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Description

FIELD OF INVENTION

[0001] The present invention relates to the field of medicine, oncology in particular. The invention provides novel
compositions for treating, preventing and inhibiting malignant cell proliferation in mammals comprising AFP bound to
an apoptosis inducer.

BACKGROUND OF THE INVENTION

[0002] Alpha-fetoprotein (AFP) is a major transport protein in the fetus, acting as a shuttle and having a halflife of 3-5
days (Mizejewski, G.J., in "AFP and Congenital Disorders", pp.5-34, Academic Press, Orlando, 1985; Abelev, GI, Alpha-
fetoprotein: 25 years of study, Tumor Biology, 10:63-74; 1989). Expression of AFP is tightly regulated during development
such that detectable levels of AFP expression are largely dependent on the developmental stage. Studies have estab-
lished that AFP acts as a growth regulator during both ontogenic growth and tumour progression. Due to expression of
AFP during development and tumourigenesis, AFP is referred to as an oncofetal antigen.
[0003] AFP is a glycoprotein belonging to the albuminoid gene superfamily, of which albumin is also a member. The
molecular weight of AFP can vary from 64,000 to 72,000 daltons depending on the source, developmental stage and
the method used for its purification. Associated percentage of carbohydrate varies from 3% to 5% again depending on
the source and developmental stage.
[0004] AFP appears to be present in two basic molecular forms: 1) an unbound form, and 2) a bound form in which
AFP is complexed to various ligands (e.g. fatty acids, estrogens, phytosteroids). However, variant forms of AFP have
been identified. Different conformations (holoforms) of bound AFP exist which are dependent on the nature and con-
centration of the bound ligand(s). Molecular variants of Human AFP (HAFP) have been identified wherein the variations
are attributed to carbohydrate microheterogeneity (i.e. different carbohydrate moieties bind at the site of glycoslation on
HAFP) as well as due to differences in isoelectric points (Keel, B.A., et al., CRC Press; vol 2, 24-31,1989; Mizejewski,
G.J., Exp. Biol. Med. 226(5):377-408, 2001; Morinaga, T. et al., Proc. Natl. Acad. Sci. USA, 80(15):4604-8, 1983; Parker,
M.H. et al., Purification and characterization of a recombinant version of human AFP expressed in the milk of transgenic
goats, Protein Expression and Purification, 38:177-183, 2004). Genetic variants of HAFP have been detected that are
attributed to developmental phase-specific expression of HAFP mRNA.
[0005] Mizejewski G. J. et al. (Tumour Biol. 7(1): 19-36, 1986) describe the cyclic physiology of AFP as the "develop-
mental clock". The authors note that the structure and function of AFP changes throughout the course of development
where the protein is expressed in fluctuating levels during fetal development and expression levels decline to negligible
levels post-natally, having a normal adult serum concentration of less than 50ng/mL (Ruoslahti and Seppala, Int. J.
Cancer 8:374-378, 1971). However, AFP plasma levels can be one thousand-fold higher in individuals with various
cancers (Ruoslahti and Seppala, Adv. Cancer Res. 29:275-310, 1979). In addition, a number of cancers express high
levels of AFP receptors on their cell surfaces (Uriel, J. et al., in "Biological Activities of AFP", CRC Press, 1987, Boca
Raton, Florida, vol.2, pp.104-117; Moro, R., in "Biological Activities of AFP", CRC Press, 1987, Boca Raton, Florida,
vol.2, pp.120-127). Therefore, in humans, AFP functions as a tumor marker in addition to being a fetal defect marker
during embryogenesis.
[0006] Various chemical preparations, such as alkylating agents, antimetabolites, alkaloids, antibiotics, hormones and
immunomodulators, known in the prior art are used to treat cancer. However, these preparations do not specifically
target tumor cells resulting in what is referred to as "bystander effect", where normal, non-tumour cells are also susceptible
to the anti-cancer agent. The overexpression of HAFP receptors (HAFPR) on the surface of malignant cells, compared
to negligible expression of receptors on normal cells, prompted research into the use of HAFP as a carrier/transporter
of anticancer drugs (Severin, S. E. et al., Biochem. Mol. Biol. Int. 37(2):385-92,1995; Severin, S.E. et al., Dokl. Akad.
Nauk 366(4): 561-4, 1999) to target cancer cells specifically. It has been demonstrated that HAFP can target anticancer
drug conjugates to tumor cells (Moskaleva et al., Cell Biol Int. 21(12):793-799, 1997; Sotnichenko et al., FEBS Letters
450:49-51, 1999; U.S. Patent No. 6,630,445 to Murgita). The high specificity of HAFP for cancer cells that bear receptors
for AFP provides enhanced efficacy of drugs due to specific targeting to tumour cells. In addition, such modes of active
agent delivery are safer for the patient as normal surrounding cells are spared.
[0007] HAFP bound with numerous anticancer drugs including doxorubicin, daunomycin, calichemicin, carboxyphos-
phamide, bleomycetin, chlorbutin, cis-platinum, methotrexate and carminomycin has been reported (Moskaleva et al.,
Cell Biol. Int. 21(12):793-799, 1997; Lutsenko et al., Tumor Biology 21(6):367-374, 2000). In these instances, the active
agents were bound to HAFP using chemical conjugation methods, resulting in the covalent binding of HAFP to the
anticancer agent. The optimal molar ratio of AFP:drug for AFP-drug conjugates that enables both binding of ingredients
without loss of their biological activity and targeted delivery of the drug was found to be 1:2 (Feldman, N.B. et al.,
Biochemistry 65:1140-1145, 2000). The same molar ratio 1:2 can be achieved in noncovalent binding of AFP and Dioxin
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(Sotnichenko et al., FEBS Letters 450:49-51, 1999).
[0008] Herve et al. (in "Biological activities of alpha-fetoprotein", Florida Congresses, ed. Mizejewski, G.J., CRC Press,
Inc., Boca Raton, Vol. 1, 1987) demonstrated warfarin and phenylbutazone binding sites on rat AFP, similar to those
found on albumin. In addition, they demonstrated that these agents bind to AFP at the same large hydrophobic pocket
as estrogens, fatty acids, pyrrazolic compounds and proprionic drugs. As reviewed in Mizejewski (Mizejewski, G.J., in
"AFP and congenital disorders", ed. G.J. Mizejewski, Academic Press, Inc., 1985), whereas fatty acids are capable of
binding to human AFP and to rodent AFP, phytoestrogens have been shown to be capable of binding to rodent AFP
only suggesting inter-species differences in AFP binding capabilities.
[0009] The predominant source of AFP used in AFP/drug targeted delivery experiments has been human AFP extracted
from either female retroplacental serum (Moskaleva et al., Cell Biol Int. 21(12):793-799, 1997) or human fetal material
(www.alfetin.ru). Human fetal material is difficult to obtain due to limited sources (extracted from abortion material of up
to 12 weeks gestation) and it is additionally expensive. In Russia, human fetal AFP is registered as an immune modulating
injectable drug under the name "Alfetinum" (1 ampoule containing 0.075mg of 95% pure AFP). Thus, alternative sources
of AFP useful in the delivery of cytotoxic agents to cancer cells would be beneficial.
[0010] Anticancer agents with different modes of action have been reported to trigger apoptosis in chemosensitive
cells (Fisher, Cell 78:539-542, 1994). Changes in mitochondrial function such as mitochondrial membrane permeability
and/or permeability transition pore complex alterations play a major role in apoptotic cell death including cell death
induced by anticancer agents (Kroemer et al., Immunol Today 18:44-51, 1997; Susin et al., J Exp. Med. 186:5-37, 1997;
Marchetti et al., J. Exp Med. 184:1155-1160, 1996; Zamzani et al., J. Exp. Med. 183:1533-1544, 1996; Decaudin et al.,
Can Res 57:62-67, 1997). Many conventional chemotherapeutic agents elicit mitochondrial permeabilization in an indirect
fashion by induction of endogenous effectors, such as p53, that are involved in the physiologic control of apoptosis.
However, the frequent mutation of p53 in many different human cancers renders the cancer refractory to conventional
chemotherapeutic agents. The discovery of cytotoxic agents that act directly on the mitochondria such as lonidamine,
arsenite, betulinic acid and CD437 has provided an alternative therapeutic strategy in circumstances where conventional
drugs fail due to disruption of endogenous apoptosis induction pathways, such as those involving p53 (reviewed in
Costantini et al., J. Natl. Cancer Institute 92:1042-1053, 2000). Cytotoxic agents that target mitochondria and induce
cell apoptosis such as betulinic acid have been described (Fulda, S. et al., J. Biol. Chem. 18; 273 (51): 33942-8, 1998;
Pezzuto et al. U.S. Patent Application Publication No. 20030186945). Costantini et al. reviews the mechanism of inducing
apoptosis through mitochondrial destruction by alteration of mitochondrial membrane permeability and/or changes in
the permeability transition pore complex (PTPC) and lists cytotoxic agents that target mitochondria to induce apoptosis
(J. Natl. Cancer Inst. 92(13):1042-53, 2000).
[0011] The use of a single HAFP/anticancer agent conjugate (i.e. HAFP-estrone-doxorubicin conjugate) is considered
to be a limiting factor in the treatment of malignant neoplasms due to the fact that many different types of cancer are
refractory to chemotherapy and are said to exhibit multi-drug resistance (MDR) (Lehnert M., Eur. J. Cancer, 32A:912-920,
1996; Germann U.A., Eur. J. Cancer, 32A:927-944, 1996). Moreover, a number of anticancer agents are alkylating
agents and antibiotics which induce tumour cell death by targeting DNA and thus, largely rely on an intact p53 signaling
pathway (Bykov, V.J. et al., Nat. Med. 8(3):282-8, 2002). Given the large number of tumours that lack functional p53,
these treatments are often ineffective.
[0012] US 2002/0051778 discloses a method of treatment of malignant neoplasms, comprising administering a non-
covalent complex preparation of AFP and a polyene antibiotic.
[0013] There is therefore a need for improved mechanisms of delivering cytotoxic agents to cancer cells that are easily
derived, inexpensive to produce, deliverable by non-invasive means and both efficient and specific in killing cancer cells.
[0014] The present invention may provide one or more of the foregoing advantages or other advantages which will
become apparent to persons skilled in the art after review of the present application.

SUMMARY OF INVENTION

[0015] Briefly stated, the invention provides novel compositions comprising AFP for preventing, treating or inhibiting
a malignant neoplasm expressing an alpha-fetoprotein receptor (AFPR).
[0016] The invention provides a composition comprising a non-covalent complex of porcine alpha-fetoprotein (PAFP)
defined in Kim et al., Animal Genetics, 33:468-485, 2002; and at least one apoptosis-inducing agent selected from the
group consisting of mitochondrial membrane premeabilizing agents, mitochondrial pore opening inducing agents, iono-
phores, caspase 9 activators, caspase 3 activators and retinoids, wherein the at least one apoptosis-inducing agent
reversibly binds to the PAFP.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017]
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Figure 1. Schematic of caspase-mediated apoptosis pathway in cancer cells subjected to chemotherapeutic agents.

Figure 2. Gel Electrophoresis of AFP concentrate alone (lane "C"), AFP concentrate bound to Atractyloside (lane "A")
and standard molecular weight markers. Lane "B" is discarded for another experiment.

Figure 3. Tumour volume measured in cm3 as a function of time measured in days in a murine model of leukemia
following treatment with PAFP-apoptosis-inducing agent compositions. P-388 leukemia cells were injected
subcutaneously into DBA2 mice. One day post-inoculation animals were treated daily with one of: 1. prep-
aration A (PAFP - atractyloside (A)); 2. preparation T (PAFP - thapsigargin (T)); 3. preparation S (Spleen
extract (S)); 4. preparation A+S; 5. preparation T+S; 6 control oil; or 7 control water.

Figure 4. Survival rate in DBA2 mice following subcutaneous injection of P-388 leukemia cells and subsequent daily
treatment one day post-inoculation with one of: 1. preparation A (PAFP - atractyloside product); 2. preparation
T (PAFP - thapsigargin product); 3. preparation S (Spleen extract); 4. preparation A+S; 5. preparation T+S;
6 control oil; or 7 control water.

Figure 6. Comparison of CT scans before (left) and after (right) 8 weeks of PAFP-atractyloside oral capsule treatment
in cancer patient P. having metastatic adenocarcinoma of the colon showing elimination of liver metastasis.

Figure 7. Comparison of CT scans before (left) and after (right) 6 weeks of PAFP-atractyloside oral capsule treatment
in cancer patient P.N.G. having metastatic adenocarcinoma of the colon showing elimination of liver me-
tastasis.

DETAILED DESCRIPTION OF THE INVENTION

[0018] The invention concerns compositions useful in targeted delivery of apoptosis-inducing agents to cancer cells.
The compositions of the present inventions are comprised of exogenous PAFP non-covalently complexed with com-
pounds that induce apoptosis by directly affecting mitochondrial function, circumventing the need to elicit the apoptotic
response through initial nuclear signaling. The source of AFP is porcine and porcine AFP extracted from embryos and
amniotic fluid between 3 and 14 weeks gestation in another embodiment. Specific compounds useful in the present
invention for non-covalent association with AFP include atractyloside, betulinic acid, thapsigargin, CD437, rotenone,
piercidin A and lonidamine.
[0019] The term apoptosis-inducing agent as used herein refers to chemical or natural compounds with the ability to
induce apoptotic cell death. In one embodiment of the invention, the apoptosis-inducing agent acts directly on mitochon-
dria. Such compounds may elicit apoptosis by having effects on any of mitochondrial membrane permeability, induction
of mitochondrial pore opening, on mitochondrial membrane potential as well as on activation of executive caspases,
such as caspases 3 and 9.
[0020] In the context of the present invention, the apoptosis-inducing agent induces apoptosis of targeted cancer cells
that express AFP receptors on the cell surface. Examples of apoptosis-inducing agents suitable for use with the current
invention include or are derived from, but are not limited to, mitochondrial membrane permeability inducing agents such
as atractyloside, betulinic acid, thapsigargin, CD437, lonidamine, arsenic trioxide and rotenone; caspase activators such
as Pac-1 (Putt et al., Nature Chem. Biol. 2:543-550, 2006), ionophores such as calcimycin/A23187 and valinomycin;
and retinoids such as Accutane and cis-retinoic acid; as well as well known chemotherapeutic agents such as dexam-
ethasone; antibiotics such as oligomicin B; hydroxychloroquine phosphate; anti-oxidants such as quercetin, vitamin A,
vitamin D2 and D3, curcumin, and capsaicin; and heavy metals such as zinc, lead, copper, nickel, and cadmium (ht-
tp://www.sigmaaldrich.com/catalog/search/TablePage/9560323, http://www.bio-
mol.com/Online_Catalog/Online_Catalog/Products/36/?categoryId= 234, http://www.emdbioscienc-
es.com/html/cbc/apoptosis_inducers.html, http://www.axxora.com/ apoptosis_inducers_inhibitors/op-
fa.1014.2.1.0.html).
[0021] The term reversible as used herein means capable of being returned to the original (’unbound’) condition,
wherein the exogenous PAFP, after delivering a first apoptosis-inducing agent (i.e. atractyloside, thapsigargin, betulinic
acid, CD 437, arsenic trioxide, rotenone and lonidamine) to a tumor cell is recycled back to the extracellular medium in
an unbound form where it is capable of binding to another compound for which it has inherent binding affinity (i.e.
atractyloside, thapsigargin, betulinic acid, CD 437, arsenic trioxide, rotenone and lonidamine). It is possible that the
exogenous AFP is recycled to the extracellular medium more than once. Previously, a number of in vitro studies dem-
onstrated that AFP is capable of delivering polyunsaturated fatty acids (PUFAs) to cells via AFP receptor-mediated
endocytosis and is later recycled undegraded to the extracellular medium (Torres et al., Int. J. Cancer 47:110-117, 1991;
Uriel et al., in "Biological activities of alpha-fetoprotein", Florida Congresses, edited by Mizejewski, GJ, CRC Press Inc.,
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Boca Raton, Vol. 2, 1987; and Laborda et al., Int. J. Cancer 40:314-318, 1987). These studies suggest that recycled
AFP is capable of binding to an apoptosis-inducing agent a second time upon return to the extracellular space.
[0022] The term a therapeutically effective amount as used herein means an amount of a composition of the present
invention that, when administered to a patient, ameliorates or alleviates a symptom of the cancer (solid or non-solid)
herein described. The specific dose of a composition administered according to this invention will, of course, be deter-
mined by the particular circumstances surrounding the case including, for example, the composition administered, the
route of administration, the state of being of the patient, and the type of cancer being treated. Cancers suitable for
treatment with the current invention are those cancers in which the cancerous cells express AFPRs. Examples of cancers
with demonstrated expression of AFPR include, but are not limited to, bladder cancer, breast cancer, colon and rectal
cancer, endometrial cancer, kidney cancer (renal cell), leukemia, liver cancer, lung cancer, melanoma, non-Hodgkin’s
lymphoma, ovarian cancer, pancreatic cancer, prostate cancer, skin cancer (non-melanoma), testicular cancer and
thyroid cancer (Moro-Vidal, R., ,Curex Technologies Inc., www.biocurex.com).
[0023] The term patient means all mammals including humans. Examples of patients include humans, other primates,
cows, dogs, cats, goats, sheep, pigs, horses and rabbits.
[0024] The present invention involves the use of exogenous porcine alpha-fetoprotein (PAFP) acting as a carrier or
transporter of apoptosis-inducing agents directly, to cancer cells resulting in the apoptosis of the cancer cells. U.S. Patent
Nos. 6,630,445 and 6,534,479 describe the use of recombinant human AFP for conjugation with cytotoxic agents.
Previously, Nishi et al. (Ann. New York Acad. Sci. 259:109-118, 1975) demonstrated cross-species similarities amongst
mammalian AFPs with respect to immunological and antigenic properties raising the possibility of alternative mammalian
sources of AFP. Similarities between porcine and human AFP suggest that porcine AFP can be used to deliver apoptosis-
inducing agents to cancer cells instead of human AFP (Table 1).

[0025] (NCBI Blast analysis http://www.ncbi.nlm.nih.gov/blast/; Parker, M.H. et al., Protein Expression and Purification,
38:177-183, 2004).
[0026] The term exogenous as used herein means originating from outside the patient or organism.
[0027] The invention relates to a composition of exogenous PAFP and a first apoptosis-inducing agent reversibly
bound to exogenous PAFP in vitro to form a PAFP-first apoptosis-inducing agent complex, and can also include a second
apoptosis-inducing agent wherein the first apoptosis-inducing agent and the second apoptosis-inducing agent are an-
ticancer drugs (i.e. atractyloside, thapsigargin, betulinic acid, CD 437, arsenic trioxide and lonidamine) and wherein the
second apoptosis-inducing agent is capable of reversibly binding to recycled, exogenous PAFP in vivo. The first apoptosis-
inducing agent and the second apoptosis-inducing agent may be the same (i.e. betulinic acid) or they may be different
(i.e. betulinic acid and CD 437).
[0028] The presence of multiple binding domains on PAFP raises the possibility that more than one class of apoptosis-
inducing agent is capable of binding to PAFP simultaneously in vitro (Hirano, K. et al., Biochem. J., 231:189-191, 1985;
Mizejewski, G.J., Exp. Biol. Med. 226(5): 377-408, 2001). This is due to the fact that some binding domains interact with
hydrophobic drugs, while other binding domains interact with hydrophilic or amphiphilic drugs.
[0029] According to one embodiment a cancer patient will receive a daily dosage of the inventive composition wherein
the total daily intake of PAFP will be between 0.07 mg and 1.2 mg depending on the patient and the aggressiveness of
the disease. This concentration of PAFP is based on the physiological concentrations of AFP commonly found in circu-
lation during pregnancy. In murine counterparts, comparable dosages are between 0.0014mg and 0.024mg according
to guidelines provided in "Natural Compounds in Cancer Therapy", (Boik, J., Natural Compounds in Cancer Therapy.
Oregon Medical Press, 2001, pp.8-10).
[0030] The composition of the current invention may contain varying molar ratios of the first and second apoptosis-

Table 1. Comparison of Human AFP (HAFP), recombinant Human AFP (rHAFP) and Porcine AFP (PAFP) properties.
Property HAFP rHAFP PAFP
% amino acid Similarity to Albumin 40 40 38
% Glycosylation 3-4 0 3-4

Glycosylation sugars Different 0 unknown
Microheterogeneity Yes No No
Possibility of pathogenic contamination from source Yes No No
Ethical issues around source Yes No No
Fatty acid binding ability Yes unknown Yes
Hydrophobic ligand affinity Yes unknown Yes

Anticancer activity (AFP-mediated delivery of 
apoptosis-inducing agent bound to cancer cells)

Yes unknown Yes
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inducing agent, such as from an equimolar ratio to an overabundance of the first apoptosis-inducing agent in relation to
PAFP and from an equimolar ratio to an overabundance of the second apoptosis-inducing agent in relation to PAFP.
The in vitro binding conditions of the first apoptosis-inducing agent and PAFP will depend on the properties of the first
apoptosis-inducing agent (i.e. hydrophilic or hydrophobic). Typically, PAFP is mixed with the first apoptosis-inducing
agent where the molar ratio of the PAFP and the first apoptosis-inducing agent ranges from 1:1 to 1:3. More typically,
PAFP is mixed with the first apoptosis-inducing agent where the molar ratio of the PAFP and the first apoptosis-inducing
agent ranges from 1:1 to less than 1:3 The first apoptosis-inducing agent may be composed of one or more anticancer
drugs. However, if multiple drugs are to be used, it must be ascertained that each binds to a different binding domain
on PAFP as mentioned above.
[0031] The extracted material is subjected to diafiltration to eliminate small, unbound molecules without disturbing the
PAFP- apoptosis-inducing agent complex. Previously, Sotnichenko et al. (FEBS Letters 450:49-51, 1999) demonstrated
that human fetal AFP forms a complex with dioxin at a 1:2 molar ratio and that gel filtration effectively eliminates unbound
molecules without disturbing the AFP-dioxin complex.
[0032] Typically, the second apoptosis-inducing agent is present in an amount that is at least 10-fold lower than the
amount used in the methods described in the prior art. For example, Pezzuto et al. (U.S. Patent Application Publication
No. 20030186945) recommend a dosage of betulinic acid of 3000mg (daily oral dosage from 0.2 mg to 500mg) whereas
in the current invention, the dosage of betulinic acid (second apoptosis-inducing agent) can be as low as 150mg. In the
present invention, 0.6mg of PAFP is complexed with 0.007mg of betulinic acid. In another embodiment, 0.15mg of
unbound betulinic acid is included in the formulation.
[0033] PAFP is unstable and can aggregate, precipitate or become inactivated during manipulations such as those of
the chemical conjugation process described previously (G.J. Mizejewski, "Alpha-fetoprotein", in Monographs on Endo-
crinology, ed. Ulrich Westphal, Steroid-protein interactions II, Springer-Verlag, Berlin, New-York, Tokyo, 1986,
pp.320-356; Nunez, E.A. et al, The physiochemical and biological properties of AFP depend on its ligand environment,
J. Nucl. Med. Allied Sci., 33:18-16,1989). The time required to achieve in vitro binding of PAFP to the first apoptosis-
inducing agent at 18-25°C in the present invention is 10 minutes, which is considerably shorter than the time required
by noncovalent binding processes described in the prior art, where the standing time at 18-25°C is 10-12 hours (see,
for example, U.S. Patent No. 6,878,688 to Pak et al.). The reduced time to achieve in vitro binding of PAFP and the first
apoptosis-inducing agent may be attributed to: (1) a higher concentration of unbound PAFP available for binding present
in the concentrate obtained by the ultrafiltration and butanol extraction methods of the present invention, and (2) the
microhomogenicity of PAFP obtained by the current process compared to the HAFP obtained by other methods which,
as stated above, is microheterogeneous (Wu, J.T. and Clayton, F., "Detection and isolation of various isoforms of human
AFP", in "Biological activities of AFP", CRC Press, 1987, Boca Raton, Florida, vol.2, pp.3-14; Mizejewski, G.J., Exp.
Biol. Med., vol. 226(5):377-408, 2001).
[0034] Typically, the first apoptosis-inducing agent is one class of anticancer drug and is present in a daily concentration
of no more than 150 mg. Apoptosis-inducing agents useful in the present invention are preferably selected from the
group comprising mitochondrial membrane permeabilizing agents, mitochondrial pore opening inducing agents, caspase
9 activators, caspase 3 activators, ionophores and retinoids.
[0035] Multidrug resistance (MDR) is frequently associated with high expression levels of the gp170 pump at the
surface of cancer cells (Lehnert M., Eur J Cancer 32A: 912-920, 1996; Germann U.A., Eur. J. Cancer 32A:927-944,
1996; Thomas, H.,. et al., Cancer Control 10(2):159-165, 2003). However, MDR is also known to occur in cells with
damaged p53 or upregulated expression of an apoptotic inhibitor such as Bc1-2 (Jaattela, M., Exp. Cell Res. 248:30-43,
1999). Many chemotherapeutic agents have targets upstream of p53 activity, such as DNA, RNA, telomerases and
topoisomerases. These agents are ineffective in inducing apoptosis in cells with damaged p53 or upregulated Bcl-2
(Evan, G.I. and Vousden, K.H., Nature 411:342-348, 2001)(Figure 1). Moskaleva et al. (Cell Biol. Int., 21(12):793-799,
1997) demonstrated that AFP-drug conjugates were effective at killing multidrug resistant cancer cells that overexpress
MDR (p-glycoprotein drug efflux pump) suggesting that receptor-mediated endocytosis of AFP-drug conjugates over-
comes multidrug resistant cancers. In the present invention, apoptosis-inducing agents are selected based on their
ability to induce apoptosis at the level of the mitochondria, downstream of p53. Through their effects on mitochondrial
membrane permeability and mitochondrial pore transition and/or caspase activation, these apoptotic inducers are capable
of eliciting cytotoxic effects on multidrug resistant cancer cells (Figure 1).
[0036] Preferably, the apoptosis-inducing agents for use in the present invention are derived from natural sources
(Pessayre et al., "Apoptosis Trigged by Natural Substances", in "Apoptosis and Its Modulation by Drugs", eds. R.G.
Cameron, G. Feuer, Springer Press, 2000, pp. 86-108). For example, betulinic acid is derived from betulin, a substance
found in abundance in the outer bark of white birch trees (Betula alba). Typical apoptosis-inducing agents useful in the
present invention include, but are not limited to, thapsigargin, atractyloside, betulinic acid, CD437, arsenic trioxide,
rotenone, piercidin A and lonidamine.
[0037] Other examples of apoptosis-inducing agents suitable for use with the current invention include or are derived
from, but are not limited to, dexamethasone, oligomicin B, hydroxychloroquine phosphate, quercetin, vitamin A, vitamin
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D2 and D3, curcumin, capsaicin, and heavy metals such as zinc, lead, copper, nickel, cadmium, and chemotherapeutic
agents.
[0038] The compositions of the present invention may be delivered to a cancer cell by any currently known method
of administration including but not limited to oral dosage forms (i.e. capsules, softgels, and tablets), suppositories,
inhalations, nose or eye drops, bandages; smell powders, injectables, linaments and topical formulations. In one em-
bodiment, the compositions are prepared for oral dosage as softgels. In another embodiment, the compositions are
prepared for intravenous dosage as an injectable.

EXAMPLE 1

PAFP Isolation and Purification

[0039] PAFP was extracted from the liver and blood of porcine embryos, the amniotic fluid, and the placenta. The fetal
stage at which the extraction is performed is crucial due to the fluctuating post-translational properties of PAFP that can
affect both its biological activity (e.g. receptor binding) as well as its ability to bind to apoptosis-inducing agents. PAFP
extracted from early gestation (earlier than 3 weeks) or later gestation (beyond 14 weeks) fetal material -is differently
glycosylated compared to PAFP extracted from fetal material of between 3 and 14 weeks gestation (Ruoslahti, E. et al.,
Int. J. Cancer, 22:515-520, 1978; Keel, B.A. et al., in "Biological Activities of Alphal-Fetoprotein", Boca Raton, Florida,
CRC Press vol 2, pp. 24-31, 1989; Mizejewski, G.J., Exp. Biol. Med. 226(5):377-408, 2001; Parker, M.H. et al., Protein
Expression and Purification, 38:177-183, 2004; Mizejewski, G.J., in "Monographs on Endocrinology", ed. Ulrich Westphal,
Steroid-protein interactions II, Springer-Verlag, Berlin, New-York, Tokyo, 1986, pp.320-356). The different states of
glycosylation have been shown to affect the binding properties of HAFP, thus, the timing of the extraction of the fluids
from the embryo is critical as the glycosylation of PAFP varies during embryogenesis and the fluid yield diminishes
significantly after the 14th week of gestation. Ideally, porcine fetal material was collected between the 3rd and 14th week
of embryogenesis and subjected to the extraction process.
[0040] Following extraction, the blood and amniotic fluid (herein after the "raw material") were maintained at 4-10°C
for 12 to 24 hours in order to allow natural sedimentation to occur. The supernatant was collected and transferred to a
different container and subsequently concentrated 3-5 times by ultrafiltration using a 50 kDa membrane. During the
ultrafiltration process, the temperature did not exceed 15°C. This concentration step resulted in a high yield of PAFP.
Butanol was then added to a final concentration of between 5%-10%; typically the final concentration of butanol was
about 8%. The raw material and butanol were stirred for 2 minutes and the mixture allowed to incubate for an additional
minute enabling separation of the solution into an upper non-aqueous phase and a lower aqueous phase. The upper
non-aqueous layer containing unbound PAFP was retained and subjected to diafiltration in order to remove residual
butanol from the mixture. The resulting solution containing PAFP was subjected to in vitro binding with apoptosis-inducing
agents for use in treating refractory cancer.
[0041] The method of PAFP extraction is advantageous over traditional methods of AFP extraction in that it results in
increased and more highly concentrated yields of unbound PAFP. By unbound is meant PAFP not bound to endogenous
binding partners. As a result of higher concentrations of unbound PAFP, it was anticipated that increased concentrations
of PAFP bound to apoptosis-inducing agents of interest are achievable.
[0042] PAFP extracted by the methods detailed above was subjected to polyacrylamide gel electrophoresis (Figure
2). Two major protein bands were evident upon Coomassie gel staining (Figure 2, lanes A and lane C). The upper band
(approximately 70 kDa) corresponds to PAFP and the lower band (approximately 67 kDa) corresponds to albumin.

EXAMPLE 2

PAFP has similar binding properties compared to HAFP

[0043] Previous studies had not addressed whether or not PAFP possesses similar biological properties compared
to HAFP. PAFP extracted by the methods detailed above was analyzed using two different immune- enzyme kits in
order to detect the presence of PAFP in the extraction obtained from the methods detailed above. PAFP samples were
compared to AFP isolated from human serum and amniotic fluid. Initially, samples were subjected to the membrane EIA
Alpha-fetoprotein test (catalog #410-1, IND Diagnostic Inc., Vancouver, Canada) which incorporates a monoclonal
antibody to HAFP. PAFP did not produce a reaction with the EIA Alpha-fetoprotein test kit compared to the human AFP
sample suggesting potential differences in the chemical structure of PAFP versus human AFP. A second test kit incor-
porating a polyclonal antibody to HAFP (catalog number T-8456, AFP-EIA-BEST-Strip, Vector-BEST, Novosibirsk, Rus-
sia) was then used to assay the presence of PAFP in the extraction. A positive reaction occurred indicative of the ability
of PAFP to react with antibodies raised against human AFP. The results of the immunoassay studies suggest PAFP is
capable of recognition by antibodies to HAFP, suggesting PAFP is structurally similar to HAFP.
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[0044] It has been previously demonstrated that HAFP itself is capable of inducing apoptosis. Induction of tumor cell
death was shown at high physiological doses of AFP (>250 mg/mL), but not at low doses (<200mg/mL) (Dudich et al.,
Eur. J. Biochem. 266:1-13, 1999). In addition, studies have shown HAFP is capable of binding to various hydrophobic
and hydrophilic compounds (Hirano, K., et al., Biochem. J. 231;189-191, 1985). However, it was not known if PAFP
could similarly induce apoptosis or other downstream biological responses and if PAFP is, similar to HAFP, capable of
binding to various agents due to differences in amino acid sequence of PAFP compared to HAFP (82% amino acid
similarity) (Kim et al., Animal Genetics, 33:468-485, 2002).
[0045] Studies conducted in a murine cancer model demonstrated the ability of PAFP to deliver apoptosis-inducing
agents (e.g. atractyloside, thapsigargin and betulinic acid) to cancer cells and, consequently, to reduce the tumour
burden (see Examples 4 and 6). These results were consequently replicated in a human study where apoptosis-inducing
agents bound to PAFP were found to elicit anti-tumour effects (see Example 5, 7 and 8). Together, the data suggest
that PAFP is recognized by both human and murine AFP receptors.

EXAMPLE 3a

In vitro binding of PAFP and an apoptosis-inducing agent

[0046] PAFP obtained from the-extraction procedure detailed above was combined with an apoptosis-inducing agent.
for one minute and allowed to incubate for an additional 10 minutes at 10-15°C. While longer incubation periods were
acceptable, extension of the incubation time did not provide significant benefit with regards to amount of agent bound
to PAFP. The PAFP- apoptosis-inducing agent mixture was then subjected to steps of ultrafiltration using a 50 kDa
membrane and diafiltration in order to remove small molecules and other impurities, for example salts used as a biological
buffer in previous extraction steps during the collection of raw material. The diafiltration step additionally assisted in
eliminating unbound apoptosis-inducing agent remaining. The retentate contained the PAFP- apoptosis-inducing agent
mixture useful in subsequent steps.
[0047] A final filtration step was performed using a 0.22 micron membrane in order to filter sterilize the resulting solution.
Albumin remained in the mixture but does not interfere with the efficacy of the present inventive compositions.
[0048] The resulting solution was flash-frozen-at-45°C until it is completely frozen. The PAFP- apoptosis-inducing
agent composition was then dried using a freeze dryer until the layer was completely dried. The freeze dried PAFP-
apoptosis-inducing agent composition was then ground to fine particles ensuring that the temperature of the powder
didn’t exceed 35°C. A powder of 80 mesh or smaller was obtained in order to facilitate the incorporation of the composition
into various preparations or delivery systems. The precise quantity of PAFP in the powder can be calculated using HPLC
or PAAG-efectrophoresis data.

EXAMPLE 3b - PAFP-Atractyloside

[0049] One liter of PAFP retentate having a final total protein concentration of 35g/L, and approximately 21 g/L PAFP,
was combined with 250 mg of atractyloside (MW=803) dissolved in 50 mL of water in order to achieve a 1:1 molar ratio
PAFP:actractyloside. The solution was allowed to mix for 10 minutes at 4-15°C and was then ultrafiltrated and diafiltrated
with 2-3 volumes water. One liter of the final solution was subjected to freeze-drying to produce the PAFP-atractyloside
composition.

EXAMPLE 3c -PAFP-Thapsigargin

[0050] Half a liter of PAFP retentate having a total protein concentration of 8 g/L and approximately 1.7 g/L PAFP,
was combined with 10 mg of Thapsigargin (MW=650) dissolved in 10 mL of alcohol in order to achieve a 1:1 molar ratio
PAFP:thapsigargin. The solution was allowed to mix for 30 minutes at 15-25°C and was then ultrafiltrated and diafiltrated
with 2-5 volumes water. Two hundred milliLiters of the final solution was subjected to freeze-drying to produce the PAFP-
thapsigargin composition.

EXAMPLE 3d - PAFP-Betulinic Acid

[0051] Two liters of PAFP retentate with a total protein concentration of 20 g/L and approximately 14 g/L of PAFP was
combined with 500 mg of betulinic acid (MW=456) dissolved in 100 mL of DMSO which was added dropwise in order
to achieve a 1:1 molar ratio PAFP:betulinic acid. The solution was allowed to mix for 10 minutes at 25-37°C and then
subjected to diafiltration. One liter of the final solution was subjected to freeze-drying to produce the PAFP-betulinic acid
composition.
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EXAMPLE 4

[0052] In vivo murine leukemia model: PAFP + apoptosis-inducing agent kills tumor cells in the mice after 24 days of
tumor cells inoculation. Mice of the DBA2 strain were inoculated subcutaneously in the side of the body with 20,000 P-
388 murine leukemia cells, previously shown to express AFP receptors (Severin et al, Dokl. Acad. Nauk ,366(4):561-564,
1999; Moro-Vidal, R., Curex Technologies Inc., www.biocurex.com). All animals survived post-inoculation. Ten mice
each were subjected to one of the following daily treatments:

1-preparation A (PAFP-atractyloside composition)
2-preparation T (PAFP-thapsigargin composition)
3-preparation S (spleen extract)
4-preparation A+S
5-preparation T+S
6-control oil
7-control water

[0053] Each group consisting of 10 mice received daily 0.2 mL oral dosages of the indicated treatment in oil delivery
vehicle beginning at day 2, the day after P-388 cell inoculation. The animals were evaluated for tumour growth on day
24 post-inoculation. The results are summarized in Table 2.

[0054] The growth of P-388 lymphocytic leukemia cell line inoculated subcutaneously into the sides of mice and treated
daily as indicated beginning one day post-inoculation is shown in Figure 3.

Results:

[0055]

1. The growth of the tumors in group 1 (PAFP-atractyloside) and group 2 (PAFP-thapsigargin) animals was sup-
pressed on average by 79% and 53% respectively compared to control groups 6 (oil) at day 24 post-inoculation. At
day 22 post-inoculation, the growth of the tumors was suppressed on average by 85% and 79% respectively com-
pared to control group 7 (water).
2. The survival rate was measured when 50% of the animals in each group of 10 (e.g. 5 animals) were alive. 50%
survival rates in group 1 animals (day 30), which were administered the PAFP-atractyloside composition, increased
1.4 times compared to survival rates in animals that received water as a control (group 7) (day 21). 50% survival in
group 2 animals (day 27), which were administered PAFP-thapsigargin composition, increased 1.28 times compared
to control animals (Figure 4).
3. 38 days post-inoculation, 3 of 10 mice receiving PAFP-atractyloside ("Preparation A") daily treatments were still
alive and one of 10 mice being administered PAFP-thapsigargin ("Preparation T") was still alive (Figure 4). All mice
in the water control group were dead by day 24 while all mice in the oil control group were dead by day 25.
4. In one of three mice still alive 38 days post-inoculation receiving daily treatments of "Preparation A", tumour
regression was observed (Table 3).

Table 2.

Treatment Group Survival % (Day 24) Average Tumor size(cm3)

1- PAFP-atractyloside composition, 0.02mg/day (preparation A) 90% 0.92 +/- 1.17

2- PAFP-thapsigargin composition, 0.08mg/day (preparation T) 80% 1.33 +/- 0.68

3- spleen extract, 4.0mg/day (preparation S) 70% 2.97 +/- 2.62

4- preparation A+S (0.02mgA + 4.0mg S) 40% 4.17 +/- 0.65

5- preparation T+S (0.08mg T + 4.0mg S) 20% 5.59 +/- 3.36

6-control oil 10% 6.34

7-control water 0% No living animals to measure
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[0056] Similar tumor growth regression was demonstrated by Severin et al. using AFP as a delivery vehicle for the
antibiotic esperamicin A1 to which it was covalently conjugated (Severin, S.E. et al., Dokl. Akad. Nauk. 366(4): 561-4,
1999).
[0057] Conclusions:

1. "Preparation A" and "Preparation T" comprised of PAFP-atractyloside and PAFP-thapsigargin respectively, at
the demonstrated concentrations, inhibited tumour growth.
2. Administration of apoptosis-inducing agents atractyloside and thapsigargin bound to PAFP extended survival in
a murine model of leukemia.

EXAMPLE 5

In vivo data - tumor: PAFP-atractyloside composition kills tumor cells in humans

[0058] Eight patients classified as stage IV in their cancer progression by their respective doctors were administered
oral dosages of PAFP-atractyloside composition in capsule form (2-6 capsules) daily for one month. The progress of
these patients was then followed by their respective doctor for an additional four months. The patients themselves
reported enhanced quality of life. According to CT scans performed on these patients, those receiving the PAFP-atrac-
tyloside treatment experienced a reduction in the growth rate of the primary tumor, a reduction in the size of the primary
tumor in some cases, as well as a reduction in extent of metastasis. The conclusions of the initial human study are as
follows:

1. The oral intake of PAFP-atractyloside product (in starch and oil delivery vehicle) in daily doses of 2-6 capsules
was found to be safe and associated with minimal side effects during the course of the treatment.
2. The decrease in primary and metastatic tumour size as well as pain at the metastatic site confirmed the specific
anti-cancer action of PAFP-atractyloside product.
3. Marked improvements in quality of life measured by patient-described enhancement of physical activity and
general well being were observed in patients that received the PAFP-atractyloside composition administration either
alone or in combination with other drugs.
4. The data indicated a dose-dependent response in patients who were administered the PAFP-atractyloside com-
position as determined by the observed reduction in both primary and metastatic tumor masses.
5. Administration of PAFP-atractyloside was only rarely accompanied by an acute immune reaction (increase in
body temperature, local pain at the site of tumor/mestastasis) as the dose was increased.
6. The reduction in tumour burden in stage IV cancer patients in response to administration of the PAFP-atractyloside
composition suggested the composition is orally bioavailable.

EXAMPLE 6

[0059] In vivo data - leukemia:

a composition comprising exogenous PAFP reversibly bound to a first apoptosis-inducing agent in vitro and a second
apoptosis-inducing agent kills tumor cells in mice

[0060] Daily treatments consisted of:

1- Control water
2- Control oil
3- PAFP bound to a first apoptosis-inducing agent (betulinic acid) in vitro (PAFP-betulinic acid composition)
4- PAFP bound to a first apoptosis-inducing agent (betulinic acid) in vitro (PAFP-betulinic acid composition) in
combination with additional, unbound betulinic acid

Table 3.
Days Post-Inoculation 13 15 17 20 22 24 38

Tumour Size (cm3) 0 0.05 0.05 0.05 0.03 0.01 *ND
*ND=not determined
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[0061] Mice were inoculated with 20,000 P-388 murine leukemia cells on day 1 and on day 2 were administered daily
oral dosages of 0.2mL water (1) or oil (2) control treatments or 0.2mL dosages of test preparations 3 or 4. Experiments
were designed to include 10 mice in each treatment group. Figure 5 shows a graph of the growth of P-388 leukemia
cells as a function of time in animals receiving one of a daily oral dosage of water (1), oil (2), PAFP-bound betulinic acid
(3) or PAFP-bound betulinic acid combined with additional, unbound betulinic acid (4) where each of the latter two
preparations are suspended in 0.2mL of oil.
[0062] Group 4 treatments were prepared by dissolving excess betulinic acid in DMSO as 0.5 mg/mL then adding 2mL
(1mg) of this solution to the 0.2 mL of PAFP-bound betulinic acid preparation. Once the PAFP-bound betulinic acid is
delivered to a tumour cell, PAFP is hypothesized to be recycled extracellularly enabling the exogenous PAFP to bind to
the excess betulinic acid in the tumour microenvironment for subsequent delivery to tumour cells based on the results
of in vitro studies which demonstrated that I125-labeled AFP is endocytosed by neoplastic lymphoid cell lines and released
practically undegraded from the cells (Torres et al., Int. J. Cancer 47(1):110-117, 1991).
[0063] Betulinic acid (BA) has been used to treat malignant melanoma (U.S. Patent Application Publication No.
2003/0186945), however, large doses of BA are required (0.2mg - 500mg daily). PAFP is mixed with BA in a molar ratio
of 1:2 where the composition is present in the amount for human of 0.6mg within 0.2mL of oil acting as the carrier. In a
weight ratio, betulinic acid is present at a daily dose of 0.008mg. When in complex with PAFP, betulinic acid has been
found to be effective in humans at microgram concentrations. Boik (Natural Compounds in Cancer Therapy, 2001)
provides the following equation to calculate equivalent murine oral dose from human dose: human dose (grams/kg) =
mouse dose (mg/kg)/104. A human weight of 75kg and a mouse weight of 0.02kg gives: 0.0006g (human dose) X
104=mouse dose (mg/kg) = 0.0624mg/kg. For a 0.02kg mouse, the dose can be calculated as 0.0624mg/kg X
0.02kg=0.01248mg or 12mg. The coefficient for calculating murine dose from human dose is 600mg (human daily
dose)/12mg (mouse daily dose) = 50. In cases where an excess second apoptosis inducer is included in the dose, this
second apoptosis inducer is added later in a oil suspension form to an already prepared oil suspension of the first complex
(PAFP/first apoptosis inducer). For example, a typical murine dose consists of 7mg of PAFP-Betulinic acid complex in
dry form admixed with 0.05mL of oil and combined with 0.15mug of Betulinic acid dissolved in oil to final volume of 0.2mL
of oil.
[0064] Comparison of tumour volume in animals receiving PAFP-bound betulinic acid (group 3) in the absence of
excess, betulinic acid to tumour volume in animals receiving PAFP-bound betulinic acid in combination with excess
betulinic acid (group 4) indicates the latter treatment resulted in reduced tumour volume. The results suggest added
therapeutic benefit in the combination of PAFP-bound betulinic acid with excess unbound betulinic acid. The data further
suggest that apoptosis-inducing agents capable of binding to PAFP can be used to treat malignant neoplasms, the cells
of which express AFP receptors, by: 1) delivery of the PAFP-bound with apoptosis-inducing agent to the tumor cell and
2) consequent delivery of an additional, second apoptosis-inducing agent capable of binding to PAFP in vivo to improve
the therapeutic outcome.
[0065] The results demonstrate that inclusion of excess, unbound betulinic acid in the PAFP-bound betulinic acid
preparation is more effective at reducing tumour growth than PAFP-bound betulinic acid alone. Furthermore, the data
suggest a therapeutic advantage in using a second apoptosis-inducing agent in the inventive composition.

EXAMPLE 7

[0066] In vivo data - tumor:

a composition comprising exogenous PAFP reversibly bound to a first compound in vitro and a second compound
used to kill solid tumour type of cancers in human patients.

[0067] Preliminary results in 5 patients (4 women and one man) with solid tumours with or without metastases:

Patient #1: woman, 57 years old, localized breast cancer
Patient #2: woman, 63 years old, breast cancer metastasized to the bones
Patient #3: woman, 44 years old, with ovarian breast cancer.
Patient #4: woman, 60 years old, breast cancer with metastasis to the lymph nodes
Patient #5: man, 58 years old, testicular cancer.

[0068] The aim of the study was to evaluate response to PAFP-betulinic acid compositions in patients with solid type
cancers classified as inoperable, refractory to existing treatments or recurrent post-operation.
[0069] The patients took a daily dosage of two softgels on an empty stomach, one in the morning and one before
bedtime. Each softgel was comprised of PAFP-betulinic acid product (i.e.betulinic acid reversibly bound to exogenous
PAFP in vitro) and excess betulinic acid (i.e. additional betulinic acid not bound to PAFP). The PAFP-betulinic acid
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product was provided in a single unit dosage of 300mg of PAFP and 6mg of betulinic acid per softgel. The excess or
additional betulinic acid was present as 150mg per softgel.
[0070] The preliminary results showed that 4 out of 5 patients demonstrated reduction in the rate of cancer progression
and an overall better quality of life as determined by patient reports of reduced pain, improved energy levels and increased
appetite. The patients did not report any side effects related to the treatment with the softgels.

EXAMPLE 8

In vivo data - reduction of metastatic tumour volume in human patients

[0071] The purpose of this study was to evaluate the therapeutic benefit of a PAFP-atractyloside complex in treating
solid tumours. The softgels were administered two caps daily, per os, one in the morning and one before bedtime, on
an empty stomach in patients with metastatic disease.
[0072] Thirteen patients were evaluated. Twelve patients had been diagnosed with colon cancer and one patient with
breast cancer. Each patient presented with metastatic disease, at least at one site. Seven patients were women and six
were men, each ranging in age from 45 to 65.
[0073] Each patient was administered the PAFP-bound apoptosis-inducing agent (under the name CPA) at a dosage
of 2 capsules (0.3 mg PAFP + 0.006mg of atractyloside per capsule) daily for 4 to 8 weeks. Computer tomography (CT)
(Siemens, 16 layers) scans were performed before and after the treatment.
[0074] Following are the results of the study. Based on CT scan data, patient responses were classified as one of the
following:

Full: No apparent metastasis
Partial: At least one metastasis has disappeared or is reduced in size
Stable: Metastasis growth within the World Health Organization standard for Stabilization (growth less than 25%).
Progression: Either an increase (more than 25%) in the size of metastasis or worsening of physical condition.
Interrupted: Side effects led to the interruption of the treatment.

[0075] A summary of the patient data is provided in Table 4. CT scans taken before and after treatment are provided
in Figures 6 and 7 for patients P. and P.N.G. each of whom demonstrated full response to the treatment.

[0076] Complete patient information is as follows:

Patient: P.

[0077] Gender: M. Age: 56 years old.
Clinical-diagnosis: Colon Cancer (T2 N0 M0) Adenocarcinoma (B-123256-68 from 21.01.2005)
Previous treatment: Surgery (Tumor resection) - 15 Jan., 2005

Table 4.

Patient Gender Age (years) Tumour Previous Treatment Response

P male 56 Colon adenocarcinoma Tumour resection full
P.N.G. male 62 Colon adenocarcinoma Tumour resection full
A.N.A. female 48 Colon adenocarcinoma Chemotherapy partial
A.N.P. female 63 Colon adenocarcinoma R. hemicolonectomy; chemotherapy partial

S.V.A. female 45 Colon adenocarcinoma L. hemicolonectomy partial
Z.T.P. female 49 Breast carcinoma Mastectomy; radiotherapy of 

regional lymph nodes
stable

G.N.K. female 62 Colon adenocarcinoma Tumour resection stable
P.A.G. male 65 Colon adenocarcinoma Chemotherapy stable
B.L.N. female 57 Colon adenocarcinoma Tumour resection progression

K.A.R. male 52 Colon adenocarcinoma Chemotherapy progression
K.V.I. male 48 Colon adenocarcinoma Chemotherapy progression
P.A.V. male 65 Colon adenocarcinoma Tumour resection; chemotherapy progression
R.D.P. female 62 Colon adenocarcinoma Tumour resection interrupted
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[0078] Prior to administration of PAFP-atractyloside composition:
May 2006 - Progression: 1 Liver metastasis (Mts) (13x15 mm) (CT from 15.05.2006)
Administration of PAFP-atractyloside composition: 5.05.2006 - 15.07.2006

Conclusion: Full response. Metastasis disappeared.
[0079] For Patient P., comparison of CT scans (Figure 6) taken before treatment (left) and after treatment (right) shows
that the metastasis (arrow) is no longer evident after treatment.

Patient: P.N.G.

[0080]

[0081] For patient P.N.G., a comparison of the CT scans (Figure 7) taken before (left) and after (right) treatment shows
that the metastasis (arrow) is no longer evident after treatment.

Patient: A.N.A.

[0082] Gender: F, Age: 48 years old.
Clinical diagnosis: Colon Cancer (T3a N1 M1), Metastasis:1 (Liver), Adenocarcinoma (B-116-75 from 25.09.2005)
Previous treatment: NO Surgery; Chemotherapy (Eloxatin, Alimta), Oct.2005-Feb.2006; Stabilization of the tumor growth
[0083] Prior to administration of PAFP-atractyloside composition:

May 2006 - Progression. Liver Mts (Left Lobe): 25x27 mm (CT from 28.05.2006) Quality of life (Karnofsky Index) = 80%
Administration of PAFP-atractyloside composition: 10.06.2006 - 12.08.2006
The result of the treatment: Liver Mts (Left Lobe): 16x 11 mm (CT from 21.08.2006)
Quality of life (Karnofsky Index) = 90%
Side effects: None
Conclusion: Partial response: Metastasis reduction.

[0084] The CT scans show 73% (25x27=675,16x11=176,675-176=499, 499/675=73.9%) reduction in size of a colon
carcinoma metastasis in the liver of a patient who received twice daily doses of a PAFP-atractyloside composition.

Patient: A.N.P

[0085] Gender: F, Age: 63 years old
Clinical diagnosis: Colon Cr. (T3 N0 M0), Adenocarcinoma (O-1117-29 from 14.01.2005)
Previous treatment: Surgery (Hemicolonectomy, right) - Dec.2004
August 2005 - Progression. Chemotherapy - Eloxatin, Xeloda, 5-FU; Partial response
Prior to administration of PAFP-atractyloside composition:

May 2006 - Progression, Retzidiv: 3 Liver Mts : 21x28 mm, 27x29 mm, 10x12 mm (CT from 17.05.2006)
Quality of life (Karnofsky Index) = 70 - 80%

The result of the treatment: NO Liver Mts (CT from 02.08.2006) Quality of life (Karnofsky Index) = 80% Side effects: 
None

Gender: M. Age: 62 years old.
Clinical diagnosis: Colon-Cancer (T2 N0 M0). Adenocarcinoma (O-1045- 48 from 01.09.2005).
Previous treatment: Surgery (Tumor resection, Left) - Aug.2005

Prior to administration of PAFP-atractyloside composition:
May 2006 - Progression; 1 Liver Mts: 7x10 mm (CT from 20.05.2006) Quality of life (Karnofsky Index) = 90%
Administration of PAFP-atractyloside 
composition:

10.06.2006 - 22.07.2006

The result of the treatment: NO Liver Mts (CT from 16.08.2006) Quality of life (Karnofsky Index) = 90% 
Side effects: None

Conclusion: Full response. Metastasis (7x10 mm) disappeared.
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Administration of PAFP-atractyloside composition: 05.06.2006 - 30.07.2006
The result of the treatment: 2 Liver Mts: 21x28 mm, 27x29 mm (CT from 08.08.2006)
Quality of life (Karnofsky Index) = 90%
Side effects: None
Conclusion: Partial response: Disappearance of one (10x12 mm) of the liver metastases.

Patient: S.V.A.

[0086] Gender: F. Age: 45 years old
Clinical diagnosis: Colon Cancer (T2 N1 M0). Adenocarcinoma (O-1135-42 from 25.03.2004)
Previous treatment: Surgery (Hemicolectomy, left) - Mar.2005
May 2006 - symptomatic therapy
Prior to administration of PAFP-atractyloside composition:

Apr. 2006 - Progression: 3 Liver Mts : 45x65 mm, 26x42 mm and 7x9 mm (CT from 26.04.2006)
Quality of life (Karnofsky Index) = 80%
Administration of PAFP-atractyloside composition: 29.06.2006 - 24.07.2006
The result of the treatment: 2 Liver Mts: 42x55 mm and 26x42 mm (CT from 03.08.2006)
Quality of life (Karnofsky Index) = 90%
Side effects: None
Conclusion: Partial response: 1 Metastasis eliminated (7x9 mm), 2 Metastases stabilized.

Patient: Z.T.P.

[0087] Gender: F. Age: 49 years old
Clinical diagnosis: Breast Cr. (T3b N1 M0)
Previous treatment: Surgery (Mastectomy) - Dec.2004; Radiotherapy (region of lymph nodes);
Treatment by Taxotere; Stabilization
Prior to administration of PAFP-atractyloside composition:

Jul. 2006 - Progression. 1 Liver Mts: 67x69 mm. (CT from 18.07.2006)
Quality of life (Karnofsky Index) = 90%
Administration of PAFP-atractyloside composition: 05.08.2006 - 02.09.2006
The result of the treatment: 1 Liver Mts : 68x66 mm. (CT from 30.08.2006)
Quality of life (Karnofsky Index) = 90%
Side effects: None
Conclusion: Stabilization.

Patient: G.N.K.

[0088] Gender: F, Age: 62 years old
Clinical diagnosis: Colon Cancer (T2 N0 M0), Adenocarcinoma (O-1086- 92 from 14.06.2005)
Previous treatment: Surgery (Tumor resection, right) - Jun.2005
Prior to administration of PAFP-atractyloside composition:

Jun. 2006 - Progression: 2 Liver Mts : 8x6 mm and 6x6 mm (CT from 10.06.2006)
Quality of life (Karnofsky Index) = 90%
Administration of PAFP-atractyloside composition: 1.07.2006 - 2.09.2006
The result of the treatment: 2 Liver Mts : 8x6 mm and 6x6 mm(CT from 15.09.2006)
Quality of life (Karnofsky Index) = 90%
Side effects: None
Conclusion: Stabilization.

Patient: P.A.G.

[0089] Gender: M. Age: 65 years old
Clinical diagnosis: Colon Cr. (T2 N0 M0). Adenocarcinoma (O-1256-65 from 25.09.2005)
Previous treatment: Surgery operation - Sept. 2005. Dec. 2005 - Progression; Mts In Liver



EP 1 959 978 B1

16

5

10

15

20

25

30

35

40

45

50

55

5 courses of Chemotherapy: 5-FU.
Prior to administration of PAFP-atractyloside composition:

Jun. 2006 - Progression: 2 Liver Mts: 32x24 mm and 32x26 mm (CT from 14.06.2006)
Quality of life (Karnofsky Index) = 90%
Administration of PAFP-atractyloside composition: 19.06.2006 -13.08.2006
The result of the treatment: 2 Liver Mts: 32x24 mm and 32x26 mm (CT from 22.08.2006)
Quality of life (Karnofsky Index) = 90%
Side effects: None
Conclusion: Stabilization

Patient: B.L.N.

[0090] Gender: F, Age: 57 years old
Clinical diagnosis: Colon Cancer (T3b N0 M0), Adenocarcinoma (O-1245-61 from 14.01.2006)
Previous treatment: Surgery (Tumor resection, right) - Dec.2005
Prior to administration of PAFP-atractyloside composition:

Jun. 2006 - Progression: Liver Mts: 18x12 mm (CT from 19.06.2006)
Quality of life (Karnofsky Index) = 90%
Administration of PAFP-atractyloside composition: 2.07.2006 - 27.08.2006
The result of the treatment: Liver Mts: 22x18 mm (CT from 4.09.2006)
Quality of life (Karnofsky Index) = 90%
Side effects: None
Conclusion: Progression. Metastasis increased more than 25%.

Patient: K.A.R.

[0091] Gender: M. Age:52 years old
Clinical diagnosis: Colon Cancer (T3b N1 M1-Hep.), Adenocarcinoma (B-1189-96)
Previous treatment: NO Surgery. Chemotherapy - Eloxatin (Dec. 2005-Feb. 2006). Stabilization
Prior to administration of PAFP-atractyloside composition:

Jun. 2006 - Progression: 1 Liver Mts: 118x85 mm (CT from 19.06.2006)
Quality of life (Karnofsky Index) = 60-70%
Administration of PAFP-atractyloside composition: 26.06.2006 - 27.08.2006
The result of the treatment: 1 Liver Mts : 118x85 mm (CT from 19.06.2006)
Quality of life (Karnofsky Index) = 40-50%
Temperature running in the evening. Cannot walk.
Side effects: Vomiting, nausea
Conclusion: Clinical progression. Metastasis - not dynamic (Stabilization)

Patient: K.V.1.

[0092] Gender: M, Age: 48 years old - -
Clinical diagnosis: Colon Cancer (T3b N1 M1-Hep.). Adenocarcinoma (B-1245-50)
Previous treatment: NO Surgery. Chemotherapy - Eloxatin (Oct.-Nov. 2005).
Partial response
Prior to administration of PAFP-atractyloside composition:

May 2006 - Progression: 1 Liver Mts: 19x9 mm (CT from 16.05.2006)
Quality of life (Karnofsky Index) = 90%
Administration of PAFP-atractyloside composition: 05.06.2006 - 30.07.2006
The result of the treatment: 1 Liver Mts: 28x32 mm (CT from 08.08.2006)
Quality of life (Karnofsky Index) = 90%
Side effects: None
Conclusion: Progression.
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Patient: P.A.V.

[0093] Gender: M. Age: 65 years old
Clinical diagnosis: Colon Cr. (T3a N0 M0). Adenocarcinoma (O-1212-34 from 12 02. 2005).
Previous treatment: Surgery (tumor resection)-Feb. 2005
Oct. 2005 - Progression; Mts in Liver
Oct.-Nov. 2005 - Chemotherapy (Eloxatin) - Partial Response
Prior to administration of PAFP-atractyloside composition:

Jun. 2006 - Progression. 2 Liver Mts: 7x8 mm and 5x6 mm (CT from 06.06.2006)
Quality of life (Karnofsky Index) = 90%.
Administration of PAFP-atractyloside composition: 5.06.2006 - 6.08.2006.
The result of the treatment: 2 Liver Mts: 12x9 mm and 6x8 mm (CT from 07.08.2006)
Quality of life (Karnofsky Index) = 90%
Side effects: None.
Conclusion: Progression.

Patient: R.D.P.

[0094] Gender: F. Age: 62 years old
Clinical diagnosis: Colon Cancer (T2 N1 M0). Adenocarcinoma (O-1187-48 from 29.09.2004)
Previous treatment: Surgery (Tumor resection, left) - Sept.2004
Prior to administration of PAFP-atractyloside composition:

May 2006 - Progression: 2 Liver Mts: 65x85 mm and 46x22 mm, tend to fusion (CT from 14.05.2006)
Quality of life (Karnofsky Index) = 90%
Administration of PAFP-atractyloside composition: June, 2006

[0095] The result of the treatment: not determined
[0096] Side effects: Vomiting, nausea; not inhibited by antiemetics
[0097] Conclusion: Treatment was interrupted because of side effect (vomiting, nausea)
[0098] Taking into consideration the advanced stage of cancer being treated in this study, the results of indicate that
of the 13 patients who were administered daily doses of CPA, 61% (8/13) demonstrated a response. A response means
that either the metastatic masses were undetectable after the treatment (15%, 2/13), that at least one metastatic mass
was eliminated or reduced in size (23%, 3/13) or that no progression was observed in metastatic growth (stabilization,
23%, 3/13).
[0099] Four patients experienced progression of their disease (31%) and one (8%) was removed from the study due
to side effects (vomiting, nausea). The main investigator could not determine if the side effects were directly related to
the treatment and suggests that the size of the initial metastasis in the liver (65x85 mm and 46x22 mm, tendency to
fusion) could have had an effect.
[0100] There were no serious adverse effects reported aside from one case of vomiting which could not be directly
correlated to the intake of the product.
[0101] Patients A.N.A. and A.N.P. had multi-drug resistant metastases that developed after treatments with Eloxa-
tin/Alimta, and Eloxatin/Xeloda/5-FU respectively. After PAFP-atractyloside composition treatment, these patients dem-
onstrated reduction in metastatic tumour size. These data support the ability of the PAFP-atractyloside complex to
overcome multi-drug resistance in vivo.
[0102] The foregoing are specific examples of certain aspects of the present invention. Many other embodiments,
including modifications and variations thereof, are also possible and will become apparent to those skilled in the art upon
a review of the invention as described herein. Accordingly, all suitable modifications, variations and equivalents may be
resorted to, and such modifications, variations and equivalents are intended to fall within the scope of the invention as
described herein and within the scope of the appended claims.
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Claims

1. A composition comprising a non-covalent complex of:

porcine alpha-fetoprotein (PAFP) defined in Kim et al., Animal Genetics, 33:468-485, 2002;and
at least one apoptosis-inducing agent selected from the group consisting of mitochondrial membrane premea-
bilizing agents, mitochondrial pore opening inducing agents, ionophores, caspase 9 activators, caspase 3 ac-
tivators and retinoids,
wherein the at least one apoptosis-inducing agent reversibly binds to the PAFP.

2. The composition according to claim 1, wherein two apoptosis-inducing agents that reversibly bind to the PAFP are
present.

3. The composition according to claim 1 or 2 wherein the PAFP is prepared from porcine blood or amniotic fluid
extracted during early embryogenesis using butanol extraction

4. The composition according to claim 3, wherein the PAFP is prepared using the following process:

(a) separating blood and amniotic fluid collected from porcine embryos of from about 3 to about 14 weeks
gestation into a supernatant and a precipitate;
(b) collecting the supernatant resulting from (a);
(c) concentrating the supernatant resulting from (b) to form a concentrate solution;
(d) adding butanol to the concentrated solution of (c) to a final concentration of from about 5% to about 10%
butanol in solution;
(e) stirring the butanol solution resulting from (d);
(f) separating the butanol solution resulting from (e) into an upper non-aqueous phase and a lower aqueous
phase; and
(g) collecting the non-aqueous phase resulting from (f) to produce a final solution containing PAFP.

5. The composition according to any one of claims 3 to 4 wherein the PAFP is prepared from porcine embryos of from
about 3 to about 14 weeks gestation.

6. The composition according to any one of claims 1 to 5 wherein the apoptosis-inducing agent is selected from the
group consisting of atractyloside, betulinic acid, thapsigargin, rotenone, piericidin A, lonidamine, CD437, arsenic
trioxide, A23187, Ionomicin, Vitamins D2 and D3, Pac-1, dexamethasone and Accutane™, and wherein the apoptosis-
inducing agent is preferably atractyloside.

7. The composition according to any one of claims 1 to 6 wherein the PAFP of said composition specifically binds to
cells having at least one AFP receptor on the cell surface.
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8. The composition according to any one of claims 1 to 7 wherein said composition is in the form of a capsule, softgel
or tablet for oral dosage; a suppository; an injectable; an inhalation formula; nose drops; eye drops; a bandage; a
linament; or a topical formulation.

9. The composition according to any one of claims 1 to 8 for use in the targeted delivery to a patient of the at least one
apoptosis-inducing agent to a cancer cell having at least one AFP receptor on a cell surface, wherein the at least
one apoptosis-inducing agent reversibly binds to the PAFP, and the PAFP specifically binds to the at least one AFP
receptor.

10. The composition according to any one of claims 1 to 8 for use in inhibition of proliferation of a cancer cell in a patient,
said cancer cell having at least one AFP receptor on a cell surface, wherein the at least one apoptosis-inducing
agent reversibly binds to the PAFP, and the PAFP specifically binds to the at least one AFP receptor on the cell surface.

11. The composition according to any one of claims 1 to 8 for use in treating multidrug resistance in refractory malignant
neoplasms in a patient, said refractory malignant neoplasms being comprised of cancer cells having at least one
AFP receptor on a cell surface, wherein the at least one apoptosis-inducing agent reversibly binds to the PAFP,
and the PAFP specifically binds to the at least one AFP receptor on the cell surface.

12. The composition for the use according to any one of claims 9 to 11, wherein the cancer is selected from the group
consisting of bladder cancer, breast cancer, colon and rectal cancer, endometrial cancer, kidney cancer, leukemia,
liver cancer, lung cancer, melanoma, non-Hodgkin’s lymphoma, ovarian cancer, pancreatic cancer, prostate cancer,
skin cancer, testicular cancer and thyroid cancer.

13. The composition for the use according to any one of claims 9 to 12, wherein the at least one apoptosis-inducing
agent is atractyloside.

Patentansprüche

1. Eine Zusammensetzung enthaltend einen nicht kovalenten Komplex aus:

Schweine-alpha-fetoprotein (PAFP), wie es in Kim et al., Animal Genetics, 33:468-485, 2002 definiert ist; und
wenigstens ein Apoptose induzierendes Mittel ausgewählt aus der Gruppe bestehend aus mitochondriale Mem-
bran permeablisierende Mittel, Mittel, die die Öffnung mitochondrialer Poren induzieren, lonophoren, Caspase
9 Aktivatoren, Caspase 3 Aktivatoren und Retinoide,
wobei mindestens ein Apoptose induzierendes Mittel reversibel an PAFP bindet.

2. Zusammensetzung nach Anspruch 1,
wobei zwei Apoptose induzierende Mittel vorliegen, die reversibel an PAFP binden.

3. Zusammensetzung nach Anspruch 1 oder 2,
wobei das PAFP aus Schweineblut oder Fruchtwasser, die während der frühen Embryogenese extrahiert worden
sind, mittels Extraktion mit Butanol gewonnen wird.

4. Zusammensetzung nach Anspruch 3,
wobei das PAFP nach folgendem Verfahren erhalten wird:

(a) Auftrennung von Blut und Fruchtwasser, die aus Schweineembryonen der etwa 3. bis etwa 14. Schwanger-
schaftswoche gewonnen worden sind, in einen Überstand und ein Präzipitat;
(b) Aufnehmen des Überstands aus (a);
(c) Konzentrierung des Überstands aus (b) um eine konzentrierte Lösung zu erhalten;
(d) Zugabe von Butanol zu der konzentrierten Lösung gemäß (c) auf eine Endkonzentration von etwa 5% bis
etwa 10% Butanol in der Lösung;
(e) Rühren der Butanollösung gemäß (d);
(f) Trennung der Butanollösung aus (e) in eine obere nicht wässrige Phase und eine untere wässrige Phase; und
(g) Aufnehmen der wässrigen Phase aus (f) um eine endgültige Lösung zu erhalten, die PAFP enthält.

5. Zusammensetzung nach einem der Ansprüche 3 bis 4,
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wobei das PAFP aus Schweineembryonen der etwa 3. bis 14. Schwangerschaftswoche gewonnen wird.

6. Zusammensetzung nach einem der Ansprüche 1 bis 5,
wobei das Apoptose induzierende Mittel ausgewählt ist aus der Gruppe bestehend aus Atractylosid, Betulinsäure,
Thapsigargin, Rotenon, Piericidin A, Lonidamin, CD437, Arsentrioxid, A23187, lonomicin, Vitamin D2 und D3, Pac-
1, Dexamethason und Accutane™,
wobei das Apoptose induzierende Mittel vorzugsweise Atractylosid ist.

7. Zusammensetzung nach einem der Ansprüche 1 bis 6,
wobei das PAFP der Zusammensetzung spezifisch an Zellen bindet, die mindestens einen AFP-Rezeptor auf der
Zelloberfläche aufweisen.

8. Zusammensetzung nach einem der Ansprüche 1 bis 7,
wobei die Zusammensetzung in Form einer Kapsel, eines Softgels oder einer Tablette für die orale Verabreichung;
einem Suppositorium, einer injizierbaren Formulierung, einer Inhalationsformulierung, Nasentropfen, Augentropfen,
einer Bandage; einem Einreibemittel; oder einer topischen Formulierung vorliegt.

9. Zusammensetzung nach einem der Ansprüche 1 bis 8 zur Verwendung bei einem Patienten für die zielgerichtete
Verabreichung von wenigstens einem Apoptose induzierenden Mittel an eine Krebszelle mit wenigstens einem AFP
Rezeptor auf der Zelloberfläche,
wobei das wenigstens eine Apoptose induzierende Mittel reversibel an PAFP bindet, und das PAFP spezifisch an
den wenigstens einen AFP Rezeptor bindet.

10. Zusammensetzung nach einem der Ansprüche 1 bis 8 zur Verwendung um bei einem Patienten die Proliferation
einer Krebszelle zu inhibieren,
wobei die Krebszelle wenigstens einen AFP Rezeptor auf der Zelloberfläche aufweist,
wobei das wenigstens eine Apoptose induzierende Mittel reversibel an das AFP bindet, und das PAFP spezifisch
an den wenigstens einen AFP Rezeptor auf der Zelloberfläche bindet.

11. Zusammensetzung nach einem der Ansprüche 1 bis 8 zur Anwendung um bei einem Patienten eine Multiresistenz
bei refraktärer bösartiger Neubildung zu behandeln,
wobei die refraktäre bösartige Neubildung Krebszellen umfasst, die wenigstens einen AFP Rezeptor auf der Zello-
berfläche aufweisen,
wobei das wenigstens eine Apoptose induzierende Mittel reversibel an das PAFP bindet, und das PAFP spezifisch
an den wenigstens einen AFP Rezeptor auf der Zelloberfläche bindet.

12. Zusammensetzung zur Anwendung nach einem der Ansprüche 9 bis 11, wobei der Krebs ausgewählt ist aus der
Gruppe bestehend aus Blasenkrebs, Brustkrebs, Dickdarm- und Enddarmkrebs, Endometriumkarzinom, Nieren-
krebs, Leukämie, Leberkrebs, Lungenkrebs, Melanom, Non-Hodgkin’s-Lymphom, Eierstockkrebs, Bauchspeichel-
drüsenkrebs, Prostatakrebs, Hautkrebs, Hodenkrebs und Schilddrüsenkrebs.

13. Zusammensetzung zur Anwendung nach einem der Ansprüche 9 bis 12, wobei das wenigstens eine Apoptose
induzierende Mittel Atractylosit ist.

Revendications

1. Composition contenant un complexe non covalent composé d’alpha-foetoprotéine porcine (PAFP), telle que définie
dans Kim et al., Animal Genetics, 33:468-485, 2002, et d’au moins un agent inducteur d’apoptose choisi dans le
groupe composé d’agents de perméabilisation de la membrane mitochondriale, d’agents d’induction de l’ouverture
des pores mitochondriaux, d’ionophores, d’activateurs de caspase 9, d’activateurs de caspase 3 et de rétinoïdes,
au moins un agent inducteur d’apopotose se liant de manière réversible à la PAFP.

2. Composition selon la revendication 1,
deux agents inducteurs d’apoptose étant présents, lesquels se lient de manière réversible à la PAFP.

3. Composition selon la revendication 1 ou 2,
la PAFP étant obtenue par extraction au butanol à partir de sang porcin ou d’eau amniotique extraits pendant
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l’embryogénèse précoce.

4. Composition selon la revendication 3,
la PAFP étant obtenue selon le procédé suivant :

(a) séparation du sang et de l’eau amniotique, obtenus à partir d’embryons porcins d’environ 3 à environ 14
semaines de gestation, en un surnageant et un précipité ;
(b) prélèvement du surnageant issu de (a) ;
(c) concentration du surnageant issu de (b) pour obtenir une solution concentrée ;
(d) adjonction de butanol à la solution concentrée selon (c) pour obtenir une concentration finale d’environ 5 %
à environ 10 % de butanol dans la solution ;
(e) agitation de la solution butanolique selon (d) ;
(f) séparation de la solution butanolique issue de (e) en une phase supérieure non aqueuse et une phase
inférieure aqueuse et
(g) prélèvement de la phase aqueuse issue de (f) pour obtenir une solution finale contenant de la PAFP.

5. Composition selon l’une des revendications 3 à 4,
la PAFP étant obtenue à partir d’embryons porcins d’environ 3 à 14 semaines de gestation.

6. Composition selon l’une des revendications 1 à 5,
l’agent inducteur d’apoptose étant choisi dans le groupe composé de l’atractyloside, de l’acide bétulinique, de la
thapsigargine, du roténone, de la piercidine A, de la lonidamine, de CD437, de trioxyde d’arsenic, de A23187,
d’ionomicine, de vitamine D2 et D3, de Pac-1, de dexaméthasone et d’accutane™,
l’agent inducteur d’apoptose étant de préférence de l’atractyloside.

7. Composition selon l’une des revendications 1 à 6,
la PAFP de la composition se liant spécifiquement à des cellules qui présentent un moins un récepteur AFP sur la
surface cellulaire.

8. Composition selon l’une des revendications 1 à 7,
la composition se présentant sous la forme d’une gélule, d’un gel mou ou d’un comprimé pour administration par
voie buccale, d’un suppositoire, d’une formulation injectable, d’une formulation inhalable, de gouttes nasales, de
gouttes oculaires, d’un bandage, d’un produit à frictionner ou d’une formulation topique.

9. Composition selon l’une des revendications 1 à 8, destinée à être utilisée chez un patient pour l’administration ciblée
d’au moins un agent inducteur d’apoptose à une cellule cancéreuse présentant au moins un récepteur AFP sur la
surface cellulaire,
l’au moins un agent inducteur d’apoptose se liant de manière réversible à la PAFP et la PAFP se liant spécifiquement
à l’au moins un récepteur AFP.

10. Composition selon l’une des revendications 1 à 8, destinée à être utilisée pour inhiber la prolifération d’une cellule
cancéreuse chez un patient,
la cellule cancéreuse présentant au moins un récepteur AFP à la surface cellulaire,
l’au moins un agent inducteur d’apoptose se liant de manière réversible à l’AFP et la PAFP se liant spécifiquement
à l’au moins un récepteur AFP à la surface cellulaire.

11. Composition selon l’une des revendications 1 bis 8, destinée à être utilisée pour traiter une multirésistance chez un
patient avec néoplasie maligne réfractaire,
la néoplasie maligne réfractaire comprenant des cellules cancéreuses qui présentent au moins un récepteur AFP
à la surface cellulaire,
l’au moins un agent inducteur d’apoptose se liant de manière réversible à la PAFP et la PAFP se liant spécifiquement
à l’au moins un récepteur AFP à la surface cellulaire.

12. Composition destinée à être utilisée selon l’une des revendications 9 à 11,
le cancer étant choisi dans le groupe comprenant le cancer de la vessie, le cancer du sein, le cancer du côlon et
du rectum, le carcinome de l’endomètre, le cancer du rein, la leucémie, le cancer du foie, le cancer du poumon, le
mélanome, le lymphome non-Hodgkin, le cancer de l’ovaire, le cancer du pancréas, le cancer de la prostate, le
cancer de la peau, le cancer du testicule et le cancer de la thyroïde.
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13. Composition destinée à être utilisée selon l’une des revendications 9 à 12, l’au moins un agent inducteur d’apoptose
étant de l’atractyloside.
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