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Abstract

Chronic myeloid leukemia (CML) stem/progenitor sellwhich over-express Bcr-Abl,
respond to imatinib by a reversible block in priétion without significant apoptosis. As a
result, patients are unlikely to be cured owinghe persistence of leukemic quiescent stem
cells (QSC) capable of initiating relapse. Previpuse have reported that intracellular levels
of imatinib in primary primitive CML cells (CD388°"), are significantly lower than in
CML progenitor cells (total CD3% and leukemic cell lines. The aim of this studyswa
determine if potentially sub-therapeutic intrackliu drug concentrations in persistent
leukemic QSC may be overcome by targeted drug egliwsing synthetic Low Density
Lipoprotein (sLDL) particles. As a first step towlarthis goal, however, the extent of uptake
of sLDL by leukemic cell lines and CML patient st@nogenitor cells was investigated.
Results with non-drug loaded particles have showrnareased and preferential uptake of
sLDL by Bcr-Abl positive cell lines in comparisoa Bcr-Abl negative. Furthermore, CML
CD34" and primitive CD3438°" cells accumulated significantly higher levels obdlwhen
compared with non-CML CD34cells. Thus, drug-loading the sLDL nanoparticlesild
potentially enhance intracellular drug concentragion primitive CML cells and thus aid their
eradication.
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Introduction

Chronic Myeloid Leukemia (CML) is a blood stem celisorder characterised by the
Philadelphia (Ph) chromosome and the resulting ABdroncoprotein.  Imatinib mesylate
(IM; Gleeved', Novartis Pharma AG, Basle, Switzerland) is a mulgrly targeted drug that
has proven to be remarkably effective in treatiagjgmts with CML in early chronic phase,
with impressive rates of complete hematological eytdgenetic response [1, 2]. However,
most patients with CML still show molecular evidenaf minimal residual disease (MRD)
i.e. the majority is polymerase chain reaction (P@Rsitive for Bcr-Abl, the causative
oncogene, even after IM treatment [1, 2]. Furtiere, previous studies have demonstrated
the existence of rare, primitive (CD34leukemic (PF), quiescent stem cells (‘\QSC’) [3-5]
that can regenerate CML populations in immunodefitimice and are insensitive top M\

IM invitro. It is therefore probable that a population MICstem cells may be responsible
for the MRD detectable in patients [5, 6] and casugbport the long-term maintenance of the
disease. Additionally, it is this malignant pagidn that may become active at relapse or
when drug treatment is stopped which would leaal tegeneration of the disease [7].

To approximate thein vivo QSC pool, we have studied the primitive CD@P"
subpopulation of CML cellgn vitro in order to elucidate mechanisms of IM-insengiivi In
this subpopulation that comprises <5% of total CD&dlls, we have observed a significant
(>10-fold) increase imBcr-Abl mMRNA transcript expression as well as Ber-Abl photwith
respect to mature mononuclear cells (MNC) [8]. ré&bwer, higher Ber-Abl tyrosine kinase
activity in CD3438° cells with respect to total MNC fraction is eviddrom elevated levels
of total phosphotyrosine and phosphorylation of ICrk fastidious downstream adaptor
protein, as determined by flow cytometry and Westapotting [9, 10]. In these primitive
cells, CrkL phosphorylation is not fully inhibited response tan vitro IM treatment at a
concentration that exceeds the peak steady statempl level (approximately u)
achievablen vivo at 400mg once daily dosing. Furthermore, we haeasured the actual
drug levels in peripheral blood plasma from IM-tegh patients and found them to be
equivalent to the levels measured in matched boaeromw plasma (data not shown).
However, one possible explanation for the failufdM to kill these CML stem cells is a
failure to achieve sufficiently high intracelluldrug concentrations in this population [11].
Thus, if the CD3#38°" cells require significantly higher intracellulaevels of IM to
overcome the increased oncoprotein expression endty before initiating apoptosis, then,
arguably the target cell population must be expowedan increased intracellular drug
concentration. However, this is not best achiededugh simply augmenting the oral dose,
as selective tumour cell kill may be lost when hdgse IM becomes toxic to normal cells.
Hence a targeted cell-specific drug delivery apphomaybe applicable to over come this
resistance mechanism.

Low Density Lipoprotein (LDL) is a plasma componentolved in the transport of
cholesterol and is a spherical particle (diamet22nm) composed of an internal core of
cholesterol ester containing small amounts of ydgtide, solubilised by a monolayer of
phospholipid with small quantities of free choleste Located in the monolayer is the
receptor protein Apoprotein B which mediates regepiependent uptake in the majority of
cells [12, 13]. LDL has been of interest as agdiargeting vector in cancer chemotherapy
since 1981 when Gal et al., [14] demonstrated areased uptake in gynaecological cancer
cells with respect to normal cells. This obsaorathas been extended to multiple cancer
types including leukemia [15] where elevated LDIceptor (LDLR) activity leads to an
increased cellular LDL uptake and specifically iMIC patients where poor prognosis is



linked to low plasma lipid concentrations [16]. owever, the majority of these studies were
conducted before the current knowledge on the itapoe of stem cells in leukemia was
recognised [3]. Some recent studies have exantiedffect of drug resistance efflux pump
expression, such as P-glycoprotein (P-gp) thatnewk to be involved in cholesterol
transport, on LDLR activity in human leukemic chlles concluding that LDL uptake was
sterol and P-gp independent [17]. Indeed thia 1gry different form of resistance to the
intrinsic insensitivity observed in the primitivéem cell pool [4]. A re-evaluation of the
LDL targeting paradigm with respect to leukemiapezsally stem cell populations, is
therefore warranted to determine if specific ceb-$ypes maybe targeted by LDL.

Native LDL requires to be sourced from serum byusedjal ultracentrifugation [17] and
suffers from the triple disadvantages of genetid Batch-to-batch variation coupled with
limited availability. In order to avoid theseuss, in this study we have employed synthetic
LDL (sLDL) prepared using readily available lipioraponents coupled with a synthetic
amphiphatic peptide molecule containing the ApagiroB (Apo-B) receptor sequence [18,
19]. sLDL can be routinely produced [18] thatpisysicochemically [20] and biologically
[21] equivalent to native LDL. In addition sLDlak been employed to incorporate a range
of drug payloads [22, 23] and along with LDL themef represent a proven class of drug
targeting vector [24].

We ultimately aim to determine if sub-therapeutidgracellular drug concentrations in
leukemic stem cells may be overcome by targeted delivery using drug loaded sLDL.
However, in this paper as a first step towards gjoial we have studied the extent of sLDL
uptake by hemopoietic QSC (patient CML CD3d°") and progenitor cells (CD3a8"""),
and compared our findings with Phnd Phleukemia cell lines and human prostate cells,
differential information that is currently not alable in the literature. If hemopoietic QSC
can be preferentially loaded with sLDL then thisymaecome a paradigm differential
targeting strategy for other cancers of stem addjio e.g. breast, brain and prostate [25-27]
information that is currently not available in titerature.

Materials and Methods

Materials

Cholesterol, cholesteryl oleate, glyceryl trioleiphosphatidylcholine, sodium oleate,
dioctadecyloxacarbocyanine (DiO) and suramin wenelpsed from Sigma-Aldrich (Poole,
UK). Dichloromethane was purchased from VWR In&ional (Eastleigh, UK). Synthetic
peptide (di-stearate-KGTTRLTRKRGLKL-cholesterol a3t was purchased from Thistle
Research (Glasgow, UK) and Infinify cholesterol and triglyceride liquid stable reageig
and phospholipid B assay kit were all purchasethfipha Laboratories (Eastleigh, UK).
Anti-human anti-CD34 and -CD38 antibodies were iiaté from BD Biosciences, Oxford,
UK.  Carboxyeosin succinimidyl ester (CESE) waschased from Molecular Probes,
Invitrogen Ltd, Paisley, UK.

SLDL preparation

sLDL was prepared using a solvent evaporation nieghi@viously reported [18, 19], a
mixture of phosphatidylcholine, triolein, cholesteand cholesteryl oleate in the molar ratio
3:2:1:1 was dissolved in dichloromethane and thmghstic peptide (see Materials) added at a
molar concentration of 0.03 per mole of total cktdeol. The dichloromethane was then
added to a solution of sodium oleate in water fgedtion and homogenised using an ice-
cooled EmusiFlex-C5 microfluidiser (Avestin, Canpdapressures up to 30,000psi until the
desired particle size was obtained. Residual micgaolvent was then removed by



evaporation at room temperature. The organigteaus phase ratio was kept at 1:9. The
resulting system was then filtered (0.2um) andest@septically at 4°C in the dark under a
nitrogen atmosphere. The concentrations of tialesterol (free + esterified), triglyceride
and phospholipid were measured using the Infihityholesterol or triglyceride reagent and
phospholipid B assay kits according to manufactsii@structions. sLDL particle size was
determined by photon correlation spectroscopy udimg ZetaSizer Model 4 (Malvern
Instruments, Malvern, UK). Samples were diluteddistiled water and measurements
carried out at a fixed angle of 90 Results are expressed as the number mean dasthn
deviation (n = 10). Fully competent particles labelled with the tracer dye, DiO (added to
the dichloromethane at a molar concentration 00®.0er mole of total cholesterol added)
and loaded with Apo-B peptide that binds LDLR thraturn initiates active cellular uptake,
were prepared. Control particles lacking eithes tracer dye or the peptide were also
prepared.

Myeloid and prostate cell line culture

Ph" (K562, KCL22), Ph(HL60, AML3) myeloid cell lines and prostate céties PNT1A,
PC3 were maintained at 37°C in 5% £60 RPMI 1640 and Dulbecco’s modified Eagle’s
medium (DMEM) respectively supplemented with 10%v)Vetal calf serum (FCS) and
1mM each of glutamine, penicillin and streptomycin.

Primary CD34 cell enrichment and culture

Leukapheresis samples were obtained with infornoedent as part of the routine assessment
of untreated, newly diagnosed patients with chrgaiase CML. Non-CML leukapheresis
collections were processed as™ Riontrols. Samples were enriched to >90% CD34
progenitors by positive selection (CliniMACS) angapreserved. The CD34nriched cells
were stained with anti-human anti-CD34-APC and -@mB8-PE antibodies before cell
sorting using a FACS Aria (BD Biosciences, OxfdtK) into two populations: CD388"*
and CD3438°". The CD32438°" fraction approximates the most primitive QSC pEd%
total CD34 cells). Cells were analysed using a BD FACS @anhstrument with Diva
software. Non-CML (Ph and CML CD34 cells were cultured at 37°C in 5% €@
Iscove’s modified Dulbecco’s medium (IMDM) supplembed with serum substitute (bovine
serum albumin, insulin and transferrin: ‘BIT’, SteGell Technologies, Vancouver, British
Columbia, Canada), glutamine, penicillin/streptomyand 5 growth factors (IL-3, IL-6, G-
CSF, flt3-L and SCF) as previously described [28].

Labelling of CD34" cellswith CESE

Total primary CD32 cells were labelled with the vital cell divisioratking dye, CESE,
according to the maunfacturer’s instructions, sirailar way to CFSE labelling as previously
described [4] with minor modifications.  Brieflgell suspension was stained with a final
concentration of M CESE for 10mins at 3T in a waterbath before stopping the reaction
with ice cold 20% FCS/phosphate buffered salineSRBnd washing twice. One well of
cells was incubated with 106/mL Colcemid (Sigma) to arrest cell division and allow
identification of the cells that had remained uidid, i.e. CESE* by flow cytometry.

Isolation of normal mononuclear cell (MNC) and subset identification

Normal peripheral blood mononuclear cells (MNC) evésolated from blood donations of
healthy individuals by density gradient centrifugat Briefly, Leucosep tubes (Greiner Bio-
one, UK) were filled with 15mL Histopaque 1077 (®&@-Aldrich) and centrifuged for 30secs
at 1000g. 10mL of anticoagulated blood was adddbe tube and centrifuged for 10mins at



1000g. After centrifugation the enriched lymphie¢geripheral blood MNC were monocyte
depleted by plastic adherence, then washed twite RBS and suspended in RPMI 1640
prior to addition of sSLDL. For the identificatiasf the subset cell populations, anti-CD3-PE
was used for T-cells while anti-CD14-APC was usadfionocyte/macrophages.

Uptake of sLDL by cell linesand primary cells

Myeloid cell lines K562, KCL22, HL60, AML3, enricdeMNCs (2x16 cells/mL), prostate
cell lines PNT1A, PC3 and primary CML and non-CMatipnt cells (1x10cells/mL) were
incubated in the presence or absence of increasimayunt of sLDL (0.5, 5 and pg of total
cholesterol per mL of cell suspension equivalenatoholesterol concentration of 0.0013,
0.013 and 0.13 mmol) for 24h.  The inhibitory effef suramin on sLDL uptake was
measured by incubating cells with 3@@mL (3.8mmol) of suramin for 1h prior to additioh
sLDL. Cells were washed twice with ice-cold PB®pto re-suspension. Uptake of sLDL
by the cells was measured by flow cyotmetry as miaorescence intensity in three
independent experiments.

I mmunofl uor escence microscopy

K562 and CML CD3438°" cells were fixed onto poly-L-lysine (Sigma, St. LuUSA)
coated multi-spot microscope slides (CA Hendleyseks UK) in 3.65% formaldehyde
(Sigma, St. Louis, USA) in PBS for 15mins at ro@mperature. After fixation cells were
washed twice in PBS for 5mins each time. Driellsosere mounted in VECTASHIELD
containing 4,6-diamidino-2-phenylindole (DAPI; Vect Laboratories, Burlingame, CA,
USA). Cells were examined by a Zeiss Axio Imalyer fluorescence microscope (Carl
Zeiss, Jena, Germany). Images captured were sabject deconvolution (AxioVision
software; Carl Zeiss, Jena, GermatgyJemove non-specific fluorescence.

Transmission electron microscopy (TEM)

Cells were fixed in suspension in 2ml fixative @.glutaraldehyde) cells were then pelleted
by centrifugation, supernatant removed and pe#stispended in fresh fixative and stored
overnight at 4C. Cells were then centrifuged and washed in Ocabbdylate buffer, pH7.4 3
times over 30min then after another centrifugatisecondary fixation was achieved by
resuspending the pellet in 1% osmium tetroxide.iMDSodium cacodylate buffer, pH7.4 for
1h before washing 3x in distilled water. Cells wéren resuspended in 2% ageuous Uranyl
Acetate for 1h before centrifugation for dehydratad sample. Fixed cells were dehydrated
through EM grade alcohol of increasing concentrati@5 to 100%) and cleared by
resuspension in 1ml of propylene oxide for 5Sminik@t Sample was then infiltrated with
araldite resin overnight before embedding in nealdite resin followed by polymerization at
60°C for 20h. Ultra thin sections were cut usan@.KB ultramicrotome (LKB Bromma,
Sweden), mounted on copper grids and images wdagneld using a FEI Morgagni electron
microscope (FEI, Cambridge, UK) equipped with a Bl&gaview Il camera with SIS iTEM
software (Olympus, UK).

Results

sLDL Materials

sLDL equivalent to native LDL (receptor peptide, BoO) had a measured diameter of
19+0.7 nm, with a cholesterol content of 4.2mg/mphospholipid at 9mg/mL and triglyceride
at 9mg/mL. The incorporation of DiO increased diemeter to 36+0.2 nm with a measured
zeta potential of -54.8mV and resulting lipid comications of 4.8mg/mL, 9mg/mL and
8mg/mL respectively. A peptide free DiO contamsystem had a diameter of 25+0.6 nm,









photomicrographs also confirmed the internalisatminthe sLDL particles (Figure 5)
associated with internal structures such as endesom

Figure 4
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LDLR-dependent uptake specificity of sLDL

LDLR-dependent uptake of sLDL was examined by using known LDLR inhibitor,
suramin. Initial studies were performed in K562Iceh order to assign optimal suramin
concentration that blocked sLDL uptake without etffeg cell viability. Cells were treated
with increasing concentrations of suramin (0, 510,1200, 500, 10Q@/mL) for 1h prior to
incubation with 5ug sLDL cholesterol for 24h. Hey concentrations of suramin were not
assayed due to the profound toxic effect that ug0fiL had on cell viability (reduced to
~40%) (data not shown). Suramin’s block of sLDUlwdar uptake reached a nadir at
500ug/mL and plateaued with 10@@/mL, but even at this high concentration complete
inhibition of sLDL uptake could not be observedgiiie 6a). These data suggest that sLDL
uptake was not only receptor mediated, a suppastiticther supported by the background
level of cellular uptake of DIO-sLDL prepared witlidhe Apo-B receptor peptide sequence
(data not shown), in which case the fraction ofalipt was most likely mediated by an
adsorptive process.

Discussion

All the myeloid leukemia cell lines that we testiedthis study (K562, KCL22, HL60 and
AML3) avidly accumulated fluorescently labelled ) sLDL particles, considerably more
so than adherent epithelial prostate cell linesgthvr SV40 immortalised normal (PNT1a) or
adenocarcinoma (PC-3). Between the prostatdiced, the transformed PC-3 cells took up
significantly more sLDL with increasing concentaati than their normal counterparts
(PNT1a). This could reflect the increased cheledtrequirement of tumourigenic cells for
their more rapid cell division. Indeed, withintdbnormal donor derived peripheral blood
leucocytes, only phagocytic monocyte/macrophagéghégd significant sSLDL uptake, more
than mature granulocytes, while lymphocyte subsetee universally negative for uptake
after 24h. Both of these findings agree with pras literature studies and thus sLDL can
achieve some level of cell targeting based on lellmetabolic requirements or specific
(phagocytic) activity similar to that reported fibre native material [14, 15, 24]. Of more
significance to the treatment of myeloid leukemigcls as CML, however, would be the
ability to target leukemic QSC that by virtue okithquiescent nature, convention dictates
should not require exogenous cholesterol [13].

SLDL uptake by QSC was studied in two ways. Cualége labelled with CESE, a red
fluorescent vital stain that allows tracking oflagivision history. Cells that are CESE
have remained undivided (quiescent) after a giveatient and/or period in culture. As the
primary cells were cultured in the presence ofgdwth factor cocktail which supports and
encourages proliferation, CESE may be identified as the most primitive QSC whitdarly
co-stained green indicating sLDL uptake. Furthenem when primitive CD3% sub-
populations were sorted based on their CD38 expmssagain CD3%8% cells
approximating the QSC pool, were found to take LipLsas avidly as the total CD34ells
and the maturing CD388"" cells indicating that the sLDL were not excludedni this
primitive population owing to their quiescence.mpbrtantly, uptake in CML CD34cells
was greater than in non-CML CD34ells. Owing to the ethical concerns surrounding
collection of CD34 cells from normal donors beyond the dose requicedransplantation,
patients with hematological conditions in which @8®34 stem cell is not involved in the
pathogenesis of the disease such as lymphoma,akes tas non-CML ‘normal’ CD34
controls. Thus a greater uptake of sLDL in malignCML CD34 cells suggests that
normal CD34 would not be dosed with increased levels of dragied by the sLDL



widening the therapeutic window. We believe fimging of QSC LDL uptake to be the first
report in the literature.

We were interested to know if the sLDL uptake byklemic QSC was a passive or active
receptor mediated process. Apo-B is the ligand the LDLR and is the presumed
mechanism by which our sLDL was being internaliseltideed, cells exposed to DiO-sLDL
formulated without the Apo-B peptide did not givegeeen fluorescent signal indicating a
failure to internalise particles. FurthermoreOBSLDL uptake by cells, both myeloid cell
lines and primary CD34cells, exhibited dose dependency and moreover, safisrable,
being blocked by suramin, suggesting specific rewemediated uptake. Immediately after
labelling with CESE, approximately half of CML CD34ells were also positive for CD36
whereas >90 % was CD13 positive. CD36 is a membdhne class B scavenger receptor
family of cell surface proteins which can bind dgetl LDL and Aminopeptidase-N (CD13),
a molecular target for cholesterol absorption irtbils [29] and leukemia antigen, may be
implicated in cholesterol uptake which is likelg@mplex process involving several proteins.
Although it was hypothesised that the expressiothese molecules may be modulated on
exposure to sLDL, neither significantly changedhwiime or on sLDL exposure, although
CD36 was marginally up-regulated (+7%) with sLDL24dh (data not shown).

We have previously shown CML QSC to be insensitwemolecularly targeted tyrosine
kinase inhibitors (TKI) such as IM or nilotinib [80]. Over-expression &cr-Abl message,
protein and kinase activity in the more primitiveD®'38° cells [8] may explain this
insensitivity to standard drug concentrations. e(muossible further explanation for such
insensitivity may be that the higher level of BdplAorotein in stem cells is not exposed to
sufficient drug owing either to active efflux by teyen binding cassette (ABC) family
proteins, or conversely, insufficient active uptaka& pumps such as Oct-1 [31, 32]. In the
former situation, a small xenobiotic molecule ma&rbmoved from the cell if it functions as
a substrate for the efflux pump. We have founeviously, however, that both IM and
nilotinib function as inhibitors and not substrafes the ABCG2 family member [33, 34].
Moreover, it has been shown that although IM isilasgrate for active uptake by Oct-1, CML
stem and progenitor cells have relatively low egpien of this protein [32]. Although trials
of second generation TKI such as nilotinb and dlaibaimay overcome some of these issues,
it should be noted that the 20-times increase temmy of nilotinib over IM seen in Pleell
lines [35] was not replicated in CD3dtem cellsn vitro [30].

To overcome this significant clinical problem ofest cell persistence in CML, we
hypothesised that such cells must be exposed tatr@cellular concentration of drug greater
than is achieved with standard oral dosing. Smnguigmenting the dose to the patient to
saturate the uptake pump (Oct-1) risks side effastevery drug, even a potent molecularly
targeted agent, has its therapeutic window beyadmidhwnon-specific effects are experienced.
Nevertheless increasing intracellular concentrationQSC may be made possible through
pharmaceutical drug targeting strategies i.e. Udsphgsical, biocompatible, drug-carrying
vehicles, circumventing the problem of inadequatigva uptake by influx proteins through
low expression. We decided to investigate theaknncreased cholesterol requirements of
cancer cells [14], specifically LDLR activity the myeloidineage [15, 36]. Thus the aim of
the current study was to determine if sSLDL mayb#ised as a drug targeting vector to
ultimately deliver augmented doses of TKI into CNIISC to initiate apoptotic cell death.
Interestingly, Nikanjam et al [23] demonstratedeqgor mediated, targeted delivery of sLDL
prepared according to our recipe to gliobastomatifouhe cell lines, following up with
delivery of incorporated paclitaxel to the samarbtamour cell line model [37].



The results presented in this paper in combinatith literature data demonstrate the utility
of the sLDL system as a drug delivery vehicle fergistent leukemic stem cells. Although it
Is perhaps counter-intuitive that cells residing oluthe cell cycle should be targeted by this
system, we nonetheless have demonstrated the pigpéor QSC to be loaded with our
sLDL nanoparticles. Finally, ‘smart’ delivery oKl in CML may not be relevant in the
event that CML stem cell persistence and survisahiown to be Bcr-Abl independent such
as through autophagy induction [38], or ligand-jpeledent activation of growth factor
signalling [39]. In this situation, non-TKI thgrautic modalities will need to be developed,
nonetheless once a ‘drug-able’ target has beentifigel like Bcr-Abl was with IM, the
problem of delivering to the root cause of the d&e i.e. the cancer stem cell, and not simply
tackling the bulk tumour remains, which is wheregldelivery technologies may become
invaluable.

Conclusion

In summary we have achieved our initial aim of deiaing the cell targeting capacity of a
synthetic carrier system, sLDL, for its potentiaugl delivery to leukemic stem/progenitor
cells. This result opens the door to a pharmazadusolution to the medical problem of
persistent CML QSC. We therefore plan to contitiug study by loading TKI and /or other
novel investigational agents into the nanopartiéed assessing the change in efficacy to
drug induced apoptosis in leukemic QSC, a strathgyy may have value in other stem cell
derived cancers.
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Figure legends

Figure la-c:sLDL uptake by Ph* and Ph™ cell lines aswell as primary CML CD34" cells and
subsets. (a) Ph" K562 and KCL22 myeloid cell lines (white and ligitey bars, respectively)
exhibited a greater propensity to uptake of DiO-kltban PAHL60 or AML3 (black and

dark grey bars, respectivelyh)(The uptake of DiO-sLDL by the tumourigenic prasteell
line, PNT1a (white bars) was greater as seen byalElor 1L (5 or 5Qug cholesterol).d)
Although there was no significant difference amarlge CD34/38 subpopulations observed,
including the most primitive CD388° population, the levels of sLDL taken up by non-CML
CD34 cells were significantly lower than those obserire@ML CD34" cells

Figure 2a-c: Undivided (CESE™) CD34" CML cells can be loaded with DiO-sLDL

particles. (a) CD34 CML cells were uniformly stained with CESE on day(l) After 72h in
culture, cells that remain undivided are identifimdtheir unchanged CESE fluorescence,
marked by ‘H’ gate.d) Undivided (CESE®) CD34 CML cells were also positive for DiO-
sLDL uptake.

Figure 3: sLDL uptake by Ph™ peripheral blood MNC

Within non-leukemic total MNC (shown in gate R1panel a), some cells take up sLDL and
can be seen as green positive cells in region R2amel b; the positive green signal was
above any cell autofluorescence (data not showiit)e DiO" cells in R2 are principally
comprised of monocytes (panel ¢) based on forweattex (FSC)/side scatter (SSC)
characteristics. Thus sLDL is not as avidly takprby non-dividing, non-phagocytic, mature,
normal cells as leukemic stem cells that have atgrgpropensity for sLDL internalisation
(see Figure 1).

Figure 4: Internalisation of sLDL by (a) K562 and (b) CD34"38° CML cells Cells fixed post-
treatment with sLDL were visualised by fluorescengeroscopy and Z-stacks were captured
then subjected to deconvolution to remove non-$ipdtiorescence. Clearly the sLDL was
internalised and the lipid soluble dye (DiO) becamsociated with intra-cellular structures
such as the endoplasmic reticulum (indicated byveneads). The sLDL would have been
expected to be routed to the ER following uptaketkie LDL receptor mediated pathway.
Thus, fluorescence signals by flow cytometry areawing to sLDL simply adsorbed on the
cell surface. FITC channel shows DiO-sLDL particB&PI channel shows cell nucleus.
DIC differential interference contrast.

Figure 5: Electron micrographs of CD34" CML cells after treatment with sSLDL. Upper left
panel scale bar is 1 micron; upper right, scalé$a00nM; lower left, scale bar is 2 microns;
lower right, scale bar is 1 microWhite arrows in upper panels indicate engulfed sLDL
particles within intracellular vesicles.

Figure 6a,b: (a) Concentration-effect curve of suramin on sLDL uptake by K562. An

effective concentration of the LDLR inhibitor, sarim, was established in K562, a’Ph
myeloid cell line which had been shown to avidlgai DiO-sLDL particles(b) Effect of
suramin on uptake of SLDL by various cell types. DiO-sLDL uptake as measured by MFI in
the FITC channel by flow cytometry was determinethie presence (black bars) and absence
(white bars) of suramin. The uptake of DiO-sLDLdllcell lines tested was blocked by the
action of 50@ug/mL suramin.





