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1.

Radio-Pharmaceutical Complexes

FIELD OF THE INVENTION

The present invention relates to complexes of thorium isotopes and particularly with
complexes of thorium-227 with certain octadentate ligands conjugated to targeting
moieties. The invention also relates to the treatment of disease, particularly

neoplastic diseases, involving the administration of such complexes.

BACKGROUND TO THE INVENTION

Specific cell killing can be essential for the successful treatment of a variety of
diseases in mammalian subjects. Typical examples of this are in the treatment of
malignant diseases such as sarcomas and carcinomas. However the selective
elimination of certain cell types can also play a key role in the treatment of other

diseases, especially hyperplastic and neoplastic diseases.

The most common methods of selective treatment are currently surgery,
chemotherapy and external beam irradiation. Targeted radionuclide therapy is,
however, a promising and developing area with the potential to deliver highly
cytotoxic radiation to unwanted cell types. The most common forms of
radiopharmaceutical currently authorised for use in humans employ beta-emitting
and/or gamma-emitting radionuclides. There has, however, been some interest in
the use of alpha-emitting radionuclides in therapy because of their potential for

more specific cell killing.

The radiation range of typical alpha emitters in physiological surroundings is
generally less than 100 micrometers, the equivalent of only a few cell diameters.
This makes these sources well suited for the treatment of tumours, including
micrometastases, because they have the range to reach neighbouring cells within a
tumour but if they are well targeted then little of the radiated energy will pass
beyond the target cells. Thus, not every cell need be targeted but damage to
surrounding healthy tissue may be minimised (see Feinendegen et al., Radiat Res
148:195-201 (1997)). In contrast, a beta particle has a range of 1 mm or more in
water (see Wilbur, Antibody Immunocon Radiopharm 4: 85-96 (1991)).
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The energy of alpha-particle radiation is high in comparison with that carried by
beta particles, gamma rays and X-rays, typically being 5-8 MeV, or 5to 10 times
that of a beta particle and 20 or more times the energy of a gamma ray. Thus, this
deposition of a large amount of energy over a very short distance gives a-radiation
an exceptionally high linear energy transfer (LET), high relative biological efficacy
(RBE) and low oxygen enhancement ratio (OER) compared to gamma and beta
radiation (see Hall, "Radiobiology for the radiologist", Fifth edition, Lippincott
Williams & Wilkins, Philadelphia PA, USA, 2000). This explains the exceptional
cytotoxicity of alpha emitting radionuclides and also imposes stringent demands on
the biological targeting of such isotopes and upon the level of control and study of
alpha emitting radionuclide distribution which is necessary in order to avoid

unacceptable side effects.

Table 1 below shows the physical decay properties of the alpha emitters so far

broadly proposed in the literature as possibly having therapeutic efficacy.

Table 1

Candidate nuclide | Ti,* Clinically tested for
PAC 10.0 days leukaemia

2HAL 7.2 hours glioblastoma

21Bj 46 minutes leukaemia

*’Ra 11.4 days skeletal metastases
“Ra 3.66 days ankylosing spondylitis

* Half life

So far, with regards to the application in radioimmunotherapy the main attention has
been focused on ?''At, 2"*Bi and **Ac and these three nuclides have been explored

in clinical immunotherapy trials.

Several of the radionuclides which have been proposed are short-lived, i.e. have
half lives of less than 12 hours. Such a short half-life makes it difficult to produce
and distribute radiopharmaceuticals based upon these radionuclides in a
commercial manner. Administration of a short-lived nuclide also increases the
proportion of the radiation dose which will be emitted in the body before the target

site is reached.
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The recoil energy from alpha-emission will in many cases cause the release of
daughter nuclides from the position of decay of the parent. This recoil energy is
sufficient to break many daughter nuclei out from the chemical environment which
may have held the parent, e.g. where the parent was complexed by a ligand such
as a chelating agent. This will occur even where the daughter is chemically
compatible with, i.e. complexable by, the same ligand. Equally, where the daughter
nuclide is a gas, particularly a noble gas such as radon, or is chemically
incompatible with the ligand, this release effect will be even greater. When
daughter nuclides have half-lives of more than a few seconds, they can diffuse
away into the blood system, unrestrained by the complexant which held the parent.

These free radioactive daughters can then cause undesired systemic toxicity.

The use of Thorium-227 (T4, = 18.7 days) under conditions where control of the
*2Ra daughter isotope is maintained was proposed a few years ago (see WO
01/60417 and WO 02/05859). This was in situations where a carrier system is used
which allows the daughter nuclides to be retained by a closed environment. In one
case, the radionuclide is disposed within a liposome and the substantial size of the
liposome (as compared to recoil distance) helps retain daughter nuclides within the
liposome. In the second case, bone-seeking complexes of the radionuclide are
used which incorporate into the bone matrix and therefore restrict release of the
daughter nuclides. These are potentially highly advantageous methods, but the
administration of liposomes is not desirable in some circumstances and there are
many diseases of soft tissue in which the radionuclides cannot be surrounded by a

mineralised matrix so as to retain the daughter isotopes.

More recently, it was established that the toxicity of the “°Ra daughter nuclei
released upon decay of ’Th could be tolerated in the mammalian body to a much
greater extent than would be predicted from prior tests on comparable nuclei. In
the absence of the specific means of retaining the radium daughters of thorium-227
discussed above, the publicly available information regarding radium toxicity made
it clear that it was not possible to use thorium-227 as a therapeutic agent since the
dosages required to achieve a therapeutic effect from thorium-227 decay would
result in a highly toxic and possibly lethal dosage of radiation from the decay of the

radium daughters, i.e. there is no therapeutic window.
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WO 04/091668 describes the unexpected finding that a therapeutic treatment
window does exist in which a therapeutically effective amount of a targeted thorium-
227 radionuclide can be administered to a subject (typically a mammal) without
generating an amount of radium-223 sufficient to cause unacceptable myelotoxicity.
This can therefore be used for treatment and prophylaxis of all types of diseases at

both bony and soft-tissue sites.

In view of the above developments, it is now possible to employ alpha-emitting
thorium-227 nuclei in endoradionuclide therapy without lethal myelotoxicity resulting
from the generated ?°Ra. Nonetheless, the therapeutic window remains relatively
narrow and it is in all cases desirable to administer no more alpha-emitting
radioisotope to a subject than absolutely necessary. Useful exploitation of this new
therapeutic window would therefore be greatly enhanced if the alpha-emitting
thorium-227 nuclei could be complexed and targeted with a high degree of

reliability.

Because radionuclides are constantly decaying, the time spent handling the
material between isolation and administration to the subject is of great importance.
It would also be of considerable value if the alpha-emitting thorium nuclei could be
complexed, targeted and/or administered in a form which was quick and convenient
to prepare, preferably requiring few steps, short incubation periods and/or
temperatures not irreversibly affecting the properties of the targeting entity.
Furthermore, processes which can be conducted in solvents that do not need
removal before administration (essentially in aqueous solution) have the
considerable advantage of avoiding a solvent evaporation or dialysis step. This
reduces the time and complexity of preparation, which is of key significance in the
generation of radiopharmaceuticals, which decay continuously to contaminant

daughter products.

In view of the need for selectivity in the delivery of cytotoxic agents in therapy, there
is an evident need for targeting of alpha-radionuclide complexes. However,
conjugates of suitable chelators with a small targeting peptide or small protein tend
to show poor solubility in aqueous systems because the small biomolecule cannot
keep the insoluble chelate in solution. Poor solubility leads to aggregation and

precipitation. Aggregates are unacceptable in a drug preparation to be administered
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to human subjects and evidently precipitation renders a composition entirely

unusable.

Furthermore, also with a larger targeting peptide/protein, such as a monoclonal
antibody, the chelator will be exposed on the surface of the conjugate as a
hydrophobic ‘spot’. This might in some contexts lead to issues with micro
aggregation.

In a biological system, such as in a human patient, hydrophobicity in general is
associated with undesirable uptake in the liver. Evidently this is much more serious
with highly cytotoxic agents such as alpha-emitters than for typical drug
compounds. Hydrophobicity of the chelator also increases the risk of an immune
response, as hydrophobicity facilitates stronger binding of antibodies produced by
the host's immune system. Again this is of particular concern with alpha-emitters
due to their exceptional cytotoxicity. There is thus evidently a considerable need of
methods for the selective delivery of alpha-emitting thorium radionuclides by
conjugates having increased hydrophilicity, particularly of the ligand portion, so as

to address one or more of the issues discussed above

Octadentate chelating agents containing hydroxypyridinone groups have previously
been shown to be suitable for coordinating the alpha emitter thorium-277, for
subsequent attachment to a targeting moiety (W0O2011098611). Octadentate
chelators were described, containing four 3,2- hydroxypyridinone groups joined by
linker groups to an amine-based scaffold, having a separate reactive group used for
conjugation to a targeting molecule. Preferred structures of the previous invention
contained 3,2-hydroxypyridinone groups having a methyl substituted nitrogen in
position 1 of the heterocyclic ring, and were linked to the amine based scaffold by a
an amine bond involving an formic acid attached at position 4, as shown in by the
compounds ALG-DD-NCS, ALG1005-38, Bb-1-HOPO-1-DEBN. In the experiment
where one of these hydroxypyiridinone containing molecules was conjugated to a
tumor targeting antibody, the molecule was dissolved in the organic solvent DMSO

since it could not be dissolved in aqueous buffers.

The use of specific targeting moieties in cytotoxic therapy (such as cancer
chemotherapy or endoradionuclide therapy) is now a well established method and
numerous targets and potential targets are known. These are typically cell-surface

or matrix markers (such as receptors) which are to some extent preferentially
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expressed in diseased cells or in cells associated with diseased cells, or in the
nearby matrix. Specific binding moieties can serve to target, carry and/or bind
cytotoxic elements (such as chemical toxins or radionuclides) to the vicinity of an
unwanted cell type (e.g. neoplastic cells) and thereby improve the selectivity of cell
killing provided by the cytotoxic agent. In order to take advantage of such specific
binding property, the binding moiety must be conjugated or conjugatable to the
cytotoxic agent (such as the complexed radionuclide). Many cell surface and matrix
targets are known including receptors such as folate binding receptor, CD22, CD33,
estrogen and progesterone receptors and many others. Typically an antibody,
antibody fragment or smaller binding molecule (such as an "affibody") is generated
with specificity for such a cell surface marker and conjugated to the cytotoxic agent.
Any of these known methods and markers are potentially usable with radionuclide
agents. However, preparation ease and time is important and for smaller binders,
solubility can be critical because the conjugate as a whole must be soluble for

administration.

The present inventors have now unexpectedly established that the use of a 4+
thorium-227 ion complexed by an octadentate hydroxypyridinone (HOPO)-type
ligand comprising four HOPO moieties of which at least one is substituted with a
suitable solubilising moiety can provide a dramatic improvement in solubility and

corresponding properties of the complex.

SUMMARY OF THE INVENTION

Viewed from a first aspect the present invention therefore provides a tissue-
targeting complex comprising a tissue targeting moiety, an octadentate
hydroxypyridinone-containing ligand comprising four HOPO moieties and the ion of
an alpha-emitting thorium radionuclide, where at least one of the four HOPO
moieties is substituted at the N-position (1-position) with a hydroxyalkyl solubilising

group. In one embodiment such complexes are soluble in pure water.

In a preferred embodiment, the octadentate ligand comprises at least one 3,2-
HOPO moiety, and preferably 2, 3, or 4 3,2-HOPO moieties. In a further preferred
embodiment, at least 2, preferably at least 3 and most preferably all 4 HOPO

moieties comprise hydroxyalkyl solubilising moieties at the N-position.
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Preferred targeting moieties include polyclonal and particularly monoclonal
antibodies and fragments thereof. Specific binding fragments such as Fab, Fab'

Fab'2 and single-chain specific binding antibodies are typical fragments.

In such complexes (and preferably in all aspects of the current invention) the
thorium ion will generally be complexed by the octadentate hydroxypyridinone-
containing ligand, which in turn will be attached to the tissue targeting moiety by
any suitable means. Such means may include direct covalent attachment or
attachment by means of any suitable specific binding pair (e.g. biotin/avidin type
binding paris). Any suitable attachment may be used but direct covalent bonding or
use of a covalent or binding-pair linker moiety will be typical methods. . Covalent

ester or amide bonds are preferred methods.

Viewed from a further aspect the invention provides the use of a tissue targeting
complex comprising a tissue targeting moiety, an octadentate hydroxypyridinone-
containing ligand comprising four HOPO moieties and the ion of an alpha-emitting
thorium radionuclide, where at least one of the four HOPO moieties is substituted at
the N-position with a hydroxyalkyl solubilising group (including any such complex
described herein) in the manufacture of a medicament for the treatment of

hyperplastic or neoplastic disease including any such disease described herein.

In a corresponding aspect, the invention provides a method of treatment of a
human or non-human animal (particularly one in need thereof) comprising
administration of at least one tissue-targeting complex comprising a tissue targeting
moiety, an octadentate hydroxypyridinone-containing ligand comprising four HOPO
moieties and the ion of an alpha-emitting thorium radionuclide, where at least one
of the four HOPO moieties is substituted at the N-position with a hydroxyalkyl
solubilising group (including any such complex described herein). Such a method
is preferably for the treatment of hyperplastic or neoplastic disease including any
such disease described herein. Such a method is typically carried out on a human

or non-human mammalian subject, such as one in need thereof.

In a further corresponding embodiment, the invention provides for a tissue-targeting
complex comprising a tissue targeting moiety, an octadentate hydroxypyridinone-

containing ligand comprising four HOPO moieties and the ion of an alpha-emitting
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thorium radionuclide, where at least one of the four HOPO moieties is substituted at
the N-position with a hydroxyalkyl solubilising group (including all such complexes
as disclosed herein) for use in therapy, and in particular for use in the treatment of
hyperplastic and/or neoplastic disease including any such diseases and methods

described herein.

Viewed from a further aspect the invention provides a pharmaceutical composition
comprising a tissue-targeting complex comprising a tissue targeting moiety, an
octadentate hydroxypyridinone-containing ligand comprising four HOPO moieties
and the ion of an alpha-emitting thorium radionuclide, where at least one of the four
HOPO moieties is substituted at the N-position with a hydroxyalkyl solubilising
group (including any such complex described herein) together with at least one

pharmaceutical carrier or excipient.

So as to distinguish from thorium complexes of the most abundant naturally
occurring thorium isotope, i.e. thorium-232 (half-life 10" years and effectively non-
radioactive), it should be understood that the thorium complexes and the
compositions thereof claimed herein include the alpha-emitting thorium radioisotope
(i.e. at least one isotope of thorium with a half-life of less than 10° years, e.g.
thorioum-227) at greater than natural relative abundance, eg at least 20% greater.
This need not affect the definition of the method of the invention where a
therapeutically effective amount of a radioactive thorium, such as thorium-227 is

explicitly required, but will preferably be the case in all aspects.

In all aspects of the invention, it is preferable that the alpha-emitting thorium ion is
an ion of thorium-227. The 4+ ion of thorium is a preferable ion for use in the
complexes of the present invention. Correspondingly, the 4+ ion of thorium-227 is

highly preferred.

In a further aspect the invention furthermore provides a method for the formation of
a tissue-targeting complex, said method comprising coupling a tissue targeting
moiety to an octadentate hydroxypyridinone-containing ligand in aqueous solution,
the complex comprising four HOPO moieties and the ion of an alpha-emitting
thorium radionuclide, where at least one of the four HOPO moieties is substituted at
the N-position with a hydroxyalkyl solubilising group. Such a method may be

conducted in the substantial absence of any organic solvent.
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Viewed from a yet still further aspect the invention also provides a kit for use in a
method according to the invention, said kit comprising a tissue targeting moiety,
conjugated or conjugatable to an an octadentate hydroxypyridinone-containing
ligand comprising four HOPO moieties, where at least one of the four HOPO
moieties is substituted at the N-position ( 1-position) with a hydroxyalkyl solubilising
group. All binding moieties and ligands preferably being those described herein.
Such a kit will optionally and preferably include an alpha-emitting thorium

radionuclide, such as 2?’Th.

DETAILED DESCRIPTION OF THE INVENTION

In the context of the present invention, "tissue targeting" is used herein to indicate
that the substance in question (particularly when in the form of a tissue-targeting
complex as described herein), serves to localise itself (and particularly to localise
any conjugated thorium complex) preferentially to at least one tissue site at which
its presence (e.g. to deliver a radioactive decay) is desired. Thus a tissue targeting
group or moiety serves to provide greater than average localisation to at least one
desired site in the body of a subject following administration to that subject. The
targeting moiety may, for example, bind to cell-surface markers (e.g. receptors,
transport proteins, cell adhesion molecules etc) present on disease-affected cells.
Similarly a tissue targeting moiety by bind to cell-surface markers (e.g. receptors,
transport proteins, cell adhesion molecules etc) present on cells in the vicinity of
disease affected cells. Such call-surface markers include proteins more heavily
expressed on diseased cell surfaces than on healthy cell surfaces or those more
heavily expressed on cell surfaces during periods of growth or replication than
during dormant phases. Components present in the vicinity of target cells or
tissues or associated therewith may also be utilised at the target for therapy in
accordance with any aspect of the invention. For example, components present in
or released into the matrix around targeted cells or tissues may be used for
targeting if the presence, form or concentration allows the region to be
distinguished from healthy tissue. Examples of this are matrix antigens such as
tenascin, which is associated with brain tumours but is expressed in the matrix
between cells. Such matrix antigens can be targeted by a single or composite

targeting moiety as discussed herein.
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The tissue targeting moiety may also comprise two or more components collectively
having the effect of targeting the thorium complex to the desired tissue(s). This
may be, for example, where one component is administered first and binds to a
particular tissue, tumour or cell-type (a tissue-binding agent) and a second and/or
further component (linking agent) is administered simultaneously, or preferably
subsequently, which binds in vivo to the tissue-binding agent. The linking agent
would be conjugated directly or indirectly to the complexed alpha-emitting thorium
and thus collectively the tissue-binding and linking agents would form a tissue-
targeting moiety. Suitable specific binding pairs suitable for providing the tissue
binding agent and linking agent with mutual affinity are well known in the art (e.g.

biotin with avidin or streptavidin).

The various aspects of the invention as described herein relate to treatment of
disease, particularly for the selective targeting of diseased tissue, as well as relating
to complexes, conjugates, medicaments, formulation, kits etc useful in such
methods. In all aspects, the diseased tissue may reside at a single site in the body
(for example in the case of a localised solid tumour) or may reside at a plurality of
sites (for example where several joints are affected in arthritis or in the case of a

distributed or metastasised cancerous disease).

The diseased tissue to be targeted may be at a soft tissue site, at a calcified tissue
site or a plurality of sites which may all be in soft tissue, all in calcified tissue or may
include at least one soft tissue site and/or at least one calcified tissue site. In one
embodiment, at least one soft tissue site is targeted. The sites of targeting and the
sites of origin of the disease may be the same, but alternatively may be different
(such as where metastatic sites are specifically targeted). Where more than one
site is involved this may include the site of origin or may be a plurality of secondary

sites.

The term "soft tissue" is used herein to indicate tissues which do not have a "hard"
mineralised matrix. In particular, soft tissues as used herein may be any tissues
that are not skeletal tissues. Correspondingly, "soft tissue disease" as used herein
indicates a disease occurring in a "soft tissue" as used herein. The invention is
particularly suitable for the treatment of cancers and "soft tissue disease" thus

encompasses carcinomas, sarcomas, myelomas, leukemias, lymphomas and
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mixed type cancers occurring in any "soft" (i.e. non-mineralised) tissue, as well as
other non-cancerous diseases of such tissue. Cancerous "soft tissue disease"
includes solid tumours occurring in soft tissues as well as metastatic and micro-
metastatic tumours. Indeed, the soft tissue disease may comprise a primary solid
tumour of soft tissue and at least one metastatic tumour of soft tissue in the same
patient. Alternatively, the "soft tissue disease" may consist of only a primary tumour

or only metastases with the primary tumour being a skeletal disease.

It is a key recent finding that certain alpha-radioactive thorium isotopes (e.g. ' Th)
may be administered in an amount that is both therapeutically effective and does
not generate intolerable myelotoxicity. As used herein, the term "acceptably non-
myelotoxic" is used to indicate that, most importantly, the amount of radium-223
generated by decay of the administered thorium-227 radioisotope is generally not
sufficient to be directly lethal to the subject. It will be clear to the skilled worker,
however, that the amount of marrow damage (and the probability of a lethal
reaction) which will be an acceptable side-effect of such treatment will vary
significantly with the type of disease being treated, the goals of the treatment
regimen, and the prognosis for the subject. Although the preferred subjects for the
present invention are humans, other mammals, particularly dogs, will benefit from
the use of the invention and the level of acceptable marrow damage may also
reflect the species of the subject. The level of marrow damage acceptable will
generally be greater in the treatment of malignant disease than for non-malignant
disease. One well known measure of the level of myelotoxicity is the neutrophil cell
count and, in the present invention, an acceptably non-myelotoxic amount of **Ra
will typically be an amount controlled such that the neutrophil fraction at its lowest
point (nadir) is no less than 10% of the count prior to treatment. Preferably, the
acceptably non-myelotoxic amount of “*Ra will be an amount such that the
neutrophil cell fraction is at least 20% at nadir and more preferably at least 30%. A

nadir neutrophil cell fraction of at least 40% is most preferred.

In addition, radioactive thorium (e.g. >’ Th) containing compounds may be used in
high dose regimens where the myelotoxicity of the generated radium (e.g. ?°Ra)
would normally be intolerable when stem cell support or a comparable recovery
method is included. In such cases, the neutrophil cell count may be reduced to

below 10% at nadir and exceptionally will be reduced to 5% or if necessary below
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5%, providing suitable precautions are taken and subsequent stem cell support is

given. Such techniques are well known in the art.

A thorium isotope of particular interest in the present invention is thorium-227, and
thorium-227 is the preferred isotope for all references to thorium herein where
context allows. Thorium-227 is relatively easy to produce and can be prepared
indirectly from neutron irradiated ?°Ra, which will contain the mother nuclide of
“1Th, i.e. ?"Ac (T1 = 22 years). Actinium-227 can quite easily be separated from
the *Ra target and used as a generator for ?’Th. This process can be scaled to
industrial scale if necessary, and hence the supply problem seen with most other
alpha-emitters considered candidates for molecular targeted radiotherapy can be

avoided.

Thorium-227 decays via radium-223. In this case the primary daughter has a half-
life of 11.4 days. From a pure ?*’Th source, only moderate amounts of radium are
produced during the first few days. However, the potential toxicity of *Ra is higher
than that of ?"Th since the emission from ?**Ra of an alpha particle is followed
within minutes by three further alpha particles from the short-lived daughters (see

Table 2 below which sets out the decay series for thorium-227).

Table 2
Nuclide Decay mode Mean particle Half-life
energy (MeV)
221Th o 6.02 18.72 days
*“Ra a 5.78 11.43 days
Rn a 6.88 3.96 seconds
S o) a 7.53 1.78 ms
21pp B 0.45 36.1 minutes
2Hp; a 6.67 2.17 minutes
2077 B 1.42 4.77 minutes
27pp Stable

Partly because it generates potentially harmful decay products, thorium-227 (T4, =

18.7 days) has not been widely considered for alpha particle therapy.
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Thorium-227 may be administered in amounts sufficient to provide desirable
therapeutic effects without generating so much radium-223 as to cause intolerable
bone marrow suppression. It is desirable to maintain the daughter isotopes in the
targeted region so that further therapeutic effects may be derived from their decay.
However, it is not necessary to maintain control of the thorium decay products in
order to have a useful therapeutic effect without inducing unacceptable

myelotoxicity.

Assuming the tumour cell killing effect will be mainly from thorium-227 and not from
its daughters, the likely therapeutic dose of this isotope can be established by
comparison with other alpha emitters. For example, for astatine-211, therapeutic
doses in animals have been typically 2-10 MBq per kg. By correcting for half-life
and energy the corresponding dosage for thorium-227 would be at least 36-200 kBq
per kg of bodyweight. This would set a lower limit on the amount of * Th that
could usefully be administered in expectation of a therapeutic effect. This
calculation assumes comparable retention of astatine and thorium. Clearly
however the 18.7 day half-life of the thorium will most likely result in greater
elimination of this isotope before its decay. This calculated dosage should therefore
normally be considered to be the minimum effective amount. The therapeutic dose
expressed in terms of fully retained ' Th (i.e. **’Th which is not eliminated from the
body) will typically be at least 18 or 25 kBg/kg, preferably at least 36 kBg/kg and
more preferably at least 75 kBq/kg, for example 100 kBg/kg or more. Greater
amounts of thorium would be expected to have greater therapeutic effect but cannot
be administered if intolerable side effects will result. Equally, if the thorium is
administered in a form having a short biological half-life (i.e. the half life before
elimination from the body still carrying the thorium), then greater amounts of the
radioisotope will be required for a therapeutic effect because much of the thorium
will be eliminated before it decays. There will, however, be a corresponding
decrease in the amount of radium-223 generated. The above amounts of thorium-
227 to be administered when the isotope is fully retained may easily be related to
equivalent doses with shorter biological half-lives. Such calculations are well
known in the art and given in WO 04/091668 (e.g. in the text an in Examples 1 and
2).
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If a radiolabelled compound releases daughter nuclides, it is important to know the
fate, if applicable, of any radioactive daughter nuclide(s). With *’Th, the main
daughter product is *Ra, which is under clinical evaluation because of its bone
seeking properties. Radium-223 clears blood very rapidly and is either concentrated
in the skeleton or excreted via intestinal and renal routes (see Larsen, J Nucl Med
43(5, Supplement): 160P (2002)). Radium-223 released in vivo from ?’Th may
therefore not affect healthy soft tissue to a great extent. In the study by Mdiller in Int.
J. Radiat. Biol. 20:233-243 (1971) on the distribution of %’Th as the dissolved
citrate salt, it was found that “’Ra generated from %’Th in soft tissues was readily
redistributed to bone or was excreted. The known toxicity of alpha emitting radium,

particularly to the bone marrow, is thus an issue with thorium dosages.

It was established for the first time in WO 04/091668 that, in fact, a dose of at least
200 kBq/kg of **Ra can be administered and tolerated in human subjects. These
data are presented in that publication. Therefore, it can now be seen that, quite
unexpectedly, a therapeutic window does exist in which a therapeutically effective
amount of ?’Th (such as greater than 36 kBqg/kg) can be administered to a
mammalian subject without the expectation that such a subject will suffer an
unacceptable risk of serious or even lethal myelotoxicity. Nonetheless, it is
extremely important that the best use of this therapeutic window be made and
therefore it is essential that the radioactive thorium be quickly and efficiently
complexed, and held with very high affinity so that the greatest possible proportion

of the dose is delivered to the target site.

The amount of *Ra generated from a ?’Th pharmaceutical will depend on the
biological half-life of the radiolabeled compound. The ideal situation would be to use
a complex with a rapid tumor uptake, including internalization into tumor cell, strong
tumor retention and a short biological half-life in normal tissues. Complexes with
less than ideal biological half-life can however be useful as long as the dose of
Ra is maintained within the tolerable level. The amount of radium-223 generated
in vivo will be a factor of the amount of thorium administered and the biological
retention time of the thorium complex. The amount of radium-223 generated in any
particular case can be easily calculated by one of ordinary skill. The maximum
administrable amount of ?’Th will be determined by the amount of radium
generated in vivo and must be less than the amount that will produce an intolerable

level of side effects, particularly myelotoxicity. This amount will generally be less
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than 300kBqg/kg, particularly less than 200 kBg/kg and more preferably less than
170 kBa/kg (e.g less than 130 kBg/kg). The minimum effective dose will be
determined by the cytotoxicity of the thorium, the susceptibility of the diseased
tissue to generated alpha irradiation and the degree to which the thorium is
efficiently combined, held and delivered by the targeting complex (being the

combination of the ligand and the targeting moiety in this case).

In the method of invention, the thorium complex is desirably administered at a
thorium-227 dosage of 18 to 400 kBg/kg bodyweight, preferably 36 to 200 kBg/kg,
(such as 50 to 200 kBg/kg) more preferably 75 to 170 kBg/kg, especially 100 to 130
kBa/kg. Correspondingly, a single dosage until may comprise around any of these
ranges multiplied by a suitable bodyweight, such as 30 to 150 Kg, preferably 40 to
100 Kg (e.g. a range of 540 kBqg to 4000 KBq per dose etc). The thorium dosage,
the complexing agent and the administration route will moreover desirably be such
that the radium-223 dosage generated in vivo is less than 300 kBg/kg, more
preferably less than 200 kBqg/kg, still more preferably less than 150 kBq/kg,
especially less than 100 kBq/kg. Again, this will provide an exposure to ?’Ra
indicated by multiplying these ranges by any of the bodyweights indicated. The
above dose levels are preferably the fully retained dose of ?’Th but may be the
administered dose taking into account that some Th will be cleared from the body

before it decays.

Where the biological half-life of the %’Th complex is short compared to the physical
half-life (e.g. less than 7 days, especially less than 3 days) significantly larger
administered doses may be needed to provide the equivalent retained dose. Thus,
for example, a fully retained dose of 150 kBg/kg is equivalent to a complex with a 5
day half-life administered at a dose of 711 kBg/kg. The equivalent administered
dose for any appropriate retained doses may be calculated from the biological

clearance rate of the complex using methods well known in the art.

Since the decay of one ?'Th nucleus provides one ?’Ra atom, the retention and
therapeutic activity of the ?’Th will be directly related to the >Ra dose suffered by
the patient. The amount of ?*Ra generated in any particular situation can be

calculated using well known methods.
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In a preferred embodiment, the present invention therefore provides a method for
the treatment of disease in a mammalian subject (as described herein), said
method comprising administering to said subject a therapeutically effective quantity
of a conjugate comprising a tissue targeting moiety, an octadentate ligand
(especially any of those described herein) and a radioactive thorium isotope (e.g.
thorium-227).

It is obviously desirable to minimise the exposure of a subject to the *Ra daughter
isotope, unless the properties of this are usefully employed. In particular, the
amount of radium-223 generated in vivo will typically be greater than 40 kBq/kg,
e.g. greater than 60 kBg/Kg. In some cases it will be necessary for the ?*Ra
generated in vivo to be more than 80 kBqg/kg, e.g. greater than 100 or 115 kBg/kg.

Thorium-227 labelled conjugates in appropriate carrier solutions may be
administered intravenously, intracavitary (e.g. intraperitoneally), subcutaneously,
orally or topically, as a single application or in a fractionated application regimen.
Preferably the complexes conjugated to a targeting moiety will be administered as
solutions by a parenteral (e.g. transcutaneous) route, especially intravenously or by
an intracavitary route. Preferably, the compositions of the present invention will be

formulated in sterile solution for parenteral administration.

Thorium-227 in the methods and products of the present invention can be used
alone or in combination with other treatment modalities including surgery, external
beam radiation therapy, chemotherapy, other radionuclides, or tissue temperature
adjustment etc. This forms a further, preferred embodiment of the method of the
invention and formulations/medicaments may correspondingly comprise at least
one additional therapeutically active agent such as another radioactive agent or a

chemotherapeutic agent.

In one particularly preferred embodiment the subject is also subjected to stem cell
treatment and/or other supportive therapy to reduce the effects of radium-223

induced myelotoxicity.

According to this invention ?’Th may be complexed by targeting complexing
agents. Typically the targeting moieties will have a molecular weight from 100

g/mol to several million g/mol(particularly 100 g/mol to 1 million g/mol), and will
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preferably have affinity for a disease-related receptor either directly, and/or will
comprise a suitable pre-administered binder (e.g. biotin or avidin) bound to a
molecule that has been targeted to the disease in advance of administering 2’ Th.
Suitable targeting moieties include poly- and oligo-peptides, proteins, DNA and
RNA fragments, aptamers etc, preferably a protein, e.g. avidin, strepatavidin, a
polyclonal or monoclonal antibody (including IgG and IgM type antibodies), or a
mixture of proteins or fragments or constructs of protein. Antibodies, antibody
constructs, fragments of antibodies (e.g. FAB fragments or any fragment
comprising at least one antigen binding region(s)), constructs of fragments (e.g.
single chain antibodies) or a mixture thereof are particularly preferred. . Suitable
fragments particularly include Fab, F(ab'),, Fab' and/or scFv. Antibody constructs

may be of any antibody or fragment indicated herein.

In one embodiment, the targeting moiety may have specificity for a cell surface
receptor such as CD22, CD33, folate receptor, estrogen and/or progesterone

receptors or any cell surface receptor associated with neoplastic cell types.

In an alternative embodiment, the targeting moiety does not have specificity for
CD22 or CD33. In one embodiment the targeting moiety does not bind receptor
CD22 and/or does not bind receptor CD33. Not binding may be taken as binding
to a degree no greater than the binding to a control receptor such as insulin

receptor.

In a further embodiment, the specific binding moiety may be an "antibody mimetic"
such as a peptide binder with at least one specific binding region analogous to that
of an antibody and with molecular mass below around 10 kD (e.g. 8 kD or less,
such as 0.5 to 7 kD). Such specific binders may be peptides composed of, for
example, 20 to 100 amino acids, preferably 35 to 80 amino acids (e.g. around 45 to
around 70 amino acids). Well known specific binders of this sort include Affibody
molecules which consist of around 55-60 amino acids with a molecular weight
around 5-7kD. An Affibody containing fusion protein is exemplified herein. Such
binders form one preferred embodiment. For comparison, the mass of a typical
antibody is around 150 kDa, and a single-domain antibody fragment (scFv) is
around 12-15 kDa.
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Also suitable for use in the present invention are therapeutic conjugates of
complexed ?*’Th with a peptide, amino acid, steroidal or non-steroidal hormone,
folate, estrogen, testosterone, biotin, or other specific-binding compounds with

molecular weight typically below 10 000 g/mol.

Generally, the octadentate ligand is conjugated directly or indirectly (e.g. via a linker
moiety) to the targeting moiety. General constructs of this type; i.e. of active (e.g.
therapeutically or diagnostically active) metal - complexing moiety - optional linker
moiety - targeting moiety, are well known in the fields of targeted
radiopharmaceuticals and targeted imaging agents. However, little or no work is
available assessing the suitability of various ligands for specific use with thorium 4+
ions. In this regard reference may be had for example to "Handbook of Targeted

Delivery of Imaging Agents”, Ed. Torchilin, CRC Press, 1995.

The most relevant previous work on thorium ions with hydroxypyridinone ligands
was published as WO2011/098611 and discloses the relative ease of generation of

thoruim ions complexed with octadentate HOPO-containing ligands.

Previously known chelators for thorium also include the polyaminopolyacid
chelators which comprise a linear, cyclic or branched polyazaalkane backbone with
acidic (e.g. carboxyalkyl) groups attached at backbone nitrogens. Examples of
such chelators include DOTA derivatives such as p-isothiocyanatobenzyl-1,4,7,10-
tetraazacyclododecane-1,4,7,10-tetraacetic acid (p-SCN-Bz-DOTA) and DTPA
derivatives such as p-isothiocyanatobenzyl-diethylenetriaminepentaacetic acid ( p-

SCN- Bz-DTPA), the first being cyclic chelators, the latter linear chelators.

Derivatives of 1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid have been
previously exemplified, but standard methods cannot easily be used to chelate
thorium with DOTA derivatives. Heating of the DOTA derivative with the metal
provides the chelate effectively, but often in low yields. There is a tendency for at
least a portion of the ligand to irreversibly denature during the procedure.
Furthermore, because of its relatively high susceptibility to irreversible denaturation,
it is generally necessary to avoid attachment of the targeting moiety until all heating
steps are completed. This adds an extra chemical step (with all necessary work-up
and separation) which must be carried out during the decay lifetime of the alpha-

emitting thorium isotope. Obviously it is preferable not to handle alpha-emitting
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material in this way or to generate corresponding waste to a greater extent than
necessary. Furthermore, all time spend preparing the conjugate wastes a

proportion of the thorium which will decay during this preparatory period.

It is preferred that the complexes of alpha-emitting thorium and an octadentate
ligand in all aspects of the present invention are formed or formable without heating
above 60°C (e.g. without heating above 50°C), preferably without heating above
38°C and most preferably without heating above 25°C.

It is additionally preferred that the conjugate of the targeting moiety and the
octadentate ligand be prepared prior to addition of the alpha-emitting thorium
isotope (e.g. ’Th*" ion). The products of the invention are thus preferably formed
or formable by complexation of alpha-emitting thorium isotope (e.g. >’ Th** ion) by a

conjugate of an octadentate ligand and a tissue-targeting moiety.

The chelators may be non-phosphonate molecules and in one embodiment of the
present invention the ?’Th will not be attached to any phosphonate or other bone-

targeting group nor administered with such materials.

The present inventors have now established that complexes comprising
octadentate hydroxypyridinone-containing ligand comprising four HOPO moieties
and the ion of an alpha-emitting thorium radionuclide are highly amenable to
generation at room temperature and/or physiological temperature (e.g. at 20°C or
37°C). Such complexes may be generated rapidly and furthermore since the
temperature of generation is comparatively low the complexation of the thorium
component may take place after the ligand moiety has been bound or otherwise
conjugated to the tissue-targeting moiety, thus reducing the number of steps

required after addition of the radioisotope.

In addition to the above, the more water soluble nature of the octadentate
hydroxypyridinone-containing ligand comprising four HOPO moieties wherein at
least one HOPO moiety comprises a hydroxyalkyl solubilising group serves to
further improve the ease of manufacture of the complete conjugate. Specifically,
during manufacturing of the conjugate a hydrophobic chelator, such as a previously
known octodentate ligand, has to be dissolved in an organic solvent, such as

DMSO or DMA. Removal of all traces of the organic solvent after conjugation is
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necessary but difficult with such non-volatile polar organic solvents and complete
removal is difficult to prove analytically. Time spent in analysis is obviously
undesirable where an alpha-emitter has been incorporated because the
radionuclide continues to decay and the potency of the conjugate reduces with

time.

Due to the requirement for an organic solvent, a hydrophobic chelator is challenging
to combine not only with proteinaceous targeting molecules but even more so with
alternative targeting molecules that are more hydrophilic, including nanoparticles

having PEG or dextrane on the surface.

A PEG or alternative hydrophilic highly water soluble spacer may be desired for
biological reasons, such as prolonged halflife or reducing an immune response. The
manufacturing of the chelator — PEG unit prior to conjugation to the protein is also
challenging due to the difference in solubility properties of the two parts.

A PEG, or similar, spacer introduces more hydrophilicity into the molecule, between
the chelating moiety and the carrier protein. However, this only moves the chelator
further away from the carrier protein, while the hydrophobicity of the chelator is not
affected. Therefore a hydrophobic chelator may still be recognized as a
hydrophobic spot on the surface of the (PEGylated) targeting molecule and

generate undesirable reactions as discussed herein above.

Various types of targeting compounds that may be linked to thorium (e.g. thorium-
227) via an octadentate chelator (comprising a coupling moiety as described
herein). The targeting moiety may be selected from known targeting groups, which
include monoclonal or polyclonal antibodies, growth factors, peptides, hormones
and hormone analogues, folate and folate derivatives, botin, avidin and streptavidin
or analogues thereof. Other possible targeting groups include RNA, DNA, or
fragments thereof (such as aptamer), oligonucleotides, carbohydrates, lipids or
compounds made by combining such groups with or without proteins etc. PEG
moieties may be included as indicated above, such as to increase the biological

retention time and/or reduce the immune stimulation.

The tissue targeting moiety may, in one embodiment, exclude bone-seekers,
liposomes and folate conjugated antibodies or antibody fragments. Alternatively,

such moieties may be included.
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The thorium (e.g. thorium-227) labelled molecules of the invention may be used for
the treatment of cancerous or non-cancerous diseases by targeting disease-related
receptors. Typically, such a medical use of ?’Th will be by radioimmunotherapy
based on linking ?’Th by a chelator to an antibody, an antibody fragment, or a
construct of antibody or antibody fragments for the treatment of cancerous or non-
cancerous diseases. The use of ?'Th in methods and pharmaceuticals according
to the present invention is particularly suitable for the treatment of any form of
cancer including carcinomas, sarcomas, lymphomas and leukemias, especially
cancer of the lung, breast, prostate, bladder, kidney, stomach, pancreas,
oesophagus, brain, ovary, uterus, oral cancer, colorectal cancer, melanoma,

multiple myeloma and non-Hodgkin’s lymphoma.

The amount of **Ra released could be diminished if the molecule carrying ' Th
has a short biological retention half-time in vivo because the radionuclide will mostly
be eliminated before a high proportion of the %?’Th has decayed to **Ra. The
amount of ?’Th would, however, need to be increased in order to remain
therapeutically effective, according to the present invention. If the complexing agent
is selected so as to deliver the %’ Th into the interior of the targeted cells, this will
further increase the specific cytotoxicity and reduce the systemic toxic effect of the
radioactive daughters because of at least partial retention of daughter isotopes at
the tumour site. Both of these features widen the ?’Th therapeutic window and

thus form preferred embodiments of the invention.

In a further embodiment of the invention, patients with both soft tissue and skeletal
disease may be treated both by the %’Th and by the ?**Ra generated in vivo by the
administered thorium. In this particularly advantageous aspect, an extra
therapeutic component to the treatment is derived from the acceptably non-
myelotoxic amount of ?°Ra by the targeting of the skeletal disease. In this
therapeutic method, >’ Th is typically utilised to treat primary and/or metastatic
cancer of soft tissue by suitable targeting thereto and the *Ra generated from the
“2ITh decay is utilised to treat related skeletal disease in the same subject. This
skeletal disease may be metastases to the skeleton resulting from a primary soft-
tissue cancer, or may be the primary disease where the soft-tissue treatment is to

counter a metastatic cancer. Occasionally the soft tissue and skeletal diseases
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may be unrelated (e.g. the additional treatment of a skeletal disease in a patient

with a rheumatological soft-tissue disease).

A key aspect of the present invention in all respects is the use of an octadentate
ligand, particularly an octadentate hydroxypyridinone-containing ligand comprising
four HOPO moieties. Such ligands will typically comprise at least four chelating

groups each independently having the following substituted pyridine structure (l):

R4
R, N Re
Rs Rs
R4 I

Wherein R, is an optional N-substituent solubilising group which will be present in at
least one of the four moieties of formula | and may be presentin 2, 3 or all 4 such
moieties. Rymay thus be absent or may be selected from OH and hydroxyalkyl
moieties. Suitable hydroxyalkyl moieties will comprise at least one OH group but
may optionally comprise more than one, such as two, three or four OH groups.

One or two OH groups are most preferred on the hydroxyalkyl moiety.

The nitrogen on the pyridinone ring of HOPO moiety (especially the 3,2-HOPO and
2,3-HOPQ) is a suitable point for introducing hydrophilic substituents without
grossly affecting the properties of the ring, and importantly, which will face outwards
after conjugating the molecule to a carrier protein or other targeting molecule. We
have previously shown that a chelator based on a pyrimidone ring having a methyl
group in this position is suitable for chelation of thorium ions. The novel chelators
have alternative groups introduced, including a hydroxyethyl at the N-position.
Surprisingly, the minor change from methyl to hydroxylethyl resulted in a chelator
which was completely soluble in pure water. This molecule and some related

examples are shown below.

As used herein, all hydrocarbyl moieties are independently selected from short

hydrocarbyl groups, such as C1 to C8 hydrocarbyl, including C1 to C8 alkyl, alkenyl
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or alkynyl groups. Correspondingly, alkyl groups will typically be straight or
branched chain C1 to C8 alkyl groups such as methyl, ethyl, n- or iso-propy, n-, iso-

or sec-butyl and so forth.

Highly preferred Ry groups include straight or branched chain alkyl groups (such as
those indicated above) having one, two or more hydroxy groups attached to a
carbon atom of the alkyl chain. Some highly preferred hydroxyalkyl groups include
hydroxymethyl, hydroxyethyl, hydroxy n-propyl, hydroxy iso-propyl, di-hydroxy n-
propyl (e.g. 1,2-, 2,3- or 1,3-di-hydroxy propyl), hydroxy n-butyl, di-hydroxy n-butyl
and tri-hydroxy n-butyl with hydroxyethyl being most highly preferred. In one
embodiment, each of the 4 HOPO moieties of the octadentate ligand will comprise
a hydroxylakyl (such as hydroxyethyl) group at position Ry. In a further
embodiment, all four HOPO moieties will comprise the same hydroxyalkyl group
(e.g. all 4 HOPO groups will be N-substituted with hydroxyethyl or all 4 will be
substituted with di-hydroxy propyl).

In a highly preferred embodiment, all 4 HOPO groups will be the same HOPO
group selected from 3,2 HOPO and 2,3, HOPO groups. In a further highly preferred
embodiment (which may optionally be combined with the previous), all four HOPO
groups will be N-substituted with the same hydroxyalkly group selected from
hydroxymethyl, hydroxyethyl, hydroxy propyl, hydroxybutyl, dihydroxypropyl and
dihydroxybutyl. Of this list hydroxyethyl, hydroxypropyl and dihydroxypropyl are

most preferred.

In Formula |, groups R, to R may each independently be selected from H, OH, =0,
short hydrocarbyl (as described herein), a linker moiety (as described herein)
and/or a coupling moiety (as described herein). Generally, at least one of groups
R, to Re will be OH. Generally, at least one of groups R; to Rg will be =O.
Generally, at least one of groups R, to Rg will be a linker moiety (as described
herein). Preferably, exactly one of groups R; to Rg will be =O. Preferably exactly
one of groups R; to Rs will be OH. Preferably exactly one of groups R; to Rs will be
a linker moiety (as described herein). The remaining groups R; to R may be any of
those moieties indicated herein, but are preferably H. Where a linker moiety or any
additional linker, template or chelating groups attached to a linker moiety do not
comprise a coupling moiety then one of groups R4 to Rg is preferably a coupling

moiety (as described herein).
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In a preferred embodiment, one of groups R, to Rs will be OH and one of R, to Re
will be =0 and the OH and =0 groups will be on neighbouring atoms of the ring.
Thus, in a preferred embodiment, OH and =O may be on atoms 2,3; 3,2; 3,4; or 4,3
respectively (numbering from the nitrogen as would be expected). Octadentate
ligands having at least one chelating moiety wherein OH and =O groups are
present at positions 3 and 2 respectively are highly preferred. The octadentate
ligands may have 2, 3 or 4 such chelating groups, where 2 or 4 such groups are
highly preferred. N-substituted 3,2-HOPO moieties are highly preferred as all four

complexing moieties of the octadentate ligand.

Suitable chelating moieties may be formed by methods known in the art, including
the methods described in US 5,624,901 (e.g. examples 1 and 2) and
W02008/063721 (both incorporated herein by reference).

As used herein, the term "linker moiety” (R, in formula I1) is used to indicate a
chemical entity which serves to join at least two chelating groups in the octadentate
ligands, which form a key component in various aspects of the invention. Typically,
each chelating group (e.g. those of formula | above and/or formula 1l below) will be
bi-dentate and so four chelating groups, of which at least one is of formula I, will
typically be present in the ligand. Such chelating groups are joined to each other by
means of their linker moieties. Thus, a linker moiety (e.g. group R, below) may be
shared between more than one chelating group of formula | and/or Il. The linker
moieties may also serve as the point of attachment between the complexing part of
the octadentate ligand and the targeting moiety. In such a case, at least one linker
moiety will join to a coupling moiety (R¢). Suitable linker moieties include short
hydrocarbyl groups, such as C1 to C12 hydrocarbyl, including C1 to C12 alkyl,
alkenyl or alkynyl group, including methyl, ethyl, propyl, butyl, pentyl and/or hexyl

groups of all topologies.

Linker moieties may also be or comprise any other suitably robust chemical
linkages including esters, ethers, amine and/or amide groups. The total number of
atoms joining two chelating moieties (counting by the shortest path if more than one
path exists) will generally be limited, so as to constrain the chelating moieties in a
suitable arrangement for complex formation. Thus, linker moieties will typically be

chosen to provide no more than 15 atoms between chelating moieties, preferably, 1
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to 12 atoms, and more preferably 1 to 10 atoms between chelating moieties.

Where a linker moiety joins two chelating moieties directly, the linker will typically be
1 to 12 atoms in length, preferably 2 to 10 (such as ethyl, propyl, n-butyl etc).
Where the linker moiety joins to a central template (see below) then each linker
may be shorter with two separate linkers joining the chelating moieties. A linker
length of 1 to 8 atoms, preferably 1 to 6 atoms may be preferred in this case
(methyl, ethyl and propyl being suitable, as are groups such as these having an

ester, ether or amide linkage at one end or both).

In addition to the linker moiety, which primarily serves to link the various chelating
groups of the octadentate ligand to each other and/or to a central template, the
octadentate preferably further comprises a “coupling moiety” (R¢). The function of
the coupling moiety is to link the octadentate ligand to the targeting moiety. This
may be achieved by either covalent or non-covalent attachment (e.g. by a specific
binding pair such as biotin/avidin (streptavidin). Linker moieties as described above
form possible coupling moieties. Preferably coupling moieties will be covalently
linked to the chelating groups, either by direct covalent attachment to one of the
chelating groups or more typically by attachment to a linker moiety or template.
Should two or more coupling moieties be used, each can be attached to any of the

available sites such as on any template, linker or chelating group.

In one embodiment, the coupling moiety may have the structure:

g—&—x

wherein R; is a bridging moiety, which is a member selected from substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl and substituted or
unsubstituted heteroaryl; and X is a targeting moiety or a reactive functional group.
The preferred bridging moieties include all those groups indicated herein as suitable
linker moieties. Preferred targeting moieties include all of those described herein
and preferred reactive X groups include any group capable of forming a covalent
linkage to a targeting moiety, including, for example, COOH, OH, SH, NHR and
COH groups, where the R of NHR may be H or any of the short hydrocarbyl groups
described herein. Highly preferred groups for attachment onto the targeting moiety

include epsilon-amines of lysine residues and thiol groups of cysteine residues.



WO 2013/167756 PCT/EP2013/059841

- 26 -
Non-limiting examples of suitable reactive X groups, include N-
hydroxysuccimidylesters, imidoesters, acylhalides, N-maleimides, alpha-halo acetyl

and isothiocyanates, where the latter three are suitable for reaction with a thiol

group.

The coupling moiety is preferably attached, so that the resulting coupled
octadentate ligand will be able to undergo formation of stable metal ion complexes.
The coupling moiety will thus preferably link to the linker, template or chelating
moiety at a site which does not significantly interfere with the complexation. Such a
site will preferably be on the linker or template, more preferably at a position distant

from the surface binding to the target.

Preferred chelating groups include those of formula Il below:

TN
HO—i/ N\_RC
X

In the above formula I, the =O moiety represents a keto-group attached to any
carbon of the pyridine ring, the -OH represents a hydroxy moiety attached to any
carbon of the pyridine ring and the -R, represents a linker moiety which attaches
the hydroxypyridinone moiety to other complexing moieties so as to form the overall
octadentate ligand. Any linker moiety described herein is suitable as R, including
short hydrocarbyl groups, such as C1 to C8 hydrocarbyl, including C1 to C8 alkyl,
alkenyl or alkynyl group, including methyl, ethyl, propyl, butyl, pentyl and/or hexyl
groups of all topologies. R. may join the ring of formula Il at any carbon of the
pyridine ring. The R_ groups may then in turn bond directly to another chelating
moiety, to another linker group and/or to a central atom or group, such as a ring or
other template (as described herein). The linkers, chelating groups and optional

template moieties are selected so as to form an appropriate octadentate ligand.



WO 2013/167756 PCT/EP2013/059841

-27-
In one preferred embodiment the -OH and =O moieties of formula Il reside on
neighbouring atoms of the pyridine ring, such that 2,3-, 3,2-; 4,3-; and 3,4-

hydroxypyridinone derivatives are all highly suitable.

Moiety R, resides on the nitrogen of the pyridine ring. Group Ry may be absent in
some groups of formula Il where more than one different group of formula Il is
present in the octadentate ligand. However, at least one Ry group in each

octadentate ligand will be a hydroxyalkyl group as indicated herein.

In one preferred embodiment, at least one 3,2- hydroxypyridinone moiety is present
in the octadentate ligand structure. This may evidently be substituted by any of the

various substituent moieties indicated herein.

Since each of the moieties of formula Il has two potentially complexing oxygens,
one embodiment of the present invention provides for an octadentate ligand
comprising at least 2, preferably at least 3 and most preferably 4 independently
chosen moieties of formula Il. Each moiety of formula Il may have an independent
substitution pattern, but in one preferred embodiment, at least one moiety is a 3,2-
hydroxypyridinone moiety. The ligand may include 2, 3 or 4 3,2- hydroxypyridinone

moieties (substituted as appropriate, as described herein).

Each moiety of formula | or Il in the octadentate ligand may be joined to the
remainder of the ligand by any appropriate linker group as discussed herein and in
any appropriate topology. For example, four groups of formula | may be joined by
their linker groups to a backbone so as to form a linear ligand, or may be bridged by
linker groups to form a "oligomer" type structure, which may be linear or cyclic.
Alternatively, the ligand moieties of formulae | and/or Il may be joined in a "cross" or
"star" topography to a central atom or group, each by a linker (e.g. "R." moiety).
Linker (R.) moieties may join solely through carbon-carbon bonds, or may attach to
each other, to other chelating groups, to a backbone, template, coupling moiety or
other linker by any appropriately robust functionality including an amine, amide,

ester, ether, thio-ether or disulphide bond.

A "stellar" arrangement is indicated in formula Il below:
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Wherein all groups and positions are as indicated above and "T" is additionally a
central atom or template group, such as a carbon atom, hydrocarby chain (such as
any of those described herein above), aliphatic or aromatic ring (including
heterocyclic rings) or fused ring system. The most basic template would be a single
carbon, which would then attach to each of the chelating moieties by their linking
groups. Longer chains, such as ethyl or propyl are equally viable with two chelating
moieties attaching to each end of the template. Evidently, any suitably robust
linkage may be used in joining the template and linker moieties including carbon-

carbon bonds, ester, ether, amine, amide, thio-ether or disulphide bonds.

Evidently, in the structures of formula Il lll, IV and IVb, those positions of the
pyridine ring(s) which are not otherwise substituted (e.g by a linker or coupling
moiety) may carry substituents described for Ry to Rs in Formula |, as appropriate.
In particular, small alkyl substituents, such as methyl, ethyl or propyl groups may be

present at any position.

The octadentate ligand will generally additionally comprise at least one coupling

moiety as described above. This may be any suitable structure including any of



WO 2013/167756 PCT/EP2013/059841

-29 -
those indicated herein and will terminate with the targeting moiety, a specific binder

or a functional group capable of linking to such a targeting moiety or specific binder.

The coupling moiety may attach to any suitable point of the linker, template or
chelating moiety, such as at points a), b) and/or ¢) as indicated in formula Ill. The
attachment of the coupling moiety may be by any suitably robust linkage such as
carbon-carbon bonds, ester, ether, amine, amide, thio-ether or disulphide bonds.
Similarly, groups capable of forming any such linkages to the targeting moiety are
suitable for the functional end of the coupling moiety and that moiety will terminate

with such groups when attached to the targeting part.

An alternative, "backbone" type structure is indicated below in Formula IV

Rs Rg Rg
¢ T RB ---------
v

Wherein all groups and positions are as indicated above and "Rg" is additionally a
backbone moiety, which will typically be of similar structure and function to any of
the linker moieties indicated herein, and thus any definition of a linker moiety may
be taken to apply to the backbone moiety where context allow. Suitable backbone
moieties will form a scaffold upon which the chelating moieties are attached by
means of their linker groups. Usually three or four backbone moieties are required.
Typically this will be three for a linear backbone or four if the backbone is cyclised.

Particularly preferred backbone moieties include short hydrocarbon chains (such as
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those described herein) optionally having a heteroatom or functional moiety at one

or both ends. Amine and amide groups are particularly suitable in this respect.

The coupling moiety may attach to any suitable point of the linker, backbone or
chelating moiety, such as at points a), b) and/or ¢') as indicated in formula IV. The
attachment of the coupling moiety may be by any suitably robust linkage such as
carbon-carbon bonds, ester, ether, amine, amide, thio-ether or disulphide bonds.
Similarly, groups capable of forming any such linkages to the targeting moiety are
suitable for the functional end of the coupling moiety and that moiety will terminate

with such groups when attached to the targeting part.

An example of a "backbone" type octadentate ligand having four 3,2-HOPO
chelating moieties (each with a hydroxyethyl solubilising group) attached to a

backbone by amide linker groups would be formula V as follows:

0 s oty

HO
HO HO HO

Evidently, a linker group R, may be added at any suitable point on this molecule,
such as at one of the secondary amine groups or as a branching point on any of the
backbone alkyl groups. All small alkyl groups such as the backbone propylene or
the n-substituting ethylene groups may be substituted with other small alkylenes
such as any of those described herein (methylene, ethylene, propylene, and

butylene being highly suitable among those).

Exemplary "templated" octadentate ligands, each having four 3,2-HOPO chelating
moieties linked by ethyl amide groups to ethyl and propyl diamine respectively

would be formula VI as follows:
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HO H
0 j [ 0
HO ( N N ) OH
@) 4 N\ 0
HN. N NH
" NH

L O
@) > 7
/N

o)

VI
Evidently, any of the alkylene groups, shown in formula VI as ethylene moieties
may be independently substituted with other small alkylene groups such as
methylene, propylene or n-butylene. It is preferred that some symmetry be retained
in the molecule and thus, for example, the central ethylene group might be
substituted with a propylene while the other ethylene groups remain, or the two
ethylenes linking the HOPO moieties to one or both central tertiary amines may be
replaced with methylene or propylene. Similarly, as discussed herein, the N-
substituting groups may be replaced with any other hydroxyalkyl group as

discussed herein throughout.

As indicated above, the octadentate ligand will typically include a coupling moiety
which may join to the remainder of the ligand at any point. A suitable point for linker

attachment is shown below in formula VI:

O OH
OH O HN = ©

bt A
HO” gH 0 J/ * )\CN(O
j“ Z 1OH

HO \Y/|
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Wherein R, is any suitable linking moiety, particularly for attachment to a tissue
targeting group. A short hydrocarbyl group such as a C1 to C8 cyclic, branched or
straight chain aromatic or aliphatic group terminating in an active group such as an

amine is highly suitable as group R, in formula VI and herein throughout.

Highly preferred octadentate ligands showing suitable sites for ligand attachment

include those of formulae VIl and VIl below:

O/HN NH\O
HO OH VI
Ry
0] 0]
% | N/\/N N\/\N | N
H H H H
N N
0 OH HN. __O Os__NH HO o
OH HO OH HO
OH = | | X OH
0] N N~ ~O
HO KEOH
HO OH VI

Wherein in formulae VIl and VIII R. may be any suitable linker group or reactive
moiety as described herein. R, will typically form the point of attachment of the

ligand to the targeting moiety and thus any suitable reactive group can be used for
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this attachment either directly or using a further linker. Suitable reactive moieties
for R_ in formulae VIl and VIIl include NH; and NCS groups.

An exemplary compound with a functionalized moiety terminating the coupling
moiety, according to this embodiment, is structure 1X below (the linker phenylamine

group may evidently be substituted with any other R, group as indicated herein as

appropriate):
O OH

— O

N 7 N\/\NH OH “OH

HO OH O J/ O = ©
ﬁ» M

! I8

j Z OH
HO NH, IX

The synthesis of compound IX is described herein below and follows the following

synthetic route:
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N
I Cl._N__cCl
NH, ©] o I ]/
———® HN —w» H)N" ¢l ——» O N
OBn 1 H 2 3 H
OBn OBn OBn
O-__OH O+ O~
Bro._ Bro__ BnOIN]/CI
\ 0~ N | 0" N ‘ o N
N 4
6 5
7 H OBn HOBn OBn
OBn
,\% N‘/\NH
O OBn
OBn O OBn O HN = ©
oAy H SN
N N~

= \/\NH OBnR"OBn

J

NCS

BnO~ OBn O J/N o A0 BnO~ OBn O J/N o 0
ﬁ N Oﬁ,)jl/u\N e N\L
J/N Z \LOBn J/N = OBn

BnO 9 BnO 10 NH,
HNO /OH o O OH .
NH H)KCN{/ o OH O HN i [
H NN OI:LOH @ALNH '\i/\ I
j . \ Ao e HN NH OH gH
J/ - N Hg OH ©O j o i T
ke 1 IS 1
OH J/N = OH
HO

N-“NH OBn 0Bn

LR

All documents referred to herein are hereby incorporated by reference, including

Gordon AEV et al, Rational design of sequestering agents for plutonium and other
actinides. Chem. Rev. 2003, 103, 4207-4282, PCT Patent Application WO
2008/063721 A2 and T.N. Lambert et al., Tetrahedron Letters 43 (2002) 7379-7383.
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In the methods of formation of the complexes of the present invention, it is preferred
that the reaction be carried out in agueous solution. This has several advantages.
Firstly, it removes the burden on the manufacturer to remove all solvent to below
acceptable levels and certify that removal. Secondly it reduces waste and most
importantly it speeds production by avoiding a separation or removal step. In the
context of the present radiopharmaceuticals, it is important that synthesis be carried
out as rapidly as possible since the radioisotope will be decaying at all times and
time spent in preparation wastes valuable material and introduces contaminant

daughter isotopes.

In one embodiment, the method comprises forming a first aqueous solution of
octadentate hydroxypyridinone-containing ligand (as described herein throughout)
and a second aqueous solution of a tissue targeting moiety (as described herein

throughout) and contacting said first and said second agueous solutions.

In a related embodiment, the method of formation of the present invention is carried
out in the substantial absence of any organic solvent. In this context, and "organic
solvent” takes its natural meaning of a material which is liquid at or around room
temperature and which comprises at least one carbon. Such organic solvents
typically comprise hydrocarbon, alcohol, ester, amide, ester and/or halogenated
moieties and such solvents are preferably present at no more than 1% (e.g. 0.0001
to 1%), preferably no more than 0.5% and most preferably no more than 0.2% by
weight in the aqueous solutions referred to herein. For the avoidance of doubt, the
targeting moieties and ligands referred to herein are not encompassed by the term
"organic solvent". Certain organic materials, such as organic acids, amines and
their salts may be present at somewhat higher concentrations so as to act as pH
buffers in the agueous solvent. Where present these will typically be at a
concentration of no more than 10% (e.g. 0.001 to 10%), preferably no more than
5%, more preferably no more than 1% by weight. Generally these compounds are

not liquid at room or ambient temperature and thus are not organic solvents.

Suitable coupling moieties are discussed in detail above and all groups and
moieties discussed herein as coupling and/or linking groups may appropriately be
used for coupling the targeting moiety to the ligand. Some preferred coupling
groups include amide, ester, ether and amine coupling groups. Esters and amides

may conveniently be formed by means of generation of an activated ester groups
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from a carboxylic acid. Such a carboxylic acid may be present on the targeting
moiety, on the coupling moiety and/or on the ligand moiety and will typically react
with an alcohol or amine to form an ester or amide. Such methods are very well
known in the art and may utilise well known activating reagents including N-hydroxy
maleimide, carbodiimide and/or azodicarboxylate activating reagents such as DCC
DIC DEAD DIAD etc.

Brief Summary of the Figures:

Figure 1: Mass spectrum AGC0715 (above), showing the distribution of
unconjugated mAb, and mAb conjugated with 1 or 2 chelators, respectively. The
average chelator-to-antibody ratio (CAR) is approximately 0.3.

Figure 2 A-B. Binding of AGC0700, and AGC0715, analysed by flowcytometry on
CD33-positive HL-60 cells. Antibodies were detected using goat anti-human Fc,
Alexa488 conjugated secondary antibodies, and mean fluorescence intensity (MFI)
was plotted against primary antibody concentration in pg/ml. AC0103 (Herceptin)
was used as an isotype-like control. AGC0715 at different chelator-to-antibody
(CAR) ratios was compared with unconjugated AGC700 (A). In a control experiment
the AGC700 was mixed with a 50:50 mixture a reference mouse anti-human CD33
antibody (B).

Figure 3: Internalization of AGC0715-Th-227 (filled squares) and AGC0703-Th-227

(open squares), and the negative control trastuzumab-AC0015-Th-227 (triangles).

Figure 4A and B: HL-60 lymphoma cells incubated with the Th-227 labelled
AGCO0015 conjugated CD33-binding mAb AGC0715 (filled circles), the Th-227
labelled AGC0015 conjugated control mADb trastuzumab (filled squares), or culture
medium (filled diamonds). Both mAbs were labelled with Th-227 to the same
specific activity, and used at either 3 nM (A) or 0.3 nM (B).

Figure 5: Biodistribution of %’ Th-AGC0715 in HL-60 tumour bearing nude mice.
Data shows high tumour uptake at day 7 p.i. (23£10.7 % ID/qg).

Figure 6: SEC-UV chromatogram of AGC1115 at 280 nm (A) and 335 nm (B). The
average chelator-to-antibody ratio (CAR) is approximately 0.9.

Figure 7 Binding of AGC1100 and AGC1115 analysed by flow cytometry on CD22-
positive Raji cells. Detection was done using mouse anti-human IgG Fc, PE
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conjugated secondary antibody and median fluorescence intensity (MFI) was
plotted against log concentration in nM of primary antibody. Trastuzumab was used
as an isotype control.

Figure 8: Ramos cells incubated with the Th-227 labelled AGC0015 conjugated
C22-binding mAb AGC1115 (filled circles), the Th-227 labelled AGC0015
conjugated control mAb trastuzumab (filled squares), or culture medium (filled
diamonds). Both mAbs were labelled with Th-227 to the same specific activity (44
kBg/ug), and used at 3 nM (A).

Figure 9: HPLC Analysis of product 15 of Example 18. Starting material 11 is
shown at 6.041 minutes, desired amide product 15 at 7.616 minutes and diacylated

side-product at 8.157 minutes.

FIGURE 10: FPLC-SEC, chromatogram of AGC0203, (Figure 10A), and AGC0215,
(Figure 10B). Absorbance monitored at 280 nm. The total area under peaks was

determined to 166 mAU*mL and 409 mAU*mL, respectively.

Figure 11: Diode array spectrophotometric analysis of the main protein fraction of
AGC0200, AGC0203 and AGC0215 separated by size exclusion chromatography.
The chelator in the conjugate absorbs at approximately 335 nm, the protein at

around 280 nm.

Figure 12: MS spectra of the preparations of AGC0200 (12A), AGC0203 (12B), and
AGC0215 (12C).

The invention will now be illustrated by the following non-limiting Examples . All
compounds exemplified in the examples form preferred embodiments of the
invention (including preferred intermediates and precursors) and may be used
individually or in any combination in any aspect where context allows. Thus, for
example, each and all of compounds 2 to 4 of Example 2, compound 10 of Example

3 and compound 7 of Example 4 form preferred embodiments of their various types.

In the Examples, the following ligands, antibodies and antibody conjugates are

referred to:

AGO0003 - Comparative ligand (structure 13 below)
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AGO0015 - High solubility ligand of the invention.
AGO0700 - Anti-CD33 antibody as generated in Example 5
AGO0715 - AG0700 conjugated to a high-solubility ligand (12)
AGC1100 - Anti-DC22 antibody as generated in Example (13)
AGC1115 - AGC1100 conjugated to a high-solubility ligand (12)

Example 1 —Isolation of pure thorium-227

Thorium-227 is isolated from an actinium-227 cow. Actinium-227 was produced
through thermal neutron irradiation of Radium-226 followed by the decay of
Radium-227 (t1/2=42.2 m) to Actinium-227. Thorium-227 was selectively retained
from an Actinium-227 decay mixture in 8 M HNO; solution by anion exchange
chromatography. A column of 2 mm internal diameter,

length 30 mm, containing 70 mg of AG®1-X8 resin (200-400 mesh, nitrate form)
was used. After Actinium-227, Radium-223 and daughters had eluted from the
column, Thorium-227 was extracted from the column with 12 M HCI. The eluate
containing

Thorium-227 was evaporated to dryness and the residue resuspended

in 0.01 M HCI.

Example 2 — Synthesis of compound IX

Step 1

; :

—_—> HN
OBn 1
OBn

2-benzyloxyethylamine (31g, 207mmol) and glycolonitrile (16mL, 70% solution in water,
207mmol) was dissolved in 300mL EtOH (abs) and refluxed for 4 h. The volatiles were
removed under reduced pressure. The crude product (24.7g, 130mmol) was carried on to
the next step without further purification.

'H-NMR (CDCls, 400MHz): 2.92(m, 2H), 3.58-3.62(m, 4H), 4.51(s, 2H), 7.25-7.37(m, 5H)

Step 2
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S}

EE— HN™  Cl

AN 2

OBn OBn

1(24.7g, 130mmol) was dissolved in dry ether. HCI (g) was bubbled through the solution
for 30 minutes. The precipitate was filtered off and dried under reduced pressure, giving
the desired product (27.8g, 122.6mmol. The product was carried on to the next step
without further purification or analysis.

Step 3
N Cl<__N_ _Cl
J LY
@ o
HN" ¢f ———» O N
2 3
OBn OBn

2 (27.8g, 122.6mmol) was dissolved in 230mL chlorobenzene at room temperature. Oxallyl
chloride (45mL, 530mmol) dissolved in 100mL chlorobenzene was added drop wise over 30
minutes at room temperature. The reaction mixture was stirred at room temperature for
45 hours. The reaction was carefully quenched by drop wise addition of 100mL water. The
phases were separated, and the aqueous phase was extracted with 3*100mL DCM. The
organic phases were combined and washed with 100mL brine. The organic phase was dried
over Na,SO,, filtered and the volatiles were removed under reduced pressure. The crude
product was purified by dry flash chromatography on SiO; using a gradient of MeOH (0-2%)
in DCM, yielding the desired product (21.2g, 70.8mmol).

'H-NMR (CDCls, 400MHz): 3.71-3.76(m, 2H), 4.06-4.12(m, 2H), 4.47(s, 2H), 7.217-7.22(m,
2H), 7.26-7.36(m, 4H)

MS(ESI-pos, m/z,): 321.0

Step 4

PO AN ey
- >

OBn OBn

Sodium hydride (60% dispersion, 3.60g, 90mmol) was stirred in 50mL THF at 0 °C and
benzyl alcohol (8.3mL, 80mmol) was added drop wise over 10 minutes. The reaction
mixture was stirred for 30 minutes at 0 °C before 3 (21.2g, 70.8mmol) dissolved in 100mL
THF was added drop wise at 0 °C. The reaction mixture was stirred in the dark over night at
room temperature. 50mL HCl in dioxane (4M) was added drop wise before the reaction
mixture was reduced in vacuo. 500mL DCM was added, followed by 200mL water. The
phases were separated and the aqueous phase was extracted with 200mL DCM. The
organic phases were combined and washed with 100mL brine. The organic phase was dried
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over Na,SO,, filtered and the volatiles were removed under reduced pressure. Dry flash
chromatography on SiO, using a gradient of MeOH (0-6%) in DCM gave the desired product
(25.6g, 69mmol).

'H-NMR (CDCls, 300MHz): 3.69-3.75(m, 2H), 4.01-4.07(m, 2H), 4.46(s,2H), 5.37(s,2H),
6.97(s, 1H), 7.19-7.39(m, 8H), 7.44-7.51(m,2H)

MS(ESI-pos, m/z): 371.1,763.2

Step 5
OxO~
BnO /N Cl
I ]/ BnO .
0” N e |
O~ N
* N
OBn 5
OBn

4 (25.6g, 69mmol) and ethyl propiolate (41mL, 0.4mol) was heated at 140 °C for 5 hours.
The reaction mixture was cooled down to room temperature and the reaction mixture was
purified by dry flash chromatography on SiO,. A gradient of MeOH (0-10%) in DCM gave
the desired product as an inseparable mixture of the desired 4-isomer together with the 5-
isomer. This mixture (28.6g, ~65mmol) was used directly in the next step without further

purification.
Step 6
OO~ Os~_-OH
Bnoﬁ BnO . |
—>
O” N O~ N
5 6
OBn OBn

5 (28.6g, ~65mmol), as obtained in the previous step, was dissolved in 300mL THF at 0 °C.
100mL KOH (1M, aq) was added, and the reaction mixture was stirred for 40 hours at room
temperature. HCL (1M, ag) was added until pH~2 (125mL) and the aqueous phase was
extracted with 3*250mL CHCl,. The organic phases were combined and washed with
100mL brine, filtered and the volatiles were removed in vacuo. The obtained material
(25.9g, ~65mmol) was used without in the next step without further purification or
analysis.

Step 7
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0” N |
6 O~ N
OBn 7 H
OBn

6 (25.9g, ~64mmol), as obtained in the previous step, was partially dissolved in 400mL
DCM. 2-Thiazoline-2-thiol (8.94g, 75mmol) and DMAP (0.86g, 7mmol) was added, followed
by DCC (15.48g, 75mmol). The reaction mixture was stirred at room temperature over
night. The reaction mixture was filtered through a Celite-pad and the Celite-pad was
washed with 100mL DCM. The volatiles were removed in vacuo. The product mixture was
purified by dry flash chromatography on SiO, using first a gradient of DCM (50-100%) in
heptane, followed by a gradient of THF (0-15%) in DCM. The appropriate fractions were
reduced in vacuo, giving a mixture of products. This inpure mixture was purified by flash
chromatography on SiO, using a gradient of EtOAc (25-75%) in heptane. The appropriate
fractions were reduced in vacuo, giving a mixture of products. Finally, to get the desired
product, the product mixture was purified by dry flash chromatography on RP18-silica
using a gradient of MeCN (25-75%) in water. This gave the desired product (8.65g,
18mmol).

'H-NMR (CDCls, 300MHz): 2.90(t, J=7.3Hz, 2H), 3.77-3.84(m, 2H), 4.18-4.23(m, 2H), 4.35(t,
J=7.3Hz, 2H), 4.51(s, 2H), 5.33(s, 2H), 6.11(d, 7.0Hz, 1H), 7.21-7.48(m, 11H)

MS(ESI-pos, m/z): 503.1

Step 8
O OBn
NH, O
SYS N\H NH OBn O HN =
~"NH
2 o} N
oI o LN
: N
BnO v g N H ~">NH OBn OBn
7 : » N 0
o BnO~ OBnh O J/ 0] =
=N

N
7 oS 1
OBn J/N Z OBn
9 NO,

7 (5.77g, 12mmol) and 8 (1.44g, 2.4mmol) were partially dissolved in 40mL DMPU. DBU
(2.7mL, 18mmol) was added drop wise. The reaction was stirred for 4 days at room
temperature. Purification by dry flash chromatography on SiO,using a gradient of DCM and
MeOH in EtOAc gave the desired product (3.93g, 2.15mmol).

'H-NMR (CDCls, 400MHz): 2.20-2.32(m, 10H), 2.44-2.50(m, 2H), 3.05-3.20(m, 10H), 3.23-
3.27(m, 1H), 3.69-3.77(m, 8H), 4.06-4.15(m, 8H), 4.43(s, 8H), 5.24(s, 8H), 6.62(d, J=7.2Hz,
4H), 7.13(d, J=7.2Hz, 4H), 7.16-7.38(m, 42H), 7.82-7.93(m, 6H)
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Step 9
O OBn O OBn
OBn O HNT 7 O 0Bn O HNT 7 O
(0] . NH > N O S NH =~ N
N~ H N NH oslosn N~ N-—“NH oBnOBn
BnO~ OBn O IN o7~ 0 BnO~ OBn O IN R
O N N O N s N
IoN 1 ISE 1

j 9 NO, o J/ 10 NH> .

BnO BnO

9 (3.93g, 2.15mmol) was dissolved in 300mL EtOH at room temperature. 60mL water was
added, followed by NH,CI (5.94g, 32.3mmol). The reaction mixture was to 60 °C before iron
powder (1.80g, 32.3mmol) was added. The reaction mixture was stirred at 60 °C for 1 hour.
The reaction mixture was cooled down to room temperature and 400mL DCM and 100mL
water was added. The reaction mixture was filtered, and the organic phase was washed
with 100mL water and 100mL brine. The aqueous phases were combined and back
extracted with 3*100mL DCM. The organic phases were combined, dried over Na,SO,,
filtered and the volatiles were removed under reduced pressure. The product mixture was
purified by dry flash chromatography on SiO2 using a gradient of MeOH (0-7%) in DCM
gave the desired product (3.52g, 1.96mmol).

MS(ESI-pos, m/z): 899.2

Step 10
O  OBn O OH
o
OBn O HN = OH O HN = 0
N
pe A I Sl e L
N H N-"NH oBn OBn N~ H N ~\H oH “OH
N o — > j N 0
BnO~ OBn O J/ 0 = HO™ OH O J/ 0 =
o = N = N\L O S N > N
N~ H N__~ H 1

j NH; . j " NH, o

BnO 10 HO

10 (1.00g, 0.56mmol), Pd{OH),/C (Pearlman’s catalyst, 1.00g) and 10mL AcOH was placed
in a pressure reactor. The reactor was evactuated by water aspirator and H, was
introduced (7 bar). The reaction mixture was stirred for 1 hour before the pressure was
released and 5mL HCI (6M, aq) was added to the reaction mixture. The reactor was
evacuated as before and H, was once again introduced (7 bar). After stirring for 7 days,
HPLC indicated full conversion. The reaction mixture was filtered and the volatiles were
removed under reduced pressure. The residue was dissolved in MeOH/MeCN (1:1) and the
product was precipitated by addition of Et,O. The solids were collected by centrifugation
and decanting the supernatant before the product was dried in vacuo (484mg, 0.45mmol).
'H-NMR (D,0, 400MHz): 2.70-2.95(m, 2H), 3.00-3.10(m, 2H), 3.15-3.65(m, 19H), 3.75-
4.23(m, 16H), 6.25(bs, 4H), 7.04(d, J=7.0Hz, 4H), 7.44(d, J/=8.2Hz, 2H), 7.57(d, J/=8.2Hz, 2H)
MS(ESI-pos, m/z): 1076.4
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Compound 11 (20mg, 18umol) was dissolved in 3mL MeCN and 3mL water. 20 L
thiophosgene was added. The reaction mixture was stirred rigidly for 1 hour. The volatiles
were removed under reduced pressure and the residue was dissolved in 4mL MeCN. The
product was precipitated by adding the acetontrile phase to 40mL Et,0. The solids were
collected by centrifugation and decating the supernatant before the product was dried in
vacuo (10mg, 9umol).

MS(ESI-pos, m/z): 1118.4

Example 3 - CONJUGATION

Filtered trastuzumab in 1.0 mL 0.9 % NaCl solution (9.5 mg/mL), and novel chelator
(formula IX) in 5 -35 uL metal free water (10 mg/mL) were added to 1.0 mL sterile
filtered borax buffer (70 mM, pH 9). The reaction mixture was stirred gently at 37 °C
over night, and the resulting conjugate was purified and concentrated in 0.9 % NaCl
solution using an Amicon Ultra-4 (30k MW CO) centrifugal filter unit. Successful
conjugation was confirmed by LC/MS analysis.

Example 4 - CHELATION

The conjugate of Example 3 in 50 uL 0.9 % NaCl (5 pg/uL) was added 100 pL
sodium acetate buffer (0.5 M, pH 5.5), and then ' Th-solution (approx. 0.5-1 MBq
in 1-4 uL 0.05 M HCI). Reaction was done under gentle mixing at 37 °C for 1 hour
or at room temperature (approx. 20 °C) for 15 minutes, and the resulting product
purified on NAP-5 column using sodium acetate buffer as eluting buffer. The spent
column containing retained free radiometals and the eluted fractions containing
labelled protein were measured on a HPGe-detector GEM (15), to determine
reaction yields and specific activity of the product (Table 1).

Table 1: Summary, chelation reactions

Reaction Radiochemical yield
conditions (%)

37 °C, 1h 96

37 °C, 1h 93
20°C, 15 min 95

20°C, 15 min 95
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Example 5: Generation of the anti-CD33 monoclonal antibody (AGC0700).

The sequence of the monoclonal antibody (mAb) HuM195 as described in (1) and
published in (2) served as template for the generation of AGC0700. The codon
encoding the C-terminal lysine (Lys) was omitted from the IgG1 heavy chain gene.
The resulting protein is one of three variants that are present in the antibody when
produced from the full length genes, the other two variants having a lysine attached
at one or both of the heavy chains, respectively. It is anticipated that removal of this
Lys-residue allows a more precise determination of the conjugate to antibody ratio
(CAR) as outlined in Example 6. An overview of the complete amino acid sequence
of AGCO0700 is presented in Table 2.

The genes encoding AGC0700 were generated using standard molecular biology
techniques. Briefly, the amino acid sequence of each chain was back-translated
into DNA sequence using Vector NTI® Software (Invitrogen/Life-Technologies Ltd.,
Paisley, United Kingdom). The optimized DNA sequence was codon optimized for
mammalian expression and synthesized by GeneArt (GeneArt/ Life-Technologies
Ltd., Paisley, United Kingdom). The VH- and VL-domains were sub-cloned via
endonuclease restriction digest into an expression vector by Cobra Biologics
(Sodertalje, Sweden). Chinese hamster ovarian suspension (CHO-S) cells were
stably transfected with the plasmid encoding the VH- and VL-domains of AGC0700
and grown in presence of standard CD-CHO medium (Invitrogen/Life-Technologies
Ltd., Paisley, United Kingdom), supplemented with puromycin (12.5 mg/l; Sigma
Aldrich). Stable clones, expressing AGC0700, were selected via limiting dilution
over 25 generations. Clone stability was assessed by measuring protein titers from
supernatants. A cell bank of the most stable clone was established and cryo-
preserved. Expression of the mAb was carried out at 37 °C for approximately 14
days in a single-use bioreactor. The monoclonal antibody was harvested after
filtration of the supernatant. AGCO0700 is further purified by protein A affinity
chromatography (MabSelect SuRe, Atoll, Weingarten/Germany), followed by an ion
exchange step. A third purification step based on electrostatic and hydrophobicity is
used to further remove aggregates and impurities from production. The identity of
AGCO0700 will be confirmed by isoelectric focusing and SDS-PAGE analysis.
Sample purity will be further analyzed by size-exclusion chromatography (SEC).

Table 2. Amino acid sequence of AGC0700.

Fragment QVOLVQOSGAEVKKPGSSVKVSCKASGYTFTDYNMHWVRQAPGOGLEWIGYIYPYNG
variable Vy | GTGYNQKFKSKATITADESTNTAYMELSSLRSEDTAVYYCARGRPAMDYWGQGTLV
domain TVSS

(SeqID 1)

Fragment DIOMTQSPSSLSASVGDRVTIITCRASESVDNYGISEMNWEQQKPGKAPKLLIYAAS
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variable Vi
domain
(SeqgID 2)

NQGSGVPSRESGSGSGTDFTLTISSLOPDDFATYYCQQSKEVPWTEGQGTKVEIK

Complete Vg
domain
(SeqgID 3)

QVOLVQSGAEVKKPGSSVKVSCKASGYTEFTDYNMHWVRQAPGOQGLEWIGYIYPYNG
GTGYNQKFKSKATITADESTNTAYMELSSLRSEDTAVYYCARGRPAMDYWGQGTLV
TVSSASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVIVSWNSGALTSGVHT
FPAVLQOSSGLYSLSSVVIVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHT
CPPCPAPELLGGPSVFLEFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDG
VEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTIS
KAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGEYPSDIAVEWESNGGQPENNYK
TTPPVLDSDGSEFFLYSKLTVDKSRWQQOGNVESCSVMHEALHNHYTQKSLSLSPG

Complete Vi
domain
(SeqID 4)

DIOMTQSPSSLSASVGDRVTITCRASESVDNYGISEMNWEQQKPGKAPKLLIYAAS
NQGSGVPSRESGSGSGTDETLTISSLOPDDFATYYCQQSKEVPWTEFGQGTKVEIKR
TVAAPSVFIFPPSDEQLKSGTASVVCLLNNEYPREAKVOWKVDNALQSGNSQESVT
EQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSENRGEC

Example 6: Conjugation of AGC0700 with chelator AGC0015.

The naked antibody AGC0700 was conjugated (coupled) with the water soluble
chelator AGC0015 (12). AGCO0015 was prepared in a solution of metal-free. The
chelator (12) is presented below:

NCS

O rT N~ O
OH OH 12

The reaction was performed in a 1:1 (v/v) mixture of PBS, mixed with 70 mM borate
buffer at a pH of 8.5. A nominal molar chelator to antibody ratio of 1.3:1 was used
and the reaction was incubated for 20 hours at 21 °C. At the end of reaction time
the antibodies were separated from free chelator by size exclusion chromatography
on an AKTA Purifier (Amersham), using HiLoad Superdex 200 16/600 PG column
(GE Healthcare; part.no. 29-9893-35) and 50mM histidine buffer of pH 6.0 as a
mobile phase. The final chelator-antibody-ratio (CAR) of purified conjugates was
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determined by size exclusion chromatography-mass spectrometry (SEC-MS)
analysis. Samples were enzymatically deglycosylated using recombinant EndoS
(IgGZERO, Genovis, Sweden) prior to LC-MS analysis. Briefly, the chromatography
was done on an Acquity UPLC system (Waters) and the column was a TSK Gel
Super SW 3000, 2.0 x 300 mm, 4 ym particles (part no.21485) maintained at room
temperature. The mobile phase was: 50% acetonitrile in water, 0.1 % (v/v)
trifluoroacetic acid (isocratic elution). The injection volume was up to 15 pL and the
LC flow rate was 75 uL/min or 50 pl/min, for intact conjugates and reduced
conjugates, respectively. The total SEC run time was 16 minutes. The Xevo QTOF
mass spectrometer (Waters) was equipped with an electrospray ionization (ESI)
source. The ion source was operated in positive ion mode and the scan range was
2000-4000 Da. Multiply charged ions were transformed to singly charged species
by using the Maximum Entropy software. The mass spectrometer was previously
calibrated with sodium iodide in the given mass range. Intact conjugate gave one
peak the SEC-MS chromatogram, containing all conjugate species (chelators 0-n).
Representative results of a CAR-determination are presented in Figure 1. The m/z
signals corresponding to naked mAb (no chelator), conjugate containing one
chelator, and conjugate containing two chelators was identified. Reduced
deglycosylated conjugate separated into the peaks corresponding to heavy chain
and light chain with no, one or two chelators attached.

Example 7: Chelation of Antibody-Chelator conjugate AGC0715 with Th-227.

Thorium-227 as a 4+ ion was isolated from an actinium-227 generator system.
Briefly, Th-227 was selectively retained from a Ac-227 decay mixture in 8 M HNO3
by anion exchange chromatography (negatively charged nitrate complexes are
formed with 2’Th4+). After Ac-227, Ra-223 and daughters had been washed from
the column, Th-227 was eluted using 12 M HCI. The Th-227 eluate was evaporated
to dryness and the residue dissolved in 0.5 M HCI.

The antibody-conjugate AGCQ0715 was incubated for one hour in histidine buffer,
pH 6.0 at 37 °C in the presence of 1MBq of Th-227 per 0.5 mg antibody. The high
molecular fraction containing radio labelled antibody-conjugates was separated
from free Th-227 and daughter nuclides by size exclusion chromatography using
NAP-5 DNA Grade columns (GE Healthcare). The labelling efficiency was typically
96-98%, including potential losses in the NAP-5 desalting step.

Example 8: Binding studies of AGC0700 and AGC0715 to CD33-positive cells
by flowcytometry.

Binding to CD33-positive HL-60 cells were studied by flow cytometry. The
determination of ECsy based on the plotted curve gives an approximate value for
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the affinity. The commercially available mouse anti human CD33 (BD Pharmingen;
#555450, 1Tmg/mL) was used as a reference antibody for assessment of the affinity,
including a setup with a 50:50 mixture with the mAb to be analyzed. This assay was
also used to confirm that target binding affinity was not negatively affected by
conjugation with the chelator.

HL-60 cells were grown in Iscove's Modified Dulbecco's Medium (IMDM; Invitrogen;
#12440-046) in the presence of 20 % of fetal bovine serum and
penicillin/streptomycin. Approximately 20 mL cell culture was harvested by
centrifugation at 4 °C for 5 min at 300 g. Cells were re-suspended in 10 mL PBS,
supplemented with 1 % of fetal bovine serum (FBS), and pelleted by centrifugation
at4 °C for 5 min at 300 g. Subsequently, 20 uL of the preparation of resuspended
cells was diluted 1:500 in Coulter Isoton Il Diluent, and counted using a Beckman
Coulter Z2 instrument (Beckman Coulter; CA, USA). The preparation was adjusted
to a cell density of 3-4 x10° cells/mL, and 100 uL was transferred to each well in a
round or V-shaped bottom 96-well plate (Nunc/Fisher Scientific; NH, USA). Cells
were spun down and re-suspended after decantation, which resulted in an
approximate volume of 50 uL cell suspension per well.

The mAb or conjugate to be analyzed was prepared fresh form frozen stock by
shifting the storage buffer to PBS, kept at 4°C, and used within a few days after
preparation. F(ab),” Alexa488 conjugated goat anti-human IgG Fc (Jackson
Immuno Research; # 109-546-170) was used as a secondary antibody reagent for
detection of human mAb. The secondary antibody reagent was prepared at 0.015
mg/mL in PBS, supplemented with 0.1% BSA. The mAb stock was diluted in 10-fold
dilution steps, starting from 5 mg/mL. An isotype control mAb (trastuzumab) was
prepared accordingly. 20 uL from each dilution step of the anti-human CD33 mAb
was added to wells containing HL-60 cells. After incubation for 1 h at 4 °C the cells
were spun down and washed three times with 200 pl cold PBS, supplemented with
0.1% BSA. A solution containing 4 % goat serum was added as a blocking agent,
and incubated for 15 minutes. 20 yl from the secondary antibody reagent was
subsequently added to each well, before incubation for 30 min at 4 °C in the dark.

The cells were washed twice, as described above, and re-suspended in 200 L
PBS, supplemented with 0.1% BSA. All samples were analysed in 96-well round or
conical bottom plates. Fluorescent signals were recorded on a Beckham Coulter
Cell lab Quant SC flow cytometer (Beckman Coulter; CA, USA). Median values
were exported to an Excel graph sheet and plotted against the concentration. Data
were fitted using the “one-site specific” binding model in GraphPadPrism
(PrismSoftware; CA, USA) (Figure 2A-B).
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The negative control with secondary but no primary antibody showed low
background, mean fluorescent intensity (MFI) values of approximately 5 (1-2% of
the high positive values).

The binding affinities of the conjugate AGC0715 was comparable to the non-
conjugated AGCO0700. Thus, conjugation did not result in reduced binding affinity
(Figure 2A).The commercial mouse anti-human CD33 reference mAb binds with
lower affinity than AGCO0700 in a 50:50 mixture of the two antibodies, resulting in
about 0.7-fold less antibody bound (Figure 2B).

Example 9: Internalisation of AGC0715.

The extent of internalisation of a radioimmunoconjugate after attachment to outer
cell membrane is one factor determining the cell killing potency. Internalization into
HL-60 cells of the radioimmunoconjugate AGC0715-Th-227 and the negative
control trastuzumab-AC0015-Th-227 was studied.

The conjugated mAbs were labelled in parallel according to the procedure
described in Example 5, to a specific activity of about 20 Bg/ug. Wells containing
200 000 cells in 500 pL growth medium (Iscove's Modified Dulbecco's Medium
(IMDM; Invitrogen; #12440-046) supplemented with 20 % of fetal bovine serum and
penicillin/streptomycin) were added equal amounts of radioimmunoconjugate,
corresponding to 12 kBq .

Samples of cells were harvested after 0, 30, 60, 120, and 240 minutes incubation
time at 37°C and 5% CO,. After harvest the cells were washed with glycine pH 2.5,
0.9% NaCl to remove membrane bound antibody-conjugates. Analysis by flow
cytometry showed that no membrane bound antibody remained after a 2-4 minutes
acid wash. Internalisation was measured on cell pellets on a gamma counter
(Wizard) for 60 seconds and the measured counts per minute were plotted against
time (Figure 3).

Example 10: Th-227-induced cell cytotoxicity by AGC0715-Th-227.

In vitro cell cytotoxicity was investigated in CD33 positive HL-60 cells. AGC0715
and the control trastuzumab conjugated AGC0015 were used to chelate Th-227 to
a specific activity of 44 kBqg/ug. HL-60 cells were grown at 37°C with 5 % CO,, and
split 1:5 three times a week. The day before the assay the culture medium (Iscove’s
Modified Dulbecco’s Medium (IMDM) with 20 % FBS and 1 %
Penicillin/Streptomycin) was replaced by new medium and the volume adjusted to
give 400 000 cells per mL.
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About, 1 600 000 cell (4 mL) were added to each well in a 6 well plate. The plate
was incubated until next day for addition of labelled mAb, or culture medium. After
adding labelled mADb, or culture medium, the plate was incubated for 4 additional
hours. In one experiment AGC0715 or trastuzumab-AGC0015 was added to each
well to a final concentration of 3 nM. In another experiment the final concentration
was 0.3 nM.

Following incubation, the cells were washed twice in culture medium, and the ATP
in the supernatant and in the pellet was measured. The cells were then split 1:2 and
incubated in culture medium at 37°C with 5% CO,. The same procedure, but with
only one wash, was repeated at days 2, 4, and 7. A quantification of ATP was used
as a measure of cell viability at different sample times (CellTiter-Glo Luminescent
cell viability assay from Promega), resulting in the growth curves shown in Figures
4A and B.

The HL-60 tumour cell binding AGC0715-Th-227 resulted in cellular toxicity, in
contrast to the trastuzumab construct, not binding to HL60 cells. The loss of viability
from day 4 to day 7 in the culture medium control is believed to be due to a too long
interval between media replacement.

Example 11: Effective tumour targeting by AGC0715 in a human xenograft
model.

Female NMRI nude mice were xenografted with cells from the human HL-60 tumour
cell line. HL-60 cells are derived from a patient with acute promyelocytic leukemia,
and express CD33 according to Sutherland et al (3). This cell line has been proven
to be tumourigenic when inoculated subcutaneously into nude mice (4). 54 female
NMRI nude mice (Taconic, Europe) were used in the study.

The animals were allowed an acclimation period of at least 5 days before entering
the study and were at an age of 4 weeks before tumour inoculation. The mice had
an approximated body weight of 20 grams at the start of the study. Animals were
kept in individually ventilated cages (IVC, Scanbur) with HEPA filtered air and had
ad libitum access to “Rat and mouse nr.3 Breeding” diet (Scanbur BK) and water
acidified by addition of HCI to a molar concentration of 1 mM (pH 3.0). HL-60 cells
(ATCC/United Kingdom; Catalog Number CCL-240) were grown and prepared for
subcutaneous inoculation in IMDM (Invitrogen; #12440-046) in presence of 20 %
FCS and penicillin/streptomycin. Stocks were made at passage number four (P4)
and frozen down for storage in liquid nitrogen at 3x107 cells/vial in the culture
media containing 5% DMSO.
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On the day of inoculation, the cells were thawed quickly in a 37°C water bath
(approx. 2 min), washed and re-suspended in PBS, supplemented with 2% FCS
(centrifugation at 1200 rpm for 10 min). Cells were mixed thoroughly every time
cells before aspiration into the dosing syringe. A volume of 0.1 mL of cell
suspension was injected s.c. at the back using a fine bore needle (25G) while the
animals were under light-gas anaesthesia (N,O). Animals were returned to their
cages and the tumours were allowed to grow for 15 days. Dosing of test article (0.1
mL) was performed as an intravenous bolus via the tail vein.

Animals were randomized into 3 groups (n=6) after 21 days of tumour growth, and
injected with the test compound ?’Th-AGC0715 at a dose of 15 kBg/animal.
Animals were euthanized at predetermined time points post injection, and blood,
muscle, femur, kidneys, lung, liver, stomach, small intestine, large intestine and
tumour were collected. Tissues and blood samples were weighed, and the
radioactivity in each sample was measured using gamma spectroscopy (HPGe15p
or HPGe50p germanium detectors).

The measured radioactivity (Bq) was related to the radioactivity measured in 10%
injection standard samples, and the percentage of Th-227 and Ra-223 were
calculated and presented as %ID or %ID per gram of tissue. Two animals were
excluded from the analysis because of large tumours compared to the rest of the
group, as retrospective analysis showed an inverse relation between tumour uptake
and tumour size (data not shown). The data confirm specific tumour uptake of the
AGCO0715-Th-227. Previous studies have shown that non-specific retention of a
mAb in the tumour due to vascular leakage is washing out over time and do not
exceed a few %ID/g at day 7 (data not shown).

The results of the biodistribution study are presented in the Figure 5. The data
demonstrate expected tumour targeting. Build-up of radioactivity was seen in the
tumour, but in no normal tissue.

Example 12: In vivo efficacy of AGC0715-Th-227 in xenografted mice.

Cell preparation and xenografting of female NMRI nude mice are done as described
in Example 9. The animals are allowed an acclimation period of at least 5 days
before entering the study and are at an age of 4 weeks before tumour inoculation.
The mice have an approximated body weight of approximately 20 grams at the start
of the study. Animals are kept in individually ventilated cages (IVC, Scanbur) with
HEPA filtered air and have ad libitum access to “Rat and mouse nr.3 Breeding” diet
(Scanbur BK) and water acidified by addition of HCI to a molar concentration of 1
mM (pH 3.0). Mice will be inoculated with tumour cells about 10 days before dosing
in order to have mice with average size of tumours in the range from 75-150 mm3.
Animals are randomized into 4 treatment groups and 3 control groups (n=10/group).
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Mice in the treatment groups are injected into the tail vein with 100 pL containing 75
kBg/mL, 150 kBg/mL, 225 kBg/mL or 300 kBg/mL AGC0715-Th-227, to achieve
250, 500, 750 or 1000 kBg/kg body weight (b.w.). The mice in the control groups
are administered either with vehicle only (buffer), non-radioactive antibody
(AGCO0715) or trastuzumab-Th-227, labelled to a specific activity of 500 kBg/kg
(isotype control).

Appearance of tumours will carefully be monitored, and the tumours will be scored
(if not large enough to be measured) or measured thrice a week according to the
following scheme:

Scores:

0 Tumour cannot be detected

1 Tumour is palpable

2 Just before measurements will be possible
Marks:

R Red

W Signs of wound tissue

N Necrosis

B Blue

Tumour diameters will be measured in two dimensions using a digital caliper and
the volume will be estimated by the following formula: L x W x %2W (Length x Width
x Y2 Width). Measurements / observations will start at day 0, i.e. the day of
inoculation. Measurements of tumour volumes will be three times a week, Monday,
Wednesday and Friday. Body weights will be recorded once a week. The data will
be presented in figures and descriptive statistics will be conducted..

The mice will be terminated following maximal tumour size of 15 mm diameter. This
diameter is equal to a volume of 1688 mm?® when assuming a spherical form. No
adverse clinical sigs is expected in this study. In case of observations of adverse
clinical signs, these will be recorded as note to files.

After the study different treatment groups are compared by Caplan Meyer survival
curve. Treatment-induced tumour growth is also plotted and growth delays are
calculated after nonlinear regression of mean growth versus time and compared
using Student T Test.

The data of the efficacy study are expected to be similar to previously published
efficacy data obtained after administration of the monoclonal antibodies
trastuzumab and rituximab labelled with thorium-227.
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Example 13: Generation of the anti-CD22 monoclonal antibody (AGC1100).

The sequence of the monoclonal antibody (mAb) hLL2, also called epratuzumab,
here denoted AGC1100, was constructed as described in (1). The mAb used in the
current examples was produced by Immunomedics Inc, New Jersey, USA.
Production of this mAb could for example be done in Chinese hamster ovarian
suspension (CHO-S) cells, transfected with a plasmid encoding the genes encoding
the light and the heavy chain. First stable clones would be selected for using
standard procedures. Following approximately 14 days in a single-use bioreactor,
the monoclonal antibody may be harvested after filtration of the supernatant.
AGC1100 would be further purified by protein A affinity chromatography (MabSelect
SuRe, Atoll, Weingarten/Germany), followed by an ion exchange step. A third
purification step based on electrostatic and hydrophobicity could be used to remove
aggregates and potentially remaining impurities. The identity of AGC1100 would be
confirmed by isoelectric focusing, SDS-PAGE analysis, N-terminal sequencing and
LC/MS analysis. Sample purity would be further analyzed by size-exclusion
chromatography (SEC).

Known sequences of CD22 binding antibodies (murine and humanised) include the
following (where CDRs are bold and predicted contact regions outside of CDRs are
underlined):

Light Chain:

DIQLTQSPSSLAVSAGENVIMSCKSSQSVLYSANHKNYLAWYQQKPGQSPKLLIYWASTRE
SGVPDRETGSGSGTDETLTISRVQVEDLAIYYCHQYLSSWTFGGGTKLEIKR (SeglID5)

DIQLTQSPSSLASAAVEDRTMSCKSSQSVLYSANHKNYLAWYQQKPGQOKAKLLIYWASTRE
SGVPSRFSGSGSGIDEFTFTISSLOPEDIATYYCHQYLSSWTFGGGTKLEIKR (SeqID6)

Heavy Chain:

QVQLOESGAELSKPGASVKMSCKASGYTEFTSYWLHWIKORPGQGLEWIGYINPRNDYTEYN
ONFKDKATLTADKSSSTAYMQLSSLTSEDSAVYYCARRDITTFYWGQGTTLTVSS
(SeqID7)

QVQLOQSGAEVKKPGS SVKVSCKASGYTETSYWLHWVROAPGQGLEWIGYINPRNDYTEYN
QONFKDKATITADESTNTAYMELSSLRSEDTAFYFCARRDITTFYWGQGTIVTVSS
(SeqgID8)

QVQLVQSGAEVKKPGS SVKVSCKASGYTETSYWLHWVROAPGQGLEWIGYINPRNDYTEYN
ONFKDKATITADESTNTAYMELSSLRSEDTAFYFCARRDITTFYWGQGTIVTVSS
(SeqgID9)
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Example 14: Conjugation of AGC1100 with the chelator AGC0015.

The antibody AGC1100 was conjugated with the water soluble chelator
AGCO0015.(12) The conjugation reaction was performed in a 1:1 (v/v) mixture of
PBS mixed with 70 mM borate buffer pH 8.5. The chelator, AGC0015 is as shown
below:
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The chelator, AGC0015 (12 above), was dissolved in metal-free water before it was
added to the conjugation reaction. A nominal molar chelator to antibody ratio of
1.3:1 was used and the reaction was incubated for 22 hours at 21°C. At the end of
reaction time the antibody fraction was separated from free chelator by size
exclusion chromatography on an AKTA Purifier (GE Healthcare), using a HiLoad
Superdex 200 16/600 PG column (GE Healthcare; code.no. 28-9893-35) and 0.9%
NaCl 100 mM citrate buffer pH 5.5 as mobile phase. The final chelator-antibody-
ratio (CAR) of purified conjugate was determined by HPLC size exclusion
chromatography-UV (SEC-UV) analysis. The CAR determination was done on an
Agilent 1200 series HPLC system (Agilent Technologies), column TSKgel SuperSW
3000, 4.6 x 300 mm, 4 uym particles (Tosoh Bioscience, part no. 18675) maintained
at room temperature and mobile phase 300 mM NaCl 200 mM ammonium acetate
pH 6.8 (isocratic elution) with a total run time of 15 minutes. The injection volume
was 5 yl and the LC flow rate was 0.35 ml/min. The UV signals were monitored at
280 and 335 nm, corresponding to mAb and chelator absorbance maximum,
respectively. Representative results of a CAR-determination are presented in
Figure 6.
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Example 15: Chelation of Antibody/Chelator conjugate AGC1115 with Th-227

Thorium-227 (**’Th) as a 4+ ion was isolated from an actinium-227 (*’Ac)
generator system. ?’Th was selectively retained from a ?*’Ac decay mixture in 8 M
HNO; by anion exchange chromatography, where negatively charged nitrate
complexes are formed with ’Th*". ?’Ac and daughter nuclides were washed off
the column and ?*’Th was eluted in 12 M HCI. The ?*’ Th-eluate was evaporated to
dryness and the residue dissolved in 0.5 M HCI.

In the chelation reaction the antibody-conjugate AGC1115 was incubated for 15
minutes in 0.9% NaCl 100 mM citrate buffer, pH 5.5 at 21°C/room temperature in
the presence of 1 MBq #’Th per 0.5 mg antibody conjugate. The high molecular
fraction containing radio labelled antibody-conjugate was separated from free ?’Th
and daughter nuclides by size exclusion chromatography using NAP-5 DNA Grade
columns (GE Healthcare). The labelling efficiency was typically 96-98%, including
potential loss in the NAP-5 desalting step.

Example 16: Binding analysis of AGC1115 and AGC1100 to CD22-positive Raji
cells by flow cytometry.

Binding of AGC1115 and AGC1100 (anti-human CD22, Immunomedics; hLL2,
#1003164, 10 mg/ml) to CD22-positive Raji cells (ATCC, #CCL-86) was analysed
by flow cytometry. The ECsy value determined from the fitted curve was used for
comparison of the antibody versus the antibody conjugate binding potency. This
analysis was used to confirm that antibody conjugate binding potency to CD22 was
unaffected by the conjugation procedure.

Raji cells were grown in RPMI 1640 (PAA; #E15-840) in the presence of 10% fetal
bovine serum (FBS) and 1% penicillin/streptomycin. For the flow cytometry analysis
50 ml cell culture was harvested by centrifugation at 4°C for 5 min at 340xg. Cells
were resuspended and washed twice in 10 ml PBS, supplemented with 1% FBS,
and pelleted by centrifugation at 4°C for 5 min at 340xg. Subsequently, 20 ul of the
preparation of resuspended cells was diluted 1:500 in Coulter Isoton Il Diluent, and
counted using Beckman Coulter Z2 instrumentation (Beckman Coulter; CA, USA).
The preparation was adjusted to a cell density of 1x10° cells/ml and 100 uL was
transferred to each well in a V-shaped bottom 96-well plate (Nunc/Fisher Scientific;
NH, USA). Cells were spun down and re-suspended after decantation, which
resulted in an approximate volume of 50 ul cell suspension per well.

AGC1115 and AGC1100 was diluted to 50 ug/ml and titrated in twelve points in 3-
fold dilution steps. An isotype control antibody (trastuzumab) was prepared
accordingly. 100 ul from each dilution of the antibody was added to the wells
containing Raji cells. After incubation for 1.5 h at 4°C, the cells were spun down and
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washed twice with 200 ul cold PBS, supplemented with 1% FBS. PE conjugated
mouse anti-human IgG Fc (BioLegend; #409304) was used as a secondary
antibody reagent for detection of human mAb. The secondary antibody reagent was
prepared at 1 ug/mlin PBS, supplemented with 1% FBS. 100 ul from the secondary
antibody reagent was subsequently added to each well, before incubation for 1 h at
4°C in the dark. The cells were washed twice, as described above, and
resuspended in 200 pl PBS, supplemented with 1% FBS. All samples were
analysed in a V-shaped bottom 96-well plate. Fluorescent signal was recorded on a
Beckman Coulter Cell Lab Quanta SC MPL flow cytometer (Beckman Coulter; CA,
USA). Median values (MFI) were exported to an Excel sheet and plotted against the
concentration ([nM]).

Data was fitted using the “log(agonist) vs. response — Variable slope (four
parameters)” binding model in GraphPadPrism (PrismSoftware; CA, USA) and the
ECso values was calculated from the fit (Figure 7). Direct staining of the Raji cells
with secondary antibody showed low background, MFI values of approximately 1
(0.5-1% of the AGC1115 MFI values).

The calculated ECs values of the fitted titration curves of AGC1100 and AGC1115
were 9 nM and 6 nM, respectively, and indicated that the binding potency of the
conjugate AGC1115 was comparable to AGC1100.

Example 17: Th-227-induced cell cytotoxicity by AGC1115-Th-227.

In vitro cell cytotoxicity was investigated in CD22 positive Ramos cells (see
Example 6). AGC1115 and the control trastuzumab conjugated with AGC0015 were
used to chelate Th-227 to a specific activity of 44 kBq/ug.

Ramos cells were grown at 37°C with 5 % CO,, and split 1:5 three times a week.
The day before the assay the culture medium (Iscove’s Modified Dulbecco’s
Medium (IMDM) with 20 % FBS and 1 % Penicillin/Streptomycin) was replaced by
new medium and the volume adjusted to give 400 000 cells per mL. About, 1 600
000 cell (4 mL) were added to each well in a 6 well plate. The plate was incubated
until next day for addition of labelled mAb, or culture medium.

After adding labelled mAb, or culture medium, the plate was incubated for 4 more
hours. In the experiment AGC1115 or trastuzumab-AGC0015 was added to each
well to a final concentration of 3 nM. Following incubation, the cells were washed
twice in culture medium, and the ATP in the supernatant and in the pellet was
measured. The cells were then split 1:2 and incubated in culture medium at 37°C
with 5% CO,. The same procedure, but with only one wash, was repeated at days
3,5and 7.
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A quantification of ATP was used as a measure of cell viability at different sample
times (CellTiter-Glo Luminescent cell viability assay from Promega), resulting in the
curves shown in Figure 8. The Ramos cell binding AGC1115-Th-227 resulted in
cellular toxicity, in contrast to the Th-227 labelled control construct, not binding to
Ramos cells.

Example 18 — Acid Derivative
Making an acid derivative of the water soluble chelator enabling alternative coupling
chemistries .

This example shows the successful synthesis of an acid derivative. This derivative
of the chelator enables, for example, formation of an amide bond with an epsilon
amine of the tumour targeting protein.

The present example shows the synthesis of the soluble chelator and starts out
from substance 11 (Example 2). 43 mg (~0.04 mmol) of substance 11 was
dissolved in 4 mL DMSO, 4 mL acetonitrile, and 30uL NEt;. 6 mg of succinic
anhydride was added (0.06 mmol). LC/MS analysis of the reaction mix after 22
hours reaction at room temperature showed that substance 15 had formed. Some
contaminant diacylated side product was formed. Adding the anhydride in portions
should minimize the ester formation and improve molar yield of product 14. HPLC
analysis of the resulting reaction mixture is shown in Figure 9.

°1§iw HKCN% o= Op0 ﬁ» %

j H N NH OH OH N\/\NH OH OH
HO™ OH O jN o P HO OH © j A0
oﬁk,\l . N1 oﬁ)ﬁ,\l \ N1

H H
N~ OH N~ o) OH
1, 14
2 HO OH
o)

Example 19. conjugation of AGC0003 and AGC0015 to a small protein

Since lysine coupling was going to be used, the free cysteine of the Affibody fusion
protein was chemically blocked before conjugation with the chelators. The Affibody
fusion protein PEP9237 (SeqID 10) made in E. coli by essentially as described by
Tolmachev et al. (1), was dissolved to 1.32 mg/ml in PBS (Biochrom L1825; 0.9%
NaCl, phosphate buffer, pH7.4), containing 2mM tris(2-chloroethyl)phosphine
(TCEP) to hinder disulphide formation. One ml of the affibody fusion protein
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solution was mixed with 0.985 ml 0.14 M borate buffer, and the pH confirmed to be
about 8.4. 15 uL of 1 mg/ml solution of iodoacetamide (Sigma 1149-5g) was added
and the reaction mix incubated for 1 hour at room temperature.

Before conjugation, the 4 ml solution containing sulfhydryl blocked Affibody fusion
protein was concentrated to 0.5 mL using Amicon spin filters, and excess reactants
removed on a NAP5 desalting column (GE Healthcare, lot# 83892624 ) equilibrated
with borate buffer. The eluted 1 mL high molecular weight fraction was spilt in two
parts for reacting with either AGC0003 or AGC0015.

The chelator AGC0003 (8.3 uL DMF (Sigma 227056, lot# STBB4668)- 13 below -
containing 10 mg/ml) was added to a vial containing 0.5 mL sulfhydryl blocked
Affibody fusion protein. The chelator AGC0015 (9.3 uL H,O containing 10 mg/ml)
was added to a separate vial containing 0.5 mL sulthydryl blocked Affibody fusion
protein. Both vials containing chelator protein reaction mixtures were incubated
over night at 30°C. The resulting clear solution was buffer exchanged to PBS using
a NAPS column.

SeqID10:
AEAKYAKEMRNAYWEIALLPNLTNQQKRAFIRKLYDDPSQSSELLSEAKKL
NDSQAPSGSGSLAEAKEAANAELDCYGVSDFYKRLIDKAKTVEGVEALKD

AILAALPG
NCS
0 0
Z | N/\/N N\/\N | SN
H H % H
N OH HO AN
NH
0 0

HN_O O
HOJ/% E\;\/\[OH
O ITI N™ ~O

| 13 (AG0003)

Example 20 - Solubility analyses of the small protein conjugates with
AGC0003 and AGC0015

The clear PBS solution of the two Affibody fusion protein chelator conjugates
produced in Example 19 were frozen at -20°C, before thawing. A distinct milky
precipitation was seen with the solution containing AGC0003 conjugate, but not
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with the in AGC0015 conjugate. The precipitation was more visible after cooling
down to on ice.

The clear solution from either reaction was analysed by FPLC-SEC, to investigate
possible aggregates (Figure 10). More than 50% the AGC0003 conjugate was
found to be in the aggregated state, whereas a minor fraction of the AGC0015
conjugate (sees as a shoulder in the chromatogram) was in the aggregated state.
The integrated area under the curve showed much less total protein recovered for
AGC0203 (AGCO0003 conjugate) than for AGC0215 (AUC: 166 and 409 mAU*mL
respectively)

Next, the protein to chelator ratio was investigated by LC/MS analysis. The
unconjugated Affibody fusion protein (AGC200) was included as a control. During
LC absorption was monitored at 280 and 335 nm (chelator absorbs at approx. 335
nm), showing that chelator was present in the two conjugate solutions but not in the
AGC200 preparation (Figure 11). With the AGC0003 conjugate (AGC0203), the MS
analysis showed both unconjugated fusion protein and protein conjugate with one
chelator, whereas with the AGC0015 conjugate (AGC0215), the MS analysis
showed unconjugated fusion protein and protein conjugate with one and two
chelators (Figure 12). This indicates that AGC0203 with more than one chelator has
precipitated.

References
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microxenografts using a 177Lu-Labeled HER2-specific Affibody molecule. Cancer
Res. 67: 2773-82, 2007.
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Claims

1. A tissue-targeting complex comprising a tissue targeting moiety, an
octadentate hydroxypyridinone-containing ligand comprising four HOPO moieties
and the ion of an alpha-emitting thorium radionuclide, where at least one of the four

HOPO moieties is substituted at the N-position with a hydroxyalkyl solubilising
group.

2. The complex as claimed in claim 1 comprising at least one 3,2-HOPO

moiety.

3 The complex as claimed in claim 1 or claim 2 wherein all 4 HOPO moieties

comprise hydroxyalkyl solubilising moieties at the N-position.

4. The complex as claimed in claim 1 or claim 2 comprising an octadentate

ligand comprising at four chelating moieties of formula |

Ry
Ry N Re
R3 Rs
Ry |

Wherein R, is an optional N-substituent solubilising group which will be present in at
least one of the four moieties of formula I; groups R, to Rg are each independently
selected from H, OH, =0, short hydrocarbyl groups, linker moieties and/or a

coupling moieties wherein one of R, to Rg is OH and one of R, to R is =O.

5. The complex as claimed in claim 4 wherein at least one of groups Ry to Rg is

a linker moiety.
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6. The complex as claimed in any of claims 4 to 5 comprising four 3,2-
hydroxypyridinone moieties.
7. The complex as claimed in any preceding claim wherein the N-substituents

on each of the four HOPO groups are each independently chosen from HO-,
HOCH,-, HOCH,CH,-, HO-CH,CH,CH,-, HO-CH(CH3)CH,-, HO-CH,CH,CH,CH-,
HO-CH(CH3)CH,CH,-, HO-CH(CH,CH3)CH,-, HO-C(CHj3),CH2-, HO-
CH(CH3)CH(CHj3)- and HOCH,CH(CH,CHj)-.

8 The complex as claimed in any of claims 1 to 7, wherein said ion of an
alpha-emitting thorium radionuclide is the 4+ ion of an alpha-emitting thorium

radionuclide such as ?’Th.

9. A complex as claimed in any of claims 1 to 8 comprising a ligand moiety of

formula VI;

O OH

NGO

Boa *Hmw
;j/m s )\Cﬁlw

HO \Y/|

HO O
N

Wherein R, is any suitable linker moiety.

10. A complex as claimed in any preceding claim wherein the tissue targeting
moiety is a monoclonal or polyclonal antibody, an antibody fragment (such as Fab,
F(ab"),, Fab' or scFv), or a construct of such antibodies and/or fragments or an

antibody mimetic.

11. use of a tissue targeting complex comprising a tissue targeting moiety, an
octadentate hydroxypyridinone-containing ligand comprising four HOPO moieties
and the ion of an alpha-emitting thorium radionuclide, where at least one of the four

HOPO moieties is substituted at the N-position with a hydroxyalkyl solubilising
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group in the manufacture of a medicament for the treatment of hyperplastic or

neoplastic disease.

12. Use as claimed in claim 11 wherein said tissue-targeting complex is a

complex as claimed in any of claims 1 to 10.

13. Use as claimed in claim 11 or claim 12 wherein said disease is a

carcinoma, sarcoma, myeloma, leukemia, lymphoma or mixed type cancer.

14. A method of treatment of a human or non-human animal (particularly one in
need thereof) comprising administration of at least one tissue-targeting complex
comprising a tissue targeting moiety, an octadentate hydroxypyridinone-containing
ligand comprising four HOPO moieties and the ion of an alpha-emitting thorium
radionuclide, where at least one of the four HOPO moieties is substituted at the N-

position with a hydroxyalkyl solubilising group.

15. The method of claim 14 wherein said tissue-targeting complex is a complex

as claimed in any of claims 1 to 10.

16. The method as claimed in claim 14 or claim 15 for the treatment of
hyperplastic or neoplastic disease, such as a carcinoma, sarcoma, myeloma,

leukemia, lymphoma or mixed type cancer.

17 A tissue targeting complex as claimed in any of claims 1 to 10 for use in

therapy.

18. A tissue targeting complex as claimed in claim 17 for use in the treatment of
hyperplastic and/or neoplastic disease such as a carcinoma, sarcoma, myeloma,

leukemia, lymphoma or mixed type cancer.

19. A pharmaceutical composition comprising a tissue-targeting complex
comprising a tissue targeting moiety, an octadentate hydroxypyridinone-containing
ligand comprising four HOPO moieties and the ion of an alpha-emitting thorium
radionuclide, where at least one of the four HOPO moieties is substituted at the N-
position with a hydroxyalkyl solubilising group together with at least one

pharmaceutical carrier or excipient.
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20. The pharmaceutical composition as claimed in claim 19 comprising tissue-

targeting complex is a complex as claimed in any of claims 1 to 10.

21. A kit for use in a method according to any of claims 12 to 14, said kit
comprising a tissue targeting moiety, conjugated or conjugatable to an an
octadentate hydroxypyridinone-containing ligand comprising four HOPO moieties,
where at least one of the four HOPO moieties is substituted at the N-position with a
hydroxyalkyl solubilising group, said kit optionally and preferably include an alpha-

emitting thorium radionuclide, such as %?'Th

22. A method of formation of a tissue-targeting complex, said method
comprising coupling a tissue targeting moiety to an octadentate hydroxypyridinone-
containing ligand in aqueous solution, the complex comprising four HOPO moieties
and the ion of an alpha-emitting thorium radionuclide, where at least one of the four
HOPO moieties is substituted at the N-position with a hydroxyalkyl solubilising
group.

23. The method of claim 23 comprising preparing a first aqueous solution
of octadentate hydroxypyridinone-containing ligand and a second aqueous solution

of said tissue targeting moiety and contacting said first and said second aqueous

solutions.

24. The method of claim 23 wherein said contacting is conducted at below
40°C.

25. The method of claim 23 or claim 24 wherein said contacting is conducted in

the substantial absence of any organic solvent.

26. The method of any of claims 22 to 25 wherein said coupling yields an
amide, ester, ether or amine bond between the ligand moiety and the targeting

moiety.
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27. The method of claim 26 wherein said amide or ester linkage is formed by
means of at least one activated ester group, for example formed by means a N-

hydroxy maleimide, carbodiimide or azodicarboxylate coupling reagent.
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Internalization into HL-60 cells
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Cytotoxicity of Th-227-AC0715 against HL-60 cells
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B U3 A MR R PR (YR T R AT R B SCEEAE

[0003]  H HTIEFENEIRTT Wi W75 R F AR AT AR SS o SRTT, BE [ TR 1A% 3R IT
T — MG T 77 1) 3 A0 R 2R A5 3R v 4 AR B 1 B A A SR AN IR AE R S R s . H i
HEAE T AN W B tE 25 B R A / 8 v RS Az R . AR,
T o R AR R TR R AR B R A BT 0T, ARV AT O 2 B — O
[0004]  BUAYE) a JHHARFE AR BRIA IR A B B8O Y FEl— /T 100 CK, AU 249 T LA
MIEAR, RXEAXEYEIEE &S T (R ) ey, RO ENT A 26k M iE
PN AT 20 3 ) 5 L AL G SR AT T v A R 1), D) L0 TR R N R B A . Rt
F AT A 41 M AR 75 20k B 1w, i xS ) g RR 4 2R 45 4% T B B B /) (= WL Feinendegen
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TR LR X RIS o HURAHIET v B U RE R S L Re E LA (LET) |
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radiologist”, B8 Tilit, Lippincott Williams&Wilkins, Philadelphia PA, USA, 2000) . X
fERE T a JRSTTRURHEAZ 25 10 e 40 B R 1 I HAE S SR IR 21 AR M RE ) DL S o TR
SHHEAZ 22 0 AT AR B K RO S REAN T 748 225K, Sk G AN T 4252 (R RIE FH, IX 2 21
[0006] R 17 7124 N IEESCER R T RE B8 V2 328 tH I B VR IT DA o« R SHA )

Yy PR AR
[0007] #1
[0008]

fRIERZR (T, I PRI T

Ac 10. 0 K | 3%

At 7.2 /NI (RS R TR

2B 46 43R | A I




N 104540530 A Ww B B 2/36 T

“Ra 1.4 R |BER

“'Ra 3.66 K |smEMEEHER

[0009] s TEH
[0010] 324 M1k, e TR G ik i i R, B TR AE 2'AL 2B Al Ac,
I HX =R LR R TR ekl .
[0011] A& A T RS A% R R M7 ar i, B EA /N T 12 /N B . itk
(1) 242 3 A A A DA AR sk 204 72 R 3 e 2 T S8 i PR A 3R U P 259« 6 75 A%
FR Tt ARG 01 580 7 B R LA, Pt RO 55 B A IR BE AT R BUTEAR N R ST
[0012]  SRHE o KYTHIMEELEVF 21 0L TR IE 1A% 2= I BHA AR A B R, X
S HTRE A2 DA 2 e B4R S EL AR B A R 245 S I T AR FEREAR AL S IR S i R 2
TR B R 5 RO AE 2 RIRT S5 AH R A 24 & X ok kA2 . AR,
TEFRAZ 2 AR, Fe ol et AR I, B SECAAL A FHZR T, X ORI E L
B R MR BT JURRP 032 A, B AT T0T LAY B0EE AN A 52 OR R B Y T
REFILT RV R Gi o X LYiE B8 I TBOR M A 98 T o AN BB ) = S 2 1k
[0013]  JLAF R H2 H 78 2 A 4 8 *Ra 7[RI 2% A2 1 10 26 2F T AR 4L —227 (T, .= 18. 7
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EG o (Bl “SERR (affibody) ) AEFEXT T IXFP4H MR AR EP 2485 R T
P A B X8 SN T E AR S B R LR T S O A R
AT . SR, il 45 25 YRR )2 B, JF B THRUNE AW, M v Re 2 2 o0 H
L), BRI R0 Tt FH SR 18 28 0 B A A 22 AT IS 1)

[0023]  AKRHIAIAEC P ek , 8 H B 19> HOPO &R 7y (Hrp &=/b— s
TE B B ) BIFREMERERH (HOPO) 2 )\ G HCARZS A i 4+ L 227 B 7l $2 {4 &
D BRI fA P TR L A ) O 3 R

REARE



N 104540530 A Ww B B 4/36 T

[0024]  ME— TR, AR I A e S — Al AL [ 45 54, A S ALl oy
& DY HOPO #0873 (35 ¥ RE e B 1) JIA BC AR LA S, o RS BEBORMTERZ R & 1, Fe P A4
HOPO #73 I FE b —ANEN AL (167 ) BFadbbe S i L BTN 7R — SRt r S, 38
KW T AR

[0025] AR SETT F VA BCIA & 20— 3, 2-HOPO &4y, JF HARiE 2.3
5 4 4> 3, 2-HOPO &7« 5 — MRIERISEE T b, 2/ 2 A ik 20 3 AN JF Hafiik
£ 4 A HOPO BB 73 B 1E N ALK FR Ik e S 0

[0026] I3k FAYHE ) ¥4 23 A0 465 22 B B MRS o1l b B s LA AN L B o ARG S R4 5 v B
Fab. Fab’ | Fab’ 2 MIRBERT A VESE G PR Z SR F B

[0027]  {EIXEELR G ( CARARIEAEA KRBT 70 ) B 7 — Mokt b & Fe 2kt e
B 1) J\ AT BC A2 5, BT I )\ AT G A2 SOREE S AR AT 538 1) 7 ZOE R B HLRE A o 1K 8805
AT W B IER B B TR S @ R R g & X (BlnEYIR / PUEM R EA R
ZEEND) B ARG S, (B E A B s A B S IR T
e SR T35 SR R BB R B2 A R TV

[0028] M5 —NJ5THKRE , AR BRI R 2 59 (R A R REM 3R &
Vo) HF G AR s A VE s YRR (RE A SR AR T ISR ) 259 H
i, FT I 2 2R ) 2% G ) A B LR BE e 4 A DU AN HOPO #4843 1) 25 S kbt e i 1) J\ U
RS a SRR TROR A% 21 BB 1, Her U A HOPO #0222 —AN4E N A7 gt e Bt
GV I AR

[0029]  {E—AHIN YT IR, AR B —Fia T NSRS (Rl 7 fa 238 ) 7
%, Lm0 MA UL X EY) (BEIEA SO AR SRS S ), Frid 250
7] 28 5 00 5 AL SR 1) 0 73 B2 DU A4S HOPO 08 73 5 F2 S e i 1) AT AR LK. o 55
EETSUM PEAZ 2 B 1, S DU HOPO #870 mh ) 22 20— ANAE NS A ik e I 498 ik P A
R ITEILIE TR 8G A 1 SR R, AR SR AR IS . XA ik iE
O NBAR NI AL V) 3380, 1 A 7 EH AT

[0030]  FE 55— MM A SEHE T S, AR SR MAFEE &Y (BREWAS T~
TR SR8 54 ) FoA & S A #8055 DU 1S HOPO #1570 P 15 2 Jak e e A 1) J\ 1
FCAR LB o SRR FBUR PEAZ 3 AU 1, F DY HOPO #8873 mb 1 2520 —AN1E N AL F2 J e
FEE S AR, P ik 2H AU 1m0 28 B 002 T vk ol I HoAR 22 iRy s AR PR / B
R (AR SEIR ) A SCRNA 1751 .

(00311 M55 —AJ7HERE , AR WG — Ryl &9, R &AL A% ey (B
ASCPR FT A ISR EW ) VLK E DR B A s, Prid 80 2% SV 5
HAABE A Ay A5 DY HOPO #1570 ) 25 Fa Bk e A fr )\ A B AR DA K o R ST TBURHPE AR R
11, S DY HOPO B 73 A ) 28 /b —ANAE N AN A F2 B e ik 1 8 2 A LA

[0032]  AHSHRFEENRAGFIEMEIFRIN R, BIEE-232 CRIEH 10" ¢ BAT BEEBUR 1)
FRIEL 26 5 WD AR DA, B B, AR SCHT SR OR3P R B 48 45 DR L A 45 W 0 355 B R OR ARG 2
TR, BN RZ D 20% 1 o RETELSSTHERIAL R (IR T 107 I 2> —Fh LI [F]
Rz, Plangt -227) o« IXTE T S2 0 H i W EORIA A RCR IO PR ANt 227 AR K
W 75925 ) S ABAE T AT 5 T LI A2 XA L«

8



N 104540530 A Ww B B 5/36 T

[0033]  FEAKRWIMIPTA i, o KAHELE TG AL 227 W& . BLAY 4+ B RGE
MTARXED T RE T AN, ARH IR E -227 /Y 4+ BT

[0034] £ 55 —AJ5 L, AR WL AR A —Fi H T 98 s 2R 71 48 S WK U5 8%, Bk 5 vk
BLFE R H G R 70 55 5 SR BE e i £ )\ A B AR AR K T i P R B, ik & S 5 9 A
HOPO &40 A o AL U ERZ R & 1, FeAr DS HOPO #873 Hh i) 22/ — ANE N Az g Fe I
Bk B R A AR X R AR AR EAF AR A NS DL R AT

[0035] M55 —ANJ5 R T, A R W S i — Pt F AR 38 AR 5 W 1 5 vk v (Rl &, i
B S S BT 2 A 2 A0S DU HOPO 35573 A 25 2 A i 1) )\ 14 C A ) ZHL 4 1] 350
4%, F AN HOPO #4302/ —ANE N AL (147 ) R ke g v I AT IR, T 45 &%
Iy MECAR I A SCHTR AR LE o IX Rl R Gk AR ikt B ARGt B Ah o RSk FRUN PR A%
=, 10 *'Th,

Bt

[0036]  FEARWIMITEIL T, “AHLBL R ” AEASCH T AR Pt e . CRele B 2 A
MR H AR R g S ) T B B ehn (OF AR sl e AR M8 & L4 &
V) ZBERAAAE (I CLEIEBUSERAR ) 2D NN R, 7R 2523
H e HAARE R B 7 T 1R PInid S B AR ) B> — A P B AL AR K P E Y
SEAL . BEIR] Sy T U5 22 520 5 R RO AL A7 FE A R bR 8 (Bl 32 A
B AR > 155 ) o S, ZH I [ 5000 25 B 28 S RV 4 I PR T (R 4 _E A
FER MR TAR SN (BN Fz E E AR I 155 ) o XA R i br S B4
£ R A P R v b R A P R B B 2 SRR R R R B A A K BIUR A 0 ) EEAE R
A Te]CE G R T b 2 RA AR 5 o B ] AE ARG AR R W A AT 5 T (VR S REAR AR R R AE
PN B B 2 SR AT AFAE B HAT DRI Ry o 9140, T SRAE 3 1 4 B 4L 23 ) T ) 22 Jot A7
A BB T3 4 17 4H 0 B ZE 2R L P 68 i ) o (A7 A T AR E Fe VF XI5 i R LA
A, W] A T80 A o FLSeop R R PR n L 8 1, 5 IR A O ERE T4
(]R3 o o XI5 AT H A AR ST S8 1Y) B BRI 1 S 0 B

[0037] AL ZHE [ & 73 3d T 035 3K [F) FL ARG Ak 4% 6 WD 1 e = 2L R0 1 P 110 A R B 2
Pl o IX AT HE A U e i E SE A Pl T 4 S SR e A R B 2R (4
2553, 3F BRI B B 5 e F B R A/ BT sy R ), HAER N S5 & 2=
ARG G EEFG HREARA S B8 G K o KIHELIF H IR 2 21455 70 g4
FUPRE L AR R R [ B 00 o3& T 1A ZH R 45 45 7R A 257 SR AHEAH 2R A 77 ) 38 R ek
ZE R EAGIE AT A R (B R SR B A BRI AR ) .

[0038] WA LRI (A& W R 22 AN 5 TP S S5 IRIIR T 5 il 7 Y T S PR 48 [ JE i 21
2, LU T T ik 5B 4 S SE 0 29 5T RN R A o AR TR T R4
G BEAL TR A 1 B —r . (BAnAE R A SEAR R RO B0 T ) B8 I+ 2 (4
An e AR OGS 98 P Bl AE 0 A B S 2R RO AT TS RS2 50 ) .

[0039] A5 &L [ F¥ S8 AL 2R AT Ak T AL AL s S AL L GARL ml s 2 AL i, HOAT R 3K
MR, R H A P B e 20— AN RHAN S/ B D — A
Mo AE—ANSERTT S B Z D — AR LU i BE R URTIR ECYR AL f AT BEAR TR, (2

9



N 104540530 A Ww B B 6/36 T

BHE T REAN R (a0 R R R R I R RS A7 1) o FEVE e — N BA A s G L AR X AT AL
EVRAT RUEE AT N 2 A A R

[0040]  ARIE “HAHL” FEARSCH T ARG “H5 7 7 f2H 2R . ol AR S
T R AT AR B Bk A SR AT AL 23 . AR N2 Rk, JnA SC R B “ B 2R 50 7 48 N TE
WA ST A “EREH L7 HRARAE R o AR BRI TIR T il o H “ R 3% TRk
R T AEART 7 (AR ) AL A7 AR B R  PRJR i E R LR bR R AR A 2
e, UL FTIR 2R B AR M o e 1 “ R R A 4 TR 2R A A A ) SE AR g
DL G R AN e RS MR e o B, 3 2H 2R 3 ] A0 355 S 2H 2R 1) i e e SR ek 9 ALE [+
— BFE PRI AL) 2> — PR . B, AU 7 WA i P e BN e
FERS TR AH R, G Bk TR e g S B B T

[0041]  Ff— BRI, FLl o JEURMEERFM R (Flin ' Th) AT LAFEIRTT BB L
FrHAS =T R EERE =R . WA SCETH, KRBT 2 3Ea B st A
THE7R, S E B S, 38T Pt AR —227 TR R 2R I 3 AR Il AR B 223 B E— K
AN LA 32 ELREE T o AR, AN UBEAR N T8 2R3l , K Dy Biridk v 7 i Al 4252 il R
MrEREs R (CLAEU BT RetE ) Kbl BTinyT 5 2R A VG777 10 H Aw
DL RO T 3263 BTG 1T 35 3 o o B AR B e 32 2 N (B e 2B, Rl
S MR AR e B RS sk 7, I AT 4252 () RS 407 7K Pt AT S 32l i p . (e
PRGBS v, A BT IR MR, T 3252 B B BE A K- — K B K. B R MK
F— AN AR T ) S R W b MR A i T, O HAE AR R, AT AR e B R
R B 22 I ) DA AR AR SR A AT (IR PR ) B0 RN i o KA FAEVRIT 2
AT 10% IS . AT B2 AR BE S 1 10 *Ra IR K L A5 g MR 1 B 20 2
KPR R 220 20% 3 H AL IE 2D 30% & .. 270 40 % 11 5 /PR B g v 14 s 4 i o
LRI .

[00421 A4, S AL (B ' Th) FIALEmT st &7 A, Hh a4
TREBCRAL AR T, BT AR R (10 P Ra) OB BEEE M IE O R AN AT A2 . AE
XGOS, W R PRI L 125 0T B AT SR A PR EE N ) 1096 1 BLAZI A L T R B 22 5%
B ENHIK T 5% , AT R A I BT 97 it it 5 B 45 7 J5 25140 i S o 3 B0 R A2 AR ik
AR JE R

[0043] AR BH FRRERI DGV L AL R 2 ot —227, I HAETH K R VFIE 6T A SR I T
P, &k 227 RARIEMIFILLER . &L 227 X2 5 7= A8 3 BT LA -FHE IR Y 2 Ra [] 42241
e, H & “'Th M BMARZER, BT Ac (T, ,= 22 4F ) o 1 -227 AT LMY A S “Ra HE
bR B IERAE # Th (R A %% . W EER AP R T 20 B 30 TV UL, I LR T DL 6 5%
T AR 3 T RE B JRU TR R IE P R 2 8O e o KA TT LI AR 8 ) it

[0044] g 227 il —223 AL, FERXPRIEOLT, IR AMEFARRA 11,4 REEEH. N
4l 2T Y, AERT JLR AN A PSR B ER . AR, “PRa T E B ME T 2'Th, XZRA o
FLF M “Ra RS Z 5, BER BN NEH G TR EZARE o B (BIF% 2,
H IR EE -227 RS ) .

[0045] &2

[0046]

10



N 104540530 A Ww B B 7/36 T

“E A PPISRTREE MeV)  |[PREM
“Th  |a 6. 02 18.72 K
“Ra |a 5.78 11.43 K
“Rn |« 6. 88 3.96
“PPo a 7.53 1.78 Z
P [B 0. 45 36. 1 4r%h
*UBi a 6.67 2. 17 434
T B 1. 42 4.77 5
*ph FasE

[0047] B3 JF R 2 R R H = ARV E A FH 328 1), &L 227 (T, ,,= 18. 7T R ) & HH
T2 EEAT o KiFITE.

[0048] % -227 nI DAE ASRBL T TR 6T AR A = AR B4 2 (1 4F —223 LAECT 18 A mT it
B BER I A A o BRAR RN T IR 2R R R I ) X 3 A4S ) L3 AR A 3
EIVRITYER . SR, 9 7 3-A5A R G E - A S S A AT B2 () e B s, AN D YERF e =
AP R

(00491 R 15 Mo &4 e 2% 4% 1 FROK ok B 4t —227 TSk B L P, Bl 5 HE o Kk
SR AT LUK 8 X PP R 2 v Be YR TT A& . D, X T8 211, fE30 R 97 7
HIHH /& 2-10MBa/kg. I RIE - HIRIGE R, £ -227 DA R =K & 2 /> 36-200kBg/
kg PREE . XK TUAIGRTT V5 F I Al B R0 ) 2 Th & N IR . X Rh i H S BRI 26
Ll B o SR, AREE I 18, 7 K32 WP AR 1T 58 3 0P[R 25 78 22 AR 1T 11 58 K9 %
X 7] B DR 8 N N R B RS R AR S AT B B % Th (B R MR Y T R
PITh) Rk VAT 7 BRI A ZE /b 18 8 25kBa/kg, ik % /b 36kBa/kg I H g ik %20
75kBa/kg, %141 100kBq/kg 5k 5 £ . BE K& MK BUH A B KIIR T /ER  (Han ok =4
ANATN 52 P RIE A, WIASRE A o [FVRE, W SRR DLEAA S A 32 B CRIDTE AT B &L 1
AT B BT B3 1) e it A, R SRASE 7 4 AR 75 22 58 RS T8O 1 IR 5%
DRI K B TR B A L3 A8 22 BT Bk o SRTTD, BT AR BRI —223 I AE (EAH B PRI . 4[]
W2 58 A BRI ARt A 4k —227 1 Bk T 2R B S B R AR 2 A I S G 2
FHZE o I e H B2 AT R O BT A B 9 HLZE WO 04/091668 FR (451 4 1E S DA K S )
LI 2 1) 2.

[0050] L ST PEFRIC AL G P RE T T A A% 25, U S (10 o R T AT AP T T A
iz (WREHKE) o« WT “'Th, EEFAEF=Y)2 “Ra, T HEE R, LIELTIRRK
PR A . R —223 R PR b B I B A AR R Bod i i A R A R (S
W, Larsen, JNucl Med 43 (5, ¥4T) : 160P (2002) ) . ZEAKPI M *"Th BEJRUKIER —223 R 7] fig
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ANEAERCKFRE FRomifd e A48, fF Muller T Int. J. Radiat. Biol. 20:233-243(1971)
W2 T B AR AT R ST 200 ' Th AR ITF 72 rh , R BLLE AL 2R I ' Th P2 A2 1 Ra
BB e aHR, Rt o RSN M, Fral @5 TE 8 Qs 2 b
B 771 ) i) R

[0051]  7E WO 04/091668 14 KHfisE , S2br b, FIE N ZE /D> 200kBa/ke [ **Ra ] jifi ] 3 7£
NZZRFH F 52 . XEHAR RIAETR AFFE A, F, MAERT LA, A Y &S, 77 7E
W67 &, Hodr AT e LBl 32 e IR T A BCE R U Th (40K T 36kBa/kg) T THHIX
Foh 52 AN 2 T 52 AN W] 452 52 1) 7 B B A B ) A R R R o AR, AR E B,
AT IXFRIE YT T 1) e A A5 A, L DR b a0 22 110 PR A T PR s A A 2 &, HL LR
e PR 21 RN 77 PRARF LASE 755 K Rl B BL A7 10 751 2 4t 02 26 AR ST

[0052] M\ *'Th 25477 A 1) *Ra ()24 B GR T O bR iE 40 S0 AE P 2 3. 3
REU U 2 A5 FH B A PR g T A R 285 5 40 » P s g P A B 4 P Ak 22 iR At Al L B B
PR Vi B DA B AE 1B AR A A 2 3. AR R B P Ra (1 77 B (R 4R E T TR A2 1R 7K
N, BA /DT HEAAY Y Z RS E YT CUE A B AN =4 15 -223 82
FIrite F (R EL ) S AL 28 S I A i B I R ) PR 35 o AEAR IR 15 0L T, AU B R R
N AR 25 5 iS5 7 A 0 —223 . PTTh R B oK AT i Rl R Y 7 A R4 1 R
€ H BB AUVN T4 7 AT 32 K EIE R, Feale B i mttfE. XNME— RGN T
300kBa/kg, & /NI 200kBa/kg I H LN T 170kBg/kg ( f5l40/NT- 130kBa/kg) - %
NASGR R R FH L AR B B v L B AL ST BT PR AR o RES 1) 5 B DL SR R ) 4%
V) ({EIX PPN OB SER R LS ) R A ARRE R IE B FE B 5

[0053] FEAKHAMIITEY, A BELZE &Y LL 18 & 400kBg/kg A=\ fLik 36 % 200kBq/
kg (%140 50 & 200kBq/kg) - BEAL%E 75 & 170kBq/kg. Ji H 100 & 130kBa/kg )4k —227 5]
. AN HE, B — 78 A A R AT AT IX L [l 3 LA A (AR E, 1 i 30 & 150K A
% 40 % 100Kg ( 1 un4F55) 540kBq £ 4000KBq HIEFE%ZE ) o BEAME 7 AL & 45 & 7 At
FH g 4% IS 54 9 72 A 1R)4% —223 78 /N T 300kBa/kg AL /N T 200kBa/ kg AT S ALk /)N
T 150kBq/kg JLFH /N T 100kBg/kg. MAh, 3XHH2 A i IX £ 50 6 e AT AT B 7~ AR B BT FE 7
) *Ra ZeifE. LIRS /KPR I%E & 78 43 B G 2 'Th &, (2% [ B — 26 *'Th K 7E Ay
BT MR TG B, FomT R B it 77 2

[0054]  7E*'Th BA WA ML TR (Fla T 7K, o2/ F3R)
B, T AR TR B 2 O Y B it 7R R SR AL S A BRI . PRI, 481 4, 150kBa/kg 1) 58
2 B ST B T11kBa/kg BIFE A B BA 5 R =M A I8 A S 4
AT JE R0 () 5 4 456 D P A 78 o 2 R R AT 3 224 3 B 591 & 1) S5 80t 7 ==

[0055]  HHF—AN *'Th & HIEARRME— A *Ra J7 7, “"Th K35 B ANGIT i6 M 5 B B
T 521 Ra 7 ELREAR 2 o 7] A5 A BT R R S AEAT AT 4 e 15 T T BT 26 1 *Ra
& .

[0056]  FE—AMLIE B SLH 7 7, Ak B RT3 ik — T VR I i L3 52 il (AR
SCHTIR ) A B () 7325, BT IR 5 i B0 4 1) BT IR S22 it FH VR T B L E IR A, Prid 4%
G AR A N TECAR (JCH AR SCHTR LS ) A gL RN &R (1
W4k -227) .
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[0057]  BRAEFCAREWAE RUE A, 750 RAR T ZH 2R E T R F RN R 252 5 2
No RERIR AR AR )R 223 B R T 40kBa/kg, 510K T 60kBa/Kgo £ — 2818
BT AR PR AR 2 Ra #4255 KT 80kBa/kg, il KT+ 100 8% 115kBq/kg.

[0058]  {F3 4 MFRAMIA I P L —227 bR G S T S dR ik A s (B AR P ) L 2
A OBE RS LA R B A 73R8 O St o 76 2R MR o 4% S gt LA
Wiy Ro@d i B A (BIng R ) @428 UGS FR bk A 8Os s WAt . fiik i, &K
B (1) 2050 B 1] RG 11V v DA T 1 18 it e

[0059]  FEA KB 7 P2 b iyl —227 W] Bl B Bk 5 e Ve TR RS T, B
BV EFEFAR HMNEE VL AT E O A% 2 B SR R A . IX A T A
R TTE R 7 — AN R St 7 58, FE LR / 259 ml A RE AL 2 22 /b — RO e iR T i
FUGR 75— P v R B AT 5

[0060]  7E—AMRFEMLIER STl T R, 2R E A& TG A/ BB SRR A DL
BARAR —223 I EBESRERITEM

[0061]  ARFEA K W, % Th A HH#E [H) 25 A 748 £ o 1) 302038 K AT 100g/mol B8 /3
g/mol (F§5l/2 100g/mol & 1 B /i g/mol) 5T, H B ARIER HE A X THIMAH 2
PREISERN 7, R/ BOGAL 2 454 A0 i 2T Th 2 BT COBE A1 800 1 40 - (A& I e FH 45 &
Y (BIAEM RS RED ) o A1 BHE A5 0BG 2 KA SE K B2 5T . DNA A RNA
FBCIEREE, L A E A, Gl R E O VR R AR 2 R e RERUR (A
1gG Al Tg ZYH0fA ) BRER 1 i B0 (0 v BR B B AR R A0 DUk DR d ik puik
Bt (flan FAB F BEBE & 20— AN PR 45 A XKEATAT Fr BE ) i Boi Ak (9 SR g 4t
) BOLRA YRR . A& BRI ELHE Fab F (ab’) s Fab” I / 8¢ scFv. i
PR AR ] AR ST 7S FAEAT AR B B

[0062]  FE—ANSEiE 5 ZEFR, B0 )35 40 vl B X T4 A 2R T A2 4R i D22 CD33. MR 3244k
MR AN/ BCARIEER S AR BN e 24 it 248 B A O PR AR 40 i 2 T 52 A4 0 e e 12k

[0063]  FE—ANEAELME T S, B H7 A B A T CD22 B CD33 Mfe etk . 7E—4~5k
Jit 77 S, B R AN B 52 Ak CD22 Ml / BIANGE B 24k CD330 AN & FT N TE AL 25 &
20T BB SZ AR AR B R AR AR R A

[0064]  7E 55 —ANSLht 7 &, Rp SR SE G0 v “ BRI, Bl B b — A5
PRS2 & X 9T H B A K T2 10kD ({5101 8kD B 5, #1411 0. 5 % 7kD) (K] 4>
FIREMIKG GV XK RS SYmT N Ean 20 22 100 N2 LR, ik 35 2 80 M
FR (FIan2) 45 22 70 NEIERR ) AR XF AT R g S aE AL
5-TkD 173 ¥ & 1 HH £ 55-60 N2 SRR AL B I SR AR 73+ o AR SCHIR S o5 A IRk & 8
XS EE AR R — AN S 7 26 . O T EREE, SR (PR A 5 R 4 150kDa, I H B4k
PR F B (scFyv) SA%) 12-15kDa.

[0065]  *'Th 15 ik G R 2% [l B o A 2 [ B % HH R ME I 2R L B LM R VB R By
FEIBHEIT 10 000g/mol M ERFHEANAMEENBITHEAMBER TAR
B

[0066]  — MR, \UTEC/R BB #E: (Il wid i &2 7355y ) A BRIy, X
KA — e g ik RIVE M (Blanay 7 80 WigtE ) &8 - @650 - ARIRrE 15
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g3 — B I 43 A L e TS A 24 A AR AL ) 3 R ) A A BT R RN o SR, AR /D B A AT
PR S ARG AA S T4 4+ B THr R & B . Bkt S, #1407 2% “"Handbook of
Targeted Delivery of Imaging Agents”, Torchilin %W, CRC Press, 1995,
[0067] X5 A ¥4 25 nbk e e J5C A (140 46 25 7 1 S A O S AT 7 LA W02011/098611 A Afi -
H AT T 724 54 HOPO f )\ ik e A 4 2 1)L 3+ AR 25 5 1
[0068]  JGRy AN EE A FIM AR R AL RRE AT, HOSE TR DERARMER
(BN FEGERS ) ERHE  IRIREL 7 SO B A b B o I e B4 77 7 <49 0. 4% DOTA 777
Wt B E SRR -1, 4, 7, 10- R+ =45 -1, 4, 7, 10- PU 48 (p—SCN-Bz—DOTA)
PA R DTPA fiTAEWtn s A e N - W 23 = /R (p-SCN-Bz-DTPA) , B & AR
E7, JaE NPT,
[0069]  ZERTCHIR 1,4, 7, 10- PRI+ 0% -1, 4, 7, 10- VU 2B IATAEY), (B FRUE J7 155
ANEER G HL R T #4555 DOTA A1) . ¥ DOTA T4 5 &8 — N #vE R L # & 7),
{HIEH = R AATERCAR I 2D — 30 (R T B AN AT i AR PR (a3 . tdb, pi 1 3%
T AN T AR (R RE T v ) 2 T, — A 0 LB G B [ 50 40 ) B L A S TS D
B XIEINT — NSO (AT LERGEER S ), HOAAIE o REHEF
PR M FE AR TG AT . RARIIEA DLIX A AL o R AR a7 LU D BT K1)
FERE b= A AR N R Y o BEAL, il S8BT AL 2R I B A I [RYR 3% 7 — 3 4, OB 7R IX A
il 5% HA N 32 AR
[0070]  fEAKBIRIFTE 71, o KEH4EER)RRCR 4 Stk R ES T EAR A & T
60°Cm#k (FlABRA ST 50 Cm#k) kA BEA R T 38CTm#HH At AR A E T
25°CIn#EIE LT TE R
[0071]  AAMEERRERN o REELRM R (Fln * Th" 51 ) 2§k &8 a5
JIRECAR 2R o AR R W PR 7= A DR A 32 o B T o o )\ 7 Ak 5 2 3 B 1) 350 2 R 4% 5 0
Foa REHEFRISIER (B0 Th BT ) KIS K.
[0072] A AR AR B EREE 4 1, H BAEA R B — AL T e, P Th A S ERE
A {0 e T I L L e B O SR A, I AR 5 BT i AR — S A
[0073]  AKHIANIMCHIE, 60557 A HOPO #5731 R R mbng i ity )\ lic ik 5 o &
S RUH RS PRI SRS E TEEEM / AR E T (Flu20Cek37CT)
FEAE . IR PP A AT P AR I HL AR TR AR R R AR U, FERCARES 2 DR 45 A
He T NG & 2 HEE W5 2 5 v R AR 4 A, TRSEBRARAE IR N U R AL 2R 2
Ja B WP BRI EH
[0074] R bRz Ah, A5 PYAS HOPO #8435 ( Horbr 22/ —> HOPO 5 7360 1 #4 Jik e ik 1 v
P ) B 3 SR I e TR ) )\ 16 A PR B 5 8 K AR ek 30— 2D 4 1 e BE 8 W ) 1 o
25 M FLARH, 728 i i TR, D6 200K B /K 1 B A a0 S i O A0 )\ T B AR VA R AR
ML 7740 DMSO B DMA H o TEZ5 6 Ja A7 0 BB 25 BT i A LI R, (NI e R R 1
AR AL 71102 DRI 1 = L e LI 3k AT B 56 4 22 Bk o 43 BT BT A6 2 RO e ) 298 2 A A 2
), A BN o A, PRI TEAZ 22 e 25 A8 IF HL28 -G W 3 R it st (] B AR
[0075] BT % ZEA WL, SRR G FIADON T5 8 B 5 2REE W) 4> 1 4 & B Pk,
1M B 5 5 5L SRR M i B AR 1) 7 4 A 5 BB, B B AR ER 1) o PR AR ER T
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HA PEG BUA Iefl B 9K R T
[0076] M1 T+ AE A JER DR M E K 1R 2 2 S BB AIR f 2 SN, ] e 75 2 PEG BB AR IR S /K Mk
K VR R L o BT PRS0 IRV AR BEVE BT () 22 7, BE5 7 -PEG ST E R B B E
AT S B PR YE . PEG BUSRALL [R] B £ 0] 70 7~ T S-S 8B 0 B8R B 2 IA] 5 ABEK
SeAKYE . SR, IXANAEZ A R 3 Ut — P s 3R 5 1, 10 285 77 B K AN 32 5200
I, BRKPEEE AT AT g 008 (R G4 ) BB W4 R T B sk i SO = Ao |k
ST R AN A BRI SN
[0077]  ZAPSRAL AR Ak S AT E N )\ 2S5 (RS AR SCHTIR ARIECES 7 ) Ehe 2
B (gt -227) o BERER 4> PTAE E CURT YRR R R 4], R B e B el 2 s R AR AR K
TR B AR A R AN R AT AR ARV R PUAE R R L A SR A K B R
I, HenT e RS0 ) L AL G RNAL DNA B H A B (B i@ ik ) S IR oK AL &4
i 0T B8 I E A AE BN AE B 0T S5 B O T 41 & ax S A T o) 2% 0 Ak &40 . mlan bSO
7~ EFE PEG 573, 91 tn LA i A= Wity B4 BsF (R AD /B PR AT A 72 TRIIAR
[0078]  fE—/NSEJti 7 Fe b, A 2 [m) #8470 v FHERR A& E Y e PR i B 4 A Bk BB AR
FrB. B, AR LLE .
[0079]  ARHIHIEL (gt —227) FRac iy AT I S8 (a5 5 AH 56 5244 1 FH 9697 9
BRI . R, TR A K P Th R E UK P T B BB LA T B
P AR, " Th ATl 5 2 F R 3 U e 7 i A TR e e B AR PR « ' Th 7EAR
A R B T iR AN 25 W 0 A R & TR T AR AR SR e, EL A5 e IR AR ok R
1 L9 R ) e e« 7L e W0 9 s I Dk e e 1 T e L T L i L B B
FE D . 85 B s R R 2 R B B AN R A 4 TRk R
[0080]  HIRAENF * Th {5 T CEAAK P9 AT %6 1 A5 M B 2 T 300, 0 BT R T80 *Ra () & AT
B /0N, DR ONE T B A9 A 27 Th T2 R *Ra Z BT, SX R U EAZ 201 BB 20 00 4« SR 1T
MRAEA KA, ' Th (B 75 BN LR RRIGTT A 20 o S IE PR 457 LK 2 Th 1% F 50
[Fi) 24 JH PR PN, D) 3[R 3R 2 2 8 0y B R TR 67 AL, S 4 3k — 20 B R e 1 4 i
T PR P AR A S S M . IR SSRRAEE N TE T *Th V697 & I R AR AR
B R A28 SE Tt 7 5%
[0081]  YEAR B 573 — ANt /7 S v, FL A SR A ORI B 1 8 mT ]l 2/ Th AT ER T
FA VR LE R P9 7= 2E 1K) *2Ra SRIBTT o« ZEIX AR A I 75 T, 38 3ok #8 [ 15 s , %o T iR 7
HUEIANETT I8 AT 32 AR B BE R M R0 P Ra. fEIXFHIRYT ik, ' Th il B &
2B [ SRR PR/ B RS M AL S 1T R TR T IR R AN / SRS T R A 4 9 HL b ¥ Th
FEARPELE I P Ra Wl TR T A — 523 TP MR S B B9 o X BB B 7 TT R PR R R M
A SV e AR ) B RS, B RO R AR SUR T R AP  RE I I B SR R PR .
IR, AU B AT RE TG OC (9 e S8 AT RG220 1) S 2 TR B MG I T 1 B R
i) o
[0082]  FEPITA J7 I, A4S K W) — > B 7 T A2 A FH J\ A Be A, R i) 9 2 D9 4> HOPO #B4>
)25 4 L AL E R 1) )\ A AR o I B e Al R B B 2 D DU S B ], & E S i B
AR EAR L BE g4 (1) -
[0083]
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R, N Re
R Rs
R4 I

[0084]  H.At ROWAEIER N HURIEIGIE L], HAAAE T DU T 3 i 2 — A 3
AT 2.3 BiAHE 4 ANMXEEER o Ry R AT ANAAAE 5038 RT3 H OH R 2L b 35047
A R IR B L L 22D — > OF JE [, (H iR A — AN DL B o A L = AN ER
PN OH S [ FEFRIEGEIEER 7 b, — AN A OH ZERLE IR R

[0085]  HOPO #343 (45552 3, 2-HOPO F1 2, 3-HOPO) (IRt IEFRIA b 1A 21 T 51 ASE/K It
BURE A S IE 5 3 0 05, o HE B, SRR 0 T 5 8 E A st e dtm
SFEA TR R AN Jeil CRoR, B TR AN B B A H R 0w g R A 1 2 A RS T
BEEHET . BMNEEFEAENMIIARGEREL, BFERE O SN, N
H L B2 3L 2 R RO N AL = A SE A TN T 2K R B A5 T SO RIZ A2y 7 R — A
KA

[0086]  WIASSCHTH, BT K82k 0 o s e 5 R 28, 01 C1 22 C8 Sk, B4 C1 & C8
Pk I BE BRI . AH RLH, e 3R O O B B SO RE C1 2 C8 ek an L L 0 | TE P FEER
SENZEIE T 3 T AR T A,

[0087]  FEWRIENT R & FIEHE B A &8 2 e BB R IR 7 10— A AN BCE 2 A4 R 2
BB B S e 3 (Bt B s e ) o —SeAR R Ak (R I b I 0 AR FR FE H O R
L FRBLIEN R R R NIE, R EENEE (Bl 1, 2- IR 2, 3- Rk
BC 13- SRR ) RIEIE T CREIE T R =R T A, b R o R ik
() o £ —ANiti )y 2, )\ IRECAR ) 4 4> HOPO #5743 % KA & 72 A7 B R A FR LB 2L (51
W 23 ) o 755 — A7 =9, B TUAS HOPO 870460 & A R i F2 2 e 2 (5 an
A 44~ HOPO J: PR AE N AL g Fe 5k 2 JE BB BT 4 /™ HOPO & AP # 4 — S R N 3R HUAR) o
[0088]  FE—ANAEFARIERISLHE T S, AT A 4 A~ HOPO ZEHDK Ak H 3, 2HOPO 1 2, 3HOPO
S HAH R HOPO 2o 7E 55— M EEFMIERM STty £ (KT Saridd 4 ) +, irf
4 A~ HOPO LB AE N A7 gtk R L L Fo 0k 2 0L PR L T 3 R T 3 i B N A1 —
FRIE T R MM FR SRR S AR . FEIX AN FIER A, R0k 2 0 PR IR PN B A R SR P B2 s i
[

[o089]  7EX I vf, JEH R, % R (AI &% H ST B H. OH. = 0583 (A ik ) JiE
By CWARSCRTIA ) A/ SUBIBGE 7 (WASCRTIA ) o —Bokid, 227 R,Z R AN E
DA A Ol — R UE, FEF R, E R FFHIE D — K = 0. — Bk, B R, ERF
IZE D> — AN NERE TS (AT ) o FEB RE R FFIRIERE — N A= 0. FEH
R, R HPALIE R — NN OHe L[ R, E R Rk R A NIERE T3 (AT
@A) o HARFEHE R,E R AR A ST R PSR4, (EARIE N Ho 7RI T3 7 Bk
BIER A AT H e AR B S L A B S R 4 i, FE A R 2 R (i —
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AL AEERER 7 (A SR )

[0090]  7E—AMLESLHE T =0, F B R, R —AN 8 OH 3F H R, & R — M
=0, 3 H OH fl= 0 JE G AEARFIAHAR R T Lo R, 78— ANk RS2 77 28 7, O Ail=
0 AI 3 IfE SR ¥ 2, 3 53, 2 53, 4 5804, 3 | (WP TUAME I hdw 5 ) . BA 2D —ANEAEHE
O3\ A AR H AR 1K), Horp O Rl = 0 FEB 0 BIAEE TALE 3 FIALE 2. J\IGEC AR AT
A 2.3 80 A MNX P A FER], Horp 2 8% 4 MR R AR R ik i . N BRI 3, 2-HOPO
Ay AR E LA E ) A ECAR R BT DUAN 455350 57

[0091] & &M A3 40 AT It AU ORI 7 VR A, BLFE US 5, 624, 901 (451 i1 szt
i 1 A1 2) H1W02008/063721 ( #LAGI I 77 FFEAARSCH ) ik 77 .

[0092]  fNASCAT A, RiE“ERT#07 (R IR R) H TR TS/ UAE AR
2D B B A 5 SR, AR AR B (1) 2 AN J7 T Y O BE L 53 » 18, NG 2L 1A
(g bzl TR/ BT 32 TT RS ) K Xy 5 BRI e DY AN B o 2 ] (g sb—
MNEAND) WEBAAAE TR . X B S PEBT HE 8 o mt b4 . Fik,
FE—ANCL BT A/ B 1T 8GR 2 Al ] e -4y (B~ SR R) « T
AT 782 )\ UG BC AR 5 B0 ) 350 2 I 28 6 e 2 R &z i TERX P LT, 20— A%
BT BEe 2 MG R) - SEMIEE T B EEE, fl C1 & Cl12 BH, £
15 C1 2 C12 Bedik L oIt , AR TG IR IN S M B F L L 238 P36 T 36 R f / B2
5,

[0093] R FHAIE NS AT AT H B IE SRR E B 2R B, SIS B R/ B %
Bl BEWAES TS R T A% (WRARAE—N BA AR, T 3d it 55 4 R B AR TH 380
— R A BRI, LR DUIE T 48 5 90T R A BEOR BRI 28550 7 o [RIIG, JE 32130 70 il s
b P AR B A3 Z MR AT 16 AR, (R e B A3 2 et 1 & 12 4
JRFIF HBERIE 1 210 MET. ST 0 BN BN, S8 7 KW
BN R 2AJET RIE 2 2 10N ET (Flns s N IETRSE) . miEg Tt
HRPOEER (SR 3C) B, WA &8 7T R, A AN e T A B A

o FERXFFN T, 1 E S AMNET, ik 1 & 6 MNETHERE FREF NIER (H3k, 23
FPR I A IE 1, T A0 E — ity 5509 i L A T T S et )X A At A ke )

[0094]  BR T T B TR\ 5 LA S P A B A OB R R/ BI0% B A VR 1 %
P8y 2 b, VAT Lk — 0 & “BIBEE 7 (R » AREES 7 DI RE 2 ) i A
AR X @ A R (W i R R R A WA R/ BUAE)
REM (FEHEME)) RSLHL. 0 ST R 735050 ] REROAR I 43 AR IBEHT
PNl I AN e B — AN A B A B T O 2 e TR B AR 1T
TR R AT . NAT R AN B 2 MBI 4), % B P R 2 A0 AT T AR T
BB A B b AT AR AT R A A

[0095]  FE— NSt 7 &, BB T B UL 454 -

[0096]
é—&—x

[0097]  Horf RONMFIRHR 73, H ORIk E BRI R e 22 1 U BIOR U ) 2%
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Jot 2 5 EA R B A A B P 2% A Jo i e DA Bl AR e BOUA R ) 77 32 DA R g B B A HAR 4
HRIFEERI N I B X AR A B N B RE AT VL ARG o B A SR R N A idE
(PR -0 73 P BT A I e (] o A0 3 P B0 1 550 2 B 6 AR ST I IR 1) B A 8 A 88 1 350 93 5 ELAE
3% [ S S X A R0 HE B8 -5 B ) 350 0 B R S X A AT R 141, B9 45451 4 COOH., OH. SH.NHR
A1 COH 2 [, Hor NHR 1 R oA H BUAR ST PTG 2 . T8 2 ¥ w64y Lk
w0 ) B R FE R Z BRRE H e — A IR R I B i ] . A 18 B S B X 2 ]
(R BR i 4 S B G N— SR SR R HA 0k S s IR S0 & I  IOE 2 o1 o N— HoRBE W% . o« — Ki2E 24
LA S A F R e, Horb 5 =R IE T Shm mE 2 B s M

[0098]  PLEIEHAREBLES 7, UMES TS E R\ IL A e 2 e M SR B 46
YIEITE e ARIERER 7 PR MR D e 7E A 238 T 285 & B AL AL 1 42 280 1 1 AR BB &
G5 e IXFROL RGN AE R 7 BRI, SO AE 7 B 45 A R AR SR T A7 B AL

[0099]  PLEMEE A FEAEFELL T 1T FRLL .

[0100]
TN

Yy

| o
RL}V\\i I

[0101]  7E B3 TT o, = 037 3R/ % 452 2 M g B IR ] e PR ) 56, —OH 7 i 2 22 Mt e 34
FRE T Bk () 2 350 4, FF HL R RN F2 R 350 70 e 12 22 L B 48 638 o LA AN )\
WA R 18050 o A ST AT 18070 & AR B4R LR BRI R, PR J A 2
Bl C1 28 C8 J& 4k, A4 C1 28 C8 e bk M Bk Blbdit , E045 BT #h A S5 M 1) F O | 2 (TR
TEERIEEM /BT . R ATEERERE RS BT AR S 2 TT BO3E . R FERIIR G SOR] B
BB —ANEEWS —MEE T AR/ 8o 5 B ] B PR B e AR (A
SCHTR ) o VERET A B PRI AR 43 22 0 126 5% DATE BG4 1)\ DA AR

[0102]  7E— /MR SLHE T S, 20 1T 1 —OH A= 0 #5 Ab 75 L me FR AR AR B+ 1=, LA
i3 2, 3-.3, 2.4, 3- F 3, 4 FRFEMLwE B AT AE DAL AR A .

[0103]  #4r RAGTEMERE IR IS Lo TE—83C 1T JEH R T REAAFIE R H R o HAPTE U5
BCAR AR AE— A LA EANE R 1T M. SR, 5 — )\ A v 1) 22 /b — A RJEEHTR S
SN FZE 958

[0104]  TE—AMRIERISLHE T R, 20— 3, 2- FRFEMLIE B /A7 75 T ) A A R 25 44
H o IR AT AT AR SO 1) & R AL 23 AR

[0105]  Hh T4 —2X T HIEE 4 BA WA AT e 2 & 1%, DM AR R B 1 — > St 7 SR 443t
R 2 Rk 3A I B ik 4 MR 1T 4 1)\ ik . B— 11
RIS 23 o] B A S B X B —AMRIE I St 77 G2 v, /b —Na 72 3, 2- FR AR
WE B2 o BRI HE 2.3 B 4 A 3, 2- SR mEne AR 4> (3& Mg B, tnASC AR ) .
[0106]  J\iAECAR A — 20 T B TT B350 ATl a0 A SC ATt 18 0 H 2 AT 4R 40 45

HO
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Py AR I8 i 5 T AL B A B BOAR I F AR BB 4o Blan, =0 T i DYASJE AT vl ad i HaE 42 1
R G 2 5 DO 2 RO AR , B0 T @ I 2 1 IR AT B CAR R “ FE R 7 B Sy, K
AL R BRI . B3, ST A/ B0 TT S AAES 4r T % Had i &1 (Flan “R.7
) D BRI MBS 2RO R R A EE T R HB4 mTAGE i i pa
B, B A AR AT A B e A (EdE i Ik R TR DA B A ) R RE, i
B e A A I 8 R R BOL B ISR T

[0107] “ER"MERT N 111 H .

[0108]

a
| o
/ \ o
Ry—— ) R

R
OH o

7
{

L

Rn 111
[0109]  Horp Ay 2k AL BN B SCRR - I8 H “T7 3 4D rple Ji 7 BB S (41, 451] e
JE 7 e (BIIARRT ESCRIR R ARLE ) IRIREOT RIS (BAERIN) Bt RS mdEA

FRIRRAR B A B — ik, AR Je b i e B I E B B K A . BB a0 2, 5N 2 ]
FERTAT, F AR PN B G0 o T 32 AR R — i o AR, A )3 A AR ] () B vl F T3 5 B AR
SRy, TR BB BEE | I Ik % L R B Tk B
[o110] AR, 7E3X TI. IIT. IV A IVb By gt , 3& i, R DA & 7 e B (4o an gt
TR BB IER o BUAR ) pmEme IR ) e B s A AR T AT RU& R TR AR .
5 R, /N S U I i B L 2 B B R AT AR AE AR B
01111 A HECHA— R 75 AN 2D — A0 B SCRTIR AR IRER 4 o 3% AT AT AT A& 1 25
K4 B FEA ST AT 7 19 0 e A (R AT AR] —Folr, I ELA DUBE ) 350 40 R e M 5 S R R 8 1B B2 B X
Tl i) 350 20 Bl R S M 45 S D ) Y e A o
[0112]  ABIBEHS 43 v 4 4 20 2 1 AR B &30 29 AR ART 53 i, BN /2 an =X 11T AR B
AN R @) b) AT/ B ) Ao ARIHR A 3% 4 v ad Ik AT ] 3 2 e A PR, A9 Ak Tk B T
b 2 A B Tk X, A B . B, BEAE S5 0 [ 8 40 PR A AT ok S Y i (413 T (R BB 4
B e AR v ELFIT I 35 43 224 32 2 B0 [ 50 40 s o DA Ik 6 [ 36 o
[0113]  FERNEAR, “F4E” MM R TLUR TV A
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[0114]

(01151 FHrp AT JE IR BAR U B SCHroR It B “Ry” 34 1B 3, Hal Hor HA 240
ZERE I Y TARAT A SC s B -8 70 JF ELDK A 1% TE Fe VRING, 4% 73870 HOAE AT 58 X
WG T B . AIER ZEEE R CE 8, HR B T HOE R TR R A
MW A B Ry o 8RR T LM R = A, B IR EREROAME, WK
DA o AR DIEG (18 8 P 0 B 8 AR e — g B A g AT 2% i1 B RE R 0 IR AR i (491
ARSCFTR HIARLE ) o FEIX 5 T, G AN 2k AT R ) i 1 o
[0116]  fHIBCET 0 W IERE BEE T EREBUE & 0 BRI &3 s B e i IV R
FIria) b)) A/ B c™) Abo AR 7 (R34 12 MT RE RS 3 A ] i =2 A I 1 i 091 G e o
P TBE e M L BRI B AR . SR AL, RE NS 5 BT 1A P 0 TR RUAE T X B ) i [ 3 T A B
F8 73 PR B e AR S LI 81 70 24 4 2 2 6 1) 40 o P DI S i [ 3 o
[0117]  EIEBERGE R TR BLER E B HEMAA A 3, 2-H0P0 B & #0 (FHEA 1
Fadk CHEIETEILN] ) [« 8 A R R SEPIR 2 A R IV
[0118]

HN/\/\N/\/\N/\/\NH

BB

HO HO HO

(01191 WK, HEd T H M R FIAEIX A 701 L HAT AT & 1 s AN, 9] An e — A il s Ak B
DMEAT T8 B2 SO BRI BT/ e 2 n 32 B 0 Y 2 B n BOPQAIE 233 v] )
B /INR I 5 o AT 4] AR ST I B AR 48 (R A I PR LT 2 L T Y AT T S R AR B
1) B

[0120] & B BHA 7 pll i LS WL 1 2= R AP R —E YA 3, 2-HOPO 28 & ¥ 7
IR GIE “AERR AL ” A AR 2 an AR 30 VT
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[0121]
HO OH
(0] j [ e}
HO N N OH
\ Y XN ]

o o)
HN NH
NTN-N
HN “NH
o 0
' 7
HO N N OH
(0] J [ e}

HO OH

VI

[0122] AR, 7E3 VI t BRI L FEFR 73 HAE ] U Are ik W] /0N R AT A e ST FH
V. P 5 BT 1E T AT 3 AR e DEEAE 731 P DR B — S8 ARk I LR A5 o S 2L JE T
W P FEEAR, T e 0 AR B 5 HOPO 3B 53 42 22— AN B A HH O U (1) 79 A T
LFHETHO P L BT Y2 B . SRABIE, AAS ST 18, N PGS [ mT e B A A SO e e ist
W e Fe ik e 5L B .
[0123] 1 b5 ffro, J\ A BE A4 G 5 R A48 T A ] w422 5 2 T A 1) JFL A 0 20 0 1 JEK 4
7o ERTERTIERR AR T LR VI A

[0124]

HE VI
[0125]  Ho ROBALAMEIEERSS o, Fr ol T 2 A 4 m 2L 4], 7EvE P A W%
R R R IR A C1 32 C8 IVIR L S BN B Bk 75 e B NG e 22 (A R 18 A /R Nl VI AN A
AR R,
[0126]  SonidE FH T HEC AR AL s B H 0L A )\ A BC AR B G AR 28 VIT A0 VITT #938
=g
[0127]
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R
0] E 0
Z | N/\/N N\/\N | A
H \ H
N N
O un_o ownn M
(0] (@]
HO
OH NS ol OH
(0] N N (@]
HOJ) kkOH VII
R

07N N"So
HO K[OH
HO OH VIII

[0128]  Hrp#EU VIT A VITT A, Ry AT AU AS STl (AR An] G o ) 3 4 1 2k [ B0 s B A 38
43 o R NI B AR 5 8 e 38 40 (A 2 2 i 5 L DRV AT ART 5368 1) e B2 41 25 (A1 P DA L 4 B
i 5 —ANERE T A T X s, B VIT A VITT Ao T R SR 3845 604 NH
FINCS H: [

[0129] RISt T7 52, LLE BE AL 7 o i A8 IG5 40 B 7~ 91 1R A & 4 A2 DA T B &6 4
IX (B 7 R JH s A1 4 I 2 AR P A A S s AR AT FL B R ZEATHAR ) -

[0130]

O OH
OH O HN)%(O
oﬁ{j)kNH H SN
J/N 7 H N™NH OH OH
HO” OH O J/N 0PN
Oﬁ{j)LN X NI
J/N s " OH
NH,

HO IX

[0131]  AL&H IX BE Rl T+ LR JF HI8AE T 51 & s 2k -
[0132]
22
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b I Sl N .Cl
NH, ® o ]/
—» N ——— 3w HN" ¢ —» O N
OBn 1 2 3
OBn OBn Bn

BnO N Cl
By 9
g -
| PN o N O” °N
O” °N

6 Y
7 H sk Bn OBn
OBn

s H
O
an fo) H / OBn O HN =
S

I T

\/\NH OBn OBn j H ~"NH OB 0OBn
N
BnO 0Bn O BnO” OBn O J/ o%\éfo
oﬁ{j)LN § N\L
H
N
j 7 OBn

BnO 10 N

| |

= O
OH O HN OH O HN Z

ooy pea gy k&l

il 5 j Ne~nH 0
g Y Y o g M A
T‘)\j)ku IOH UL x N\L
HOJ/ 12 \es J/ 1 NH, e

HO'

[0133] A 3CHE S i BT A SCHERRE it BL 51 B 07 209F N, B34 Gordon AEV 4%, Rational
design of sequestering agents for plutonium and other actinides. Chemn.
Rev. 2003, 103, 4207-4282 ;PCT & F| H i WO 2008/063721 A2 Al T.N.Lambert
2 Tetrahedron Letters 43(2002)7379-7383,
[0134]  FEAKWIHIZE SV HIIE BT VE S, DL AE AR BEAT SRS X B E TR B
o, FLH R 1 & 7 2 BR BT T R 28 AT 32 7K1 B SRR ik 25 B F48 o Lok, Hb
SR H. 5 B B 1) FL I a8 S 70 1 B2 B D R I s AR 7 o AE A W TBO P 25 D RO T
R R AT A PR S HEAT S B PR D9 TS (RS B R AT AT I i 3 AR I HL A1 % i A
PRI ER 2 A WHMERY RSN TS5 T AL R
[01358]  FE— NSty S, FIradk 77 VA3 1 il 5 42 R ML g i 1 ) \ A7 B A (ﬁui%/\zliiﬁlj
FIEi ) B3 — 7KV ORI ZH 280 ) 3 4y (BN AR TR ) 158 /KO B Tk
IS BTl 28 — 7K IS el
[0136]  FE—AMMHIRSEH T S, R EASEAEARAT A HLIE RO T #EAT A K BB
JRJT % AERXMIEE T, I G HLER R AR =R BOR A =0 T oA H A aE 2
D= AR IR RIR o IR B LA TR o 00 5 ke I IR Wi S e AT/ B par AR 20 O
23
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HIX BT IR AE A SR e K AT 1 &% (10 0.0001 & 1 HE% ) Wi
WAKER 0. 5 B % I HR IR 0. 2 HE % M EFE. N T REGEER, RiE“AHHLE
PSR 5 AR SCHR S (B [l 3 4 AR o SE L LA 57 A ATLER & Fn JFL 36 mT DR ACEE = 1
WRPEATAE LA 7E /K PRI A AR ) pH 207 . FEAFAERT, X Bl HoK o AN IS 10 &% (1
U10.001 2 10 % ) LA 5 B % EAREAE 1 e % PR E. — Xtk
G DAE IR BRI T FR AR A HLR e AR HLIE

[0137] A& B IEES 2 76 L SCVE gl e BASCIE BB / BUERE BT e i pr i
F A FNER 23 AT 3 224 T A ) 50 0 AR I AR A o — SR 30 PR IS (A B T e I Tk R fi
IIE ] B BT MR IR AR B A I8 5 SR BB A Ji o SX PR R mT A7 AE TR 1158 40 I
IR 4 AN/ BRECAA T 43 b I 0w 5 i el b S N, DA B B i o X 8 77 7 2 A4
3R A% T B 0 4 3 AT R A IR s AL GRS N- SRR SR S B Ak P R
/ BB R R e ALl 77 1 DCC. DIC. DEAD. DTAD 4.

Rt ] 152 AR

[0138]1 P& 1 il AGCOT15 ( 30 ) , 43l W s RZE A 1 mAb LA K 5 1 8% 2 NS FIZA )
mAb 504 PG / BifkELE (CAR) N2 0. 3.

[0139] & 2A-B. 7£ CD33 PHM: HL-60 4 fg I3 i 3 =40 i AR 43 HT /Y AGCO700 1 AGCOT715
454G . ML EPTAN FeAlexad88 486 B —PiRA M PiAE, I H 2639 R A (MFI)
X—HBEE (ng/ml) PIMZE. K AC0103 (##2&VT (Herceptin)) FVEFIF YA HEY . Kt
ARG/ Piik (CAR) LR AGCOT15 5 ARZE A 1 AGCT00 (A) HEAT LL#s . 7EXTRESLLG
H, % AGCT00 522 /N BTN CD33 Hifk (B) VRS 50:50 IREW).

[0140] ] 3 :AGCO715-Th—-227 (&0 1IEJ7 K ) MTAGCOT03-Th—-227 (L aEJT I ) LA
of FeE T 22 Bk BB —AC0015-Th—-227 ( =K ) R4k,

[0141] B 4AFIB : 5 Th-227 Hric f) AGCO015 £8 4 ) CD33 454 mAb AGCO715 (SZ.0EH ) <
Th-227 FRic i AGCO015 £5-A (R0 e mAb #h 222k BT (SO IETT R ) g st (SLOER)
IR B 1 HL-60 R4 i . X R0 mAb #F Th—227 bric A0 [E 4 S v s e, 9F B A 3nM(A)
8% 0. 3nM(B) .

[0142] & 5 :*'Th-AGCO715 7E4 HL-60 88 A4/ A A0 A o Bl BoRTESE 7 K
p. i. BE Rl (234+10.7% 1D/g) -

[0143]  [&] 6 :AGC1115 7£ 280nm (A) #1 335nm (B) T I¥) SEC-UV (o3 &l ~FIE &7 / Hifk
EL# (CAR) M%) 0.9,

[0144] & 7 Sl AR AAE CD22 FHE Raji 40 40 #1 ) AGC1100 Al AGC1115 F4:
Ho MH/NBRPIN IgG Fe. PE &AW = Higb AT Rnill, I H ez f| P %Ot (MFI) X —4t
R A BE (nM) 2R o 4 il 22 Bk S T R A [R) M B0 YD

[0145] |8 :5 Th-227 FRic iy AGCO015 £¥-A 1) C22 454 mAb AGC1115 (5L [ ) \Th-227
FRICHT AGCO015 £8-A IR0 e mAb #h 222k Byt (SLOIETIE ) BidEsRAE (L0 ) mEW
Ramos 4], IXMF mAb #H] Th-227 drid EAHFRS R WG (44kBa/ 1 g) , JF H.LL 3nM(A)
.

[0146] P9 S f5) 18 FF=4) 15 f) HPLC 4341 #CURWIR 11 1F 6. 041 440t BorR, Fr s
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BERZ =4 15 78 7. 616 23 Bt s It B Bk gl = 7E 8. 167 /3-8 IR .

[0147] P& 10 :FPLC-SEC, AGC0203 ( I 10A) A1 AGC0215 ( I 10B) M el . 7E 280nm W5l
WGRE o W TR 73 51 0 5E 2 166mAU*mL A1 409mAU*mL .

[0148] & 11 33 R ~FHERH itk 20 B i1 AGC0200,AGC0203 AT AGC0215 ) 3 B 4K (1 718
T B ZARE FES S IEEE i . A MG FIAEZ) 335nm AL, B 15 7E 2 280nm
AR TR -

[0149] P 12 :AGC0200 (12A)  AGC0203 (12B) A1 AGC0215 (12C) HIHl A MS i

[0150] BRI LA T 3P B i 44 ST 451 >R i B AR B o A8 St 91 o s 490 6 A A B 0 ) il
AR AR St 7 & CRLFE LI ) R I R AT A4 ) I LR 5 7o VR I 78 AT fe] 77 TH AT S
HAE B DM AT AT o BRIk, 840, BN BL A BT A B SE A9 2 454 2 &8 4. SEitidsl 3
LA 10 FISTitf] 4 B4k &9 7 K RIS Rl SRR L St 77 6

(01511 FESZHEfs) H, 52 22 FI AR IR Rk 2 &4 -

[0152]  AG0003- LLEZHLA (" 3C45t 13)

[0153]  AGOO15— A< B ) vy v i M I A4k

[0154]  AGO700- WI7ESELjEfs] 5 A = AE BT CD33 Hifk

[0155]  AGO715- 4% & & miin R PERL & (12) 1) AGO700

[0156]  AGC1100— GnfESZHEfs] (13) HE =44t DC22 Hifk

[0157]  AGC1115- &&A 2 minfiEtEBiofs (12) 1) AGC1100

[0158]  SEjfafs] 1- 44l —227 (14> B

[0159] MM —227 Y570 B &t —227. 4 —227 J2i@id LA 7 X774k 45 -226 (3 F4E
MR, AR 227 AR (t1/2 = 42.2m) N —227, @B & 120 B By /e 8M HNO, VA
o M —227 ZEARIR Sk PRI B AL —227. S TOmg ) AG® 1-X8 #JIE (200-400
H, iR 1 2mm 842 HAKE N 30mm (94T . 7EHT -227 45 -223 A7k & FE e it
Ja, L 12M HCL A3 EUEL 227

[0160]  FF&F %L 227 PR 2K 2T B BRI UGS EAE 0. 01IM HC1 1.
[o161]  SEhfifs] 2- LAY IX B K

01621 PR 1

[0163]

NH,
—_— HN
OBn 1
OBn
[0164] 4 2- FHEIFE LN (31g,207mmol) AL FEME (16mL, 70 % /KIEW, 207Tmmol) ¥4 fiR{E
300mL EtOH( 4ax} ) H3f HIENR 4 /Nifo IR E3E K. 1) (24. Tg, 130mmol) A%
BB AR R S AT R — DR
[0165]  'H-NMR (CDC1,, 400MHz) : 2. 92 (m, 2H), 3. 58-3. 62 (m, 4H), 4. 51 (s, 2H), 7. 25-7. 37 (m
, 5H) .
[0166] DR 2
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[0167]

B

HN ———»  HN7 ¢

" S

OBn OBn
[0168] K 1(24.7g, 130mmol) ¥AMELETC/K LBk, {8 HCL (<) Sl id M ErEE 30 4
b S IETTEY RS T8, BRI =) (27, 8g, 122. 6mmol) o AR =M ARG itk — B4k,
B ATRD AR BT T — B RR
[0169] % 3
[0170]

H,N™ ¢l

N
J' CIIN]/CI
e B 07N
—
2 3

OBn OBn

[0171]  FE=IE T 2(27. 8g, 122. 6mmol) WARLE 230mL SR . fEZ IR T4 30 2081 N
VEAARAE 100mL SR B MRS (45mL, 530mmol) o 7E 28 I6 FHidE I SVR-&4) 45 /N, @it
N 100mL 7K /Ot FR 1k OB o 43 B 5 AH, H HLA 3%100mL DCM 2B KAH o G HLAH & FF I+
FH 100mL #h KBk - A WAL NayS0, 1158, it Y FF HIg s bR 2245 K« @it 1 b i vk
7E S10, FAFF 7 MeOH (0-2% ) 1) DCM # B 4l AL KH 7= 40, 45 2 BT 75 724 (21. 2g, 70. 8mmol) -
[0172]  'H-NMR(CDC1,, 400MHz) : 3. 71-3. 76 (m, 2H), 4. 06—4. 12 (m, 2H) , 4. 47 (s, 2H), 7. 217~
7.22(m, 2H), 7. 26-7. 36 (m, 4H)

[0173]  MS(EST IEEFH , m/z,) :321. 0

(01741 P4

[0175]

Cl N Cl BnO N Cl
Xy LT
O N - O N
3 4
OBn OBn
[0176]  7£ 0°C T¥E AN (60% 435k, 3. 60g, 90mmol) 7E 50mL THF ¥kt HZ 10 4
BIRIN-REE (8. 3mL, 80mmol) o 7E O°C NHHE S SIREY) 30 734, B 578 0°C T i A Al (£
100mL.  THF ) 3(21. 2g, 70. 8mmol) » 7E = iR N ¥ [ MRS Y7E B HHiHEE% . W&
50mL HC1 (1) —WEKE (4M) , S8 5 7E L s SR G4 . I\ 500mL DCM, #2345 M 200mL
Ko 43 B & AHFH H A 200mL DOM Z2HUKAH . FA WA G - 100mL Shokdeik. AHHE
Na,SO, -5, it eI IR R 2E R . 1E Si0, AT 2 MeOH (0-6% ) f) DCM K & 34T+
A MOE B, 15 B P =4 (25. 6g,69mmol) .

[0177]  'H-NMR (CDC1,, 300MHz) : 3. 69-3. 75 (m, 2H), 4. 01-4. 07 (m, 2H), 4. 46 (s, 2H), 5. 37 (s
, 2H),6.97 (s, 1H), 7. 19-7. 39 (m, 8H), 7. 44-7. 51 (m, 2H)
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[0178]  MS(EST IEEFHixl, m/z) :371. 1, 763. 2
01791 B#E 5
[0180]
O O\/

BnO._N._Cl
l ]/ BnO._/
O N S
4

|
\ O0” "N
OBn 5 \

OBn
[0181]  7E 140°C Fhn#4 4 (25. 6g,69mmol) FIPJIREL Z. M8 (41mL, 0. 4mol) £F4ZE 5 /Nf. ¥
SN G E 2 F IR I HIE I AR Si0, B kAT T =0 e vk aifb e SR A9 R &
MeOH (0-10% ) FJ DCM Bf 2, 15 B 2 B 75 4- FAik S 5 SRR 40 5 TR A& )
&= . XMIBEY) (28. 6g, %) 65mmol) ANEHE—Haifb Bl EiH TN — 58,

[0182] PIE6
[0183]
OO~ OgOH
BnO% BnO%
07N | > l
5 \ 6 \
OBn OBn
[0184]  7E O°C R unscai bR b T R15 0 5 (28. 6g, £ 65mmol) ¥ f#AE 300mL THF H1, il
A 100mL KOH (1M, 7K¥&W ) » I HAE = N HiHE SR A4 40 /NS o i\ HCL (IM, 7KW )
B % pHAE N2 2(125mL) I HH 3%250mL CHC12EHU/KAH. HAHUAES I3 100mL 2hK
Bk, eIt HAE B BR 24 KA A3t (25. 9g, £ 65mmol) AL it — B 4lib sl 7 A
BIEEH T P&+,
[0185] DR 7

[0186]
S

OsOH Y-S
o) N\)
BnO
=
' fﬁ
—>
0% >N |
, H 07 >N
OBn 7 \
OBn
(01871 ¥ U /i 0 Bk H BT 3845 1Y 6 (25. 9g, £ 64mmol) 3 73 ¥ i 7£ 400mL. DCM H. il
N 2— WE M Bk —2— B EE (8. 94g, 75mmol) FI DMAP (0. 86g, Tmmol) , % % fil A\ DCC(15. 48g,
75mmol) » FEZEIR FHH R MNIESYE K. @it Celite Bk x MRS I H A 100mL
DCM e Celite ., HEEFTHFREHERY). BT R PRE O EE S10, FAR AT &
DCM (50-100% ) [ B et B A5 THE (0-15% ) ) DOM 86 FE 4lifb P2 iR &40 o 3 2408 0 18
27
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B RN 15 2 PRI RR A . B R e ik LA S10, B A# A Et0Ac (25-75% ) FIER
Ptk FE AL X PRSP IR G . W18 A8 R B2 4, 15 B IR G . &a, e
BT =, 75 RP18 A A ik b3 FH # MeCN (25-75% ) (/K Fo A P J et - Qe el €2 it v 4l
=g &Y. XRB =Y (8. 65g, 18mmol)

[0188]  'H-NMR(CDCl., 300MHz) :2. 90 (t, J = 7. 3Hz, 2H), 3. 77-3. 84 (m, 2H) , 4. 18-4. 23 (m,
2H),4.35(t, J = 7.3Hz, 2H), 4. 51 (s, 2H), 5. 33 (s, 2H), 6. 11 (d, 7. OHz, 1H), 7. 21-7. 48 (m, 1
1H)

[0189]  MS(EST 1E&FHE , m/z) :503. 1

[0190]1 DR 8

[0191]
O OBn
NH, [e)
S},s l\t NH OBn O HN Z
~"NH
2 O N
O N IJEJ ﬁ{j)k’““ coS
’ N N
BnO Yo, 8 /J’ & kj ~">NH OBn“OBn
= - > N o)
o N | BnO”~ OBn O /J/ 07N
e}
7 X K N
N~ H
OBn j OBn
9 NO;

BnO

[0192] ¥ 7(5.77g,12mmol) #1 8(1.44g,2. 4mmol) #B 4 ¥& fi#t 7E 40mL DMPU . Vi Jn
DBU (2. TmL, 18mmo1l) » 7 =i FHEPE SN 4 K o il T B i yA7E Si0, bA# A & DCM
FT MeOH 1] EtOAc Bf 4L, 19 2B =4 (3. 93g,2. 15mmol)

[0193]  'H-NMR (CDC1,, 400MHz) :2. 20-2. 32 (m, 10H), 2. 44-2. 50 (m, 2H), 3. 05-3. 20 (m
, 10H), 3. 23-3. 27 (m, 1H), 3. 69-3. 77 (m, 8H), 4. 06—4. 15 (m, 8H), 4. 43 (s, 8H), 5. 24 (s,
8H), 6.62(d, J = 7. 2Hz, 4H), 7. 13(d, J = 7. 2Hz, 4H), 7. 16-7. 38 (m, 42H) , 7. 82-7. 93 (m, 6H)
[0194] IR 9

[0195]
O  OBn O  OBn
OBn O HNJ\éfO OBn O HN%O
Oﬁ{j)‘\NH H N Oﬁ)LNH H XN N\L
J/N Z H N ~NH oBmOBn J/N # H N ~NH oBmoBn
BnO” OBn O J/N 0PN Bno” OBn O J/N R
WP . N Oﬁé)k"‘ -
N~ L I N~ u \L
j OBn j OBn
BnO 9 N0z BnO 10 NH;

[0196]  TE=IE K 9(3.93g,2. 15mmol) ¥ AEFE 300mL EtOH H. JIA 60mL 7K, B2 A
NH,C1 (5. 94g,32. 3mmol) o 5§ [ BiVR &P A 60°C, S8 J5 In N8k (1. 80g,32. 3mmol) »
1E 60°C FHLHE IR 1 /N o W I TR A 074 H) 22 % 5 BN 400mL DCM A1 100mL
Ko i8R NIREYD, 3 HLF 100mL /KA1 100mL 3 /KPR . KA S IE I 3%100mL
DCM R ZEHL . A WLAH A, 48 NaySO, I8, ik 98 FF HLsl & B 248 2. d il U phd 6
HEVELE S102 FASE 7 MeOH (0-7% ) [#) DCM 6 FE 4l Ak ™= ¥ iR & 470, 15 2 Fr 75 724 (3. 52g,
1. 96mmol) »

[0197]  MS(EST 1E&FH , m/z) :899. 2
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[01981 1% 10

[0199]
O OBn O OH
OBn O HNJ\éfO OH © HNJ\éfO
Oﬁ{j)‘\NH H S N\L Oﬁ{j)LNH H x NI
J/N Z H NNH oBROBN J/N 7 H N ™NH oH OH
BnO” OBn O H oA HO” OH © N 0PN
Oﬁ)LNI N Oﬁ{j/k'\'j SN
N~ i 1 N~ i \L
j OBn J/ OH
BnO 10 Rl HO " ki3

[0200] ¥4 10(1.00g,0. 56mmol) « Pd (OH),/C (PearIman 4L 57, 1. 00g) F1 10mL. AcOH & T
JE RN IR AR HER N A R BB Hy (T B ) o RNV A IR FE 1 /N, 88
Ja RERUE )3 BB 5mL HCL (6M, /KW ) IO NIREPH . dndemi prid HE =S e N #s 5 B
BRI (TE) . fEHHE 7 KRG, HPLC HRR e il iy R BIR-E V) HId s b %45
KA KRR RAE MeOH/MeCN (1: 1) w3 HadE A Et,0 AT =4, J8id 2.0 5F H A
M R ER A, 2R G 7E B T =) (484mg, 0. 45mmol)

[0201]  'H-NMR(D,0, 400MHz) : 2. 70-2. 95 (m, 2H), 3. 00-3. 10 (m, 2H), 3. 15-3. 65 (m, 19H), 3.
75-4. 23 (m, 16H), 6. 25 (bs, 4H), 7. 04(d, ] = 7. OHz, 4H), 7. 44(d, ] = 8. 2Hz, 2H), 7. 57(d, J
= 8. 2Hz, 2H) .

[0202]  MS(EST 1E&FHE, m/2) :1076. 4

[0203] BPE 11

[0204]
OH )th OH O )th
O N K N
N Z

N\/\NH OH OH NF H N\/\NH OH OH
g —  * N o
HO OH O j oNF HO” OH O J/ oNF
pog 1 pog L
H H
N N
J/ # 11 OH J/ # 15 OH
NH, NCS

[0205] #4k&4) 11 (20mg, 18 nmol) ¥AALE 3mL MeCN Al 3mL 7K. JOA 20 u L 6.

W ARG PGE R 1 /N o R B B RV BB R VSR AE Aml MeCN H ol
] 40mL  Et,0 A ZEABRMT H =4 Jd s 850 F HAGAT B b3 v SR [, SR TR
Y (10mg, 9 wmol) .

[0206]  MS(EST 1E&FHEA , m/z) 1 1118. 4

[0207]  SEZjfsl] 3- 4% &

[0208] ¥ 4eid i e Bl Z BR B PTAY 1. OmL 0. 9% NaCl V& WR (9. bmg/mL) LA Ko 55 3 il
#AE7A (NI B5-35 u L AEEEAI/K (10mg/mL) HIN 1. OmL TG B ik 36 A A A0 2% pp ¥
(70mM, pH 9) . 7£ 37°C N2 HFE X NIR GVt 7%, ﬁﬂﬁﬁﬁ%ﬁé%%é@%ﬁﬁ%
Amicon Ultra—4(30k MWCO) E5.CridJEMLELITAE 0. 9% NaCl ¥R hk4s. @i LC/MS o ffr
UESERINZR &

[0209]  sjfsl] 4- 24

[0210] R & sl 3 BILRAH (bug/ wl) BI50 L 0.9% NaCl JIA 100 1 L ZFREAZE h
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W (0. 5M,pH 5.5) H, SRIS AN 'Th R (£ 0. 5-1MBg, T 1-4 wL 0. 05M HCL 1) . S
FERERR A T AE 3TC LT L AN BiAESEIR (£ 20°C) THET 15 40, JF LA 28
BN IR e I M AE NAP-5 £ LA . E HPGe— KO TIIEE GEM(15) LI &
A i B P R TR < e P PR AL AN 56 b B 1 R e AR 70, AU SE 7 P ) B 7 8 A
Fratbimtt (R D).

[0211] 3R 1 BA RSMA

[0212]
B #AF BABACE 7 F(%)
37°C, 1vat 96
37°C, 1va¢ 93
20°C, 15 44F 95
20C, 1554 95

[0213]  SEZJififF] 5 471 CD33 FLIEFEHLAR (AGCOT00) FIAE A&

[0214] 40 (1) PR AN (2) A A A BB o FE TR (mAb) HuM195 77 81 78 24 FH T A ik
AGCO700 FARAR . A TgGl EEHERE N4 £ 4fd C st ziR (Lys) M. i3 EAFZEY
A AT PR = A i FE AR FR AR AE ) = PP AR R 2 — , e R AR AR 43 0 B 7 — AN B A E
FEAD T R » PUHX PR Ly s BRIEA R 25 o1 SRS B I o 4 St s] 6w itk 48 &
Yo/ Hiik A (CAR) o AGCOTO0 F 5S¢ BE R IR Fr 41 ML IR 2 I T-3% 2 o

[0215] i FIARE S A 2E R A gmtd AGCOT00 HIZE A i 5 2, fli ] Vector NTI®EK
f (Invitrogen/Life-Technologies Ltd.,Paisley,United Kingdom) %545 %E 1R AR
¥4 2 IR B RS DNA 51 A A0 ) DNA e 81l idb AT 208 1Ak LA T Lsh i 2 is FEd il
GeneArt (GeneArt/Life-Technologies Ltd.,Paisley, United Kingdom) & fi%. @i Cobra
Biologics ( Sodertélje, Sweden) 28 H BRI 4 A UIRGTH AR VH FIT VL 2546 38010 5 B 22 ik %k
e R b BN SRS (CHO-S) I FH 45 AGCOTO00 FJ VH A VL 45 R sk ) JFUREAS R %
Yeit HAEAM 8 A 75 25 (12. 5mg/1 ;Sigma Aldrich) FIFR#E CD-CHO 4753, (Invitrogen/
Life-Technologies Ltd.,Paisley, United Kingdom) HJfFLE FAEK .. A RMBEZL 25
RIEFERIL AGCOT00 HIFRE b b o I EoR B HIB M) & B0 8800 R VP Ak v FE AR E 1%
J8E ST e AR e A B IR PR AR o B BRI AR S R 28 R 7 37 °C T IEAT mAb 3R
IEFFELEZ) 14 Ko (E HIGHOE I8 E R R e YR . B A A SERTEEE (MabSelect
SuRe, Atoll, Weingarten/Germany) , #:36 HAT & T A2 P okt — P 4lifk AGCO700. i FH 3
T AN K P () 5 = Al P IR — P R 22 oK B ) 1 SR B AR 2 o o ol i S L SR AR
A SDS-PAGE 73 B KA AGCOT00 H B3 o A4 i85 R~ HEFH €1 ity (SEC) Kt — 7 ke
A

[0216] & 2. AGCOT00 [ BRI 1.

[0217]
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BEBTEV, |QVOLVOSGAEVKKPGSSVKVSCKASGYTFTDYNMHWVRQAPGQGLEWIGYIYPYNG
L4 3% GTGYNQKFKSKATITADESTNTAYMELSSLRSEDTAVYYCARGRPAMDYWGQGTLV
(SeqID 1)
TVSS
)P DIQMTQSPSSLSASVGDRVTITCRASESVDNYGISFMNWFQOKPGKAPKLLIYAAS
[0218]
TE Vv NQGSGVPSRFSGSGSGTDFTLTISSLOPDDFATYYCQQSKEVPWTFGQGTKVEIK
K
(SeqlD 2)
7 vy OVOLVOSGAEVKKPGSSVKVSCKASGYTFTDYNMHWVROAPGOGLEWIGY IYPYNG
fi*bf% o GTGYNQKFKSKATITADESTNTAYMELSSLRSEDTAVYYCARGRPAMDYWGQGTLV
e
1 TVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHT
FPAVLQSSGLYSLSSVVTVPSSSLGTQTY ICNVNHKPSNTKVDKKVEPKSCDKTHT
CPPCPAPELLGGPSVFLFPPKPKDTLMISRT PEVTCVVVDVSHEDPEVKFNWYVDG
VEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTIS
KAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGGQOPENNYK
TTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALENHYTQKSLSLSPG
A, DIQMTQSPSSLSASVGDRVTITCRASESVDNYGISFMNWFQQKPGKAPKLLIYAAS
féjg;% # NQGSGVPSRFSGSGSGTDFTLTISSLOPDDFATYYCQQSKEVPWTFGQOGTKVE IKR
TVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQOWKVDNALQSGNSQESVT
EQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHOGLSSPVTKSFNRGEC
[0219]  SEJf5 6 :AGCO700 5E&A7F) AGCO015 HIZR 4«
[0220] KA ERPUAR AGCOT00 S/KIEMEEA T AGCO015 (12) 454 (MBEL) . NS &B %
WA 4% AGC0015., #A7) (12) 2ITLLT -
[0221]
NCS
0 o}
Z | N/\/N N\/\N | A
H H \ H
N N
OH HO
/J/ I HN._O Oy NH I \1\
HO OH
0N T\W 0
OH OH 12
[0222]  7E PBS 5 70mM i B8 2h 22+ (pHAE N 8.5) WA 1:1(v/v) IR & 4T =

o A FHFRFREE/RELEN 1. 3:1 EEAT / Puik I BAE 21°C PR RMNIEE 20 /M. fER

N B TR 45 R JE i ST HEBH (A 1 VA TE AKTA 264k 2% (Amersham) i H HiLoad Superdex

200 16/600 PG #¥ (GE Healthcare ;&B4F*5 29-9893-35) FHA# A 50mM 41 & R 2% ¢ (pH

6. 0) 1ENFLBNIAH, I &G 5 k. @il R HERR g - i (SEC-MS)

Iy BTl SEL R A D I i B A )/ PuiR TR (CAR) « 7E LC-MS 43 A 2 mif 4 # 40

EndoS (IgGZERO, Genovis, Sweden) XJ#F hiE AT BEE LMEEAL . 815 2, 7F Acquity UPLC R
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5 (Waters) AT (L REyEH HAN4ERFE Z= I I TSK Gel Super SW 3000, 2. 0} 300mm,
4umbi T (EHS 21485) o WMENMA & 50% ZHERIK.0.1% (v/v) =R (SR
Bt ) o JESHAR A 16 v L IF HX T2 8BRS MR JE AW, LC g 518 75 n L/
min 8¢ 50 1 1/min. & SEC #AERS[H A 16 4341 . Xevo QTOF FiEfX (Waters) FL#&AH FEME S
LR (EST) Y. &5 AIE B B U AR I HA a8 2000-4000Da . 38 i3 H Max imum
Entropy B4 2 B fuf B T4 AL N PR AT P . T TR 45 8 iR Y L N PRI SR B R HE I
WAL FERG R, SEC-MS Bl & A T M SR (47 0-n) . CAR
WErREEEREITE 1 F. e T8 mAb (BEAR) HA —MEEFINES
VIS HHNEETINEEMN /2 (55 BRI EM IS A Y5 B ot BT 5 3E A
BERUE, o R EREAT GERER AN E AT

[0223]  SEjtiffl] 7 Hifk - BEA TG AWY AGCOT15 5 Th-227 HI#4r .

[0224]  MH] -227 RAEZBRARG D EHE R 4+ BPRAME 227, B5 2, @R
L IGEAE 8M HNO3 H M Ac—227 TEARIR AW B B Th-227 ( Fl *'Tha+ FE RS LI
EEE SRR -EW ) o MK PG Ac—227. Ra—223 M4 )5, ffi ] 12M HC1 $Efii Th-227.,
¥ Th=227 Pelin 75k 215+ B 5k R fEAE 0. 5M HCL 1,

[0225]  7E%E 0. 5mg Hifk IMBg Th-227 MIFAE N, 7E 37°C FEHRIRZEZ MW (pH 6.0)
FPuik - 2581 AGCOT15 i & — /o i R HERH (4% 4d H NAP-5DNA  Grade 4% (GE
Healthcare) M 1) Th-227 FIF1R4% 2= o0 40 B8 H & A O AR Id Pk - RE W & 55
Ty o MRCRCRIEH N 96-98% , 7E NAP-5 it #h 20 R AFfE T (E P K o

[0226] S5 8 « 3 3 v SH M AR IFEAT AGCOT00 AT AGCO715 55 CD33 FHE 40 (K 45 ST 5
[0227] R AR 505 CD33 A HL-60 4H 454 . T Fr 2 il ih 28 187 EC.
ELSFRISER T ME . &R A /NPT CD33 (BD Pharmingen ;#555450, Img/mL) H
YEZH BRI 2 AT, A5 B AA 5655 28 mAb (1) 50:50 IR G B . X Pl e ik
FTHIESE, 8 5 A FE A, BRg G o8I 5 i 520 o

[0228]  1E 20% fIGZF TG R B &R / 855 RIWAAAE T, 4 HL-60 40 7E 5Bk R it R 1A /R
A7 3753 (Iscove’ s Modified Dulbecco’ s Medium, IMDM ;Invitrogen ;#12440-046)
Ak EITAE 4C I EL 300g B0 5 Bk ISR L) 20mL AU RE TR . K AH B P R AE A
7oA 1% a4 % (FBS) 1 10mL PBS 1, 3f HAE 4°C FiBEIEAE 300g T &0 5 B BT
VE. )G, K 20 u L R IZ4HIF R Coulter Isoton LT MSHEFHILA 1:500 Fke, I HA%
Beckman Coulter Z2{%%% (Beckman Coulter ;CA, USA) 11 51 7E 15 4 3-4 X 10°/ N4 iy
/ TN B, I HORE 100 v L #5 2 [RJIREL V K 96 FLHR (Nunc/Fisher Scientific ;
NH, USA) A (RN FL o K 40 BRI 8 25 0o 3 HLAE MR 5 B R E T, Ho= A AN LR R 2 50 n L
Al b SSEAT 8

[0229]  JE Ik K fiti 47 S 1P e #2 22 PBS 11 il 2% 157 73 T (1) mAb BRLZR A W 0 3T e 1 =004 14 fis
W RFFAE 4°C, FFHAER G ER N K F(ab),” Alexad88 & & ML =EHT AN 1gG
Fc (Jackson Immuno Research ;#109-546-170) FIE —H0iRk 55 AR A mAb. EAMNTRAH
0. 1% BSA 1] PBS il 4% 0. 015mg/mL ) —HLik55. M 5mg/mL ARG, LA 10 15 F B 42 SR A R
mAb fifi %o AH N & R AR R0 B mAb ( B ZBRH BT ) o ok B B RPN 20ul HTA
CD33mAb A& F HL-60 4HAE LA . 7 4CFIRE | /NG, K i ss 2 25 O A e
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0. 1% BSA 1] 200 1 1 ¥4 PBS Pk =K. IOINEH 4% 1L =E MiFH B AE AW, IHE &
15 73%h . BHJEHER B 50 R 20 w1 iDL, R G 1E 4°C FERIEFIEE 30 70480,
[0230] i b SCAr IR 4B BBk P 0, IF H ARG AE A 8 0. 1% BSA 200 u L PBS i,
7E 96 FLIR e B 5 4E AR AT BT B B e ¢ 6158 5 10 3 1E Beckham Coulter Cell lab
Quant SC R AMIX (Beckman Coulter ;CA, USA) F. #7EH S H 3| Excel EZIF4rxt
IKFE 2| 4. 7F GraphPadPrism(PrismSoftware ;CA, USA) i FH « Bp pSde etk 7 45 64
WA HE (& 2A-B) .

[0231]  EAA ZHUETE—HurI BN IR B R AR, P32 E (MFT) H 829 5 (& IEE
1 1-2% ).

[0232]  Z%&W) AGCOT15 ML &35 11 5 RS &1 AGCOT00 25, (I, B E KRGS
ERIRAE (B 28) o FEPAPHUARET 50:50 VAW, B/ NR BT CD33 Z25 mAb LUIAH L
F AGCO700 BAR IR 1456, FEL 0. 7 fE IR byiikss & (E 2B) .

[0233]  sZjifsl 9 :AGCOT15 FI AL

[0234]  FEEREEINBANMIL 2 5, R 90 2 25 A W0 A P9 AL FE P 2 vk 5 40 P R A0 S RE P —
MNHRZE . WO 5 2551 AGCOT 15-Th—227 FII P Xt FE i 22 Bk B 41 —~AC0015-Th—227
AL ZE HL-60 48 .

[0235] R4 SZitfs] 5 AR AR R AT AR iE 4% A 1) mAb, 45 MRS T N4 20Bg/ug.
7E 500 u L AEKEEFRIE (FMAH 20% G4 MG AT &R / SRR RE /R A5
i dE (IMDM ;Invitrogen ;#12440-046)) 1 &7H 200000 40 Bl 1)L o N 55 & O TECH 4
LAY, X RT 12kBg.

[0236]  £E 37°CAHI 5% CO, N 0.30.60.120 F1 240 43445 5 I 18] 5 We SE 40 e i o (ESCE
Ja, HHZER (pH 2.5).0. 9% NaCl P4l LABR 245 & ik - 8641 . i im=Ugn i
RIFAT TR, 7 2-4 5o IR VRS G LRI R G hiik. 78 v tHEEs (Wizard) FAEAH
i & A6 60 B2 I B 22 i 55 o I & R BCE e TRl g el 2k (1 3) .

[0237]  SZjfdl] 10 :AGCOT15-Th—227 ] Th—-227 5 S I A Mo 2514k .

[0238]  7E CD33 FHYE HL-60 41 ffd HRAF S AR SN MO BE 12 - s AGCOT15 Al Rt i 22 Bk F i 2
A1 AGCO015 H T2 & Th-227 B4F R PETE N 44kBa/ v g. i HL-60 40U 7E 37°C 5 5%
CO, FAK, FF HARFE =R 1 1050 7EME BT — K, BT 7 3 B e 7 0 ( BT 20% FBS
M 1% HER/ BEEXRNFERRS RIA/RA w5 (IMDM) FH H iR ARFILAS 2] 400
000 N4Hffl / =Tt

[0239]1 %31 600 000 N4 (4mL) JON 6 FLARAIEEAFL. BHURE BEEH K, AN
AFRIC ) mAb BE3% 9556 . FEIDAFRICH) mAb BRES IR 3L I, A FHIR T 4 /. 78— S2E
o, AN FLIIN AGCOT 15 B 1 2 Bk BT —AGC0015 ik JE N 3nM. 7E 5 — AN seidr,
2R E N 0. 3nM.

[0240]  fEIR B )5, fEEF TR PR gty O, JF B E EEBATE ) ATP. SR 541
Mooy m 1:2 F-7E 37 CH 5% CO, FIERSFREFIRE . 15 2 R 4 R 7 RELAHI
FEF (EAL BRI — I o K ATP 12 2 FHAEAS [FRE ) B A4 S 7 & (SR E Promega
) CellTiter—Glo A& IGAHMINE 1Ml %€ ), rF=AE ] 4A A1 4B H Fos AR Kt 26

[0241] 5 R&5 & 2 HL60 4 AU i) 22 Bk B BTy @ AR AH L, 45 AGCOT15-Th—227 K HL-60
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PR A AR A B B . FEREFRIENT IR NG 4 RZEEE 7 RITE PRGN A BT 55
el ik vaElioligalEl GRS

[0242]  SEifsl] 11 :AGCOT15 78 N S Fh B AE M AR 2 o (1) R iR L

[0243]  [W) fE 1 NMRT #5708 B AR S5 P oR2 A8 SR N HL-60 Ji 88 48 i 3% 1 48 . HL-60 4 A
U B B SR gk g0 B e AR, I HARYE Sutherland 553844 CD33(3) « 4 ¥
R AR N RO, X R A M R O IR B BUR R (4) o B 54 AN PE NVRT #R /)N R
(Taconic, Europe) T HFFEH .

[0244] AL BhWDLEE N FL 2 BT 22 1 22 /0 5 K (1038 B BA 9 HL 3l W0 76 I Jgd 32 Fh 2 /i A 4
F . TEREFFFARET, /N RBA 20 e E MAE . Sk O FE M ) B AT HEPA 1 8
S HIE X FE T (IVC, Scanbur) 1 Jf 1] B & 3 L “Rat and mouse nr.3 Breeding” 4a %}
(Scanbur BK) Fi@E N HC1 FRALZE 1mM BE/RIRFE (pH 3. 0) f7K. ff HL-60 4fiffd (ATCC/
United Kingdom ; H 35 CCL-240) K IFHESH T7E 20% FCS MIFE R / HEERFET
7E IMDM (Invitrogen ;#12440-046) 15 MR, DAPURALAR (P4) il £l 2 I HLAE A
HZEE A 5% DMSO fr5 3R A DL 3 X 107 AN / /NI 25 BE VA R A AE

[0245]  FEEERN YR, MEANAETE 37°CARM A IREMER (202 /0% ) , Yol IF IR EIFAEAN 72
A 2% FCS () PBS 1 (££ 1200rpm | B5Cr 10 4341 ) o FFRAEGH BN 45 2573 5 8% 2 11, Ff
LTS IR A - TEBNIAE T EAURRIE (N,0) T A RIHE AR FLEE (256) 7R &6 i Sk
U 0. ImL (20 BB [ 3h P ml 2358 + B IF HAE MR 2R 16 K. g R ik CAE
ik A A T S AT DA 925 24 (0. 1ml) .

[0246]  FEMPREAE K 21 KIGHSIPIRENL 73 6k 3 4 (n = 6) , 3F H UL 15kBa/ S5 &
SR A 4 ' Th-AGCOT15, {E3E 51 5 T I 18] i A6 3h 4 22 SR 4K, I FUR S I  WLIAL
e BB I RS B AN KRR s 2H SR IR RE S AR R, I HAE A v e
(HPGe15p 8% HPGeb0p FEAS I &% ) Wl Bk /A ity AR Ui 12k

[0247] Pl & IJBCH 1 (Ba) S7E 10 %6 33 SHAR #ERE &b o BT & 8O A %, FF HAT &
Th-227 F1 Ra—223 [ 73 tLFFLL % 1D 8ifE e HZR 1 % 1D 23, R T HAH T4
PN AR B 1 eI B8 R A3 b e HERR TR A TR B 2 i S22 7 g P WA 5 g R~ 2 Tl )
REKFR CBAR R ) o BARIESE AGCOT15-Th—227 FRIEF S YEME R k. ZeRTif 5t & &
Ny P BT I VB T A IR A AR S 1 i B 1 mAD B I () O HLLAE SR 7 KA L
% ID/g (F ARt ) o

[0248] B A TR R A5 SR TR 5 b o BE s TR AR B g o A BrbRg b R] O O
PEFE IR, (HAE IE 5 H R AN AE

[0249]  SEjiff] 12 :AGCOT15-Th—227 7E AP RS AR /N bR T (4R R Th 2k

[0250]  4nsijifafs] 9 H BT IR 3R AT P NMRT /0 B PR 40 B ) £ A e PR A« (0 30 7E ik Nt
RZHATE T Z/D 5 R IE N B e g efh 2 518 4 R . e G, /N A
BL) 20 SEREAMAE . Sl e s B AT HEPA i P82 <@ X JE ¥ (IVC, Scanbur)
Fi AP A FREL “Rat and mouse nr. 3 Breeding” 4il¥} (Scanbur BK) A0 i\ HC1 /&
b2 1mM BE/RIKE (pH 3. 0) 7K. TELR 252 BIZ0 10 KN SRR B 40 i CAIRAS P 3 i
Joi RSP AE 75-150mm3 36 [ 9 /N B K s BENL 2 B 4 ASIR97 4R 3 MXFTIEAL (n = 10/
). BRI AL /N BB R K P S A 75kBa/mlL 150kBg/mL 225kBq/mL 8%, 300kBq/mL
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AGCO715-Th—-227 {9 100 u L, LAiAF] 250,500,750 B{ 1000kBq/kg /A (b. w. ) . [A)%fHEZH
()7 Bt AN B (G2l ) S JETRURHPETAA (AGCO715) Bl 2 Bk Hi 4T -Th-227, frid 2
RSP O 500kBa/kg ( [RIFH AT HR )

[0251] ¥ InoCotthy M I g T A0, I BLARYE T B AR & JA = OO0 g v 43 (i SRR /NA
B LTI ) Bl -

[0252] ¥4 -

[0253]

TAEAR I B A SR

N 98 & T fik e 44

BP A T Ae AT &
it

(S —

41 6,

155 7 4H4R% &

L7872

ké

[0254] o fs A £ 2 R OROCL P AN 4E B0 & MR B AR 9F Hoas o T A B R R
LXWX1/2W(KPE X B8R X 1/2 58E ) o 155 0 R BIFEEM Y OB I aaill & / W, s
RERf E R R =, B — B =2 T, Bl R E .. Bk 28T
B P I B AT R P St

[0255]  {EHKMRR SN ER 15mm 5 745/ R 4 B0E NERFERT, 1IX Fh B 2% T 1688mn’
RARAR o FEIX DA 5T HR PO JC AR IGRTIE & o E S BTG IRAE R PIHE LT, IX Lok
DL B R T i 5%

[0256]  {EWIFL)G, @it Caplan Meyer 73 M ZE LA R VG YT 24 . i T IRIT S 1
iR AR K I HAE 1 35 A A6 T I TR AR AR 2 P Bl VA S TF SR AR KB AR A 22 A T A deide
ITEER

[0257]  TRUH 5T AR TS5 26 0 A~ A7 7 it FH DAL —227 A ic i B b R i fs ih 22 2k 2R
PUFIRI 22 & B 5 R A I D) s 254k

[0258]  SEjfafy] 13 i CD22 B FLpEHifA (AGC1100) MIAEAL.

(02591 4 (1) W BT ik K 2 B o B BT AR (mAb) hLL2 ( 2 FR N A I Bk B BT, K SCR IR N
AGC1100) KA. ASjita ] 548 FH i mAb 42 H Immunomedics Inc, New Jersey, USA 4% o
AT G AN E FH S 2 i A AR R 5 110 5k R 3R AT G 5 1) J L 2 L 1) A [ 6 R OF S8 7% (CHO-S)
YA AT IX AP mAb 7R AR . SR A AR ERR P IR B AR B v BE . 7R BRI A B AR
VIR Bide 2] 14 KRG, WAE BIGOS i E AR B e bk, KiEid & A b A SRR
7% (MabSelect SuRe, Atoll, Weingarten/Germany) PA M #3558 32 # 5 BBk — 5 4l {b
AGC1100, A FH 2 - F H AN B K M 1) 58 = Alifb 20 BR Bk 25 TR MRRNTE 72 AR R 4 . W4l
T 25 B B8 £ SDS—PAGE 43 BT N 3t 52 R LC/MS 43 BT SR B A AGC1100 [ B4 o K3 it R ~HHE
BH 38925 (SEC) BE— D Mk h 4t

[0260]  CD22 &5 & Hifk (RAMAIELL ) BEEFFIE4E T (Hrh CDR 2 H 4 H. CDR 4t

wZzzg®
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S ) TR B X AN A T RIZR ) -
[0261]  #2%% -

[0262]
DIQLTOSPSSLAVSAGENVTMSCKSSQSVLYSANHKNYLA@YQQKPGOSPKLLIYWASTRE
SGVPDRFTGSGSGTDFTLTISRVQVEDLAIYYCHQYLSSWTFGGGTKLEIKR (SquDS)
DIQ:TQSPSSLASAAVEDRTMSCKSSQSVLYSANHKNYLAEYQQKPGQKAKLLIYWASTRE
SQVPSRFSESQSQIDEIFTISSLQPEDIATYYEHQYLSSWTEGGGTHLEIKR (SquDG)

[0263]  FE%E -

[0264]

QVQLOESGAELSKPGASVKMSCKASGYTFTSYWLHWIKQRPGQGLEWIGYINPRNDYTEYN

ONFKDKATLTADKSSSTAYMQLSSLTSEDSAVYYCARRDITTFYWGQGTTLTVSS
(SeqgID7)

QVQLOQOSGAEVKKPGSSVKVSCKASGYTFTSYWLHWVRQAPGQGLEWIGYINPRNDYTEYN
QNFKDKATITADESTNTAYEELSSLRSBDTAFYFCAERDITTFYEQQGTTVTVSS
(SeqID8)

QVQLVOSGAEVKKPGSSVKVSCKASGYTFTSYWLHWVRQAPGOGLEWIGYINPRNDYTEYN
QNFKDKATTTADESTNTAYEELSSLRSEDTAFYFCABRDITTFYWGQGTTUTVSS
(SeqID9)

[0265] =ik -

[0266]  (1)Leung, Goldenberg, Dion, Pellegrini, Shevitz, Shih, and Hansen.Molecular
Immunology 32:1413-27, 1995.

[0267]  SZjifsl 14 :AGC1100 547 AGCO015 HIZR A«

[0268]  #4ifk AGC1100 5K VEMEEES 7 AGCO015 254y, (12) £ PBS 5 70mM Bl ES £ 22 i
W (pH 8.5) AW 1:1(v/v) IREWHIATHR S R ZE7] AGCO015 WLl N~
[0269]

NCS

Z
=

/\/

0
rJ L:;/\N | N
HO b

H
HN_ O Os _NH
HOJ/ © © \LOH
HO. | | "\ OH
0“ N N0

N

OH OH 12
[0270] 4 EEG ) AGC0015 ( LA_L 12) WARIEA S & B K, SR K H NN A BV H
S FARFREE R EEZE N 1. 3: 1 USSR/ Judh I BAE 21°C TR R BRE 22 /NS o 78 R[]
2B R, et R~ HEFH i v e AKTA 4lifb 2% (GE Healthcare) f#i [ HiLoad Superdex

200 16/600 PG #¥ (GE Healthcare ;4045 28-9893-35) A FH 0. 9% NaCl. 100mM 75 R
Thoghit (pH 5. 5) YENTRBNAE, IIF B 2 &7 40 B BT AR 4 .l HPLC R ~FHEFE (2

O
=z | N
H
N OH
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HEYE —UV (SEC-UV) 23 Bl e 4l 28 SV i A 257 / iR (CAR) » 7E Agilent 1200
ZHIHPLC R4 (Agilent Technologies) bi#t4T CAR Jll %€, HoH 44 TSKgel SuperSW 3000,
4.6X300mm, 4 um $i T (Tosoh Bioscience, #ifF*5 18675) 4 {E =i T I Hiish A N
300mM NaCl.200mM £ #&%% pH 6. 8 (ZFREBEML ) , Horb S AR (A0 16 7308 VESGHERFR A
5ul JfH LCR#E N 0. 35ml/min. 7E 280 F1 335nm KMl UV 155, 435l %F N T mAb FIEE &
FERKIEEE . CAR M AR R EIT B 6 .

[0271]  SZjtifsl] 15 «huifk / BEEFIE A AGCL115 5 Th-227 E S

[0272]  M\HT 227 (*'Ac) KA ARG T4 B HE 4+ BT HARE 227 Th) . BT
BB B ELE M HNO,HF AN P A TEARTR ARk BRI B P Th, Hodh A 2T Th YR
AR R IR AW WA PR *Ac MR R IF HAE 124 HC1 it *'The 4
Th- YoM 7% kK 2 T8I B R AR FAE 0. 5M HCL .

[0273]  {EEEA RN, fE4F 0. 5mg FUAL A IMBq *'Th IAF/E F/E 21°C / =i TRt
& — 28490 AGCL115 £E 0. 9% NaCl 100mM A7 R Eh 22 ik (pH 5.5) HEH 15 404k, 8
it R~FHERH € 3% 2248 Ff NAP-5DNA Grade A% (GE Healthcare) MRS **"Th A7k 2
3B A A B EFRE R PUE - AR I FRLSCRIEE A 96-98 %, ALHETE
NAP-5 Jiit £h 2 B T AE 2K

[0274]  SZjifsl 16 @i R4 A 34T AGC1115 A1 AGC1100 5 CD22 BHME Raji 40 A 4E
G

[0275] 3@ 3T ¥ =X 40 2 AR 2 B AGC1115 A1 AGC1100 ( #7t A CD22, Immunomedics ;hLL2,
#1003164, 10mg/m1) 5 CD22 FH 4 Raji 40 (ATCC, #CCL-86) FI4E A o 5 MILA il 280 5 1)
ECsofE I T LI HU AR AH AT T B R B4 A 3Re . X P AT F THIESS, SUiA % A5 CD22
MEE G RN Z B A TET R0

[0276]  7£ 10 % G2 3G (FBS) A1 1% 5 % % / 55 % %= /7 /£ N ¥ Raji 40 i /& RPMI
1640 (PAA ;#E15-840) thAK . X Tim gl i AR 4 #fr, @I 7E 4°C M AE 340X g T EGLr 5 73
KSR 50m] AHMIREFEYD o 4 A M PR B I FHEAEAN A 1% FBS (1) 10ml PBS HHyEdk ik, I
EIEAE 4°CRAE 340X g N E L 5 0 BISRIE AT - Bl S, K 20 w1 P 007 1 20 Pt 74 1) 57)
PL 1:500 BT Coulter Isoton II#EEF, 3+f#FH Beckman Coulter Z2 1% 28 (Beckman
Coulter ;CA, USA) TH4. HI7IHT 4 1 X 10N / ZF 1402 B B 100 u L #%
% VB 96 FLB (Nunc/Fisher Scientific ;NH, USA) FIEEANFLET . 440 M e 8 55 0
FEMUNT 5 PR, 4415 2L 50 v 1 A 2 i i i AR .

[0277] ¥ AGC1115 1 AGC1100 &R ZE 50 u g/ml H-LL 3 fEFRE D RAE 12 A 52 . MM
Hh i) 2% [F R B0 R B (2Rt ) o KR B —PUARM R 100 w1 IIAEA Raji
HREFLF . 72 4CTFIEE 1.5 /N, 4l i 5 2 550 AR 78 1% FBS |1 200 1 1 #
PBS BV M K. ¥ PE & 1/NBR BT 196 Fe (BioLegend ;#409304) FHAEF T4 A mAb
() —HRF . IR —HORF RN 1% FBS 19 PBS F1LL 1 ng/ml Hl4. MHEWRE
LI 100 w1 IIANFEAFL, RS 1E 4°C FERIEFIRE 1 /DK a0 B SOl 4 f ek
PR, I B RGEEAEAN 784 1% FBS #1200 11 PBS A1, £V JEJE 96 FLAR 404 BT f
Mo B 6 s 510 % 7E Beckham Coulter Cell Lab Quanta SC MPL yizU4Hfw{X (Beckman
Coulter ;CA, USA) L. ¥ (MFI) T F] Excel EIRFIFEHHLE ([nM]) 22 ihZk .
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[0278]  7f GraphPadPrism(PrismSoftware ;CA, USA) Fffi FH“ log (&zh7] ) % N — Af AR
R (WUANSH) "E G BRI EEEH BRI S THE ECoff (B 7). = Hiffi Raji 4
Ff B 4 e L B R ARAS I, MFT B A2 1 (AGCT115MFT fE 1) 0.5-1% ) -

[0279]  AGC1100 FTAGC1115 (LA 2 Hl £ ¥ BT 155 ECoof 23 514 9nM AT 6nM, - HLFE /R
A AGCL115 HI45-E 2 A5 AGC1100 2 4LL.

[0280]  SLjiiffl 17 :AGC1115-Th—227 ] Th—-227 i S I 4 Mo 2514k .

[0281]  {E CD22 BH1%: Ramos 4HAEH i S iR A A 2 PE (= DLSiitifsl] 6) o K AGC1115 Fl L
AGC0015 Z& & %) B it Z Bk st H T4 Th-227 R MIEMN 44kBg/ 1 g.

[0282]  fiff Ramos AHMU7E 37°C5 5% CO, FAEK, I HEH =Rk 1:5. ENERT—K,
Rl i W s 55 3k (B 20% FBS M1 1 % & & / 855 & 0 TR e i R A R 1H e 85
FrE (IMDM)) FF H A5 AF LAA5 2] 400 000 M4HAE / ZF. K27 1 600 000 P4 (4mL)
TN 6 FUMR RN FL. BRIR B BEESE R, UIIAFRCH mAb BUR 55,

[0283]  FEMMIAFRICH mAb BEREFR 2 5, MR B E 4 /NS o 7ESZES A, 8 AGC1115 Bl h
Z R FLPT ~AGCO015 AN FLE TR E N 3nM. (EIR B J5 » K 4l B 72 K5 F- JE h P i IR
I H IS E3E R ATTIE ) ATP. SRS R4l /3 ik 1:2 FR7E 37°CH 5% CO, FER:F-
HH. 165 3 KB 5 KA 7 RELZMARF, (BA5FE K.

[0284] ¢ ATP [¥) &2 & FHAE A [F] FF d B 6] R (%) 48 B v& 0 1) &= & (2K H Promega [
CellTiter-Glo ROGHME JJIE ), AR 8 iR BIMiZ . 5 Th-227 Fric i Ry g
i ( R4546 2 Ramos 4l ) #H%, 454 AGC1115-Th-227 H) Ramos 4 i /= A= 40 i 2%,
[0285]  Sfs 18- BRATAEWD

[0286]  ffill % KA PEES & I BR AT AW Re 45 20 & AAE BRI 2

[0287]  IXANSEHEG R ERAT A BRI A Bl o IR FPEEE S AT AR 0 RE A5 157 -5 e 3 )
TR LT Rt sk .

[0288] A S jita f41] ¥ 7 W VA 14 2 A AU A B A BT 11 (St 2) d2af. ¥ 43mg (&
0. 04mmol) ¥ i 11 ¥ f# 7E 4mL DMSO-4mL & Ji5 130 uL NEt,#. fn A 6mg 38 ¥ PR Mt
(0. 06mmol) o TEZEIE T M 22 /NG BTG WIRT LC/MS BT Bon CIE AR 15, R
— LG Y T AR ). DA A IR IF 2 A R T BB 22 s/ FEER R ) 14 ) BE R PR
R, iR REAEYI HPLC /b T 9

[0289]

O OH O OH

O O
OH O HN 7z OH O HN Z

o]
o}{j)LNH H)KCN%\L j’_\f O “NH H x NI
N._ .z N\/\NH o N .z N\/\NH o

H H “OH H H “OH
HOJ/OH o} J/N o)\éfo - HOJ/OH 0o J/N o)\éfo
oﬁ)LH X N\L oﬁ)ku x N\L
J/N # 11 OH J/N 7 14 o OH
HO NH2 HO HNNOH

[0290]  SEJfs 19. AGCO003 A AGCO015 5/NE AR HIER S
(02911 P T LA FH AR R AR IBG , TR b AE 55 701 40 A 2 B A 27 BEL BT 532 RV il 5 2 11 )
W MRS . BB FE AR E A Tolmachev 25 (1) TR AE KT B A i) £ 1S5 AR pb & 2
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4 PEP9237 (SeqID 10) 7E &4 2mM = (2- S L% ) B (TCEP) ) PBS (Biochrom L1825 ;0. 9%
NaCl.BEER Eh 22 /i, pH 7. 4) FAEMZE 1. 32mg/ml CABHIE “FRALIIE . ¥ Iml SEAA R
HERAEE 0.985ml 0. 14M MR #h &P iR &, I H. pH EUESENZ) 8. 40 A 15 n L [
Img/ml M 2PN (Sigma 1149-5g) I HAE =i N RMIRAEIRE 1 /N o

[0292]  FEZXAHT, M Amicon HEREid JELARKE Am] 75 S5 55 BH W 1R S AR R A 2 11 VA
WG 2 0. 5mL, H HL7E F O FER £h 22 P 7165 7Y NAPS i #h 4% (GE Healthcare, #it'5 83892624)
Rt RN TR InL SR 5 4 P AR T 5 AGC0003 B AGC0015
SR o

[0293]  # % & 7 AGCO003 (8.3 uL DMF(Sigma 227056, #it 5 STBB4668), LI T 13,
A 10mg/ml) 0N & A 0. 5mL %% 5k FH Wr i S5 AR k& B A b . R B A
AGC0015 (9. 3 u LH,0, & 10mg/ml) M 0. 5mL 37 3 BH W 25 A1 A& il & 25 (A FR /)N
M. 7E 30°C NS A B AR A R SR S AS /MR B 7. 8 F NAPS R Al
1RV AT R P #H PBS.

[0294] Seq ID 10 :

[0295]  AEAKYAKEMRNAYWEIALLPNLTNQQKRAFIRKLYDDPSQSSELLSEAKKL

[0296]  NDSQAPSGSGSLAEAKEAANAELDCYGVSDFYKRLIDKAKTVEGVEALKD

[0297]  AILAALPG

[0298]
NCS
O 0
Z | N/\/N N\/\N | D
H H H H
N N
# OH HO e
o HN._._O Os__NH 5
HO y | | N OH
0 T T 0

13 (AG0003)

[0299]  SEZjfifs] 20— %F T H A AGCO003 FT AGCO015 [I/NER 57 4% & W I VA R 155 49 Bt

[0300] B 7E St 19 A 7= AR 0 7 b o AR il 2R BB A 8RB W B VB T PBS VA R

T -20°C A%, B %. XT84 AGC0003 25 & W (v Wi v WL Bl & i FLAR U e, (B

AGCO015 LA TEiX Mt il . TEUK LA E G UTiE E R

[0301]  Ji#id FPLC-SEC 43 #1 ok B AT — IS VT i, URF AL AT RERI SRR (| 10) . &

Bl 50% LL_E 1) AGC0003 2% &4 AR, 111 AGCO015 L8 A Wi —/Naf 7y (FE i R LA

JRUERT L) RERERE . LT R mAE R, M T AGC0215, X F AGC0203 (AGC0003

A ) BRI RSER A EZD (AUC <43 510 409 A1 166mAUmAU*mL)

[0302]  #2%5,i@id LC/MS iR E i / AR, AR RES M EMER&E A

(AGC200) EAy*tHE . #E LC A, 7 280 1 335nm T Ml it ( BE-&7I7E ) 335nm R ) ,

TR TE P Rl G A TR W TP AR B A ), (B AE AGC200 ) F P ANIEAE A F (B 1D . x T
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AGC0003 ZX-& 1 (AGC0203) , MS 7 #T s R R A Ul & B (B A — NG AR & R

AW, 1 9% AGC0015 ZR-A4 (AGC0215) , MS 73 M7 B n R 4R A IRl & & A ALE A — AR A
ARIMEAREEY (F12) . XiEREyue A —N L EEATIR AGC0203.,

[0303] &3 ik

[0304] Tolmachev, Orlova, Pehrson, Galli, Baastrup, Andersson,

Sandstrom, Rosik
, Carlsson, Lundqvist, Wennborg, Nilsson. Radionuclide therapy of HER2-positive

microxenografts using a 177Lu-Labeled HER2-specific Affibody molecule. Cancer
Res. 67:2773-82, 2007.
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[0001]

[0002]

<110>
<120>
<130>
<160>
<170>
<210>
211>
212>
213>

220>
223>

<400>

SRR EE 227
A% S )
95. 112974/01

10

PatentIn 3. 5k

1
116
PRT

ANIFF

NG TE A W0 T 1 B o [ 6 B, O S8 40 ML amAb HuM 195 fe [ 1%

1

Gln Val Gln Leu

1

Ser Val

Asn Met

Gly Tyr
50

Lys Ser
65

Met Glu

Ala Arg

Thr Val

<210>
211>
<212>
<213>

220>
<223>

<400>

1

Lys

His
35

Ile

Lys

Leu

Gly

Ser

115

2
55
PRT

Val

20

Trp

Tyr

Ala

Ser

Arg

100

Ser

ANTLFF

NG LA T T ) o [ 6 B, O 587 A0 ML AmAb HuM 195 f 1 8 %

2

Val Gln
5

Ser Cys

Val Arg

Pro Tyr

Thr Ile
70

Ser Leu
85

Pro Ala

EIES

Ser Gly Ala Glu Val Lys

Lys Ala

Gln Ala
40

Asn Gly

55

Thr Ala

Arg Ser

Met Asp

10

Ser Gly
25

Pro Gly

Gly Thr

Asp Glu

Glu Asp

90

Tyr Trp
105

10

Tyr

Gln

Gly

Ser

75

Thr

Gly

Thr

Gly

Tyr

60

Thr

Ala

Gln

Lys Pro Gly

Phe

Leu

45

Asn

Asn

Val

Gly

Thr

30

Glu

Gln

Thr

Tyr

Thr
110

15

Asp

Trp

Lys

Ala

Tyr

95

Leu

15

Ser

Tyr

Ile

Phe

Tyr

80

Cys

Val

Asn Gln Gly Ser Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly
5

Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro Asp Asp Phe Ala

20

25

30

Thr Tyr Tyr Cys Gln Gln Ser Lys Glu Val Pro Trp Thr Phe Gly Gln

35

40

41

45
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[0003]

Gly Thr Lys Val Glu Ile Lys

50

<210>
211>
212>
213>

<220>
<223>

<400>
Gln Val
1

Ser Val

Asn Met

Gly Tyr
50

Lys Ser
65

Met Glu

Ala Arg

Thr Val

Pro Ser
130

Val Lys
145

Ala Leu

Gly Leu

Gly Thr

Lys Val
210

Cys Pro
225

Leu Phe

3
446
PRT

ATIFF

N2 RE DA I T T2 B B e - R O BRI A L P AmA D HuM195 5 7] %

3
Gln

Lys

His

35

Ile

Lys

Leu

Gly

Ser

115

Ser

Asp

Thr

Tyr

Gln

195

Asp

Pro

Pro

Leu

Val

20

Trp

Tyr

Ala

Ser

Arg

100

Ser

Lys

Tyr

Ser

Ser

180

Thr

Lys

Cys

Pro

Val

5

Ser

Val

Pro

Thr

Ser

85

Pro

Ala

Ser

Phe

Gly

165

Leu

Tyr

Lys

Pro

Lys
245

Gln

Cys

Arg

Tyr

Ile

70

Leu

Ala

Ser

Thr

Pro

150

Val

Ser

Ile

Val

Ala

230

Pro

55

Ser Gly Ala

Lys

Gln

Asn

55

Thr

Arg

Met

Thr

Ser

135

Glu

His

Ser

Cys

Glu

215

Pro

Lys

Ala

Ala

40

Gly

Ala

Ser

Asp

Lys

120

Gly

Pro

Thr

Val

Asn

200

Pro

Glu

Asp

Ser

25

Pro

Gly

Asp

Glu

Tyr

105

Gly

Gly

Val

Phe

Val

185

Val

Lys

Leu

Thr

42

Glu

10

Gly

Gly

Thr

Glu

Asp

90

Trp

Pro

Thr

Thr

Pro

170

Thr

Asn

Ser

Leu

Leu
250

Val Lys Lys

Tyr

Gln

Gly

Ser

75

Thr

Gly

Ser

Ala

Val

155

Ala

Val

His

Cys

Gly

235

Met

Thr

Gly

Tyr

60

Thr

Ala

Gln

Val

Ala

140

Ser

Val

Pro

Lys

Asp

220

Gly

Ile

Phe

Leu

45

Asn

Asn

Val

Gly

Phe

125

Leu

Trp

Leu

Ser

Pro

205

Lys

Pro

Ser

Pro

Thr

30

Glu

Gln

Thr

Tyr

Thr

110

Pro

Gly

Asn

Gln

Ser

190

Ser

Thr

Ser

Arg

Gly Ser
15

Asp Tyr

Trp Ile

Lys Phe

Ala Tyr
80

Tyr Cys
95

Leu Val

Leu Ala

Cys Leu

Ser Gly
160

Ser Ser
175

Ser Leu

Asn Thr

His Thr

Val Phe

240

Thr Pro
255
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[0004]

Glu

Lys

Lys

Leu

305

Lys

Lys

Ser

Lys

Gly

385

Asp

Trp

His

Val

Phe

Pro

290

Thr

Val

Ala

Arg

Gly

370

Gln

Gly

Gln

Asn

<210>
<211>
<212>
<213>

<220>
223>

<400>

Thr Cys
260

Asn Trp
275

Arg Glu

Val Leu

Ser Asn

Lys Gly
340

Asp Glu
355

Phe Tyr

Pro Glu

Ser Phe

Gln Gly
420

His Tyr
435

4
218
PRT
ALF3

NG LI I S0 B 3 o - B O SRR A BImAb HuM195 e 17 8 %

4

Val

Tyr

Glu

His

Lys

325

Gln

Leu

Pro

Asn

Phe

405

Asn

Thr

Val

Val

Gln

Gln

310

Ala

Pro

Thr

Ser

Asn

390

Leu

Val

Gln

Asp Ile Gln Met Thr Gln

1

5

Asp Arg Val Thr Ile Thr

20

Gly Ile Ser Phe Met Asn

35

Lys Leu Leu Ile Tyr Ala

50

Val

Asp

Tyr

295

Asp

Leu

Arg

Lys

Asp

375

Tyr

Tyr

Phe

Lys

Asp

Gly

280

Asn

Trp

Pro

Glu

Asn

360

Ile

Lys

Ser

Ser

Ser
440

Val Ser His

265

Val

Ser

Leu

Ala

Pro

345

Gln

Ala

Thr

Lys

Cys

425

Leu

Glu

Thr

Asn

Pro

330

Gln

Val

Val

Thr

Leu

410

Ser

Ser

Val

Tyr

Gly

315

Ile

Val

Ser

Glu

Pro

395

Thr

Val

Leu

Glu

His

Arg

300

Lys

Glu

Tyr

Leu

Trp

380

Pro

Val

Met

Ser

Asp

Asn

285

Val

Glu

Lys

Thr

Thr

365

Glu

Val

Asp

His

Pro
445

Pro

270

Ala

Val

Tyr

Thr

Leu

350

Cys

Ser

Leu

Lys

Glu

430

Gly

Glu

Lys

Ser

Lys

Ile

335

Pro

Leu

Asn

Asp

Ser

415

Ala

Val

Thr

Val

Cys

320

Ser

Pro

Val

Gly

Ser

400

Arg

Leu

Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

10

15

Cys Arg Ala Ser Glu Ser Val Asp Asn Tyr
25 30

Trp Phe Gln Gln Lys Pro

40

Gly Lys Ala Pro
45

Ala Ser Asn Gln Gly Ser Gly Val Pro Ser

55

43

60
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[0005]

Arg

65

Ser

Glu

Thr

Leu

Pro

145

Gly

Tyr

His

Val

Phe

Leu

Val

Val

Lys

130

Arg

Asn

Ser

Lys

Thr
210

<210>
211>
212>
213>

<220>
<223>

<400>

Ser

Gln

Pro

Ala
115

Ser

Glu

Ser

Leu

Val
195

Lys

5
113
PRT

Gly

Pro

Trp

100

Ala

Gly

Ala

Gln

Ser

180
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