anti-M Ab at 0.01
mg/ml. With those parameters the sensitivity is 0.01 ug/ml
for the carbohydrate (and not mannan) concentration.

[0132] On plastic supports

[0133] The method was applied on hemolysis microtubes
(Fisher®). The parameters adopted for a maximum sensi-
tivity are: concentration of the anti-M Ab for immunocap-
ture at 10 ug/ml, saturation in 10% PBS-milk overnight at
+4° C., and concentration of biotinylated anti-M Ab at 0.02
mg/ml. With those parameters the sensitivity is 0.01 ug/ml
for the carbohydrate (and not mannan) concentration.

[0134] 3) Dislosure of mannan Ag ex vivo

[0135] a) Determination of Parameters for Obtaining a
Disseminated Candidiasis in the Mouse

[0136] Use of Candida albicans strain ATCC 66396,
culture on Sabouraud Dextrose Agar for 24 hours at
37° C.

[0137] Initial yeast concentration 107/ml in NaCl
0.15M.

[0138] Inoculation of 100 gl IV in the caudal vein of
the mouse.

0139] Obtaining a disseminated candidiasis with
g
presence of renal and hepatic abscesses.

[0140] b) Disclosure of Mannan Ag in the Liver, Kidneys
and Blood

[0141] On day D=0: intravenous inoculation in mice of
blastospores of C. albicans ATCC 66396.

[0142]

[0143] The blood is collected by periorbital sampling in
glass tubes and after decantation the serum is tested for
mannan Ag in the bloodstream.

[0144] The kidneys or liver are sampled and placed in a
sterile Petri dish. The immunocapture is carried out by
placing the “white” plastic support sensitized with the
anti-M Ab in those organs.

[0145] After an incubation of 15 minutes, the search for
mannan Ag on the supports is made according to the
principle described in vitro.

[0146] The kidneys, liver or blood of healthy mice con-
stitute the negative controls.

On D=2, the mice are sacrificed.
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[0147] c¢) Results

[0148] The results are expressed in optical density (OD)
after subtraction of the OD of the controls, which are the
healthy mice.

[0149] Concerning the kidneys, the right kidney and the
left kidney of mice suffering from candidiasis were tested
independently from the kidneys of healthy mice. A signifi-
cant difference was observed between the signal obtained for
the presence of mannan Ag in the “sick” kidneys and the
signal obtained for kidneys of healthy mice (for example, the
optical density difference is approximately 0.4).

[0150] Concerning the liver, the mannan Ag were also
detected by the probe with a significant difference (optical
density difference 0.6).

[0151] In the blood (diluted to 1/10) of healthy mice or
mice suffering from candidiasis, no mannan Ag were
detected in the bloodstream.

[0152] II—Conception and Development of the System
for Disclosure of Laminin

[0153]

1) Principle of the reaction

[0154] Tt involves an immunocapture by ELISA method
on microplate or on plastic supports (ELISA: Enzyme
Linked Immuno Sorbent Assay), the principle of which is
represented on the attached FIG. 6.

[0155]

[0156] a) Labeling of the Anti-laminin Antibody (Anti-L
Ab) with Biotin

[0157] The antibody adopted for developing the detection

of laminin is a polyclonal antibody produced in the rabbit
and purified by affinity (Rockland®). The method of label-
ing with biotin is identical to that used for the anti-M.

[0158] b) Laminin

[0159] The laminin adopted for in vitro development is the
purified laminin from mice (Sigma®).

[0160] <) Choice of Plastic Supports

2) Preparation and control of reagents

[0161] Flexible systems, as previously described for
Candida albicans.

[0162] Rigid plastic supports, as
described for Candida albicans.

previously

[0163] d) Control of Reagents and Determination of the
Parameters of Sensitivity and Specificity on Microplate and
on Plastic Supports in vitro

[0164] On Microplate

[0165] The method was applied on microplate for ELISA
(Greiner®). The parameters adopted for a maximum sensi-
tivity are:

[0166] Concentration of the anti-L. Ab for immuno-
capture at 5 pg/ml.

[0167] Saturation in 10% PBS-milk overnight at +4°
C.

[0168] Concentration of biotinylated anti-M Ab at 5
ug/ml.
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[0169] With those parameters, the sensitivity is 0.01
mg/ml for the laminin concentration.

[0170]

[0171] The method was applied on hemolysis microtubes
(Fisher®). The parameters adopted for a maximum sensi-
tivity are the same as on microplate, namely:

On Plastic Supports

[0172] Concentration of the anti-L. Ab for immuno-
capture at 5 pg/ml.

[0173] Saturation in 10% PBS-milk overnight at +4°

C.
[0174] Concentration of biotinylated anti-I. Ab at 5
fg/ml.
[0175] With those parameters, the sensitivity is 0.01

mg/ml for the laminin concentration.
[0176] 4) Disclosure of laminin ex vivo

[0177] a) Determination of Parameters for Obtaining a
“Laminin® Tumor Visible to the Naked Eye

[0178] Thawing of the E.H.S. (Engelbreth-Holm-
Swarm) sarcoma in the mouse.

[0179] Inoculation in the thighs of mice.

[0180] After three weeks the mice are sacrificed, and
tumor samples are taken, ground up and inoculated
in other mice.

[0181] b) Disclosure of Laminin in the Tumor of the Thigh
in the Mouse

[0182] The mice are sacrificed and immunocapture is
carried out by placing the “white™ plastic support sensitized
with anti-L in the tumor of the thigh. Thighs of healthy mice
constitute the negative controls.

[0183]

[0184] The results are expressed in optical density (OD)
after subtraction of the OD of the controls, which are the
healthy mice.

[0185] A significant difference is observed between the
signal obtained for the presence of laminin in the tumor and
the signal obtained for thighs of healthy mice (for example,
the optical density difference is approximately 0.3).

[0186] III—Coupling of the Two Systems: Simultancous
Detection of Mannan Ag and Laminin ex vivo

¢) Results

[0187] 1) Sensitization of the probe

[0188] The support constituted by the “white” plastic and
maintained by the flexible guidance system is sensitized
with the anti-M Ab and anti-I. Ab at the previously estab-
lished concentrations.

[0189] 2) Disclosure of mannan Ag and laminin ex vivo
[0190]
[0191] healthy mice (controls)

The immunocapture is carried out in:

[0192] mice suffering from candidiasis

[0193]

mice with a laminin tumor (E.H.S.).
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[0194] Supports are:

[0195] placed first in the kidneys or liver of a
mouse suffering from disseminated candidiasis
and then in the tumor (E.H.S.) of the thigh of
another mouse,

[0196] or placed first in the tumor (E.H.S.) of the
thigh of one mouse and then in the kidneys or liver
of another mouse suffering from disseminated
candidiasis.

[0197] The supports are then revealed by the anti-M or
anti-L or a mixture of both.

[0198] Negative controls are made by placing supports in
the kidneys or liver of a healthy mouse and then in the thigh
of the same mouse (and vice versa).

[0199] 3) Results

[0200] The results are expressed in optical density (OD)
after subtraction of the OD of the controls, which are the
healthy mice.

[0201] Whatever the order in which the support is
implanted in the different organs, the mannan Ag or the
laminin is significantly detected in relation to the healthy
mice, when the system is revealed by only one of the two
antibodies (OD: 0.4 for the mannan Ag and 0.4 for the
laminin).

[0202] When the mixture of both biotinylated antibodies is
used for revealing, the signal obtained is much higher (for
example, mouse with candidiasis+laminin OD=0.7).

[0203] The mannan Ag could not be detected in the blood
of the healthy mice or of the mice suffering from dissemi-
nated candidiasis.

1. Apparatus for chemical or biological analysis or treat-
ment in situ comprising (i) a microsystem for the investi-
gation of a substrate and/or for delivery of active agents in
a substrate and (ii) a flexible rod to one end of which the
microsystem is attached and the other end of which is
intended for the control of said microsystem, and in that, in
the case of an investigation, the microsystem is not of the
type based on analysis of the emission and detection of a
fluorescent signal.

2. Apparatus according to claim 1, characterized in that
the microsystem and the flexible rod are joined to one
another upon use in situ and are separated only before or
after the operation in situ.

3. Apparatus according to one of claims 1 or 2, charac-
terized in that the microsystem is of the type comprising a
support on the surface of which predefined regions are
arrayed, each containing identical or different chemical or
biological substances for investigation or treatment of the
substrate where the microsystem is brought thanks to the
flexible rod.

4. Apparatus according to one of claims 1 to 3, charac-
terized in that the chemical and/or biological substances
placed in each predefined region of the surface of the
microsystem are capable of reacting with corresponding
substances possibly present in the substrate where the inves-
tigation microsystem is brought thanks to the flexible rod.
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5. Apparatus according to any one of claims 1 to 4,
characterized in that the microsystem is a receptor/ligand
microsystem using pairs of chemical or biological sub-
stances in which either or both of the members of the pair are
fixed on each predefined region.

6. Apparatus according to any one of claims 1 to 5,
characterized in that the microsystem is a receptor/ligand
microsystem using antigen/antibody pairs.

7. Apparatus according to any one of claims 3 to 6,
characterized in that the chemical or biological substances
are polynucleotide or amino acid sequences.

8. Apparatus according to claim 7, characterized in that
the biological substances constitute:

an array of polynucleotide sequences capable of being
hybridized with nucleic acids present in the substrate,
or

an array of peptides, polypeptides or proteins capable of
reacting with a corresponding receptor or immunologi-
cally with antibodies or antigens present in the sub-
strate.

9. Apparatus according to any one of claims 3 to §,
characterized in that the chemical or biological substances
are fixed on the support by bonds capable of being cleaved
in situ.

10. Apparatus according to any one of the foregoing
claims, characterized in that the flexible rod is combined
with a medical instrument used for diagnostic, therapeutic or
experimental purposes, possessing an internal opening in
which the flexible rod is inserted.

11. Apparatus according to any one of the foregoing
claims, characterized in that the flexible rod consists of a
medical instrument used for diagnostic, therapeutic or
experimental purposes.

12. Apparatus according to any one of the foregoing
claims, characterized in that the microsystem is attached to
one of the ends of the flexible rod by any means of
connection consisting of a pivot system making possible the
remote-controlled orientation and positioning of the micro-
system in space, from the flexible rod.

13. Apparatus according to any one of the foregoing
claims, characterized in that the microsystem is inserted in
the opening of the flexible rod into which it slides.

14. Apparatus according to one of claims 1 to 13, char-
acterized in that the microsystem consists of a support
coming in the form of a ribbon wound around one end of the
flexible rod.

15. Apparatus according to any one of the foregoing
claims, characterized in that it includes a system of protec-
tion of the microsystem.

16. Apparatus according to any one of the foregoing
claims, characterized in that it includes, at the end where the
microsystem is attached, a system of assistance to the
operation of said microsystem, like a heating and/or cooling
system or a system for release of biological or chemical
substances.

17. Apparatus according to any one of the foregoing
claims, characterized in that it is combined with one or more
devices selected among means of monitoring, biopsy, treat-
ment and local injection of biological or chemical products.

* * * * *
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