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AllSI"RACT

Low density lipoprote in (LOL) particles appear very promising for deliverin g

anticancer drugs specifically to tumor or macrophage cells by exploiting the LD L or the

scavenger receptor pathway . I have chosen doxorubicin [Dox ) to investigate the feas ibility

of this approach in ceecer chemotherapy. Dox could be directly incorporated into LOL

parti cles . A lipophilic cho lestery l ester [e E] analogue., cholesteryl iopanoate [Cl] was

proposed as a radiotracer to study the in. vivo fate ofLDL. CI was radioiodina ted wi th In l

by a pivalic acid exchange reaction and the radiochemical purity was detennined by HPLC

in conjunction with y-coun ting and was found to be more than 95% pure.

A Dew reverse phase HPLC procedure with UV detection was developed for the

quantitation of CI. The regression line, and intra- and interday variations for a set of

standards were determined andwere found to be statistically valid. Theminimwn detection

range was less than 10 og for the compound.. The % recovery from LOL was found to be

more than 95%. Plasmaprotei.n biDdingofDox wasstudiedex·vivo. Dox was found to be

more than 30% lipoprotein bound. The plasma distribution of Oox was refashioned by

preincubating plasma with oleic acid. With oleic acid,. Dox association with lipoproteins

increased from less than 30% to approximately 70%.

Mainly the contact method or the direct addition method was adapted to incorporate

dru gs into LOL particles. Tbe loadin g techniques were optimized in terms of incubation

time, temperature , and stoichio metry of LDlAirug conjuga tes. A four to six bour protocol

and 37 0 incubation temperature were chosen with a drug to protein ratios more than 1. The



effect of various wetting agents, such as Tween 20, 40, 60 and 80 , Span 60 , Trito n-X. and

Celite 545, and ethanol was investigated for LOL-Oox conjugate s in the contact method.

Tween 20 was chosen for its favorable loading efficiency (more than 5·fold compared to the

dry film method) . Liposomal Dox was prepared by an extrusi on technique with 24% loadin g

efficiency. The liposomal Dox preparation was found to be the most suitable (45 molecules

of Do x/L OL particle) compared to other methods such as the dry filmmethod, the contact

method with Tween 20, and the direct addition method.

All these incorporation methods were found to be suitable for generating LOL-drug

conj uga tes without disrupting the native integri ty ofLDL parti cles when characterized by

sodium dod ecyl sulphat e-po lyacrylamide gel electrophoresis [SOS-PA GE] . electro n

microscopy [EMJ. and differential scanning calorimetry [DSC] .

An insect lipid transfer catal yst [LTP] was studiedand found to enhance drug loadin g

into LOL particl es by at least 2 to S-fold, dependin g on the drug molecule s and the

incubation conditi ons. The LDL-drug conjuga tes generated by this transfer parti cle were

characterized by SDS-PAGE and EM and found to be similar to native LDL. The site of

drug location in LOL was studied by DSC and UV-visible scanning . The drug was found to

be locat ed both in the core and the outer monolayer of LOL for Oox. 1his kind of

enhancement was not observ ed with human cholesterol est er transfer protein [CETP ].

Oox interferen ce in bicinchoninic acid [BCA] prot ein assa y method was examined

and it was found that Oox interfered [33-fold more sensitive compared to protein] with the

prot ein assay method . A solution to overcome this interference wasalso suggested using the

iii



Bradford method.

To target macrophages [M4IJ. native LDL was modified by acetylation [acetylated

LOI.,. AcLDL] and Oox was loaded in AcLDL and physico-chemically characterized by

80S-PAGE and EM. The loading efficiency ofAcLDL -Oox conjugates was comparable to

that ofLDL-Dox conju gates.

Different formulations of Dox were evaluated in cell culture studies using a human

tumor cervical cell line. Hef.a, and a mouse M4I cell line. 1774.AI. LDL-Dox conjugates

were found to be greater than IS-fold more cytotoxic than the corresponding free drug Dox

using the [3-[4.5-dimethylthiazoyl-2-yIJ-2.5-dipheny l-tetrazolium bromide], [MTT] assay

in Hela cells. When the cytotoxicity of AcLDL-Dox conjugates was examined in 1774.A1

cells. a more than 7-fold increase in cytotoxic effects was observed in comparison to its free

drug counterpart, Dox.

Key Words: drug targeting; low density lipoprotein ; cytotoxic agents ; doxornbicin; insect

lipid transfer protein; drug loading ; liposome; electrophoresis; electron

microscopy; differential scanning calorimetry; lTV-visible sanning; acetylated

LDL; macrophages; cytotoxicity; HeLa cells ; 1774.AI cells; MIT assay ; drug

interference; HPLC; cholesteryl iopanoate; cholesnyl ester transfer protein.
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CHAPTER 1:

GENERAL INTRODUcnON

1.1. C urre n t status of cancer chemo therapy

The developmen t ofteclmiques to selectively deliver cytotoxic agents to cancer cells,

without concurrent adverse effects in healthy cells, is one of the fascinating areas ofresearcb

in cancer chemotherapy. This interest is specifically centered towards optimizing the

delivery of cytotoxic agent's, which possess an intrinsic ability to discriminate cance r cell s

from normal cells [Duncan, 1992]. Unfortunately, the administration of curr ent cytotoxic

agent's almost invariably causes dose-dependent systemic toxicities due to their non-selecti ve

biodistribution, often warranting discontinuation of treatment, and thus failure to allow

successful eradication of cancer cells (Keize r et ai., 1985]. Moreover , maintaining low level

exposure of tumor cells to a cytotoxic drug may also induce resistance , so continu ed

expo sure must be viewed with cautio n [Duncan, 1992). Theoretically, total eradication of

cancer cells could be accomplished by total surgical removal of the tum or or complete

destruction of all cancer cells by chemo- and/or radiotherapy. Current treatment regimens

do not meet such a challenge and new approache s to solve this predicament are warran ted.

The therapeutic efficacy ofcurrent cancer treatment is often complicated by several

factors [e.g., existence of subpo pulations of neop lastic cells within a tumo r which

considerably differ in their mo rphology, immunogenecity, rat e of growth, capaci ty to

metastasize, and response to chemotherapeutic agents] [Calabrashi et ai., 1980]. In addition,



the total blood flow . rate of perfusion. and vesse l penetrability may vary within different

regions of the same tumor tissue [Woodruff, 1983. Peste and Kirsh. 1983; Fidler and Hart.

1982; Dexter et 01.• 1978]. Because of these differences. an increase in dose may be needed

to reach the cytotoxic concentration within cancerous tissues . In solid tumors. the

permeability of the cytotoxic agents is often too low to be effective when administered at

usual therapeutic concentrations [Brouwers, 1996; Hori et al., 1993]. This necessitates

administration of maximum to lerable dose which in turn increases the dose dependent

toxicity. Differen t parenteral routes have been anempted to increase the concentration of

cytotoxic agents into the target areas e.g., intra-arterial to cancer tissues [Bufill et ai.. 1996].

intrathecal in brain metastases. and intraperitonium in peritoneum carcinoma Limited

success was achieved in these parenteral approaches [Buc hwald et al.• 1980; Chen and

Gross, 1980; Eckman et al .• 1974].

Desp ite extensive efforts in experimental pharmacology and theoretical

considerations, the overall success in routine cancer therapy has been nominal [Daemen et

al.• 1988; Blacklock et ai., 1986; Levin.1986] . Chemotherapy. as well as radiotherapy. has

been disappointing because ofacute side effects and co mplications [Chiuten et al.• 1986;

Collin et a1.. 1985] . These difficulties have urged the need for developing "spec ialized

systems" whic h may allow selective delivery of one or more chemotherapeutic agents to

cancer ce lls as this would prevent effects on the physio logy of the nonnal cells. To mee t

these requirements, numerous targeted drug delivery systems have been proposedover recent

decades [Naeff, 19%; Torchilin and Trnbetskoy , 1995; Al lenet al., 1995, Gabizon, 1995;



Fidler and Kleinerman, 1994; Allen, 1994; Jones, 1994; Jalil., 1990; Pozansky and Juliano,

1984; Tomlinson, 1986 to 1991] .

1.2. Ta rgeted drug de livery

Theoreti cally, targeted drug deli very systems can improve the outcome of

chemotherapy due to the following proc esses [fable 1.1]: [ I] by allowing a maximum

Table 1.1. Ra tion ale for drug ta rgeting·

Exclusive delivery to specifi c compartme nts.

Access to previously inaccessib le sites [e.g., intracellular

infections] .

Protectio n ofbod y from unwanted deposition which would lead

to untoward reactions, metabolism , etc.

Controlled rate and modality of delivery to phannacological

receptor.

Reduction in the amount of active princi ple employed

· [After Tomlinson, 1987J

frac tion of the delivered drug molecules to react exclusivel y with cancer cells, with out

havin g any harmful effect on normal cells; and [2J by allowing preferential distri bution of

drug to cancer cells. The first process can beclassified as absolute drug targetin g. In the



second process , complete eradication ofcancer cells is not pos sibl e witho ut some degree of

destruction to normal ce lls; thi s proc ess therefore falls in the category of partial drug

targeting.

Dru g may be delivered by [1] carri er-dependent, and/or [2] carri er-independen t

routes. In the former case, after localization in the targ et tissue , the dru g carrier is taken up

by the target cells and the drug is released intracellularly in a controlled manner. In the latter

case,the drug is released from the carrier extracellular ly and hence the drug action inside the

target cells is not influenced by the abili ty [or inability] of the carri er to betaken up by thes e

cell s. From this discussion, it is clear that carrier-dependent targ eted delivery may allo w

utilization of drugs which are activ e intraeellularly. but are normally discarded due to their

poor intrac ellular uptake. In such situati ons, appropriate selection of a drug carrier may

allow grea ter influx of drug to the intracellular components and hence increase the overall

efficacy of drug delivery . Although the concept of a magic bul let pionee red by Ehrli ch

[1956] may still be an unrealized dream in the-context ofspeci.fic delivery of cytotoxic agen ts

to tumor ce lls, a number of carri er syste ms have been proposed over the years to achieve

partial or complete drug targetin g. For examp le, first order targeting whereb y the carri er

tak es the drug to a particular organ; second order targeting whereby the carri er is directed

towards a particular diseased part of an organ; and third order targeting where the carrier

takes the drug molecule into the cell by whatever mechani sm that may be hypoth esized.

Significant advances have been made with the identification of many delivery

systems that achieve very effective organ/ compartmental [first order] dru g targetin g.



Liposomes, particulate systems. andmacromolecular carric:n have been deve loped which can

deposit a large pera:ntage ofan intra venous [IV] dose into the liver or lung [Gabizon., 19951

One potentialadvantage ofliposomes as drug carric:n is that they arc easy to load with drugs.,

both lipi d- and water-so lub le [Crommelin el al ... 1995]. Early in vitro experiments with

liposomes were encouraging. but when drug-containing liposomes were administered to

animals, the liposomes were recognized as non-self and hence rap idly removed from the

circulation by the reticuloendotheli al system [RES] [poste, 1983; Woodl e, 1995; Allen el ai.,

199 5]. A maj or prob lem with lipo som es as dru g carriers for treatment is the lac k. of a

homing device to direct lipo somes to tumor ce lls [Crommelin et al., 1995J.

lmmunoliposo mes were proposed to increase the tar getin g potential of liposomes . So far,

ve ry little success bas been achieved in vivo [M ori and Huan g, 1995] . A more frequently

enco untered limitation ofliposomal delivery systems is tbeir relatively low stability, both i71

vitro and in vivo [NaetI. 1996 ; Peste, 1985 and 1983 ; Allen and Cleland, 1980). Stability

problems and variable delivery to the nnnor have been identified as major limitations of

liposomal formulations of cytotoxic drugs [Ianknegt, 1996 ; Codde el aJ...1993]. In short.,

this approach holds promiseofregional delivery ofcytotoxic drugs for treatment of primary

or secondary disease. but clinical success bas not been achieved..

To achieve tumor-specific [second order] targeting it is necessaryto identify uni que

features of tumo r ce ll b iology tha t will conce ntrat e dru g[s] within the tum or . From the

stan dpo int of selectivity . antibod ies are very attrac tive as dru g carri ers. Mo st approac hes

hav e sought to produc e monoclonal anti bodies that will interac t preferenti ally with tumor cell



surface antigens [Magerstadt, 1990]. Although tumor cells do express tumo r enhanced, or

specific-antigens, true tumor-specific antigens probably do not exist [Daemen et al., 1995J.

Another problem is the existing circulating antigens that could bind and neutralize the

antibodies before they reac h the tumor site. Also, the coupling of drug mo lecules to

antibodies may interfere with antigen recognition and/o r with the activity ofthe drug. Other

poten tial limitations are: limited tumor access of these relatively large macromolecules;

tumor ce ll heterogeneity; and the hum an antimousc: antibody response experienced in

patients (Duncan, 1992]. Ev en when using antibodies of the high est affinity and spec ificity

a relatively small fractio n ofadministered dose is delivered to the tumo r in vivo [possi bly less

than 0. 1% dose administered in man] (Gupta, 1990], but it is encouraging that this relative ly

small localization can theoretically be put to good use,exemplified by the antibody-directed

enzyme prodrug approach [Springer et al.. 1991]. Immunoliposcmes, the artificial

combination of liposomes and antibodies. have drawn great attention recently [Moti and

Huan g, 1995]. Most of these imm uno liposomes deliver drugs to the vicinity of the cells but

fail to internalize the agents into cells. This reduces the efficacy of anticancer drugs that act

intracellularly at the DNA level and must enter the cells by endocytic mechanisms. Repeated

injections cf immuno liposornes were ineffective in prolonging the survival of tumo r bearing

animals {Mori and Huan g, 1995]. A spectrum of other cell surface receptors have been

proposed as candidates for tumo r selective targeting and exam ples of those exp lored

experimentally are listed in Table 1.2.

There are many factors to consider when designing systems to target cell surface



receptors: the bomogeneity ofreceptor expression withic a tumor, the Dumber ofreceprors

available per cell and their ligand affinity; the possilbility o f up. and downregulation

following exposure to the targeting ligand; and DOt leas the cellular fate of the receptor

ligand complex.. In particular IcDowlcdgeof the number tOf receptors expressed at any time

is crucial as receptor saturation wou.Idobviously decrease efficiency oftatgcting [expressed

asa percentage of tile dose administered] ifthe dose givesa per bolus was increased wi thout

prior consi deration oflhis poin t Considering all these pearameters, law-dens ity lipoprotein

(LOL] recepto rs seem to be the most realistic approach which will be discussed in detai l

elsewhere in this text.

1.3. C ri teria ofa d fll g ca rTier

My primary goal is to propose a targetingcarricr fel r cytotoxic drugs . Theoretically,

a good drug carrier for in vivo use should meet the foUo\l'tt'ingcriteria;

I. the drug carrier conjugate must be stable. both dUlring storage and in vivo .

2. the carrier sbould be biocompatible and biodegtadalble, and the drug carrier conjugate

must not produce unacceptable levels of toxicity tOr immunological reactions.

3. the carrier should be suitable for targeting .

4. the drug carrier conjugate must allow release of tlbe drug at the target site.

s. the carrier must not cause unspecific uptake by nontarget ce lls.

6. for large scale clinical use , the carrier system muest bepharm aceutically acce ptable

in regard to formul ation homogeneity, cost of mamufacture, ease of handling and



Figure 1.1. Schematic model or low den sity IipoproceiD [LDLI. The surface of the
LOL particle contains the polar-bead groups of the phospholipids . The
apolipopro teins as wen as cholesterol are intercalated between the polar-head
groups of the phospholipids. The oeuttal lipids, eholesteryl esters and
trig lyeerides, are localized in the core of the LOL particle. CHOL.
cholesterol, FA, fatty acid. [After Brewer, 1994]



[Modified afte r Duncan, 1992J

Tab le 1.2. T umor ma rk en as taf1!l:ets for second orde r d n ll' d eliverv ·

Type I Comments

R"entnr iny olved in r on Uitu tiy e bjor hemjra l patbways

LDL Selective deli very of cytotoxic agents to tumor cell s is poss ible after

reee pton appropriate up- and downregulation schemes discussed througho ut the

1""-

Transferrin Thesurface density of transferrin receptors has been correlated with the

receptors degree ofmal ignancy and proposed as a tumor se lective target

[Trowbri dge and Domingo , 1981]. Howeve r, the broad cellular

distri bution oftbis receptor has prevented frui tful use for drug delivery .

Growtb- Many tumors have been reported to overexpress receptors for growth

facton factors such as epidermal growth factor [EGF] (King et al., 1990] and

recept ors fibroblast growth facto r [FGFJ [Robinson, 1991]. The EGF receptor is

overexp ressed in 20-30 % of breast cancers.

Mel an ocyte Melanocytes and malignant melanom a have a rece ptor which recognize s

stim ulating the peptide hormone MSH. Binding ofMSH increases the levels of

hormo ne intracellular cAMP and stimulates tyrosinase activity, in the (1I.1SH]

(MSH] course of melanin production. Because ofthe relative selectivity this

recepto r has been used as a target for MSH-toxin constructs, antibody

conjugates and other ligands [Ghan em er al., 1988].

Cellul ar ad besionfrecom jtiop syste ms

Several aspects of cellular recognition and adhesion have been proposed

as targets for chemo therapy , including laminin and fibronectin

receptors ..
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Figure 1.2. Schematic represeDtatiollloflbe LDL rt«ptor, ' glycoprotein embeded in

the plasma m~brane of most body cells. lbe DNA' s nucleotide sequence

1nS detamincd and sites of attaebmeDtof sugar chains to nitroj:al aDd

oX)'gcualOmS-re identified.. Additiooally, [1] m clCVCD. amiDoacidregion

enriched in arginine and lysine rmdues as an LOLreceptor bindin& site and

[2]potentiaJ.lipid biDdingregions which contain proline-enricbcdbeta.wets

[Knon et al ...1985] were reported. (After Brown and Goldstein,.1994).
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administration. Lipoproteins meet most of the above requirements for a satisfactory drug

carrier. Thi s issue will be discussed later.

1.4. Cholesterol.a d " Deer

Before justifYin g lDL as acanier in cancer chemotherapy brief background studies

regarding cholesterol metabo lism and cancer are preseated In the 1930" Muller noted tha t

a low plasma cholestero l level was frequen tly associated wi th leukemia [Muller, 1939].

Epidemiological studi es done in recent decades have demonstrated a correlation between

plasma cholesterol levels and risk of cardiovascular disease. In some of thesestudi es,

concomitant analysis oCcancer incidence bas shown an unexpected conelation between low

plasma cholesterol levels and cancer (Sherwin el al ., 1987; Feinleib, 1983]. Two hypo theses

have been proposed to explain thi s observation: [I ] bypocbolcstcrolemia is envisaged as a

risk factor for the development of malignancy. and (2) hypocbolesterolemia is conceived as

a metabolic consequence of an existing c:ancer. With regard to the first hypothesis , it is

possible that individuals maintaining a low blood cholesterol level excrete increased amounts

ef'biliary stero ls and that bacterial metabolism of these sterols in the gut could result in an

increased prod uction of carciooa:cnic sterols (Reddy , 1981]. 1be second hypothesis is

supported by studies demonstrating thal the lowest cbolesterollevds were found in subjects

who presented clinically cverecancer the Sl:IOneSI [within 2 yean ] after blood sampling [Rose

and Shipley, 1980; Cam bien et al., L980]. The cl inical studies discussed above show that

plasma cbo lesterol levels in new ly diagn osed cancer patients are
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Flpre 1.3. Stept in the LDL path ...ay ill viPo. HMO CoA reductase denotes 3-

hydroxy-3-methyl&1uwyl CoA reductase, and ACAT denotes acyl CoA:

cholestero l aqltransfcn.sc.. [AfterBrown aDdGoldstein, 1986].
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related to tumor burden It is now abundantly clear that it is cancer that brings abo ut a

reductio n in cholesterol , and not low cholesterol that causes cancer [Kritz et al.; 1996] . The

reduced cho lestero l often observed in cancer patients is the result of uptake ofLDL by the

tum or and not the cause ofthe cance r [Kritz eta!. , 1996; Lackner etaI.• 1989].

1.5. Fate ofLDL in the body

Structurally , LDL consists of an apolar core, co mposed mainly of cholesteryl esters

[eEl and to a lesser extent, triacylglyerol [fAG], surro unded by a monolayer of

phospholipid[s] [PLJ in which cholesterol and apoproteln 8-100 [apo B) are embeded

[Figure 1.1 and Table 1.3]. LOLs are formed durin g the metabolism of very low density

lipoproteins [VLDL]. LDL is slow ly cleared from the circulation via specific LDL Capo B,

andIor E] receptors [Figure 12J that internet with the apopro tein (Brown et aI., 1986J, Afte r

binding to the recep tor, LOL is internalized and degraded in the lysosomal compartment

[Figure 1.3J. The released unesterified cholesterol can be usedfor membrane or steroid

synthesis. Alternate ly. it can be re-esterified for storag e inside the cell by acyl Co­

A:cholesterol acyl transferase [ACAT], an enzyme stimulated by available cholestero l inside

the cell High cholesterol content can suppress the transcriptio n of the gene for 3-hydroxy-3­

me thylg lutaryl Co-A [HM O-Co A] reductase, a key enzyme for de novo cho lesterol

biosyn thesis. High cholestero l content inside the cell downregulates LOL receptor

biosynthesis, and thus the additional uptake of LOL is inhibited [Sudhof et al., 1985] [Figure

1.4]. The expression ofLOL receptors on the surface of a cell is carefully regula ted by the
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cholest erol status ofthe cell [Goldstein and Brown, 1990] .

Ta ble 1.3. Physiochemica l p roperti es a nd com position olbuma a LDL*

Densi ty

Size

1.019-1.063 glmL

20-25 nm

Phospholipids {PL]

Chol ester ol

Cholesteryl esters [e El

Tria cylgl ycerol s rrAG]

18-24%

6-8%

45-50%

4-8%

800 molecul es

500 molecules

1500 molecules

500 molecules

Protein, apo B 18-22%

*(Aft er De Smidr and Van Berkel, 1990]

1.5.1. Catabolism ofLDL

I molecule

Innorma1 humans, the plasma halflife ofLDL is 3-4 days (Spady, 199 1]. The rate

of LDL uptak e in hamst er. rat, and rabbit, when expressed per gram of tissue, is the highest

in the endocrine organs , liver, small intestine, and spleen. Somewhat lower rate s of uptake

are observed in the kidney, lung, colon. heart, and stomach. Importantly, extremely low rates

of LO L uptake are found in the majo r tissue compartments of the body such as skel etal

muscle, adipose tissu e. skin and brain. Information concerning rates ofLDL uptake in the

vario us organs in humans is not available. However , circulating LDt levels were found to

fal l SO% in a patient with a genetic defect in the LDL receptor pathway who received a
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normal liver transplant, suggesting that the liver also accounts for the majority of LDL

turnover in humans [Bilheimer et al., 1984]. In fact.this organ accounts for the clearance

ofat least 40010 of the circulating LDL. Both the parenchymal liver cells and the Kupffer

cells. are involved in the uptake ofLDL [Van Beckel et al., 1990].

1.5.2. Regu lati on of LDL rec eptor activity in malignan t eens

Cancer cells show an increased uptake ofLDL Thi s increased uptake is caused by

an elevated LDL receptor expressed on the cellular surface. The evidence is z-fotd:

measurements ofLDL uptake by tumor cells and depletion ofLDL in the blood of cancer

patients resulting from high uptake by the tumo r [vide infra] [Firestone, 1994]. However,

it is not clear why LDL recepto r activity is elevated in cancer cells. One poss ibility is that

proliferating cells have an increased cho lestero l demand fur mem brane synthesis [Gal er al..

1981; Kruth eral. , 1979]. Alternatively cancer cells may lose more cholesterol from ce ll

membranes than do normal cells because of an accelerated membrane turnover. Finally a

defect in the regulation of the LDL receptor in cancer cells could be another exp lanation for

the elevated recepto r activity [Vito ls, 1991 ; Ho etal. , 1978].

The first report regarding cancer and LDL demonstrated that human acute mye loid

leukemi a [AML] cells take up 3- to l oo- fold more LDL than nonnal cells [Ho et al., 1978].

Human AML cells take up 4- to 25-fol d more LOL than normal whi te blood cells [Vitols et

ai. , 1984J. It was observed later that the high in vitro uptake of AML correlates with high in

vivo uptak e [Vita ls et al., 1990]. Human monocyti c [FAB -M5 J and mye1omonocytic
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Fipn 1.4. Receptor mediated endocytosis of LDL-drvC coajucates. CirculatiDg

cytotoxk drua: I~ LOL is taken into • ceU by • receptor mediated

efIdocytosis. 0Dccinlernalized. LOL rdea:sc lOne dNa: inside the cell where

the drug exerts its cytotoxic action suchas iDten::al.tiODwith DNA. [After

Vitols,l990].
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[FAB-M4] leukemias and chronic myeloid leukemia in blast crisis [but Dot acute

lym phoblasti c leukemi a] take up much more LDL than nonna! mononuclear cells , peripheral

granulocytes, or nucleated bon e marrow cells [Vitols et al., 1984].

Some solid tumorsare also avid for LDL Epidermoidcervical cancer EC-50 absorbs

IS-fold more LDL than fetal adrenal tissue [which has exceptionally high uptake] and 50­

fold more than nonnal gynecologic tissue. Endometrial adenocarcinoma AC- 258 absorbs

IO-fold more than normal cells [Gal et al., 1981a]. EC-SO and four other gyneco logic

cancers have greater LOL uptake than normal cervical tissues [Gal et 01., 198 1b]. Gastric

carcinoma and parotid adenoma exceed every normal cell type in term of LOL receptor

numbers [Rudlin g et al., 199Oa]. Many brain tumors bind 2- to J-fold more LDL than

normal brain.especial ly medulloblastoma, oligodendroglioma, and malignant meningioma

[Ru dling et ai., 1990b}. In most of a group of nine patients, lung tumor tissues' uptake

exceeded that of'tbe neighboring normal lung by 1.5- to 43-fold [Vitols et al., 1992]. Other

tumors have been reported to have high LDL uptake; such as, glioma V-2S1MG [Vitols et

al.; 1985], G2hepatoma [Hep G2] [Dashtie tai., 1984;Havekes et el. , 1983], squamous lung

tumor [Kerr et al., 1988], and choriocarcino ma (Simpsons et al., 1979]. Most human tumors

have not yet been surveyed, so it is reasonab le to suppose tha t many more will be found to

have exceptionally high LDL requirements.

Th e most sinister aspec t of cancer is its tendency to spread, or metastasize.

throughout the body. This is most often the cause of death. even after resection of the

primary tumor, because metastasized tumor cell s are not onl y difficult to find but also



II

Flpre 1.5. IDftUCD" fir dJcuI)' rat•• LDL reaptor npll.kta laliver aadtu....
..... Wbcn...... opodIIdW, _ .... ond lUIytcicb are__ond

processed ifttheinlesline10 become chy&omicrons (eM). Afterhydrolysisof

TAG onthecapil1&ry cndothdiaJ ceDI, eM areCOO¥el'ted to remnanu wbidl

arescIcctMIy ""crnaJiud by IMr cells. Thelibcntol _ .... ond lUIy

acids willdownregu1ate 1DL receptorsynthesisiDtheMher ceIb. Tumor
cells.... noc beWbn<el bydio<o<y'"(Idl ). Alu< 0;, __alqJl

degreeofl\lJl'lOf' specificity canbe expected whenC.')'totOD: LDLit injected

in thcblood.saeam( ria!tJ : " lDL~'.O c:IJyIomicrons; ucbylomicroa

remnam recept~ ~ chy\omia"oa rcrM&nU"OLDL. (AfterVIII Bertd"

oJ., 1990).
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