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The Use of AFP-Complexes to Induce Apoptosis in Cancer Cells
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Abstract: An anticancer “magic bullet” should have both efficacy and specificity parts. We have used an effective Apop-
tosis Inducer to trigger the apoptosis. A Ipha-fetoprotein was used to deliver A poptosis Inducers specifically to cancer
cells. The AFP-AI complex inhibited tumor growth in mice, enlarged mice life survival and has shown a 50% response in

patients with metastatic colorectal cancer.
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INTRODUCTION

Cancer is the proliferation/apoptosis overbalance. Prolif-
eration a nd apoptosis a re di fferent s ystems and a re us ed
completely di fferently li ke t he ¢ ar ga s and bra ke s ystems
(Fig. 1). Traditional anticancer drugs mainly aim at suppress-
ing proliferation by any mean (more than 700 molecular tar-
geted ag ents ar e cu rrently in trials), b ut d irectly a ctivating
apoptosis is a better idea (less than 30 agents in trials) [1, 2].
Apoptosis is responsible for recycling billions of cells every-
day in the body. Cancer cells accumulate mutations in both
proliferation and apoptosis systems, but crucial mutations in
the apoptosis system help them to avoid the natural suicidal
pathway. T o overcome the broken apoptosis elements, the
drug should act “downstream” of mutated apoptosis cascade
elements (Fig. 1). To trigger the apoptosis, a drug ne eds to:
1. be specific to cancer cell, 2. provide direct Apoptosis In-
ducer (Al) internalization, 3. Use Al acting “downstream” of
the broke n a poptosis c ascade element. F or those purpos es,
several combinations can b e obta ined w ith n anoparticles,
immunoliposomes, cell-penetrating peptides, small molecule
Als, etc. We have prepared a non-covalent complex of alpha-
fetoprotein ( AFP) that can specifically deliver Al to cancer
cells and act on functional executive apoptosis elements.

EFFECTIVE KILLING: DON’'T REINVENT THE
WHEEL - FIX THE BRAKES

Many cancer drugs are not optimal and often ineffective
since they aim at the tar gets within the proliferation system
(for example, DNA) which might not lead to the cancer cell
death due to a frequent mutation of the p53 protein or other
mutations in apoptosis pathways (Fig. 1) [3].

The probl em of s pecific a nd e ffective e limination of
definite cells in the body is already solved in Nature. Cyto-
toxic T lymphocytes (CT L), for e xample, us e this mecha-
nism. They first recognize wrong cell by membrane antigens
and then use perforin for t he internalization of gra nzyme B
that activates caspases — the final enzymes within the apop-
tosis cascade (Fig. 1) [4]. Granzyme B is a direct apoptosis
inducer and is not dependent on “upstream” cancer cell mu-
tations such as p53 a nd o thers. F or this re ason, CTL can
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“fix the brakes” meaning they are using undamaged apopto-
sis el ements inside cancer cells (Fig. 1). Traditional ch emo-
therapy targeting proliferation system elements (for example,
doxorubicin: DNA) c an be a ttributed to i ndirect a poptosis
inducers because it can lead to the following next activation
of a poptosis. Non re pairable DNA m utations caused by

doxorubicin lead to p53-dependant apoptosis in normal cells.
Direct apoptosis inducers on t he opposite, trigger apoptosis
themselves. The closer direct apoptosis inducer can act on a
late ap optosis event less chances are that cancer cell muta-
tions m ight p revent its a ction. The id eal s ituation is that
caspase activators such asthe P AC-1 molecule, being th e
last t argetin the cascade, w ill activate p rocaspase 3 thus
triggering c aspase 3 a ctions a nd de monstrate an e ffective
anticancer action [5].

We tried to copy the effective natural CTL “know-how”
to find and kill cancer cells by combining our lessons learned
from CTL and using the known biological tools.

A membrane is considered being the edge between life
and death. Damage in the membrane of mitochondria, endo-
plasmic reticulum, lysosome or pe roxisome can lead to the
whole eukaryotic cell death. The membrane of mitochondria
was chosen as a target because mitochondrion is a “point of
no return” in th e in trinsic ap optosis p athway [ 6]. We have
used prove n a poptosis i nducers a cting on m itochondrion
such as atractyloside, betulinic acid [7, 8] and an endoplas-
mic reticulum apoptosis inducer thapsigargin [9]. Within the
intrinsic a poptosis pathway, t he m itochondrion a cts down-
stream of the p53 protein. P53 is inactive in more that 50%
of ¢ ancer c ells a nd oft en 1 eads t o m ulti drug re sistance
(MDR) [10]. Atractyloside was shown to induce apoptosis in
pS3-unfunctional HuH-7 cancer cells [11].

Since many of the agents do not cross the plasma mem-
brane, we had to use agents combined to a special delivery
system in order to induce their internalization of those agents
with a special delivery system. Moreover, this delivery sys-
tem should have the ability to select cancer cells and avoid
healthy tissues.

SPECIFIC DELIVERY

AFP may be responsible for embryotoxic and teratogenic
action of s ome drugs, pollutants and chemicals. One of t he
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Fig. (1). Proliferation and apoptosis systems and associated anticancer drug targets. Illustration (c) 2008 AXS Biomedical Animation Studio.

Used with permission.

explanations of this phenomenon is that AFP has the ability
to take toxins from mother’s blood and bring it to the em-
bryo [1 2]. Ins uch c ase, AF P s hould ¢ ompete wit h t he
mother’s a lbumin for bi nding t o t he t oxin. Am ong m any
other s ubstrates AF P has the s trongest bi nding a ffinity to
polyunsaturated f atty a cids (P UFA). After the AF P-PUFA
complex endocytosis by e mbryo cells the PUFA is internal-
ized [13]. W e ha ve s ubstituted t he P UFA in t he porc ine
AFP-PUFA complex for atractyloside and have obtained the
natural effective delivery system for the powerful direct Al

A lot of AFP conjugates were used for the targeted deliv-
ery o fdifferent to xins to cancer cells, f or ex ample, A FP-
esperamicin Al [14].

We use the non-covalent complex that is closer to natural
protein form and will no t provoke immune a ttack as A FP
conjugates can possibly do. In this case we can rely on the
pharmacokinetic da ta obta ined for na tural hum an AF P in-
jectable drug na med “ Alfetin” that was shown to have 3-5
days of half-life time in the human body [15]. Pre-binding of
AFP (MW=70 kDa) to atractyloside (MW=0.8 kDa) in 1:1-2
molar ratio possibly do not change pure AF P pharmacoki-
netic profile.

DISCUSSION

AFP is a known onc ology marker [16, 17, 18]. For the
addressed delivery of the Al, we have used AFP which has
highly s pecific re ceptors re -expressed on the m ajority o f
cancer cells [19] and is up taken by them [20].

AFP-mediated delivery of di oxin to cancer cells having
AFP re ceptor (AF PR) wa s 200-1400 t imes more effective
than di oxin a lone [12]. T he e nvironmental t oxin di oxin is
itself carcinogenic [21] and is not a direct Al, so its antican-
cer application is problematic.

An injectable complex of A FP with an antifungal drug
amphotericin B was used to treat c ancer [22, 23]. Am pho-
tericin B does not act on mitochondrion [24] and hence is not
as effective as direct Al

We non-c ovalently bound AF P to a proven direct Al -
atractyloside which is toxic to the mitochondria (Fig. 1). The
AFP-AI complex (Aimpila™) was prepared as described in
[25]. Briefly, the porc ine e mbryo blood and amniotic fluid
were collected, puri fied a nd ¢ oncentrated wit h 50 kD a
MWCO ultrafiltration module, A FP was extracted by but a-
nol, diafiltrated, complexed with atractyloside in 1:1-2 molar
ratios and lyophilized.

The Aimpila™ (0.02 mg in 0.2 ml of oil/day) being given
orally has shown to inhibit tumor growth in the mice p388
leucosis m odel by 85% wi thin 25 da ys and enlarged mice
life survival by 36% [25].

The p388 1 eucosis m odel for Ai mpila™ in m ice wa s
taken because was used before for AFP-drug conjugates test-
ing [14].

AFP is known t o be resistant to proteolytic attack from
enzymes such as trypsin [26]. The oral route for peptide and
protein drug de livery for s everal drugs was shown be fore
[27]. The protein o f the similar size as A FP - recombinant
interferon - i s a bsorbed from re ctal s uppositories and wa s
effective to suppress replication of he patotrophic viruses in
the li ver of ¢ hildren with he patitis B and C [28]. T he oil
added to the drug form ulation proba bly he Iped pre venting
Aimpila™ from d egradation in GI t ract and im proved its
absorption in the intestine.

An en capsulated form o f Aimpila™ ( 0.6 m g/day) w as
used as monotherapy in patients with m etastatic c olorectal
cancer (mCRC). m CRC w as ch osen b ecause co lon can cers
have AFPR [19], and it was known to have 76,8% mutations
of the p53 [3].

0.012 mg/day of t he atractyloside, or 1/m illionth of t he
pig’s oral L D50=25-100 m g/kg were s upposed to be non -
toxic within Aimpila™ [26].

CT-scans b efore and after the 8 weeks oftreatment has
shown t hat 6 out of 12 m CRC pa tients (50% ) ha ve re -
sponded to a suboptimal dose of Aimpila™ [29]. Two (2) of
these 6 patients have shown full reduction of metastasis, one
(1) patient a 73% reduction of the size of his metastasis and
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three (3) patients were stabilized. No significant side effects,
quick growth inhibition and tumor re duction were re ported
in that human study. This could be attributed to the way me-
tastases w ere treated by us ing a direct a poptosis mode o f
Aimpila™ action.

Breast, liver, lung, ovarian, stomach, prostate and other
cancers a re AF PR-positive [19] a nd ¢ ould pot entially be
treated with Aimpila™.

The data provided here support the idea of the necessity
of th e r ight co mbination o f's pecific an d ef fective p arts t o
form an an ticancer “m agic b ullet”. This m eans a f eature
which inevitably induces apoptosis in cancer cells and avoids
potential m utation pa thways. In a ddition, a s econd fe ature
should be added to deliver the drug only to cancer cells and
internalize it for optimal results.

CONCLUSION

Aimpila™ meets the necessary and sufficient conditions
to be considered as an anticancer “magic bullet” because o f
its h igh s pecificity to A FPR-positive ¢ ancer ce llsan d b e-
cause itin ternalizes a tractyloside th anksto th e A FPR-
mediated endocytosis. Moreover, it has high efficacy in kill-
ing cancer cells due to direct apoptosis inducer action.
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