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CHAPTER |

INTRODUCTION

The war on cancer was declared by President Richard Nixon in 1971, but after
almost four decades, cancer is edging out heart disease as the leadnyf daash in America.
The variability of human cancers and recurrence of tumors are all factbesdifficulty of
cancer treatment. The limitations of treatment are the side effecascér therapy, tumor drug
resistance, and accessibility of drugs to tumor tissue. The classicaatige original
chemotherapy agents were cells with a high growth rate. These cheapgtagents kill tumor
cells, but also target proliferating cells such as hair follicle and ginedipi cells. Targeting of
normal proliferating cells leads to the most common side effects of cangytheclude
nausea, alopecia, anemia, and leukopenia. Besides common side effects, tifexe drag-
specific side effects such as cardiotoxicity induced by doxorubicin (Adciantherapy.
Paclitaxel, which is an anticancer agent found in the bark of the Pacifitrge, targets tubulin
and stabilizes microtubules. Microtubule stabilization prevents microtubuleeishly during
mitosis and eventually induces apoptosis. Paclitaxel (Figure 1) is a higbuaoheight
compound (MW = 853.9 g/mol) with an octanol/water partition coefficient (logP) ofL3.5 (

Due to its water insolubility, paclitaxel is formulated into Taxol®, in which tlug a&s combined



with the solubilizer Cremophor EL/ethanol. The drug-specific side effedaxol® include
neutropenia, neuropathy, and hypersensitivity reactions, including anaphylxaxane, a
paclitaxel-serum albumin complex, has reduced side effects and a highpethigrindex than
Taxol ® (2). However, the stability of Abraxane can be called into question, d@srthidation
must be used within 8 hours of reconstitution for intravenous administration.

As our understanding of cancer biology expands, new agents target differetd aspe
of tumor cells. Due to the over-expression of certain receptors, some drugbdangene and
growth receptors, either as antibodies such as herceptin or antagonists aunobxéden. The
blood supply needed by tumors is also being targeted by angiogenesis inhibitorsAsiagtias
Gene therapy to replace a mutated tumor suppressor or knockout an oncogene is dis@donsi
avenues for novel therapies. While an attractive future avenue for canegiyilgeme delivery
has numerous obstacles to surmount including the large size of genes andyetaigtey
tumors. The knockout of genes, important for the survival of cancer cells, carobglsbed
through the use of RNA interference. However, appropriately designed cgstemns may be
needed for siRNA therapy, to overcome their high negative charge that himelersgsing of
the cell membranes.

Tumor drug resistance is often a major factor in the failure of conventianeér
chemotherapy and the recurrence of tumors. Cancer drugs that attemjpstttifough the
plasma membrane of cancer cells are pumped out the cell by ABC trarspdtiese ABC
transporters (normally important in nutrient transport) are over-exqat@ssome cancer cells,
becoming drug efflux pumps, preventing apoptosis and cell death induced by chenyotihrp
ABC transporters involved in drug resistance have been named Multi-DrigidResi (MDR1)

or Multidrug Resistance-associated Protein (MRP1) (3, 4). Changing thergelf



chemotherapy agents from passive diffusion to targeted delivery to spetifsurface receptors
may facilitate the bypassing of drug efflux pumps.

Delivery of chemotherapy agents is also hindered by first-pasdbolisin by the
liver and the reticulo-endothelial system. These mechanisms limiiriberd of drug available
for delivery to tumor tissues. Chemotherapy agents are often unable to hélygbe tumor
tissue, even though the vasculature of solid tumors is usually leaky. Drugylebiecles may
protect anti-cancer agents from uptake by the liver and macrophages and thushadliosr a
proportion of injected drug to reach tumor tissues. Drug delivery vehicles auaf alsmall
enough diameter have been considered advantageous as they may become trappedyin the leak

vasculature of tumors, thus resulting in increased delivery.

Chemotherapy Drug Delivery Vehicles

Drug delivery vehicles can enhance cancer chemotherapy by reduciitytoxi
targeting tumors, and bypassing drug efflux pumps. Because most chemothagspgre
hydrophobic, most vehicle systems are lipid-based. Although novel vehicles spamasm
dots, carbon nanotubes, and gold-coated nanoparticles are on the forefront of drug deliver
research, the majority of research has been achieved with lipid-basel@sehiich as liposomes

and lipoprotein-based nanoparticles.



Liposomal Delivery Systems

Because liposomes currently are the most frequently utilized drug delsfeicles
in cancer chemotherapy, their characteristics and performance wiieflg discussed here.
Liposomes were first described in 1961 by the British hematologist Aabgtgam (5). Unlike
micelles, which are surrounded by a lipid monolayer, liposomes are bilayetustss with the
hydrophobic tails oriented inward to sequester water and the hydrophilic heads itighe li
oriented outward. The hydrophilic heads interact with the aqueous environment, which
surrounds the liposome and lie within the core. The liposome was proposed as a drug delivery
vehicle to facilitate the usage of lipophilic drugs, which are encapsulgatibe tipid bilayer
shell. Besides providing solubilization, liposomes can also alter the pharmaioskiietrugs,
offering slow or controlled release. Advances in liposome researchrtrerfrefining drug
delivery with targeting, either achieving site avoidance or tumor targ@jngrargeting can be
passive or active, leading to accumulation in the diseased tissue; this is knowR @isatheed
Permeability and Retention Effect (EPR) (7).

The factors leading to a successful formulation of a liposomal drugrenéation
time, vesicle size, drug leakage, and reticulo-endothelial system @aEfBation (6). Longer
circulation time is generally preferred. Liposomes have limitatisrsome are rapidly taken up
by the reticulo-endothelial system and degraded with half-lives on theajr@@ minutes(8).
Liposome formulations encapsulated with polyethylene glycol createdltSt coating (Figure
2A), greatly increasing the half-life of the particleg @ay) (9). Liposomes are being further
refined as drug delivery vehicles with the addition of ligands or antibodiesrémting (Figure
2B). However, targeted liposomes are challenged by ligand insertion andreteta

liposomes and maintaining extended circulation times (6).



A smaller vesicle size is a favorable factor for liposomal formulatismscest
liposomes have an average diameter of 100-200 nanometers. Competition for liposome uptake
by the liver (Kupffer cells) or tumor can be decreased by RES saturatitmpgi@mote

increased accumulation of the drug in the tumor tissue, compared to the non-enchgaugate

Lipoprotein-Based Drug Delivery Systems

Lipoproteins have a hydrophobic inner core of cholesteryl esters and triggscer
and an outer shell of free cholesterol, phospholipid, and apoproteins. Here the more stable
cholesterol transporting lipoprotein classes, Low density lipoproteins (BBd high density
lipoproteins (HDL) will be considered as potential drug delivery agents. The main
apolipoprotein (in LDL) is Apolipoprotein B100 (apo B100). The apolipoproteins found on
HDL are Apolipoprotein A-I, (apo A-l), apo A-1l, apo A-IV, apo C-IlI, and ap¢lB). Unlike
liposomes, the core of lipoproteins is an interior hydrophobic compartment for thgottaofs
water-insoluble lipid components (Figure 4). They have a structuralgameent favorable for
the transport of hydrophobic drugs (11).

As cholesterol carriers and lipoprotein-based drug delivery vehicldsad® LDL
have similar lipid components and are of similar size, shape and structure. Inisomizar
liposomes, lipoproteins are approximately 10-fold smaller (10-20 nm), which iy iégiorable
for a drug delivery formulation (Figure 3). In contrast to liposomes, humanaddlHDL have
half-lives of 3 and 4-5 days, respectively (12-14). Again, a longer circulatiens a highly
favorable factor for a drug delivery vehicle.

Both native LDL and HDL have been experimented with as drug carriers, hpwever

practical and safety considerations have prevented them from being developstidlinical



applications. LDL receptors have been shown to have increased activity aessexpin

various cancer cell lines (15). However, low density lipoprotein is thedessable candidate

for a lipoprotein-based nanoparticle. The major protein component of LDL is-&4p0,Bvith a
molecular weight of 513kDa. There are difficulties in purifying and solubdizipo B-100,

which has a tendency to aggregate. Another consideration is that any dnpsuéted into

LDL must be able to withstand the acidic conditions in the lysosome during endocytosis, the
uptake mechanism for LDL (16).

Several anthracycline derivatives were tested with an LDL-basedejehie drug
incorporation and stability of this particle was not satisfactory (17,18). €Stade being
conducted into a synthetic nano-LDL that contains a lipophilic peptide that can intéhaitte
LDL receptor causing endocytosis. (19) This nano-LDL particle mitated to carry either
imaging agents or chemotherapy drugs. However, these studies have numbiiiysasi

safety concerns and are preliminary at this time.

High density lipoprotein has been shown to naturally associate with hydrophobic
compounds in the blood. It has been known that Vitamin E complexes with HDL for transport i
the plasma (20). When plasma distribution measurements have been made ehludsbr/ed
that antibiotic compounds (63, 64) and immunosuppressants (65,66) distribute to the HDL
fraction of the plasma. Recently, a study found that cholesterol-linked siBiNplexed with
HDL after plasma incubation (21). Numerous examples in the literature can be found of
synthetic HDL nanopatrticles as carriers for antifungals (22), imagiegts (23), and cancer

chemotherapy drugs(24,67).



High Density Lipoprotein Metabolism and Selective Lipid Uptake Meclnism

Apolipoprotein A-1 and HDL Formation

The protein mainly involved in HDL biogenesis and cholesterol transport is Apo A-
l. Apo A-l is a polypeptide of 243 amino acids, which forms a series of amphipalttalkces.
The first domain of the protein forms a globular structure-bélices, which is thought to
interact and be buried in the phospholipid outer shell. There are ten amphipladfies,
proposed to be approximately 11-22 residues long(25). Studies on the 3-dimensionaéstruct
for Apo A-1, show the protein is in a belt-like conformation. HDL usually contihs
molecules of Apo A-1 and the apoproteins align their helices in an antgbdaahion (Figure 5)
(26). Mutational analyses have shown that it is not single amino acid residues, buté¢he ent
amphipathiax-helix that facilitates cholesterol efflux and lipid delivery to form HRIZ)

Although the majority of work done in this project used Apo A-1, derived from
human plasma, the isolation procedures are complicated and hindered by low lyeelclrient
supply of Apo A-1, used for this study, is from a recombinant system purified frivacisxof a
transformecE coli strain. This optimized bacterial expression has a yield of 100 mg per liter of
bacterial culture (28). The clone contains a hexahistidine tag for ptiofican a nickel-agarose
column. The hexahistidine tag is removed via cleavage with a thrombin-seplesiose r

Nascent HDL is released from the liver as a discoidal, immature ldBtaiaing
phospholipid, apolipoproteins, and some free cholesterol. In the circulation, it is rechidel
mature, spherical HDL through the interaction of Apo A-1 and lecithin-crestgsacyl
transferase (LCAT) (Figure 6). LCAT catalyzes the reactioniBgtey cholesterol. Next, HDL
interacts with an ABC transporter (ABCA1), to facilitate

cholesterol removal from the peripheral tissues. Peripheral cholestegbl/esed by HDL to



the liver, in a mechanism known as reverse cholesterol transport. Extensive

study of HDL in rodents has found that delivery of cholesteryl esters occurkeritedar and
steroidogenic tissues, such as ovaries and adrenal glands. It appears thgtiddliveans also
is also to the liver and steroidogenic organs. Cholesteryl esters may alststerred to lower
density lipoproteins such as LDL through the action of plasma proteins like enolester
transfer protein (CETP) and eventually taken up by the liver via endocytd$id ¢f29)
Cholesterol ester transfer to LDL may actually be the dominant patlowakidlesterol removal
from peripheral tissues.

The mechanism of uptake for delivery of cholesteryl esters is differenttake
for other lipoproteins, (e.g. LDL). While, LDL interacts with the LDLeptor and subsequently
undergoes endocytosis and lysosomal degradation, HDL interacts with it©raoegliver
cholesteryl esters viselective lipid uptake. The selective uptake process involves the delivery of
cholesteryl esters via a yet uknown mechansthout whole particle uptake and degradation.

The HDL receptor that takes up cholesterol from HDL is known as Scavengpt®e€lass B,

Type | (SR-BI) (30).

Scavenger Receptor, Class B Type | and Selective Lipid Uptake
Scavenger Receptor, Class B Type 1 is a 509 amino acid, 82kDa glycoprotein. It
contains a short C-terminal cytoplasmic domain, two transmembrane domains-t@nnei iz,
the other C-terminal), and an approximately 403 amino acid extracelluppotamknown
structure (Figure 7). (31, 32) Selective lipid uptake has been found to result frorsidinesen
the extracellular loop, not the cytoplasmic tails or transmembrane domaij3gl) (B8 anti-

apoptotic signal transduction pathway has been found associated with the 45-residuméal



cytoplasmic tail of SR-BI through a phosphoinositide 3-kinase/Akt/AP-1 pati{@ayA

splicing variant also exists known as SR-BII, which has an identical extlacébop, but a
distinct C-terminal cytoplasmic tail(36). Homologs of SR-BI have beendan the mouse (37),
human (38), pigs (39), turtles, chicken, frogs (40) and salmon (41). Human SRRl knalvn
as C36 and LIMP ll-analogous protein 1 (CLA-1)(38). SR-BI binds several spwcie
lipoprotein particles, HDL, LDL, VLDL, and oxidized LDL; SR-BI also binasamic
phospholipids, implicating it in the disposal of apoptotic cells (28).

Three models have been proposed for the mechanism of selective lipid uptake. It is
generally agreed that it is a two-step mechanism. First, Apo A-I ln8R1BI in a fast step. The
second rate-limiting step is the specific uptake of the core component aftehgllesters (42).
How SR-BI accomplishes this second step is heavily debated. One model propdd&d.tha
undergoes a type of endocytosis known as transcytosis or retroendocytosis ediasism,
also used by transferrin for delivering iron, involves internalization of the lgantithout
degradation, delivery of cholesteryl esters, and the extracellulaseedéadepleted HDL. (43)
The second model proposed that HDL docks at SR-BI and fuses with the plasma membrane t
deliver its cholesteryl esters to the cytoplasm. (34,44) The third model hasqutdpasSR-BI
creates a hydrophobic pore that excludes water to allow the cholesteryltespter the
cell by a non-aqueous pathway. (45) It is possible that all are SR-Bl{egtdi@chanisms that
occur in different tissues.

In polarized hepatic cells, SR-BI appears to facilitate retroendocy#dis In
hepatic and gastrointestinal cells, SR-BI does interact with an
accessory protein, PDZK1, which maintains SR-BI cell surface lodalizahd selective lipid

uptake (47). However, studies showed that SR-BI alone, reconstituted into liposomes, wa



necessary and sufficient to accomplish selective lipid uptake (48). In olhtypes, PDZK1 is
not expressed, so selective lipid uptake does not appear to occur by the same mechanism.
SR-BI has been shown to form dimers and higher-order oligomers in rodent
steroidogenic tissues and a SR-BI-transfected COS-7 cell line (49). i&eligxt uptake in
adrenal cells occurs in microvillar channels through the action of SR-B#.allm this tissue,
SR-BI forms a hydrophobic channel for the passage of cholesteryl estarsIDL (50). SR-BI
has also been localized in microvillar channels in ovarian granulosa cellewaid tells in
rodents (51, 52). By forming a hydrophobic channel, SR-BI allows cholesterd &stelow
their concentration gradient, which coincides with the fact that SR-Bltslibeth cholesterol
uptake and efflux (53). Forming a hydrophobic channel for the passage of chokestEnsy/l

could be a steroidogenic tissue-specific mechanism.

HDL, SR-BI and Cancer

Hypocholesteremia has been observed as a complication of many cancers (54).
Although it is usually attributed to a decrease in LDL cholesterol, a studpt®snEa et al,
found that 50% of the decrease was in HDL cholesterol (55). Corroborating evidence fr
recent study by Muntoni et al found decreased total cholesterol and HDL cholestesanly
different types of malignancies (56). Tumor cells have been suggested toidgitzeredemand for
cholesterol due to increased proliferation. Several studies have found increassteofi@ster
uptake and accumulation and high SR-BI expression in breast cancer c€bTies
hepatocarcinoma cell lines (58), and testicular tumors (59). Subsequently, it hahdngenn
primary breast tumors that SR-BI is highly expressed in these cells€RiQuas compared to

normal breast tissue (36). Our laboratory has previously reported highsepiesels of SR-
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Bl (Figure 8) in breast and prostate cancer cell lines (60), leukehimnes (Figure 9) and

ovarian cancer cell lines (Figure 11).

Project Goals

Based on its structure, rHDL is expected to have many advantages as a drug
delivery platform, shielding water-insoluble drugs from the aqueous environntdrgeting
the drugs to tumor tissue via the overexpression of SR-BI receptors (Figure 12).
Hypothesis: Reconstituted high density lipoprotein-drug complexes have similar chemeca
physical characteristics to native HDL. These particles can asrve
efficient drug delivery vehicles and thus exhibivitro andin vivo anticancer activity. This
anticancer activity occurs via selective lipid uptake, which is mediated througBlareceptor
(CLA-1 or SR-BI) mechanism.

The first objective of this project was to formulate a reconstituted high gensit
lipoprotein that could carry Cremophor-free paclitaxel. Because paclisaxighly water-
insoluble, | searched for the optimal solvent or detergent and particle fonmag¢ithodology.
There are two common methods for rHDL formation, sonication or detergent (clubédys)s.
The following chapter of this dissertation will discuss the experimersaltseof the solvents,
detergents, and methods used.

The second objective of this project was to determine if rHDL/paclitaxel was
chemically and physically similar to native HDL and if it also exhibé@aticancer activity. The
rHDL delivery vehicle is produced via a modified cholate dialysis protocol. dadgmined the
chemical composition of our reconstituted HDL and found the content to be similavi® nati

HDL. | examined the shape and size of rHDL and compared its properties to naiveeHDL

11



for delivery of paclitaxel through selective uptake. Subsequently, | evdlitaieapacity for
delivery of paclitaxel through selective uptake to cancer cells. The phgBaracteristics of
rHDL/paclitaxel (rtHDL/PTX) were determined by gel chromatogsagiel electrophoresis and
electron microscopy.

The cancer models used in this object of the project included prostate, breast, and
ovarian cancers. These are all cancers of reproductive tissues ancbatdnetenone-
producing. The criteria for use in these studies was the level of expressiesBdf\Bhich has
been shown to be higher in these cancers. Pharmacokinetic parameters, including the 50%
Inhibitory Concentration (I16z) and Maximum Tolerated Dose (MTD), were determined for our
rHDL/PTX vehicle. The Ig, for rHDL/PTX was tested in a variety of cancer cells lines, ranging
from breast to prostate and ovarian. The firsivo experiment is the determination of the
maximum tolerated dose (MTD) of rHDL/paclitaxel in C57Black femalesmia the literature,
MTD is defined as the dose at which no death and 15% weight loss occurs. The treatment
dosages for tumor-bearing mice will proceed from the results of the MTDiergnés.

The third objective of this project was to determine if the cellular uptake of
paclitaxel from rHDL was mediated through an HDL receptor mechanisirst éXamined the
expression of SR-BI in prostate cancer cell lines and a non-tumorgerniatpras| line. Next, |
looked at paclitaxel uptake from rHDL in SR-BI-transfected Idl A7 cell lifke parental Idl A7
cell line is derived from the Chinese Hamster Ovary (CHO) cell line gneteses minimal
amounts of SR-BI receptor.

To determine if paclitaxel uptake was indeed selective, | used radiolatzslerst

on different components of rHDL to track the fate upon incubation with prostate catiserl

12



then performed competition experiments with native HDL to determine if thdigelaptake of

paclitaxel was HDL receptor-mediated.

Note on Materials Used in the Dissertation

Chapter Il consists of unpublished data. Chapter Il represents alreadshpdbli
data (McConathy, W, et alnti-Cancer Drugs 2008; ). The data in Chapter IV has been
accepted for publication (Mooberry, L., et al.; Receptor mediated uptake of xeldiitan a
synthetic high density lipoprotein nanocarrigaurnal of Drug Targeting; In Press). Chapter Il
and IV were modified from the published versions for stylistic purposes. CNapbertains

additional studies that are being prepared for publication.
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Figure 1. Structure of paclitaxel.(20,40,58,783,108,13x)-4,10-bis(acetyloxy)-13-{[(2R,3S)-3-
(benzoylamino)-2-hydroxy-3-phenylpropanoyl]oxy}-1,7-dihydroxy-9-éx80-epoxytax-11-en-
2-yl benzoate has a molecular weight of 853.9 g/mol and is derived from the Pawificg.
Reproduced from Mastropaolo, D., Camerman, A., Luo, Y., Brayer, G.D., and Camerman, N.;

(1995) “Crystal and Molecular Structure of Paclitaxel (Taxol);” PNASS920-6924 (1).
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Figure 2. Structure of Liposomes (A)Schematic of a liposome showing basic structure (right)
and a PEGylated "Stealth” liposome (lefB) Schematic of a Targeted liposome. Antibody
linkage occurs through biotin-avidin (left) or maleimide-polyethylened@lyMAL-PEG) link-

age (right). Reproduced from Pastorino, F., Marimpietri, D., Brignole, C., Di Paolo,gha®a
G., Daga, A., Piccardi, F., Cilli, M., Allen, T.A., and Ponzoni, M.; (2007); “Ligand-Tadgete

posomal Therapies of Neuroblastoma;” Curr. Med. Chem.; 14; 3070-3078 (9).
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Figure 3: Comparative Diagram of Lipoprotein Sizes. In this diagram, the sizes of HDL (10
nm) and LDL (20 nm) can be compared to the average size of a liposome (100nm). Reproduced

from Wilson, P. W.F.; Atlas of Atheroscleroglad Edition; Philadelphia; Current Medicine

Group; 2000 (68).
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Figure 4. Localization of a hydrophobic drug (paclitaxel) in the core region of a gene
lipoprotein. Reproduced from WEINBERG RB: Lipoprotein metabolism: hormonal regulation.

Hosp. Pract . (Off Ed.) (1987) 22 (6):223-227, 230, 233-234. (61)
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Figure 5. Conformation of Apolipoprotein A-1. The structure of Apo A-1 showing the am-
phipathic helices that make up the double-belt conformation. These helices anparateti
alignment. Reproduced from Li L, Chen J, Mishra VK, Kurtz JA, Cao D, Klon AE, Har@ey S
Anantharamaiah GM, and Segrest JP, (2004). Double belt structure of discoidal high densi

lipoproteins: molecular basis for size heterogeneity. J Mol Biol.; 343(5):1293-311 (25)
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Figure 6. Transformation of the discoidal precursor (nascent) HDL to itstable, spherical
configuration via the accumulation of cholesteryl esters, catalyzed by lekib—cholesterol
acyltransferase.Reproduced from ALEXANDER ET, BHAT S, and THOMAS MJal. (2005)
Apolipoprotein A-1 helix 6 negatively charged residues attenuate lecithin-tdakeacyltrans-
ferase (LCAT) reactivity. Biochemistd4 (14):5409-5419. HDL: High-density lipoprotein;

LCAT: Lecithin—cholesterol acyltransferase. (62)
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Figure 7. Structure of Scavenger Receptor, Class B, Type In this diagram, the extracellular
loop is depicted with N-glycosylation sites, the transmembrane domains, and the N- and C
terminal cytosolic tails with PDZK1 binding site. Reproduced from Rhainds DsebtasL,
(2004). The role of scavenger receptor class B type | (SR-BI) in lipfcckiafy. defining the

rules for lipid traders. Int J Biochem Cell Biol.; 36(1):39-77. (32)
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Figure 8. Expression of SR-BI in a Selection of Cancer Cell Lines.

Lane 1: T47D human breast ductal carcinoma. Lane 2: PC3 human prostate carcimen®a. La
OV1063 human ovarian carcinoma. Lane 4: MCF7 human breast adenocarcinoma. Lane 5:
DU145 human prostate carcinoma. Lane 6: HeLA human cervical carcinoma. Lane &: norm
human fibroblasts. Reproduced from Lacko, A.G., Nair, M., Paranjape, S., Johnson, S.,
McConathy, W.J.; (2002); "High Density Lipoprotein Complexes as Deliverycla=hior Anti-

cancer Drugs;" Anticancer Res. 22; 2045-2049. (60)
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Figure 9. Expression of SR-BI in Leukemia and Other Cancer Cell Lines

Lanel: Normal Lymphocytes. Lane 2: K549 human lung carcinoma. Lane 3: HL60 human pro-
myelocytic leukemia. Lane 4: SUP B15 Human B cell precursor leukemia.3-&2® lym-
phoblasts, mouse myeloid cells. Lane 6: Idl mSR-BI, SR-BI transfected CH\@dleell line.

Lane 7: DU145, human prostate cancer. Lane 8: B16 mouse melanoma. Lane 9: Molecular

weight standards. Lane 10: Empty.

30



31

1

N
‘Ii_?1k

202k

31k

10



Figure 10. hSR-B1/CLA-1 expression in breast cancer and adjacent noncancesotells.(A)
reverse transcription-PCR analysis of CLA-1 mRNA expression in braaséxsTop panel,
CLA-1; bottom panel, B-actin.Lanes 1, 3, 5, and7 andLanes 2, 4, 6, and8 show results from
noncancerous mammary tissue and breast cancers, respe@@y€l,A-1 protein expression in
breast cancerfanes 1, 3, 5, and7 andLanes 2, 4, 6, and8 show results from noncancerous
mammary tissue and breast cancers, respecti@ ymmunohistochemical localization of
CLA-1 in breast cancer. Immunoperoxidase staining of CLA-1 is present in theasytopf the
breast canceright panel), and tissue stained with control IgG was negatisfé ganel). Repro-
duced from Cao, W.M., Murao, K., Imachi, H., Yu, X., Abe, H., Yamauchi, A., Niimi, M., Miy-
auchi, A., Wong, N.C.W., and Ishida, T.,; (2004); “A Mutant High-Density Lipoprotein Recept

Inhibits Proliferation of Human Breast Cancer Cells;"Cancer Res.; 64; 1515-1521. (35)
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Figure 11. Expression of SR-BI in Ovarian Cancer Cell LineRT-PCR showing expression
of SR-BI in various tissue3.op panel: Normal mouse tissues. SR-BI expression can only be
seen in liverBottom panel: HeyA8 drug-sensitive ovarian cancer cell line. SKOV-3 drug-
resistant ovarian cancer cell line. A2760-Par ovarian cancer cell @OV ovarian cancer
cell line. HeyA8-MDR drug-resistant ovarian cancer cell line. RMG2 desstant ovarian

cancer cell line. A2780-CP20 drug-resistant ovarian cancer cell line.
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Figure 12.lllustration of rHDL structure and selective anticancer drug delivery by
rHDL/drug complexes. A model is shown of paclitaxel delivery from rHDL via HDL receptor.

Adapted from Steinberg; Science; 1996; 271; 460-461. (44)
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CHAPTER Il

PREPARATION OF RECONSTITUTED HIGH DENSITY LIPOPROTEIN

PREFACE

Toxic side effects remain a serious concern during cancer chemotheciyino
the toxicity associated with some of the solubilizing agents currently irelgseGremophor).
Novel methods of drug delivery for chemotherapy provide not only improved solubilitisbut a
enhanced targeting for anti-cancer agents. The first objective of this praetd formulate a
reconstituted high density lipoprotein that could carry Cremophor-freegaatlitl found that
HDL isolated from human plasma could act as a carrier for paclitaxeh thétappropriate
solvent and formation method, the optimal formulation could be found, thus removing
Cremophor as a concern. Because paclitaxel is highly water-insolubée, aitorganic solvent
or an amphipathic compound as a detergent had to be used. There are two common onethods f
rHDL formation, sonication or detergent dialysis. During sonication, the lipid gajg®are
disrupted via mechanical means to form a lipid emulsion. In detergent didigsigid/drug
ingredients of rHDL are mixed together in a dry film, followed by the additiopofal and the
detergent sodium cholate in an aqueous buffer. Subsequently, dialysis is used tolmemove t

detergent and to coalesce the ingredients into a reconstituted HDL comfigufEt determine if
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the paclitaxel was successfully encapsulated into the rHDL, densityegtadiracentrifugation
was used. Here, the radioactive paclitaxel is expected to float with theolipiogband if it
remains incorporated into the rHDL complex. In this chapter, the experimesiitsrof the

solvents, detergents, and methods used are discussed.

SUMMARY

A new approach for drug delivery to malignant tumors has been developed by
encapsulating lipophilic chemotherapeutic agents into reconstituted high dgrogtpteins
(rHDL). These rHDL complexes resemble normal HDL and they markexisove the
solubility and transportability of otherwise poorly soluble drugs. The purpdbke pfesent
study was to employ human HDL and rHDL, as drug delivery vehicles fotgaat|ito
minimize the potential immune response associated with intravenous therapys ¢#pable of
directly exiting the circulation and entering the tissues where the cooemts are taken up

by cells.
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INTRODUCTION

Two of the major concerns associated with cancer chemotherapy are émicyst
toxicity of the chemotherapeutic agents and their water insolubility. Thkseftects include
nausea, alopecia, weight loss, and sloughing of the gastrointestinal traictitiona some of the
most frequently used chemotherapeutic agents, including adriamycin (doxorubicingehaus
toxicities associated with their use. For example, doxorubicin therapysahinecumulative
cardiotoxicity and Taxol ®, due to its Cremophor EL component, is also highly toxic.

This project involves the development of a drug delivery system using rectatstit
high density lipoprotein (rHDL). High density lipoprotein is the densest, but haséest
diameter of the lipoproteins (8-12 nm). It can pass into the sub-vascular tisske nuaatiy lipo-
somes, which are too large. Furthermore, HDL has a unique cholesteryl égezy aeecha-
nism, termed selective lipid uptake via a receptor-mediated process. Thesedpitar is known
as Scavenger Receptor, Class B, Type | (SR-BI) in rodents and CD36 andlldiffogous
protein (CLA-1) in humans. Anticancer drugs packed into the core of the rHDL may also be
taken up through the mechanism of selective lipid uptake.

These reconstituted HDL (rHDIparticles contained Taxol, were efficiently taken
up by cancer cells and were as toxic to cancer cells as the commernialpGog/Taxol prepara-
tions. Immunoblotting and competition studies demonstrated drug uptake by sanesl cell
lines from the rHDL/taxol complex apparently occurred by an SR-BI tymptecmediated

mechanism (1).However, due to the low amount of paclitaxel incorporated, | iedtagmore
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optimal formulation. The first approach used HDL isolated from human plasma to
solubilize paclitaxel. | found that it appeared to solubilize un-emudgiieelitaxel (Sigma). This
is already an improvement over current formulations that employ the toxic shgodgent
Cremophor. However, due to concerns for using plasma-derived products, aalatidic ca-
pable of solubilizing paclitaxel had to be found.

The solubilization of paclitaxel in a rHDL particle was attempted with vamous
ganic solvents and detergents. Eventually, three approaches were tried @&h. panalfirst ap-
proach utilized Cremophor EL, but in much lower amounts, approximately 10-fold less than in
the commercial formulation. The second approach utilized the Vitamin E toobpbgrethyl-
ene glycol succinate (TPGS) as an emulsifier for paclitaxel (2¢r gfroups have reported TPGS

has anticancer activity (3). The last approach used a modified cholatesdmbedure (4).
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MATERIALS AND METHODS

Materials Egg yolk phosphatidyl choline, free cholesterol, cholesteryl oleate, potassium
bromide (KBr), paclitaxel (PTX) were purchased from Sigma-Aldrichmibals. f*C]-
paclitaxel was purchased from Sigma. Apolipoproteir(apo A-1) was provided by ZLB
Bioplasma. Vitamin E TPGS was provided by East@aemical Company, Kingsport TN.

Taxol Distribution in Mouse Tissue Female BALB-c mice 6-8 weeks of age (Harlan) were

injected via tail vein with 200 mL Taxol in 1X PBS or 200 mL rHDL/Taxol ( 130,000-160,000
cpm; 5 mice per group). In the second study, Taxol and human HDL/PTX were used. At
specific timepoints after injection, the mice were sacrificed humanelyteir blood and organs
were harvested. The tissue was minced and a sample dissolved in Tissue&olubi
(Amersham) following manufacturer’s protocol. Before scintillation caognthe tissue sample
was decolorized with 30%J,. The counts were calculated for the whole organ and all organ
counts were totaled. The ratio was calculated as the organ count / total orgarAticaminal
studies were reviewed and approved by the IACUC.

Preparation of Reconstituted HDL Drug Complex

Mix 1.8mg Egg Yolk Phosphatidyl Choline(EYPC) in chloroform with 0.45mg free steria

in ethanol, 0.9mg cholesteryl oleate and 300ug of Taxol (or dissolved paclitaxel) & 130000 c
[14C] paclitaxel. Dry the mixture under N2 to form a thin film. Subsequently 5ml of Sionica
Buffer (10mM Tris, 0.1M NaCl, 1mM EDTA pH 8.0) was added to the lipid-drug film. Stmic

the mixture for 60 min at 60°C. Reduce the temperature to 42°C and add 10mg of Apo A-1
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dissolved in 3M guanidine-HDL and continue sonication for another 30 minutes. Collect the
HDL-sized fraction by KBr-density gradient ultracentrifugation. aslére cholesterol, protein
and paclitaxel and pool the fractions. Dialyze against 1X PBS overnight. Store at 4°C

Preparation of rHDL/PTX from human HDL and paclitaxel

Human HDL was purified from plasma by dodecylamine-agarose (DDA) chroraptogas
described previously (7). Paclitaxel (300 ug, dissolved in @H@s mixed with 130,000 cpm
[14C] paclitaxel and dried underNThree milliliters of either purified human HDL or bovine
serum albumin (5 mg/mL by protein) were added and mixed. The drug-vehiclgenixt
underwent freeze-thaw cycling with an initial incubation &C3%hen two freeze-thaw cycles at
-20°C and 37C..

Potassium Bromide Density Gradient Ultracentrifugation

A 3 milliliter sample of rHDL was used for KBr Density Gradient Ulgmatifugation (. One
milliliter fractions were collected from each sample. The densityestisiated by measuring
the mass of a 100uL sample from each fraction. HDL-sized fractions wergedeom den-
sity =1.063 to 1.21 g/mL (Fractions 7, 8, 9).

Chemical Compositional Analysis

Protein concentration of the collected fractions was measured with Bradébethpeagent
(Bio-Rad). Total cholesterol and phospholipid were determined by colorimetagsa(DMA).
Paclitaxel and Taxol were measured with by the specific activity of [pdCljtaxel (Sigma-
Aldrich).

Vitamin E Assay

49



Ethanol was mixed and vortexed with a volume of sample in a 1:1 ratio to precipitate.protei

The sample was centrifuged at 3,000 rpm for 5-10 minutes and the supernatargdco86ami-

croliters of 4 mg/mL bathophenanthroline (in ethanol) was added to a 96-well mierdipén

100 microliters of sample supernatant was added. 50 microliters of 0.6mg/nalcfdoride (in

ethanol) and 50 microliters of 85% phosphoric acid were added. The absorbance was read at 536
nm on a Bio-Rad microplate reader (8). A 40 mg/ml stock solution of Vitamin E TP&S wa

used to form the standard curve.
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RESULTS

It has been previously reported that rHpdrticles containing Taxol were able to
facilitate the uptake of the drug by cancer cells (1). Further investigaas needed into the
pharmacokinetics of an rHDL/Taxol vehicle. Studies carried out in mice showedhifecarg
differences in the bio-distribution of Taxol® and rHDL/Taxol (Figure 1). Thesdtsecan pos-
sibly be explained by the remaining amount of Cremophor left in the complex. Whgadiss
was found that the ratio of Cremophor to paclitaxel remained at 100:1 with the conmeswat
Cremophor and paclitaxel at 1.71 mg/ml and 0.017 mg/ml, respectively. Due to the lew pacli
taxel concentration, the high Cremophor concentration, and the similar bio-districegults, a
search began for a new formulation with lowered or absent Cremophor. | intesktideether
human HDL isolated from plasma could act as a vehicle for Taxol/pacl{2X&]). The ex-
perimental approach involved freeze-thaw cycling as described by GamtilEaylor(5). | com-
pared the rHDL/Taxol & human HDL/PTX (Table 1) to a recent formulation involsergm
albumin as a solubilizer/carrier for Taxol/Paclitaxel (6). The dagicontaining‘C taxol, were
isolated via preparative ultracentrifugation and then dialyzed to remove #ssipat bromide.
Although serum albumin had high incorporation of Taxol, upon dialysis, the incorporation
dropped markedly. Serum albumin is not a stable carrier for paclitaxal€r2y therefore it

has little potential as a drug delivery vehicle to cancer cells. RecoegtHiliL formed a com
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plex with Taxol, but not with paclitaxel. The most promising results weteiman plasma
HDL and paclitaxel (Figure 2).

| repeated the tissue distribution studies with the human HDL/PTX formuldtion.
did not examine the tissues as exhaustively as in the initial study, but onlyiratext on the
liver and plasma. As in the rHDL/Taxol studies, the primary organ of PTX uptakéeviset.
However, paclitaxel concentration was 10-fold higher in the plasma when injected as a
component of the HDL complex, as compared to the free Taxol®. | found that the Taxol had 97%
in the liver and 3% in the plasma 30 minutes after injection. In contrast, HDi#pathad
62% in the liver and 38% in plasma 30 minutes after injection. Similar resultsoueict 60
minutes after injection (Figure 3).

Because human HDL is a product derived from human plasma, there are concerns
about its use as a drug delivery vehicle. Subsequently, a number of studies have beeedconduct
to develop an appropriate drug formulation that would not include Cremophor EL in the solubili-
zation of PTX. The encapsulation and incorporation of paclitaxel in the rHDL wed tesd
measured by density gradient ultracentrifugation. The rHDL/PTX hasyabudensity similar
to that of native HDL (d = 1.063-1.21 g/mL), which is usually fractions 7, 8, and 9 (Figure 4A)
Because a current paclitaxel formulation using serum albumin as an emidsifielergoing
clinical trials, | attempted serum albumin as an initial solubilizer beafarorporating PTX into
the rHDL patrticles as well as the organic solvent, acetone. (9). These &gsrosce unsuc-
cessful; no macromolecular rHDL/PTX could be recovered after ultraiteyation (Figure 4B).

The paclitaxel was found in fractions corresponding to a density >1.22 g/mL. The ofshe

solvents and detergents tried for rHDL/PTX formulation are summarizedlie Za
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A derivative of Vitamin E, known as tocopherol polyethylene glycol succi-
nate(TPGS), had been used to form paclitaxel-containing nanoparticlea(®)erfore, other
groups reported anticancer activity by Vitamin E(3). When used as an éenditsipaclitaxel,
we achieved an rHDL/PTX with a similar buoyant density to native HDL (Eig@). Further-
more, rHDL/PTX/TPGS incorporated about 45-46% of the starting paclitaxein&ssured the
concentration of TPGS remaining after particle formation by a coltiionétamin E assay and
found 1.2 to 2 mg/mL of TPGS. This concentration is similar to that found for Cremophor in the
rHDL/Taxol formulation. The concentrations of the lipid and protein components of
rHDL/PTX/TPGS are listed in Table 4.

Three different approaches were compared to formulating rPIDX/ First, a
rHDL particle was made that contained paclitaxel emutkifie a 10-fold lower Cremophor
concentration. The second approach formed an rHDL/PTX by a nubdifielate dialysis
procedure, which had been used previously to form rHDL particles contamingodel
compound, dilauryl flourescein (unpublished results). The last appveaEhHDL/PTX using
Vitamin E TPGS. Comparing the chemical composition and loading ¢ap@able), the
reduced Cremophor rHDL/PTX incorporated the least amount of RidXcholate dialysis
incorporated the most. Because the Vitamin E TPGS formulalsanhed a low amount of
phospholipid than would be found in native HDL, this particle probably Helesna liposome or
micelle. The optimal formulation for a HDL-based drug deliveepicle was the modified

cholate dialysis procedure; future studies were conducted with this protocol.
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DISCUSSION

| have been able to utilize human HDL and rHDL as drug delivery vehicles fdagak
Bovine serum albumin while capable of initially solubilizing Taxol and paclitaves not stable
upon dialysis and filter sterilization as its drug content dropped over 10-fold. Owudgiest
that high density lipoprotein (HDL) is a better drug delivery vehicle than sallbwmin because
the drug/lipoprotein complex exhibited greater stability than the albuminédmglexes. The
tissue distribution experiment was repeated using the human HDL/pddlRa*© formulation.
It was found that paclitaxel in this form remained in the plasma of the mice aldliGigher
concentration than free Taxol. This is an important finding because the toxicfeen@is#mo-
phor has been removed. Also, the liver is the site of drug metabolism; by encagsdati-
taxel in HDL, more active, unmetabolized drug could be available for tumor uptakendy
enable the drug to reach higher concentrations in the tumor tissue.

The uptake of HDL core components is mediated by Scavenger ReceptdB Class

Type 1 (SR-BI), which is found mainly in the liver, steroidogenic tissues, and magesphaln
addition, evidence suggests that cancer cells overexpress HDL receptoselibeancreased
need for cholesterol in rapidly proliferating systems. The tissue distnibsttidies were critical,

because the rHDL could deliver the paclitaxel to the liver and steroidogesuedivia SR-BI.
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However, when experiments on the tissue distribution of Taxol ® were performed
in mice, no differences could be found between groups injected with free Taxol ® or
rHDL/Taxol. In the second study, paclitaxel uptake by the liver was reduuen aelivered by
HDL. In addition, this mechanism could play an important role in overcoming the drsig resi
tance of cancer cells. By the interaction of apolipoprotein A-1 and SR-BI, thatgsré deliv-
ered to the cancer cells may bypass the P-glycoproteins and other memansperters associ-
ated with drug resistance.

Further investigation into rHDL/PTX by cholate dialysis is necessahng. com-
position of the particle must be optimized. The assumption was made that becalu&eTkiD
had the same buoyant density as native HDL, it is of similar size and shapaotlknown
whether rHDL/PTX is discoidal like nascent HDL or spherical like matipé.HElectron mi-
croscopy can confirm the size and shape of rHDL/PTX. Further animal studiesemest
formed as well. Removing the Cremophor should improve the toxicity profile for rHDLItP
comparison to Taxol. After determining safe dosages, rHDL/PTX can be usedtttminor-
bearing mice to investigate the efficacy of the drug delivery vehicle.

Current research into the delivery of hydrophobic drugs has focused on the use of
liposomes to solubilize and transport therapeutic agents in the bloodstream. Tassggest
that the HDL based drug delivery system is capable of extending the maxissmmaptoncen-
tration in addition to facilitating the solubility of hydrophobic drugs. Further pateadvan-
tages of the new drug delivery system involve targeting via chemical madifisatf the protein
or lipid constituents of the rHDL complex, in addition to overcoming the resistanegtainc

tumors against anti-cancer drugs.
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Figure 1: Tissue Distribution of Taxol vs. rHDL/Taxol. After I.V. injection, mice were
sacrificed and tissues harvested at the specified timepoints. Data a&ssegas Mean + S.D.
(n=5 mice/group). Significant differences were not found between the Taxol BhdTidkol

groups.
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Table 1: Components for Paclitaxel Drug Delivery VehiclesSolutions of bovine serum al-
bumin and human HDL were made to a protein concentration of 5 mg/mL before incubéting wi

drug. Freeze-thaw cycling conditions: 37°C, 60 minutes; -20°C, 60 minutes; repeated twi
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Name Drug Vehicle Paclitaxel Formulation
Alb/PTX Serum Albumin Paclitaxel (Sigma)
Alb/Taxol Serum Albumin Taxol
rHDL/PTX rHDL Paclitaxel (Sigma)

rHDL/Taxol rHDL Taxol
hpHDL/PTX human plasma HDL Paclitaxel (Sigma)
hpHDL/Taxol human plasma HDL Taxol
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Figure 2. Incorporation of Paclitaxel into Drug Delivery VehiclesLabeling of preparations
correspond to the protocols found in Table 2. HDL-sized fractions were isolated byymotass
bromide density gradient ultracentrifugation and dialyzed against 1X PBS,ghterRiaclitaxel
incorporation was tracked by radiolabel. Data are expressed as mean = S.D.yam=24inte-

pendent preparations.
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Figure 3: Distribution of Paclitaxel between Liver and Blood in the Mowse.Mice (5 per
group) were sacrificed 30 to 60 minutes after 1.V. injection and the liver asith@laarvested. |
found that the HDL/PTX concentration in the plasma was 10-fold higher comparedto Tax

Data are expressed as Mean + S.D. (* represents p-value < 0.002).
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Table 2: Reconstituted HDL with Alternate Solvents and Detergestfor Paclitaxel. Three
organic solvents were used to make an rHDL/PTX. In all 3 cases, the paclitaxel idiconob-
rate into the particle. A non-ionic detergent, n-octyl glucoside was not ablegg&elitaxel in
solution. Serum albumin was tried due to reports that it complexes with paclitewels

thought to potentially facilitate loading into the rHDL.
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Emulsifier/Solvent

Result

Ethanol Low Incorporation
Acetone Low Incorporation
Isopropanol

Low Incorporation

10% Serum Albumin

Low Incorporation

N-octyl glucoside

PTX Did Not Dissolve
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Figure 4: KBr Density Gradient Ultracentrifugation of Different r HDL/PTX preparations.
Each preparation was subjected to ultracentrifugation to determine PTX irat@panto
rHDL. One mL fractions were collected and measured'f@{paclitaxel, protein and choles-
terol. The fractions, corresponding to HDL lie in density range (1.063 to 1.21 g/mbabioRr
7,8, and 9.

(A) rHDI__/PTX by Cholate Dialysis. Data is expressed as Mean + S.D. gir@sentative
preparations.

(B ) rHDL/PTX dissolved with acetone. Data is expressed as Mean + S.D.mE2entative
preparations.

(C) rHDL/PTX Solubilized by Vitamin E TPGS. Data is expressed as Mé&ab +of 3 repre-
sentative preparations.
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Table 3: Comparison of Chemical Composition of Different rHDL/PTX formulations. All
concentrations are in mg/mL. TC, total cholesterol; CE, cholesteryl olatdree (unesterified)
cholesterol; PC, phosphatidyl choline; PTX, paclitaxel; rHDL, reconstitutgddensity lipo-

proteins.

(2): rHDL/Taxol: Original formulation
(2) rHDL with Reduced Cremophor
(3) rHDL/PTX with Vitamin E TPGS as emulsifier

(4) rHDL/PTX by Cholate Dialysis
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Preparation Units PTX apo | TC CE | FC PL Cholic
A-1
Acid

Sonication mg/mL | 0.017 1.14 0.33 0.4 0.09 B 0.0(
Sonication/Less mg/mL | 0.083 0.25| 0.025 o0.00 0.01p 0.33 0.00
Cremophor

Sonication/TPGS mg/mL| 0.16 1.16 0.04 0J02 0.02 0{22 0.0
Cholate Dialysis mg/mL| 0.45 1.6 0.14 0.p5 0.0F B5 0.3
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CHAPTER IlI

EVALUATION OF SYNTHETIC/RECONSTITUTED HIGH-DENSITY LIPPROTEINS AS
DELIVERY VEHICLES FOR PACLITAXEL

Reproduced from McConathy WJ, Nair MP, Paranjape S, Mooberry L, and Lack@@G8) (
Anticancer Drugs19(2):183-8

PREFACE

The original cholate dialysis procedure produced phospholipid/Apo A-1 discs,
which is a precursor to mature spherical HDL. Mature spherical HDL is the iatrmteracts
with SR-BI to deliver cholesteryl ester through selective lipid uptakenatire HDL particle
has high protein content (approximately 50-60%), due to the existence of two to four emlecul
of Apo A-l. Our rHDL delivery vehicle is produced via a modified cholate d&lysotocol.
We determined the chemical composition of our reconstituted HDL and found the proteit conte
is similar. | must ensure the rHDL has a shape and size similar to matiuesHiaL for delivery
of paclitaxel through selective uptake.

Pharmacokinetic parameters, including the 50% Inhibitory Concentratigg (IC

and Maximum Tolerated Dose (MTD), must be determined for the rHDL/PTXIlgehi¢n the
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literature, MTD is defined as the dose at which no death and 15% weight loss ocours. An

studies in tumor-bearing mice base the treatment dosage on the MTD.

SUMMARY

Reconstituted (synthetic) high-density lipoprotein particles carryiolijaeel
(rHDL/PTX) were prepared with substantially higher PTX content than egpesdrlier. The
rHDL/PTX complexes seemed to be primarily spherical nanoparticles eteenined via
electron microscopy, with a constant composition, molecular weight and exceptetiaty
even after ultracentrifugation and storage for up to 6 months. The rHDL/PTX nanepdréd
superior cytotoxicity against several cancer cell lines (MCF7, DU14506%2and OVCAR-3),
the half maximal inhibitory concentration (IC50) having been found to be 5-20 timeastihamne
that of the free drug. Studies with mice showed that the rHDL/PTX nanopantelre

substantially better tolerated than the corresponding dosages of either Takdxane.
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INTRODUCTION

A number of challenging factors, including poor water solubility, toxic sige®sfand drug
resistance, have long interfered with the efficacy of cancer chempéiutiaagents.
Lipoproteins have been considered appropriate drug-delivery vehicles capablecofromgr
these problems [1], owing to their structural features [2], biocompatibilityaagdting
capability via receptor mediated mechanisms [3]. Our laboratory focust @reparation and
evaluation of reconstituted high-density lipoprotein (rHDL)/drug complexesagtynfior the
purpose of enhancing the delivery of anticancer agents [4—6]. These more recentreported
here, resulted in substantially more enhanced paclitaxel (PTX)-cacgpabilities,
physical/chemical properties and in-vivo tolerability than our previaeggrted formulation

[4].
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MATERIALS AND METHODS

Materials

Sodium cholate, egg yolk phosphatidyl choline (PC), free cholesterol, chdledats,
potassium bromide (KBr) and PTX were purchased from Sigma-Aldrich cher{iitdlsuis,
Minnesota, USA). [14C]PTX was purchased from Sigma. Abraxane wasfeogifDr Ray
Page, Department of Pharmacology, University of North Texas Hea#hcgcCenter, Texas,
USA (UNTHSC). For the initial phase of these studies, the apolipoprotein A-A{poas
provided by ZLB Bioplasma (Berne, Switzerland).

For the latter portion of the studies, the apo A-I was isolated from human plasnsardsedeby
Brewer et al. [7].

Methods

Preparation of reconstituted (synthetic) high-density lipoprotein/peelitmplex with sodium

cholate dialysis

The cholate dialysis procedure used was based on the procedures descridrefdredidcoidal
rHDL patrticles [8,9]. After testing a variety of formulations of ingezds, a mixture of PC in
CHCI3 with free cholesterol, cholesteryl oleate and PTX was prepared witiar ratio of apo
A-l:cholesterol:cholesteryl oleate:PC=1 : 5 : 1.3 : 115. This formulation wsesilmm
preliminary studies, after varying the levels of the respective compaoenpsimize the
incorporation of PTX into rHDL. The lipid mixture (PC, C and cholesteryl oleatd)2mg of

PTX were dried under N2 to a thin film and dispersed in 60 ml of dimethylsulfoxide§MM
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Sigma-Aldrich] and 1.4 ml of buffer (10 mmol/l Tris, 0.1 mol/l KCI and 1mmol/| EDpA 8.0;
Sigma-Aldrich). About 140 ml of sodium cholate [100 mg/ml stock in 0.15 mol/l NaCl, 0.003
mol/l KCl and 0.15 mol/l KH2PO4, pH 7.4, designated as phosphate buffered (0.008mol/l
Na2HPO4, 0.002mol/l KH2PO4) saline (PBS; 0.14mol/l NaCL; 0.01 mol/l KCI); pH 7.4] was
added, to produce mixtures with a final PC to the cholate molar ratio of B1 : 1.6. Apo A-1 (12.7
mg/ml) in 0.4 ml of PBS was added to this mixture, and the final volume was adjusted to 2ml|
with PBS. The lipid/protein/cholate mixture was then incubated for 12 h at 4°C, fdllmwe
dialysis against 2 L of PBS for 2 days, with three buffer changes. Using [3Hifietaa a tracer,
we determined that after 48 h of dialysis, <2% of the cholate remained in thédnd®
preparations. The PTX-containing rHDL fractions were isolated by sstgfedensity gradient
ultracentrifugation [10,11], and were dialyzed overnight against PBS, pH 7.4.rHi2ke
preparations can be stored at 41C for at least 60 days.

Preparative ultracentrifugation

KBr was added to 3ml of rHDL/drug preparation, to achieve a density of 1.22 g/ndaiipe
was placed in a centrifuge tube, and KBr solutions of decreasing density vwesszllap top of
the sample as follows: 1 ml, 1.22 g/ml; 4 ml, 1.063 g/ml and 3 ml, 1.019 g/ml [10,11]. The
layered sample was subsequently centrifuged for 24 h at

39 000 rpm in a Beckman Optima LE 80K (Beckman Coulter Inc., Fullerton Californk), US
ultracentrifuge at 4°C in a swinging bucket rotor (SW 40). Fractions (1 ml)ooteeted from
the top and analyzed for protein, phospholipids and cholesterol. Fractions were ddsagnat
follows and analyzed as described earlier [12]: those corresponding to verghwity
lipoprotein [fractions 1-2, buoyant density (d)<1.007 g/ml]; to intermediate ydipsiprotein

(fraction 3, d=1.007-1.02 g/ml); to low-density lipoprotein (fractions 4-6, d=1.020-1.060 g/ml);
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to HDL2 (fractions 7-8, d=1.060-1.15 g/ml); to HDL3 (fractions 9-10, d=1.15-1.235 g/ml) and
to lipoprotein-deficient serum (fractions 11-12, d>1.235 g/ml).

Electron microscopy

After dialysis against a buffer containing 0.125 mol/l ammonium acetate, 2.6Iramatonium
carbonate and 0.26 mmol/l EDTA (pH 7.4), the isolated rHDL samples were negatvedg st
with 2% sodium phosphotungstate (pH 7.2) and placed on Formvar/ carbon-coated 200-mesh
nickel grid support films (Ted Pella Inc., Reading, California, USA), as preyideskribed by
Forte et al. [13]. The particles were visualized (magnification of 50 000) ugiags910 (Carl
Zeiss SMT Inc., Peabody, Massachusetts, USA) transmission electrascope. The
photographs obtained were enhanced, and the particle diameter was determinetbkath A
Imageready CS2 (Adobe Systems Inc., San Jose, California, USA) softwatige Estimation

of the diameter of the rHDL/PTX nanoparticles, 50 images with distingjinsaand

symmetrical shapes were measured.

Cell culture

Established cancer cell lines were obtained from the American Type €€Glbliection

(Manassas Virginia, USA) and grown according to the procedures provided Aynerican

Type Culture Collection, employing the respective recommended media, inctbdingxture

of 1% penicillin and streptomycin and 10% fetal bovine serum (Gibco/Life Teches]ogi
Invitrogen Corp, Carlsbad, California, USA). All the cells were grown in 78-tasks and split,
using 0.25% trypsin to release the cells from the medium, once 80-90% confluency wed.reac

Cells were counted and plated onto 96-well microtiter plates, 1 day before bethfpuassays.
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Assessment of the cytotoxicity of the reconstituted (synthetic) hightddipeprotein/paclitaxel
complexes

The cytotoxic effect of the rHDL/PTX preparations on cancer cells wasseskby the MTT

assay [14]. Cells were plated in 96-well plates (5000 cells/well) in tgpective media. Next

day, the monolayers were washed with PBS (pH 7.4) twice, and then incubated at 37°C for 24 h
with rHDL/PTX complexes in serum-free media. The following day, 26f MTT (1 mg/ml)

was added to each well and incubated for 3 h at 37°C. Plates were centriflig@d aam for 5

min. The medium was removed, the precipitates were dissolved in 200 ml of DMSO and the
samples were read at 540nm in a

microtiter plate reader.

Determination of reconstituted (synthetic) high-density lipoprotein components

Total cholesterol (Thermo DMA, Arlington, Texas, USA), free (unefseli cholesterol and
phospholipids (Wako Pure Chemical Industries Ltd, Osaka, Japan) were detebyithe
respective enzymatic reagent kits, using microtiter plate assays [IBpg6¢oncentration of
cholesteryl esters was obtained as the difference between total @otdtesterol values.
Protein determinations were carried out using Bradford reagent kits suppied-Rad
Laboratories (Hercules, California, USA).

Molecular weight determination

The molecular weight of the rHDL/PTX complex was determined by fastip liquid
chromatography on a 10x300mm Superose 6 (Amersham Biosciences, Piscaawagrdey,
USA) column using apoferritin, alcohol dehydrogenase and serum albumin asdgamta
molecular weight of the rHDL/Ptx complex was calculated on the basis pfitiegples
described by Ackers [17].

Determination of the maximum tolerated dose
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Female C57BL6 mice (6—8 weeks, 18-21 g, Harlan) were housed, no more than four/cage, in
accordance with the Institutional Animal Care and Use Committee quadeliThe mice were
given standard mouse chow and water ad libitum, and the bedding was changed orkce a wee
The mice were held for 1-2 days before the injection schedule began. Subsequentte the mi
were randomized and grouped the day before injection. The injection volume in alldige dos
groups was 1.5 ml via the intraperitoneal route, and injections were administered dn 2ay

and 3. The dosage for Taxol injection was 30 mg/kg (n=6), for Abraxane, 70 mg&afre=for
rHDL/PTX, 100 mg/kg (n=6). A control group was injected with the rHDL vehiciel]. The
weights and the health of the mice were monitored for 30 days. Weighings werenpdronce

a day for the first 7 days and twice a week for the remaining monitoriredp&hese studies
were approved by the Animal Use Committee of the UNTHSC.

Statistical methods

Statistical analysis was carried out to evaluate the data, whenadybpliccordingly, the data in

Table 2 and Fig. 5 represent meanzstandard error of the mean (SEM).
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RESULTS

Formulation of reconstituted (synthetic) high-density lipoprotein/drug

A series of formulation studies were conducted to establish the optimal ctiorposi
of the rHDL particles, to accommodate the maximum amount of PTX/particlese Bhadies
were based on the protein (apo A-1) concentration of the rHDL complex, thstlaageponent
of these patrticles (Table 1). The preliminary data established the mostidle mixture of egg
yolk phosphatidyl choline, cholesterol and cholesteryl oleate of the rHDLfRafXles, which
has been detailed under Methods (preparation of the rHDL/PTX complex).

Figure 1 shows the pattern of incorporation of PTX into the rHDL particles. The
loading of PTX into the rHDL particles seemed to be maximal when about 2 mg of BI'’X wa
added to the reaction mix that contained the optimal amounts of the other ingredienss. At thi
point, the incorporation efficiency of the drug was about 50%, with the maximal inabgmoof

1mg of PTX corresponding to a 2-mg initial load.

Characterization of the reconstituted (synthetic) high-density lipoprpé&ailitaxel complexes

The PTX incorporation represented about 10% of the total mass of the rHDL
complex (Table 1). Based on the estimated molecular weight of rHDL (~170 000), apasdxim
25 PTX molecules were incorporated into the rHDL/PTX complexes/particleovidrall

composition of these rHDL/PTX complexes showed some resemblance to that ohnateve
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HDL, although their PC content was substantially higher and their cholesiateht
substantially lower than that of their circulating counterpart. Duringnpiredry studies, the
optimal PTX incorporation was observed with relatively low cholesterol-aontarHDL
particles.

The retention of PTX within the rHDL complex vs. the retention of sodium cholate
is shown in Fig. 1. The data show an approximately 60% retention of the PTX vs. a less than 5%
retention of the sodium cholate, on the basis of the starting concentrations befais. dillky
rHDL/PTX particles were further characterized by ultracergation and electron microscopy.

In Fig. 2, the ultracentrifuge pattern of the rHDL/PTX preparation showshtatynthetic
HDL/drug complex had flotation properties very similar to those of native HDibhdasated by
the arrows for the peak distribution of native human HDL and low-density lipoprotese
flotation properties were maintained after 6 months’ storage at 4°C. Thedealerrepresenting
the stored sample, is due to the application of correspondingly lower startingahfatghe
ultracentrifuge run.

Figure 3 shows the electron microscopy of the rHDL/PTX patrticles on
phosphotungstate negative staining. These data show that, although some of th@XHDL/P
represent discoidal particles, the majority of the structures are cghwiith a mean diameter of
11.4+3.1 nm (range 7.4-20.7 nm).

Assessment of the cytotoxicity of the reconstituted (synthetic) degisity
lipoprotein/paclitaxel complexes

The MTT assay, as described under Methods, was used in these studies. First the
MCF7 breast cancer cell line was used to evaluate the cancer cell-kitergipbof the
rHDL/PTX nanoparticles (Fig. 4). This was followed by a more detailselsasnent using

several cancer cell lines (Table 2). The progressively cytotdbactedf the rHDL/PTX

82



nanoparticles with increasing drug concentrations is shown in Fig. 4. Claari4DL-
delivered PTX was much more effective than the free PTX in this regardaéldarview of
several cancer cell lines in Table 2 shows that the IC50 values forEheehtapsulated PTX

were 5-20-fold lower than those for the free PTX.

Animal studies

The purpose of these studies was to compare the respective tolerance leveds of m
toward rHDL/PTX, Abraxane and Taxol. To design an effective protocol, the costtems of
PTX used were the established respective MTDs (30 mg/kg for Taxol and 7@ fiorg/k
Abraxane). The dosage for rHDL/PTX was chosen to exceed those of both thewthgations
because better tolerance of this formulation by the mice was anticipaedesults of these
experiments (in Fig. 5) show the time course of the mean weight chanfe tbrde groups of
PTX-treated mice and the controls. On the basis of these data, the rHDloRT{&tion
proved to be markedly superior to both Abraxane and Taxol, as the 15% weight loss that
occurred had been reached or exceeded at the 30-mg/kg dose for Taxol and-aighey dbse
for Abraxane. In contrast, the rHDL/PTX formulation did not reach the 15% weigghelen at
the 100-mg/kg dose level of PTX. These data (in Fig. 5) also show that thkevieight loss
(during the first 3-day period) might have been partially due to the trawsneiasd with the
injections. Therefore, the weight changes for each treated group evebéned for days 4—7 and
presented as meanxSD (Fig. 6). The weight loss in the rHDL/PTX grougigvafscantly less
than in the Taxol group (P<0.0005), whereas it was substantially, but not significaméythan

in the Abraxane group (P=0.084).
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DISCUSSION

Poor solubility, toxic side effects and limited antitumor potential have congystent
hampered the development of new chemotherapeutic agents. This study involvéisa prac
approach to employ rHDL as drug-delivery agents for cancer chemothkenagprotein-based
formulations have long been thought of as attractive candidates for delivericenanti drugs to
tumors [18,19], primarily because of their biodegradable components and the potential for
receptor-mediated uptake of the transported drug by endocytosis [20] or bletttere uptake
of core components [21]. The overexpression of lipoprotein receptors by maligisande
tumors has been widely reported [22—24], including the selective delivery of thatdiiancer
agents to tumors [25], further enhancing the utility of lipoprotein-based delivafgrmphs in
cancer chemotherapy. In addition, recent studies show that lipoproteins cayebstty
specific tumors by attaching homing ligands to their surface components [26]. s@atite
other reasons, our efforts have focused on developing a synthetic HDL-type tialeoibeat is
particularly suitable for the delivery of anticancer agents to tumors [4—6].

This report includes the description of a reconstituted rHDL/drug compléx wit
superior drug-carrying capacity, compared with our earlier model [4].diti@ad, we report, for
the first time, the generation of spherical particles containing ingreadiehtsman HDL via the
cholate dialysis method (without the use of physical force). The sphericajuatibn of the
rHDL/drug nanoparticles is an essential feature enabling enhancedddinggl and stability, an

essential requirement for a practical formulation to be used for canceotttezapy.
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Several attempts have been reported, over the last several decades, to use
lipoprotein-type structures as drug delivery vehicles [27-29]. No reports areyépwavailable
of these formulations being employed in a clinical setting or even undergoirglghats. The
main obstacle in developing successful lipoprotein-based formulations hadkeziythe
availability of the respective apolipoprotein components (apo B-100 and apo A-€dnfeed
these lipoprotein/drug formulations in commercially suitable quantittgs. situation has,
however, changed recently, with the development of processes for producimdpireant apo A-
| via bacterial [27] or plant vehicles (http://www.sembiosys.com/Main.adp%3), improving
the prospects for preparing synthetic HDL-type drug-delivery vehigtiitional attempts have
been reported to overcome this problem by using small peptides as surrogatesgopigtein
B-100 [28-30].

The data presented in this study open the way for further in depth investigations, to
explore the antitumor potential of rHDL and other lipoprotein-based formulations, aiaeto t

advantage of the receptor/tumor-targeting potential of these nanopag&jes [

85



Table 1. Composition of rHDL/PTX particles (weight %) prepared by the @éscribed cho-
late dialysis method.The data represent the mean + SEM of three determinations. CE, choles-
teryl oleate; FC, free (unesterified) cholesterol; PC, phosphatidyheh®TX, paclitaxel;

rHDL, reconstituted high-density lipoproteins.
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Protein

PC

FC

CE

PTX

Distribution
(%)

33.5+1.1

58.8 +1.1

1.3+0.3

0.34+0.15

9.9+0.7
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Figure 1. Retention of paclitaxel (PTX) vs. sodium cholate by the reconstted high-density
lipoprotein (rHDL)/PTX complex during the dialysis process. Data are expressed as Mean +

S.D. of 3 independent preparations.
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Figure 2. Distribution of the radioactivity of [14C]paclitaxel (PTX), incorporated into re-
constituted high-density lipoprotein (rHDL), along with unlabeled PTX (see Methods) upon
density gradient ultracentrifugation. The peak representing the rHDL/PTX preparation after 6
months’ storage is smaller because approximately half of the original amasinised for the

post-6-month centrifugation. LDL, low-density lipoprotein. Representative @gam
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Figure 3. Electron micrograph of the negatively stained reconstituted gh density lipopro-

tein/paclitaxel nanopatrticles.
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Figure 4. Cytotoxicity of the reconstituted high-density lipoprotein (HDL)/paclitaxel

(PTX) nanopatrticles vs. free PTX estimated by the MTT assay (see Methe)d
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Table 2. Comparison of IC50 values for selected cancer cell lines with rHIDRTX and free
PTX. The cells were exposed to increasing concentrations of the respectiveapraiapons for
24 h before the performance of MTT cell viability assay. PTX, paclitald&r reconstituted

high-density lipoproteins.
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Call lines uzad IG5 for tHOLIPTX (umolll) 10, for PTX (pmal/]

OV1063 12 14.2
OVCAR 3 14.1 70.3
OU145 1.8 14.2
MCFT 0.6 14.2
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Figure 5. Weight loss incurred by female C57BI/6 mice after three consdoze injections of
paclitaxel (PTX) as Taxol, Abraxane and the reconstituted high-density lipaptein

(rHDL)/PTX formulation, respectively. Results are presented as the mean weight loss for each
group treated with PTX (Taxol, Abraxane and the rHDL/PTX formulation, réspbg and the

controls (rHDL only).
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Figure 6. Weight loss data (mean+SD) combined for days 4—7 for each paclitaxel (PTX

treated group [Taxol, Abraxane and reconstituted high-density lipoprotein (rHDL)/PTX].
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CHAPTER IV

RECEPTOR MEDIATED UPTAKE OF PACLITAXEL FROM A SYNTHETIC KK&H

DENSITY LIPOPROTEIN NANOCARRIER

PREFACE

There are several examples of drugs being complexed with synthetic or
reconstituted HDL. What has not been known is whether drugs complexed with rH2kctinte
with the HDL receptor, SR-BI and are taken up through selective uptake. Many thatlies
examine selective lipid uptake use the |Idl A7 and |dl A7 [mSR-BI] cell lifiéss cell line is
derived from Chinese Hamster Ovary cells and does not express LDL remefiiBI.
Because the core components are taken up selectively, radiolabeletechiodsser and
paclitaxel was used in our rHDL patrticle to quantify uptake. Because tlenpcomponent
remains extracellular in selective uptake, but is internalized in endogytdisactive iodine

was crosslinked to Apo A-1 for tracking and determining internalization.
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SUMMARY

The purpose of these studies was to determine the mechanism(s) whereby
paclitaxel, is taken up by cancer cells, once encapsulated into synthetistieted high density
lipoprotein (rHDL). The uptake of paclitaxel (PTX) was found to be facitithiethe scavenger
receptor type B-1 (SR-B1)when drug-loaded rHDL particles were incubdiedells that
express the SRB1 receptor. Studies with double-labeled, PTX containing rHDL riextegpar
showed that prostate cancer (PC-3) cells incorporated PTX primarilyselacive (SR-B1
type) uptake mechanism. In the presence of al0-fold excess of plasma HDupaKe
decreased to 30% of the control. These findings suggest that the incorporation olidipiophs
by cancer cells from rHDL nanoparticles is facilitated by a recepéatiated (SR-B1)

mechanism.

SIGNIFICANCE

Recent reviews on cancer therapy have progressively emphasized thts lodtled
targeted delivery approach for anticancer drugs (1). It has been shdwanttbancer agents can
be targeted to cancer cells that generally express a high level of Igiopeateptors, by
encapsulation into reconstituted high density lipoprotein (rtHDL) nanoparfi¢tiedindings of
the studies presented here suggest that targeted therapy via lipoproteily gelvees may be

an important and timely approach for cancer chemotherapy.
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INTRODUCTION

Barriers to effective systemic drug delivery include poor solubilityt-fiess
metabolism by the liver, and toxic side effects of many pharmaceidroalilations. Numerous
attempts have been made to overcome these problems by utilizing several nowsl delive
strategies (1, 2). Nevertheless, recent reviews on the outcome of even someastthe m
aggressive chemotherapy regimens, demonstrate only limited advances tmaarcetof
malignancies (3). Perhaps targeted delivery of anti-cancer adgiatsd individualized therapy
will offer more dramatic advances toward curing cancer in addition to digrikeprove the
quality of life of patients undergoing treatment (4).

Lipoproteins have long been considered as effective drug transporting véleictese their
structure contains a shielded core, suited to accommodate lipophilic drugs, inclntliogncer
agents (5). Therefore, pharmaceutical preparations involving lipoprotein compaiieiksly
result in formulations with extended residence time in the circulation. Fudherthe uptake

of cholesterol carrying lipoproteins (low density lipoproteins; LDL and high tleliysoproteins;
HDL) have been proposed to be providers of lipid membrane constituents to canceraiklis t
their high rate of proliferation (6, 7). Accordingly, it has been demonstratethéhaxpression of
both LDL and HDL receptors are enhanced in cancer cells (8, 9). Clinicalalletzted from
hundreds of cancer patients are consistent with this concept (10-12). Lipoproteins thag have t

potential to exceed the performance of most currently employed drug delrgeegns, including
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liposomes, because of their relatively small size and their versatilizygeting (13.Lacko et al ,
2007).

We have developed biocompatible nanoparticles made up of high density
lipoprotein constituents that are able to stably incorporate lipophilic drugsding|PTX,
presumably into their core compartment (14). In this communication, data are gudsestiow
that PTX, encapsulated in reconstituted/synthetic high density lipoprotein JniHoparticles,
is taken up by cancer cells via a receptor mediated mechanism thatisalderthe path that
facilitates the uptake of cholesteryl esters from high density lipoprotéhesincreased
scavenger receptor type B1 (SR-BI) expression and cholesterol uptakecby oalls suggest
that effective targeted drug delivery via reconstituted high density lipoprotii)

formulations should be clinically feasible.
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MATERIALS AND METHODS

Cell Culture

PC3 cells (ATCC) were maintained in DMEM/F-12 media supplemented with 1@¢%Bevine
Serum in 75-cm2 flasks. The cell lines Idl A7 and Idl A7 [nSRBI] (15) were grawiam F-12
media, supplemented with 2 mM glutamine, 5% Fetal Bovine Serum, 1%
Penicillin/Streptomycin, and 3Q@/mL G-418 for Idl A7 [mSR-BI] only. PZ-HPV7 cells were
grown in Keratinocyte-SFM media (Invitrogen) supplemented with @gd®L Bovine Pituitary
Extract and 5 ng/mLEGF. LNCap and DU145 cell lines were grown in RPMI 1640 media
supplemented with 10% Fetal Bovine Serum, 2 mM glutamine, and 1% Penicillind&tyem.

Paclitaxel Uptake in Idl A7 and Idl A7 [mSR-BI] cells

Plasma HDL was isolated by potassium bromide density gradient ultibuggation (16, 17).

The fractions at density 1.063 g/mL to 1.21 g/mL were collected and dialyaesabX PBS,

pH 7.4 at 4°C overnight. The dialysate was concentrated to 3.95 mg/ml of protein gddasur
BCA assay). The cell lines Idl A7 and Idl A7 [mSR-BI] were plated at 150,88)well in 24-
well plates and incubated at 37°C for 24 hours. Each well was washed twice with 1KHPBS
7.4 and serum-free Ham’s/F-12 media was added for 1.5 hours. After serum-atarvati
rHDL/CE or rHDL/Ptx was added in the absence or presence of 10-fold exggsstgin) of
plasma HDL. After 3 hours, the media was removed and the wells washed once WBSE1X
pH 3.0 and once with 1X PBS, pH 7.4. 2000f 0.5 M NaOH was added to lyse the cells. The

protein concentration of the cell lysate was measured by BCA assay.
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Radiolabeled paclitaxel or cholesteryl ester in the cell lysates wasured by scintillation
counting.

Western Blotting

All cell lines were grown to confluency and were removed from the flask wisipiscy and Cell
Extract Buffer (50mM Tris pH 8.0, 150mM NaCL, 0.02% Sodium Azidgg/nL Aprotinin,
100pug/mL PMSF, and 1% NP-40). Cells were lysed by sonication and protein concentration of
the extracts was determined by BCA protein assay (Pierqa).dfGcell extract protein was
separated on SDSPAGE and transferred to nitrocellulose membrane (BidHRad)embrane

was probed with anti-SRBI antibody (Novus Biologicals) and visualized with antirabbi
peroxidase-linked secondary antibody (Pierce).fFaetin loading control was probed with anti-

B actin antibody (Cell Signaling Technology, Inc.).

Apolipoprotein A-l lodination

Apo A-l was labeled with 125 lodine (Amersham) using IODO-Beads lodinRi&@agent
(Pierce), following manufacturer’s protocols. The unreacted iodine wasvexl using Biogel P-
2 (Bio-Rad). The iodinated Apo A-1 was mixed with unlabeled Apo A-I aredl s form
rHDL/Ptx that was also labeled witt [C]-paclitaxel (Sigma). The procedure for rHDL/Ptx
formation was as described (13). Proper diameter of th§-fHDL/Ptx was confirmed using 4-
20% non-denaturing gradient gel electrophoresis (Bio-Rad).

Folic acid conjugation of apo A-I

2mg folic acid was dissolved in 2800f anhydrous DMSO and incubated with 5- fold molar
excess of 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide for 30 minut@8%C in the dark
(18). 50Qug of Apo Al was dialyzed against 0.1 M NaH2PO4, 0.1 M boric acid, pH 8.5. A 10-

fold molar excess of carbodiimide-incubated folic acid was then added to thie gadteion,
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and incubated at 23°C for 1 hour. Unchanged material was separated from the labeiled prot
using a Sephadex G -25 column equilibrated in PBS, pH 7.4. FA-conjugated Apo Al was used to
prepare the rHDL as described. Paclitaxel uptake was measured as desamlibe (8).

Binding/Uptake Studies

PC3 cells were plated on 24-well plates at a concentration of 120,000 cellsfviitabated
overnight at 37°C. The cells were serum-starved for 30 minutes with sezar®ftEM/F-12

media. Media containing rHDL/Ptx only or rHDL/Ptx with a 10-fold excesSpaf A-1, Apo A-

I/PC discs, or HDEk was added and the cells were incubated at 37°C for 90 minutes. The media
was removed and the cells were washed twice with 1X PBS, pH 3.0 and once with 1X PBS, pH
7.4 to remove any extracellularly bound rHDL. The cells were lysed with 0.5MHNa&@

counted for*lodine and"C.

Statistical Analyses

Data are expressed as mean + S.D. Statistical analyses werepdriming Student's t-test.
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RESULTS

The purpose of these studies was to determine the role of lipoprotein receptors in
the uptake of paclitaxel (PTX) from a lipoprotein-type drug carrier sydtamtially used the
parental and the SR-BlI-transfected Idl A7 cell lines (15), to determindnarheT X uptake from
rHDL was correlated with SR-BI expression. | found that the uptake of both CETahadte
3-fold higher by the SR-B1 over-expressing (Idl A7) cells (Figure 1) coedpa the control.
Subsequently, | examined PTX uptake by prostate cancer (PC3) cells from yHIBIng a
double-labeled procedure slightly modified from the method of Benoist et al (19) Ctheels
have been shown to have a relatively high expression of the SR-BI receptor (8, Figure 2A)
Double-labeled rHDL/PTX particles were prepared containing [14C]itagel in the rHDL
core and [125]] labeled apo A-I. When examined by non-denaturing gradieséggebphoresis,
these [125I]-labeled rHDL/PTX complexes showed essentially the samétynabunlabeled
rHDL/PTX, intermediate between HDL2 and HDL3 (Figure 2B).

Using the method of Acton et al (20), the selective (SR-B1 mediated) uptake of
PTX from the rHDL complexes was estimated by subtracting the proteing\whdicle) uptake,
based on 125l (protein) incorporation, from the total uptake, based on the 14C incorporation by
the PC-3 cells. These studies showed that 82% of the total incorporated PT Xemaspaia a
selective (SRB1 mediated) mechanism by the PC-3 cells (Figure 3A).
To obtain additional data regarding the nature of the encapsulated PTX uptake lmelsC

competition studies were performed with a 10-fold excess of apo A-1, discoidal dADL
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native HDLS3 respectively. While apo A-1 alone was unable to inhibit PTX uptakerHor,
both discoidal rHDL and native HDL3 inhibited paclitaxel uptake to about 30% of control
rHDL/Ptx uptake levels (Figure 3B). These data strongly suggest ttigaypal uptake from
rHDL/Ptx is mediated through an SR-BI type HDL receptor.

We have explored another receptor-mediated drug uptake mechanism from
nanoparticles involving the folic acid receptor (21). Accordingly, folid a@s conjugated to the
Apo A-1 component of the rHDL nanopatrticles, to form FA-rHDL/PTX. The folic smteptor
has been found to be over-expressed in ovarian cancer cells and tumors, including the drug-
resistant ovarian cancer cell line, OVCAR-3 (22). When PTX uptake was compareBA-
rHDL/PTX and rHDL/PTX in OVCAR-3 cells, the PTX incorporated was about 5-fajtdri
from the folate conjugated rHDL nanoparticles than Taxol®, and 2-fold higher thegt GfiDL
encapsulated PTX respectively (Figure 4). These findings thus suggeketfaic acid receptor
(and perhaps numerous other cell surface receptors) may be taken advantagslitétie tae

uptake of anti-cancer agents for therapeutic purposes.
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DISCUSSION

The cholesterol carrying lipoproteins, HDL and LDL, have similar featigeth
are of relatively small size, biocompatible, with similar lipid componentd. idBmaller (11 nm
vs. 20 nm), has a higher protein-to-lipid ratio, and is known as the “good cholesterie¥: carr
Both native LDL and HDL have been experimented with as drug carriers (2iolBver,
practical and safety consideration have prevented them from being developed ¢bmical
applications. Synthetic LDL has also been studied and was found to be effectiveenrgli
drugs or imaging agents to glioblastoma cells (23, 24). Neverthelessppinsach has been
judged to be premature due a number of concerns, including lack of homogeneity (23) and to
potential antigenicity and drug leakage (25) of the sLDL particles.

It has been previously reported that cancer cell lines show an enhancediexpres
of the SR-BI receptor (8). Subsequently, Cao et al showed that breast tumor dadidlynaver-
expressed the CLA-1 receptor compared to normal cells (26). Several other stuelialsba
found increased SR-BI expression in breast cancer cell lines (27), hepatmoarcell lines
(28), and testicular tumors (29). From the Western blot shown in Figure 2, minimas&rprof
SR-BIl was seen by PZ-HPV7, a non-tumorigenic prostate cell line, compahedttode
prostate tumor cell lines, LNCap, DU145, and PC-3. These studies are in cotttenwi
current observations that selective delivery of anti-cancer agents vidDhedelivery model is

feasible
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as normal peripheral tissues are expected to have minimal expression bafiRtBus marginal
uptake of the anti-cancer drug from the rHDL carrier (6). Recent studieshi@ave that tumor
tissue avidly incorporated anti-cancer agents, when delivered via the rHZlewshile only a
marginal amount of the payload was taken up by the liver and none by any of the pkripher
tissues (30).

Other studies have been performed with native LDL particles labeledohilatid
residues for delivery of imaging agents and anticancer drugs (21). Theseiw conjugated
LDL particles have shown that the delivery of FA-LDL occurred only through thedepter
and not via the LDL receptor (21). The higher expression of the folate recept@igpant
tissues (31) apparently contributes to the enhanced drug uptake by cancer celig firdm
rHDL/PTX particles (Figure 4). Furthermore, this strategy may prowid@pportunity for
conjugating a wide range of other targeting molecules to rHDL and thus may opetry thoe wa
individualized therapy.

The frontier of cancer therapy is individualized treatment with drug fotronta
utilizing highly specific targeted delivery. Reconstituted high density lggeprs offer many
advantages as drug delivery agents because they mimic the native KDk jpasize and in the
selective uptake of core components. Individualized therapy may be thus achieled by t
screening of tumors for specific receptor or surface antigen expression ardt#ohing the
appropriate targeting agent to Apo A-1 to produce a highly effective rHDbiver drug

delivery.
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Figure 1. Increased Uptake of Cholesteryl esters and Paclitaxel by SR-BI
transfected cellsUptake of radiolabeled cholesteryl ester (CE) and radiolabeled
paclitaxel (Ptx) from rHDL were measured in Idl A7 (open bars) and Idl A7 [BIFR-
(checked bars) cell lines in the absence or presence of 10-fold excess of plasma H
Uptake of CE was significantly higher (p<0.05) in the transfected Idl A7 FB$Rs well

as uptake of Ptx (p<0.001). Data are expressed as mean + S.D., (n=4).
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Figure 2. SR-BI is Expressed in Prostate Cancer Cell Lines, But Miniaily in

Normal Prostate Cells.

(A) 10 g of cell extract protein were run on SDS-PAGE and blotted for SR-BI. A band
representing SR-BI(82kDa) can be seen above the 75kDa marker in PC3, DU145, and
LNCap.p-actin was used as loading control.

(B) The electrophoretic mobility of rHDL is found to be similar to plasma HDLud 6f

sample was run on 4-20% polyacrylamide gel electrophoresis.
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Figure 3. Mechanism of Paclitaxel Uptake in PC3 Prostate Cancer Cell Line Receptor-
Mediated. (A) Counts from [125I]-labeled Apo A-1 were used to determine paclitaxel taken up
by internalization. The difference between total and internalized paglisathe paclitaxel taken
intracellularly by a selective mechanisfB) When 10-fold excess of Apo A-1, discoidal Apo A-
1/PC complexes, and plasma HDL3 were incubated with rHDL/PtX, it decreaseptéke by

20% (p>0.05), 72%(p>0.0001, and 70%(p>0.0001) respectively. Data are expressed as mean *

S.D., (n=4).
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Figure 4. Paclitaxel Uptake by the OVCAR-3, ovarian cancer cell LineFollowing protocols
previously published in (Lacko, et al, 2002), uptake was measured by tracking radibfebele
clitaxel in a drug-resistant ovarian cancer cell line. Paclitaxekegtom rHDL is 2-fold higher

than Taxol and 5-fold higher with targeted folate-rHDL. Data are expresseeamst S.D. , n =

3 wells.
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CHAPTER V

CONCLUSIONS AND DISCUSSION

The studies in the following section are the continuation oifrtkia/o evaluation
that began with the tissue distribution and Maximum Tolerated Dose studies. @igeyot

completed at the time of publication of the Material in Chapter 11l and soctzled here.

ADDITIONAL STUDIES

A comparison was made between an HDL-type particle made by a differeesproc
than cholate dialysis and rHDL. This HDL was formed by the mechatigralption of the lipid
film by sonication (1). The drug chosen for incorporation was cyclosporin A, an
immunosuppressant compound. The lipid formulation was different, using 1-palmitady-ol
phosphatidylcholine and no cholesterol, free or esterified. This process wédse {sen
paclitaxel-containing particles, here referred to as “Sparks HDLOomipared the chemical
composition of our rHDL vehicles, containing paclitaxel and cyclosporine A, to titksIgBL
vehicle (Table 1). efficacy of these paclitaxel vehicles was tested in noddearing MDA-
MB-435 breast cancer tumors. Due to the low incorporation of paclitaxel and low tmeatme

dose, Sparks HDL did not cause any tumor suppression in these mice (Figure 1). rHaweve
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dose of rHDL/PTX at 80% of Maximum Tolerated Dose (80 mg/kg) caused a 60% suppression
of the tumor in that treatment group as compared to the untreated controls (Figivel2)s

comparable to results obtained with Taxol®.

DISCUSSION

In this project, | have shown that a synthetic high density lipoprotein can be
reconstituted from lipid and protein components, also incorporating a model chemothagpy d
paclitaxel. It has been proposed that drugs with a logP value of greater thad Beccapable
of incorporating into rHDL (2). By performing basic organic chemistryy fatids could be
attached to drug agents, making them more hydrophobic and more easily incdrpaoate
rHDL. For example, the incorporation of paclitaxel into a synthetic LDLig@amvas <20%, but
increased to 48.5% when paclitaxel oleate was used (3). Many chemotherapyregevntse
set aside due to solubility problems could be rescued with the rHDL vehicle, ingréeeshost
of agents to battle cancer.

It has been assumed that the paclitaxel is located in the hydrophobic core of the
rHDL particle, however this is not definitive. The loss of paclitaxel contehieinHDL system
may be due to association of the drug with the exterior phospholipid bilayer, insteactofé.
Further studies are planned to determine the location of the drug in the interiso@ai@sl with
the exterior. Exploration of the uptake mechanism of core components from rHDlegdbycl
observing the trafficking of the fluorescently labeled cargo from rHDteh¥time fluorescence

microscopy may coincide with structural studies.
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Throughout these studies, we have found that the expression of SR-BI is minimal in normal
tissues and enhanced in cancerous tissues. The Scavenger Receptoil Gaskshas the
potential to be a bio-marker. It is possible that as tumor cells prodiferat become more
aggressive and invasive, that the SR-BI expression will correlate withgheedaf malignancy.
To explore the use of SR-BI as a bio-marker, the expression of SR-Bl mustrbmed in a
series of breast tissue cell lines, ranging from normal, pre-canceroignanalto invasive.
Research projects often focus on only one type of cancer; in this projectsaaincer
the reproductive tissues were studied. Breast, ovarian, and prostate camtlestaroidogenic
tissues and as such have expanded cholesterol pathways compared to other non-hormone
producing tissues. A future avenue of exploration could be to explore whethereaiobkedien
up by cancers of reproductive tissues is used for hormone production, instead of pooliferat
In the maximum tolerated dose studies, the intraperitoneal (1.P.) route was thos
allow a greater volume of drug to be injected into the mouse. Tissue distiltudies
comparing the I.P. versus intravenous routes have found increased circulaticor timey$ by
the I.P. route (4). C57Black mice were chosen for the MTD studies due to thieyfeawil
expense of nude mice. The MDA-MB-435 breast carcinoma cell line and female imedeere
chosen as thie vivo model. Although SR-BI expression was not examined in the MDA-MB-
435 model, this breast cancer cell line has been known as a ductal carcinomaicsirdird.
Initial studies into the expression of SR-BI in cancer cell lines found modevails bf the
receptor in T47D (5). However, a recent controversy exists over the icemgifiof MDA-MB-
435 as a melanoma cell line rather than a breast cancer cell line (6). Receatipublreport

that MDA-MB-435 is of breast cancer origin, but is a member of a basal-type subigtoagp.
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been suggested that MDA-MB-435 has some features and genetic mutatidenstgimi
melanoma, leading to the misclassification (7, 8).

If a selective uptake mechanism of a wider range of pharmaceutical agents i
supported then anticancer drug uptake via rHDL delivery may be able to bypasA8ia
family of transporters and multi-drug resistance of many canceeshawé found an increase in
drug delivery to the OVCAR-3 drug-resistant ovarian cancer cell line whetfated into
rHDL/Ptx. When folic acid was cross-linked to Apo A-1, drug delivery wabdutiargeted to
the ovarian cancer cells. Future studies will examine the anti-tumor actii#-linked
rHDL/Ptx in tumor-bearing mice.

Other studies were performed by a group using native LDL particlesdalvite
folic acid residues for delivery of imaging agents and perhaps anticancer(#@yughese folic
acid derivatized LDL particles have shown that the delivery of FA-LDlued only through
the FA receptor and not via the LDL receptor. Although the mechanism of uptake for FA
rHDL/Ptx was not investigated, the mechanism of uptake for the FA receptos tgc
potocytosis through caveolae (10). This mechanism provides yet another pathstethige
uptake of drugs via the SR-BI receptor because caveolin and SR-BI have been shown to
colocalize (11). Furthermore, linking other targeting molecules to rHDL mesydresent
additional opportunities for selective uptake as SR-BI does not have a specifnglsiteion
Apo A-1 that may be disrupted by cross-linking, but recognizes the amphipdibat hature of
Apo A-1 (12). Alternatively, the folic acid labeled rHDL particleayralso deliver their drug
load to the target cells via receptor mediated endocytosis via the falioraaiher targeted

receptors.
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FUTURE DIRECTIONS

High Density Lipoprotein Structural Studies

This is the first report of spherical reconstituted HDL particles maadéblate
dialysis (13). In an rHDL that only contained cholesteryl ester, without dtegtron
microscopy clearly shows a spherical particle (Figure 2). The oridgiwoédte dialysis procedure
produced discoidal HDL particles that were then modified by the enzym@& (12 The
mechanism by which the transformation of nascent discoidal HDL become rejaiterical
HDL is not fully understood. Using our synthetic rHDL and recombinant Apo A-1, aacido
residues can be changed to allow linkage of fluorescent tags. Greateramiegsof the

transformation to mature HDL may be achieved through structural studes diDL particle.

Reconstituted HDL as a Chemotherapy Delivery Vehicle for Brain Turars

Brain cancer is unique, because tumors in specific areas of the brain commonly
occur within certain age groups. For example, medulloblastoma and neuroblastama occ
children, while astrocytoma and glioblastoma usually occur in adults 60 yehodder. Most
types of brain tumors are difficult to treat and have high mortality rates.tdbe blood-brain
barrier, chemotherapy treatment occurs by extremely painful sppsabtahe limited number of
drugs that can pass the barrier. A drug delivery vehicle that can pasghthine blood-brain

barrier would be beneficial for brain cancer therapy.
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Three lines of evidence indicate that an HDL-based delivery system for
chemotherapy drugs may impact brain cancer. The first report found thestelngl esters were
located only in brain tumor cells; no cholesteryl esters were found in healthytibsaie. (15)
Secondly, another report showed that an in vitro blood-brain barrier model transporteth&iDL
HDL-associatedi-tocopherol. (16) Lastly, a group has reported that the HDL receptor, SR-BI,
mediated phospholipid uptake from HDL in primary porcine cerebral epitheliallcggli$iDL-
associated molecules that originate with plasma HDL could possibly crdsi®dlgebrain
barrier.

In these preliminary studies, the SR-BI expression was explored via
immunoblotting. The following brain cancer cell lines were chosen, neuroinlagSK-N-SH),
medulloblatoma (D283 Med), astrocytoma (SW 1088), and glioblastoma (U-118 MG} Ther
was minimal expression in normal human astrocytes; in contrast, considerablesexpwas
seen in all brain cancer cell lines (Figure 3). When cytotoxicity studiespeeformed in
normal human astrocytes, | found that even at the highest drug concentratiofpakiDdxel
caused almost no toxicity (96% cell viability via MTT assay) (Figure d)comparison, free
paclitaxel (in DMSO) caused 25% toxicity at the highest concentration urssatporating
paclitaxel into rHDL lessened the toxicity to normal cells. However, wimeitas cytotoxicity
studies were performed in the U118 MG glioblastoma cell line, the opposite tremdedccAt
the highest concentration used, rHDL/PTX reduced the cell viability to <50%, bitapelc(in
DMSO) only reduced the cell viability to 75% (Figure 5). These studies need tohs furt
explored with expanded drug concentrations. The comparison of the toxicity of rIROL/P
could also be compared to both Taxol® and paclitaxel, because there is a contribution to

cytotoxicity from the Cremophor EL component. SR-BI expression and traffickin
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rHDL/PTX across the endothelial cells that make up the blood brain barriebenagamined

before rHDL can be further tested as a viable drug delivery vehicledir ¢ancer.

Reconstituted HDL for Delivery of RNA Interference

RNA interference (or RNAI) blocks a particular gene through the use of short
interfering RNA (siRNA), a 21-nucleotide sequence targeting a partigafee. Once across the
cancer cell membrane, the siRNA interacts with the RNA-induced Sile@cingplex (RISC) to
shut down translation of the messenger RNA (18). Knockdown of genes important to the tumor
cells has the potential for treating each cancer according to its gendie, pesulting in
individualized therapy. However, RNAi chemotherapy has unique challenges ithee t
degradation of RNA by the ubiquitous nucleases in the body (19). A delivery sgsterdied
for protection of the RNA and direct targeting to the tumor.

This rHDL particle has been used to complex with siRNA to generate a drug
platform for the delivery of sSiRNA to ovarian cancer cells. The rHDIble & incorporate
approximately 70-80% of the starting siRNA into the complex. However, there iaynot a
chemical composition or physical characterization of these rHDL/siPM#cles yet. Neither is
there anyn vitro transfection data for the rHDL/siRNA in ovarian cancer cell lines. Althoug
transfection studies were performed and a trend appeared that extended the knm@eisidlaat
observed with a standard transfection reagent, transfection by rHDL/siieéls to be
optimized. Studies are also being planned that will combine rHDL/siRNA eshigth the
targeting capabilities of folic acid.

Recent tissue distribution studies carried out in tumor-bearing nudeshaeed

that a fluorescently labeled siRNA incorporated into rHDL was deliveredlyrtai the tumor
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and to a much smaller extent to the liver, while all other peripheral tissuesdhowptake
(Figure 6). These studies are in concert with our observations that sedietiweey of anti-
cancer agents via the rHDL delivery model is feasible as normal periphsuaistisre expected

to have minimal expression of SR-BI.

CONCLUSIONS

The factors that are favorable for a drug delivery vehicle are circulatne,
vesicle size, drug leakage, and reticulo-endothelial saturation. Reconstitutedrisigy de
lipoprotein has advantages that meet all of these factors. The circulatooftmaman HDL is
4- to 5-fold that of a PEGylated Stealth liposome. Native human HDL has a spbleapaland
a diameter approximately 10-fold smaller than the average liposome. einoremicroscopy
studies, rHDL/PTX has a diameter of 11.4 nm and a spherical shape resambiiegiDL. No
drug leakage upon density gradient ultracentrifugation was observed after 6 mattage of
the rHDL/PTX nanoparticles, indicating stability of the complexes. u€iskstribution studies
showed less uptake by the liver of HDL/PTX compared to the current chemagtharaplation,
Taxol®, which could signify reduced competition between the liver and tumor.

Other advantages of the rHDL/PTX nanoparticle are the capacity toveaioys
water-insoluble compounds, as demonstrated by our model compound, paclitaxel. Compounds
can even be modified to become more hydrophobic through fatty acylation and thus, more
suitable for the rHDL carrier. Explorations could be made to design an rHDL nacdlepart
incorporate multiple drugs, leading to additive and synergistic effects.eWmwthis platform is

not limited to hydrophobic compounds; rHDL has now been adapted as a vehicle for SiRNA,
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which holds great promise for cancer therapy. This nanoparticle is not a vehalsifigle
drug, but a platform with the potential to act as a carrier for multiple dasges.

The reduced toxicity to normal tissues observed in the Maximum Tolerated Dose
studies, but enhanced toxicity to cancer cells is another benefit of the rHirmpla Selective
uptake from HDL mediated through SR-BI is a unique mechanism for drug delivery. Data
presented here, showed that a drug incorporated into the rHDL vehicle, is takeslluiendy
through a similar mechanism. Finally, the ability to modify Apo A-1, the protemmponent of
the rHDL platform, to carry targeting molecules leads to new avenues of drugylelives
targeting and delivery were observed with folic acid-linked rHDL/PTX, whidwed increased
delivery of PTX to a drug-resistant ovarian cancer cell line. Prelmstadies also showed that
rHDL/PTX treatment of tumor-bearing mice could repress tumor growttpaced to untreated
controls.

This project focused on targeting and toxicity to cancers of reproductue tis
origin, such as prostate, breast, and ovarian. The standard strategyhtdriteaioften Taxol®
for these types of cancers. These cancers all showed significantsexpifsehe HDL receptor,
SR-BI, which has been observed in other cell lines than the ones selected fajdats pr
Besides, high proliferation rates, these cancers also are steroid-hormdneqy tissues, which
may amplify their demand for cholesterol. The examination of SR-BI expndsscancer was
expanded to include leukemia cell lines and brain cancer cell lines, providing a potentia
opportunity for chemotherapy by rHDL/drug nanoparticles. Just as difiénegé may be
incorporated into rHDL, rHDL is a platform that has the potential to deliver dougmltiple

types of cancers.
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The main strides in prevention of cancer deaths have been made by early dédagetion;
stage and recurrent cancers still have high mortality rates. Be@mes s such an
individualized disease, with similar types of cancer expressing differeagenes, mutations,
and survival factors, individualized therapy is the future of cancer chemotherdgy
examining the profile of each cancer to find drug sensitivities, RNA errte targets and
receptor expression, rHDL vehicles can be designed with chemotherapy, ageaific SiRNA,
and attaching ligands or antibodies to target cancer cell receptors. Ratahsigh density

lipoprotein has the capacity to be an ideal vehicle for individualized targetepythera
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Table 1. Chemical Composition of rHDL and Sparks HDL. Drug incorporation was meas-
ured with radiolabeled paclitaxel and cyclosporine A. rHDL is made by our eltbédysis pro-

cedure; Control is the particle made by the Sparks procedure. All concentragiamsngymL.
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Drug Protein PL TC
rHDL/PTX 0.37+.02 2.41+.06 4.53+.07 0.16+.01
Control/PTX 0.034+.001 0.42+.02 0.32+.03 N/A
rHDL/Cyc A 0.41+.004 2.7+.08 4.77+.28 0.15+.01
Control/CycA .058+.002 0.058+.002 0.74+.04 N/A
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Figure 1. Comparison of Anti-Tumor Activity of Sonicated (Sparks) or Cholae Dialysis
rHDL/PTX in MDA-MB-435 Tumor-Bearing Mice. Mice were treated with 2X 1.P. injec-
tions of PTX preparation when tumors reach@@5mny. Tumors were measured twice weekly
with calipers. Data represents tumor suppression from Day 17 after tred@@féndf mice in
both Sparks HDL groups died after injection. 1: Untreated Control (n =5). 2: 80 mg/kg
rHDL/PTX (n=5). 3: 0.12 mg/ml rHDL/PTX (n=4). 4: 0.12 mg/mL Sparks HDL/PTX @&).=

5. rHDL Vehicle (n=4). 6. Sparks HDL Vehicle (n =2).
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Figure 2. Activity of rHDL/PTX in MDA-MB-435 Tumor-Bearing Mice. Mice were
implanted with MDA-MB-435 cell line and treated with 2X intraperitoneal (I.Pgatpn of
PTX preparation when tumor reachred25 mm. Tumors were measured twice weekly with

calipers. Data represented as Mean, n = 5.
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Figure 3. Electron Microscopy of rHDL Vehicle. 200 pg of rHDL vehicle was negatively
stained with phosphotungstate and viewed under electron microscopy at acaagnibf

50,000X. Scale is located in lower left corner.

143



144



Figure 4: Expression of SR-BI in Brain Cancer Cell Lines10 ug of cell extract protein were
loaded in each lane. Lane 1: U118 MG glioblastoma cell line. Lane 2: HTB12 &mitacy
cell line. Lane 3: HTB 185: medullablastoma cell line. Lane 4. SK-N-SH nastobia cell

line. Lane 5: Normal human astrocytes.
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Figure 5. Cytotoxicity of rHDL/PTX vs. PTX in Normal Human Astrocytes. 5,000 cells/well
were seeded into 96-well microplates and grown overnight. rHDL/PTX anddctapgel (in
DMSO) were added and incubated for 24 hours. Cell viability was measured wWwuiT Thas-

say. (dark gray bars, rHDL/PTX; light gray bars, PTX (DMSO); n= 6 yvells
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Figure 6. Comparison of Cytotoxicity of rHDL/PTX vs. PTX in U118-MG Glioblasioma

Cell Line. 5,000 cells/well were seeded into 96-well microplates and grown overnight.
rHDL/PTX and free paclitaxel (in DMSO) were added and incubated for 24 hoursvidbaity
was measured with the MTT assay. (Black bars, rHDL/PTX; Light lpaas, PTX (DMSO); n =

5 wells)
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Figure 7. Tissue Distribution of Alexa 555-siRNA complexed with rHDL.

(A) Tissue samples from SKOV3 tumor-bearing nude mitgp panel: Hematoxylin &
eosin stainingMiddle panel: Merged confocal microscopy of 5 pg IV-injected
rHDL/siRNA. Bottom panel: Merged confocal microscopy of 5 pg IP-injected
rHDL/siRNA.

(B) Tumor samples from SKOV3 tumor-bearing nude nmiiedt panel: Hematoxylin & eo-
sin staining.Middle panel: Merged confocal microscopy of 5 pg IV-injected
rHDL/siRNA. Right panel: Merged confocal microscopy of 5 ug IP-injected

rHDL/siRNA.
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