GLUCGCSE- PEG CONJUGATES FOR REDUCI NG GLUCCSE TRANSPORT | NTO A CELL

CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] This application clains
benefit oWo2arbeprsdority from U.S. provisional patent applsiceetyioon7No.
61/ 193,640, filed on Decenber 11, 2008, the entire contents of which are

i ncorporated herein by reference. FIELD OF THE | NVENTI ON [ 0002] The present
i nvention IGLH@OSE-]EEG:EQNMGGA"EE&E@&IR(EHUGJN(H@IA};COSEt he use of

such conjugates to reduceTRANSPORPBINTUA ICERI2 cel | . BACKGROUNDOF THE
| NVENTI ON [0003] One of the key characteristics of cancer cells is the

i ncreased rate roliferation. Oten the rate of proliferation exceeds de
novo vas@Rﬁ}SS RENGE 70 RELATEDAPREICATEONut - gr ow t he

avai |l abl e bl ood supply, and shortage of blood | eads to hypoxia (| ow oxygen
| evel ). Ta0@Mer cﬂﬁeammaﬁbmclammneﬁtedﬂ mdt;frim}ity GoneLyS. grogkipaal ysi s for ATP

production (17).. Hi gl ysis rate is characteristic of solid tunors,
and is aggtséﬁﬁbaatw%{ﬁp ﬁ? @9&4099‘(1611%938?“ r 1db Q8 dhe snfire epmtents of (GLUTSs)
and gl ycqhydy £e 8% ed hQ8RA)y rEligced hi gh rate of glucose uptake and
i ncreased gl ucose tabolismare 1nvolved in maintaining proliferation of

tunor cells (18). Th| S phenomenon is conmmonly known as Warburg effect (19).
It was oHEVBAOFTEHEANVENTHEOMI gh | evel of anaerobic glycolysis
resulted in the accunul ation of lactate (20). The enzynme (|l actate

dehydr ogf0002]) rHsReesehbineedtivh refatesco pluesstipalyetiiylgne glyesl Rohjaghtact at e was
al so observed to be elevated in the cancer cells (20 However, | actate
dehydr og@hiie use efsuch cprjupaies todedyge\alycgpe Ganspers itarIcsllunder hypoxi c

condi tions by anaerobic egconS|s (20). Increased glycolytic enzyne
activiti ?2{' cells (21, 22), and have been
obser vedB\j\n ?'#ﬁpr ogr essi on omcancer rompri mary breast tunor to the
met ast at 2 00 t f. ucose cross. the nenbrane
of cells t@s@ f?rgct (iﬁ(tg é%%/ %F%C?dsﬂgs %ed e mf:?eﬁ?'lezlp%tret zr s (GUTs). 13
GLUTs hapelif&etion. d@fér fhieeste b@pdﬂman@ﬂ&haw@ deeRVo CAcaRP FdraREoh UPa t hr ee
classes. Cass | includes GLUTI to G.UT4, class Il

result, tumor cells may out-grow the available biood supply, and shortage of blood

leads to hypoxia (low oxygen level). To overcome hypoxia, tumor cells tend to rely

on glycolysis for ATP production (17). High glycolysis rate is characteristic of solid

tumors, and is associated with an over-expression of glucose transporters (GLUTS)

and glycolytic enzymes.

[0004] Thus, a high rate of glucose uptake and increased glucose metabolism are
involved in maintaining proliferation of tumor cells (18). This phenomenon is
commonly known as Warburg effect (19). It was observed that the initial high level of
anaerobic glycolysis resulted in the accumulation of lactate (20). The enzyme (lactate
dehydrogenase) responsible for the conversion of pyruvate to lactate was also
observed to be elevated in the cancer cells (20). However, lactate dehydrogenase also
helps in the survival of the cells under hypoxic conditions by anaerobic glycolysis
(20). Increased glycolytic enzyme activities have been reported in cancerous cells (21,
22), and have been observed with the progression of cancer from primary breast

tumor to the metastatic stage (23, 24).

[0005] Transport of glucose across the membrane of cells is facilitated by proteins

called glucose transporters (GLUTs). 13 GLUTs have been identified to date, and



i ncludes GUT5, GUT7, GUT9 and GLUTlI 1, and class IIl includes G.UT6,
GLUT8, G.UTI O G.UT12 and GLUT13. The different transporters have different
Ki neti cs woadoafdss1sdt i es t owards gl ucose and ot her hexos@esT/SGherI®u@7essi on

| evel of the different GLUTS in various tissues varies depending on the

met abol i g, %H%%é%gﬁ&%%ﬁ@ﬁﬁ“lggs r{ﬁﬂﬁ%&&ﬁﬁﬂ tSEHBTUY Bss PLUT! 1S @

ubi qui t ously expresse expression fevels have been
found t oidwdudes GLUT S IGEUTT GLUTERaelSLUAN N saridrodass i1 imvider IGIdETd,s (1) . This

over expr i.on has been observed in a wide variety of different cancer cell
Lypes ( 201TS GLUERE, Gl dand STt 1. e iiferentmasroqsiers lave differemicat ed

i ncr easegif@illindagtinikbd warR et{o@@%&@ﬂﬂ&o%%i}‘%&%resh@g@&]d ﬁﬁfh@bm ic

targeted cancer therapy is atelat y new cancer therapeutic
r esear ch dgfegerit GIAERS gnedionstissakevaks dapagmgin thh enctabobc eotisulmppien ofret abol i ¢

characterjstigs of cancer,.cells. ]. Certain previous | es, focused on
dovel op RECDIDAPEBEREAF tigue beeaLld Ling shispuned Siprgrse QhEH e, . ¢

A uf osf agraeri sdas SRS expretsisitlefeld 8BRS KR $oltM th BE nfRAMUGRE inon of ifosfami de
and glucose. This conmpound enters the cancer cells through the G.UT

pr ot ei ns canceroys eelkssharoinmormal ¢ells €8} This|oxergkprgssien hasdeerplsgevedan at he t oxi n

(i fosfamd i Nsi the cell (25-28).,] QX he r Qups, have used
di fferent’ 1%1) \fEs e‘@ﬁgfrgﬁtscapﬁer(ﬁﬁﬁ%% %quygg%t%hv&sﬁcﬁ% @ﬁh%r(ggs ‘W Rbol i smin
cancer c@htientyiddicaté@)ncrédbed GEUTArdctivisy Sa0ROthePatierds (180XF)J| ucose (2- DG has

been shown to be a prom sing analog. 2-DGi1s an orally adm ni stered gl ucose
i,nhi bits the glycolysis pathway of ATP production in cancer

anal og t hat t Yy C

cell s. 2P®QﬁiccMﬁf@‘é@l&t&i&qtefir?én%mpyeéP|r%1a%%fém%\@ fieldgn sARSHhor yI at ed 2- DG
cannot b g - BYarflli i Yol - - A bgit 50%
e CC L S AR e e R T i SO
cancer) clgractéristies ¢B@ncerloalli vo ani mal studies with 2- DG have shown t hat
the gromh of the tunor was inhibited with supplenmental 2-DG (31, 34).

[ 0009] [ | . _have ysed anti-sense agai nst GLUT-| to suppress tunor
growch | s ol reEoRRERs Pl B PR el g Dast Bevel opnont
Id n n:Jde fHeGRetSBMSITcaARE céIRAGHIfBSfamedd i§ a SRIessibdile ddhetat&dtiSthe CLUT- |
evel op tunor
P conjugation of ifosfamide and glucose. This compound enters the cancer cells through
the GLUT proteins. It breaks down in the cell, leading to the release of the toxin

(ifosfamide) inside the cell (25-28).

[0008]  Other groups have used different glucose analogs in an attempt to reduce
the glucose metabolism in cancer cells (29, 30). Of the various compounds, 2-deoxy-
glucose (2-DG) has been shown to be a promising analog. 2-DG is an orally
administered glucose analog that inhibits the glycolysis pathway of ATP production in
cancer cells. 2-DG accumulates in the cancer cells because the phosphorylated 2-DG
cannot be processed by glycolytic enzymes (31, 32). 2-DG can elicit 50% apoptotic
cells at a concentration of 4 mM in the SkBr3 (human breast cancer) cell line (33). In
vivo animal studies with 2-DG have shown that the growth of the tumor was inhibited
with supplemental 2-DG (31, 34).

[0009] Noguchi et al. have used anti-sense against GLUT-1 to suppress tumor
growth in MKN45 (gastric cancer) cell line. Comparison of tumor development in
nude mice demonstrated that the cells expressing anti-sense GLUT-1 develop tumor

much more slowly than the wild-type cells (35).
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much nmore slowy than the wild-type cells (35).[0010] In a nore recent
study, nonocl onal anti body agai nst G.UT-1 was shown to induce growth arrest
and apoptweisinmsisseast cancer and | ung cancer cell |inesT/S608@anak775%
reductions in cell growh were found in |ung cancer and breast cancer cell

i nvent i on00 E7h; o § mbReeeP U Mofichb b R ReaPy T gl BePheey ™

conj ugat as iralude roaith atiee ahd apptosieinPresOSmcen My tancard @11dine€1590% Thus, the
gl ucose- PE&S ¢onj ugat es. n&il be useful to reduce cellular proliferation,

par ti cul &Py raredeions in ¢l Bewhr werefamginengrragserqod dreasy eamcgcellancer . The
gl ucose- | f the present invention may al so be |labelled with a
det ect abﬁf?@?,ggﬂe,&%}kg@? wus may be useful for imaging of hyper-proliferative
cells such as cancer cells. [0012] The present invention takes advant age of
t he over SYMMARY OFAHEINVENJHONrol i ferative cells in order to
control cellular proliferation, potentially |leading to the death of the
hyper - pr 001 #F at Thepresdnt fvertich @lanaas Qo{?eﬁ@ll%@é-?@l@&@y[&&’ gheoused to target
and i nduce apoptosis in hyper-proliferating cells, such as cancer cells, as

a resul t (8ucossdRE@dcogiugatss and thgirdiseta rerimecévmse sansport igtoricetl. ddup,s of t en

thrive o | yid 4 nt.o ATP in an

anaer obi C'Eh % %gée)sgéﬁﬂ%cﬁﬁ%agg ﬁrﬁé)j;%}eu%éﬁ?{reeq%egfultl%?@leﬁee%hgﬁom to be high in
many cangertukrlyah kSpenivelolf prilifaratividdis@ters osveh REGneen| TigaglesosePEGhe present
invention are able to bind to the GLUTs, thus taking advantage of the G.UT
over expr €8RIUEHeS ﬁfe the pessery Ay entin atawl-:soéalqlbbeﬂgi&&htha%&é%% lapgl pnd  The

gl ucose- BEG FADULRER Sordhfio Mot SROffebffiv _thus binding
of the gl ucosée)}ml%’EG con? uga egotft(l)] QUII}_E?%JE?E% %@gaggﬁcﬁg |1 Ity of G.UTs
for transgorti ng glucose into the cell, potentially triggering apoptosis.
[0013] THOG12) heThg preswmeinvEGiaonkesgay asagsf ofithe oysrexwessionf€HtU Dninnay be

ST A ARG R P L FS b et caner

vascul ar itgeddatilo By hiser!protifeblve E¥Ise theighjcBS§d-PBG doffudatelifayl biived €0r € may
reduce proliferation of the tunor while having mniml effect on
sur r oundit#getriagd|ipdyge apepiems in hyper-proliferating cells, such as cancer cells, as a

result of reduced glucose transport into the cells. Cancer cells often thrive on

glycolytic enzymes that break down glucose into ATP in an anaerobic process.
Glucose uptake by the GLUTs has been shown to be high in many cancerous cells and
tissues. The glucose-PEG conjugates of the present invention are able to bind to the
GLUTs, thus taking advantage of the GLUT overexpression in hyper-proliferative
cells such as cancer cells. The glucose-PEG conjugates are not transported into the
cells and thus binding of the glucose-PEG conjugates to a GLUT reduces the
availability of GLUTs for transporting glucose into the cell, potentially triggering

apoptosis.

[0013]  Thus, the glucose-PEG conjugates of the present invention may be useful
to control proliferation of hyper-proliferative cells such as cancer cells, including
tumor cells within a tumor core where blood vascularization may be limited. Direct
injection into the tumor core may reduce proliferation of the tumor while having

minimal effect on surrounding healthy tissue.

[0014] In one aspect, the invention provides a glucose-PEG conjugate comprising

a PEG moiety conjugated to a linear glucose moiety at the C1 position of the glucose
3



[001 4] In one aspect, the invention provides a glucose-PEG conjugate
conprising a PEG noiety conjugated to a |inear glucose noiety at the d
posi ti on wo 20tvaegisacosenoi ety. [0015] Conjugation of thecPEG20mioet47to the
Cl position of the glucose noiety may occur via an am ne |inkage. [001 6]

The PEG rrrno(;ietty may conprise a |linear, branched, dendritic, hyperbranched,
star or CONBYPEG ~and may be term nated at one or both ends with an end

group. [0017] The gl ucose-PEG conjugate may further conprise a |inker

moi ety c@OOES]t i nQodjbgatidnG i BEG nidiety he tig! Clcpssttioifahe/ glub & IndiktyThe

gl ucose- PEG conj ugate may_ al so further conprise a detectable |abel. The

det ect ab/MaY|o¢5¥] Vigay apanelig@ge.| apel , an SPECT | abel, an MR |abel, a
guantum dot | abel, a coloured | abel, a fluorescent |abel, a radiolabel or a

|abel th90018)Y DPpdiehE L e At 1kaObrgiddbadinticagment . [001 9] In

anot her aspect, the inventronpro es a net f reducing gl ucose

t r anspor thyperbmneheciebtar erocnmt BEG gamdlanayaled fenginated at ehd onhiatihemdsghittcars e- PEG
conjugate as described herein. The cell may be a hyper-proliferative cell.
[0020] | AR ™Rer aspect, the invention provides a nethod of imaging a
hyperproliferative cell conprising contacting a hyper-proliferative cell

W th a glloerre- PHe 808iseFHG cafjusesmal hatheh e6pisecOlket siodya det ectabl e
| abel ; and det ecti n%&ghe detectabl e | abel. [0021] The detecting may invol ve

f | uor escépeectng thedelpinoigiy &1 the ghicesa meiebh t onogr aphy i magi ng, single
phot on em ssion conputed tonography imagi ng or magnetic resonance i magi ng.

[ 0022] | a [ q}mfl:]ﬁl. ] ptro cell.

Al t er nat :P(\)/ée , '?ﬁg§%}g§?%9 r?a?g%rﬂg%ﬁ?%% |af\§§ ce I,cm?ﬁ%?éa%?(ﬁ%h%ﬁgleqbﬁt hat is
associ at dittedetettablepatel nfagrbatal RET thbelpaniSPECTHate], aa ViR hlabelng quantumnc| ude

adm nistering an effegtiv unt of the glucose-P gnj ugate at the site
of & hypdPLEREI7e P%ﬁeﬁiﬂd)e_ﬁéiafffqr%cgﬁéﬂwﬁélcr?f.iwfagel?g]aﬁ%ﬁitb#&aw Bfescri bed
glgatem)ds Bctkd bl BR anGRHY draftibQY Ridnidn@ the cellwith a chenot herapeutic

[0019] In another aspect, the invention provides a method of reducing glucose
transport into a cell comprising contacting the cell with a glucose-PEG conjugate as

described herein. The cell may be a hyper-proliferative cell.

[0020] In another aspect, the invention provides a method of imaging a hyper-
proliferative cell comprising contacting a hyper-proliferative cell with a glucose-PEG
conjugate as described herein comprising a detectable label; and detecting the

detectable label.

[0021] The detecting may involve fluorescence microscopy, positron emission
tomography imaging, single photon emission computed tomography imaging or

magnetic resonance imaging.

[0022] In the above described methods, the cell may be an in vitro cell.
Alternatively, the cell may be an in vivo cell, including a cell that is associated with a
proliferative disorder. Thus, contacting may include administering an effective
amount of the glucose-PEG conjugate at the site of a hyper-proliferating cell in a

subject.

[0023] The above described methods may further comprise contacting the cell
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[0024] In another aspect, the invention provides a pharnaceuti cal
conposition conprising a glucose-PEG conjugate as described herein. [0025]

| n anot hewoaspawsisdt he i nvention provi des use of a gl ucesesBE®IBORj7ugat e as
descri bed herein, including use in the preparation of a nedicanment, for
reduci ng jhto a cell. [0026] In another aspect, the

i nventi orﬂ%ﬁ%@% g&ﬁeﬁé}%ﬁ@#ﬁ%éngl ucose- PEG conj ugate as descri bed herein,
including use in the preparation of a nedicanment, for treating a
proliferd0024] di mamdther aspeat, thehnwemtion pB32d6s alphammakhtical amppasitiort he

i nvention pravides use a gl ucose-PEG copj ugate as described herein
conpri si f§ “Ei‘é‘gé‘(,ggl}i’ﬁf;eégfigt?@%,“gf‘tt‘?@?Gﬂ?%eﬁig%"egh the preparation of a
conposition, for imaging a hyper-proliferative cell. [0028] Oher aspects
and feat yo@2510f Inh@othkeeapatt, ihBVSNtiORN pividesRSE ONEgRBRRLIATG cbifusdiose of
ordinary skill in the art upon review of the follow ng description of

speci f i c agdprsbedherginpinchuimgjuse emthie preparativosif @ meadicament, tfor redecieg: conpanyi ng
figures. EIF({:IOECFrDES0 lnFt)qu OF THE DRAW NGS [0029] The figures illustrate,
by way oft ex%rﬁﬂnépo fy(,) jodi ments of the present invention, are as

descri bed bel ow. [0030] Figure 1: Structure of an exenplary

gl ucose- PEO26I0D! M¥anotheeadpess, theiigieyitibs peiaides ueclo B glatdsg-AB® corgoend | Ng

et hyl oxo units, However, the PEG noiety may he larger. [0031]. Figure 2 :

St r uct ur &S gescHhedharsin) BENdEmEyse dbthpprenartion pha W@F%}fﬂb&(’féﬁﬁ‘}lﬁé ating

gl ucose wi A nQ=t-er.m d PEG and then reaction with caprol actone.
As with |%Eﬁ%ﬂ‘i€5€%ﬁgeﬁgé%ngﬁg§y may be | arger than depicted. [0032] Figure
3: Structure of an exenplary glucose-branched PEG synt hesi zed by

conj ugat (092l uclosmothiet #spact, theiimention praviades dsbobmglhesseEG emgugdien react i on
wi th caprol.act.one. Each n.is i l.y. greater than or equal .to

T [ 0033} SRigGH B ghers) o mBrp B e ROl rbly b e in BF atveBBRer oot py.

[ 0034] Ficamip6sifion, E&Mg{agﬁlggn%e}_gmeergﬁvé\&ﬁf 7 cells labeled with GPB. MCF-7
cells grown overnight were incubated with 500 mMMof GPB in the growh
medium for 30 mn. They were washed with PBS before fluorescence inmaging.

Scal e bal0928]gg Other aspects and features of the present invention will become apparent to
those of ordinary skill in the art upon review of the following description of specific

embodiments of the invention in conjunction with the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The figures illustrate, by way of example only, embodiments of the present

invention, are as described below.

[0030] Figure 1: Structure of an exemplary glucose-PEG-BODIPY. The PEG
moiety is depicted as only two repeating ethyloxo units. However, the PEG moiety

may be larger.

[0031]  Figure 2: Structure of an exemplary glucose-PEG-OH, synthesized by
conjugating glucose with an amino-terminated PEG and then reaction with

caprolactone. As with Figure 1, the PEG moiety may be larger than depicted.

[0032] Figure 3: Structure of an exemplary glucose-branched PEG synthesized
by conjugating glucose with an amino-terminated branched PEG and then reaction

with caprolactone. Each n is independently greater than or equal to 1.



mm [0035] Figure 6: Conpetition assay. Conpetition binding assay was

performed in the presence of different concentrations of glucose added to
t he medi wocomi@sssng GPB (200 mM). The cel |l s were i nculpatrsd2600r00807 m n at
37C. The cells were washed with PBS, and the total intensity was neasured

;ﬁidn\g/]\,i ? h%@ﬁl uco g&%sgfmﬁégitﬁ%g%é%%&ﬁ %%ﬁgsoif%%lﬁ%gﬁ; gg)sgg{:ij\emnfjgn?D Eel I

death in MCF-7 cells. MCF-7 cells were seeded onto 96-well plates at |east
24 h pri ¢0034] t hEigaxe8: Floerescentr infiape @i MCBTxells tabtied nathoGPERHCREET € added
and further cultured for 7 days. The nedi um was changed ever%day along with

t he spec@?lilwoweve%&lﬁmqr%mbﬁtewrrh a9y %@Pﬁéﬁa#&%wthee YafeE t he cel |

viability I | ty was

nor mal i ze ﬁﬁéfyha%% ‘#ﬁhﬁg&@%ﬁ r@g{éﬁ)rgﬁﬁo}egﬁ%g;i %ng‘gcgle dect of PEG

on NCF-YerIIs. The MOF-7 cells were treated with 200 mM and 400 mM of PEG
and 200 nM of GPB. The ceIIs were treated as described in Fig 3, foll owed

by the N:}'T say. [0038 gture 9: Effect of GPP on MCF-7 cells. The MCF-7
cells we %Oﬁ t UWighref: Gompetition|assay s empetifioniinding assel WapPerom s iler e added

to the C%é;arla eﬂ@ﬂofﬁi fint !:on‘éle tohgﬁf%}ﬁéos@@ﬁh dfzt%q?j%gﬂlmc&@a}{ f culture.

The nmedi um ange every e specl concentradtion. Val ue
for the GPB Q00 M) I"Ehe\melﬂsfmet’e nGﬁBaMaforBa)krﬁm A3S7I00Pheviellbwvere Wa¥Da®] Fi gure
10: Binding of GBP to G.UTI , Human breast cancer cells (MCEF- 7) were

i ncubat ed1 R8s, 208 thawot lr@felty ivap rf@afﬂre%e%ea latg Wéd‘?rnyilee’é?é%l ng

concent kAR 6 nkaoRdlckl eAAlcH0aR wlh a0 RHLES, HRgt] uOr escence

intensity was neasure usi ng I gure
expression in lung cancer ceIIs treated wi th GBrP. Human | ung cancer cells
(H 299) [Me36] trEiglled7:flaoseaiapaly®nt/\i:etllrdeaﬂﬁnrNWBf7 erbldi MICEFd7 géllsonsse ( GBr P) .

Control cell red t tr ment Tot a was extracted from
the cel | §%¢ élﬁ‘i OP@\Pir QSI?B%%?&H*‘%?% he?rerXB?HPSWI QF% primers to
i denti fy cbmRneRHsAf GPEPRERMANcd\BRI fuﬁﬁ& dubtutedebt 7 txyst MBe ARARLPFHRS Pat hway
bet ween control and treated cells in |ung cancer cells.

changed everyday along with the specified GPB concentration. MTT assay was

performed to assess the cell viability. Control cells received no GPB treatment. Cell

viability was normalized with that of the control cells.

[0037]  Figure 8: Effect of PEG on MCF-7 cells. The MCF-7 cells were treated
with 200 uM and 400 pM of PEG, and 200 puM of GPB. The cells were treated as
described in Fig 3, followed by the MTT assay.

[0038] Figure 9: Effect of GPP on MCF-7 cells. The MCF-7 cells were cultured
on a 96-well plate. 200 uM and 400 uM of GPP were added to the cells, and the cell
viability was analyzed after 7 days of culture. The medium was changed everyday

with the specified GPP concentration. Value for the control cells without GPP was

taken as 100% viable.

[0039] Figure 10: Binding of GBP to GLUT1. Human breast cancer cells (MCF-
7) were incubated with 200 uM of GPB in the presence of the increasing
concentrations of un-modified glucose. After 30 minutes the fluorescence intensity

was measured using a plate reader.

[0040] Figure 11: Gene expression in lung cancer cells treated with GBrP.
6



[0041] Figure 12: Gene expression in prostate cancer cells treated with

@Br P. Human prostrate cancer cells (DU145) were treated for 3 days with 200
mM of nodwbizeth/igkissose (GBrP). Control cells were prepaPet/Seod®ud477
treatment. Total RNA was extracted fromthe cells and reverse transcri bed.

RV . . . - ; _ q
Co 1 dent HAPHIERLReRE TR (e SRR Y 2(0hs BRRBDG LM oEbARY, 1S° 1o
prost at e ghRBSAIGBR). ContbPEAR Iweka Bleparkd vhfHoREfreddhestBT laPRN Abwanched PEG

(BrP) was tested on different cancer cell lines along with normal breast

epi t hel i &ktratqd forp treelloand revsrsedrapggribed 1 B CBdrery @atEingBHMETS tFi gure 3 )
i th 200 m\.af . ei . : PN
i abi 11 0y B E bl AP S bred SR NG Bl T

t r eat mententvatfand keged acllsiO¥ng dahddklde) DESCRI PTI ON [ 0043] Thus, there is
provi ded a gl ucose-PEG conjugate, having the PEG noiety conjugated to a

| i near gl e nmpiety at the C posjtion of the ucose. [0044] The gl ucose
moi et y oA0048 g%gwel-b@ne@ﬁm@%%m RIOState iCARES C%{Sl}f?égeé‘,w‘hbgﬁf g that the

gl ucose ifi e r ! Oushi I se is the form
of ¢l uco@%@ﬁ%ﬁ%y%éﬁrﬁ@%?ﬁﬁ%gﬁa{g‘%/g?gqn%?’ In \/%h%f)glhwt% e d to G5
car bons, modfeddrghicoss {(GBHY). Cxintgd reld wale preyanedowishout eatrene dotdl RNA | n

contrast, in the ucose- PEG conjugate, th |l ucose is linear, |leaving the
O posi t "GA SERHdIRIR thegells gp EF@’S{SFW%C&E’Pﬁie'g PES HEerptainhgPimsBar gl ucose

is still t@ﬁ%ﬁtiﬁ%é’iﬂ&?g{tfg faftfv S use® W idbREy I HR tofsgré)‘r{l:I tag@e%%e i's not

typically found in'b i cal "systens, and does not t ent er
gl ycol yt icontrd and treated palshnpyostaté¢ O0wer cellhe PEG noi ety nmay be any PEG noi ety.
As wi Il be appreciated, polyethylene glycol or poly(ethylene glycol) refers

pol yror . 1O0AY] - rhabtBLoE AT G o8 o RS Tl s IR TRl ™
pr epar at c@iteptelSitlebhiodp witesbriral brehnepiiieliaPedI RMICE-16%). Colls Reredf uni form

| ength, or may be pol ydi spersed, neaning the PEG preparation or solution
used hats trepfad hﬁdqsﬁ?b@rlyiﬂrr@rctéwgth;ﬂoonw El@‘“’]fﬂr&‘y ZCH?rr tgggﬁlaﬁﬁms’?sPEG .
conj ugate_na of any..l engt. r exanpl.e from 0 repgating units,
or havin é:argﬁg %}tgtf) %Oél?tlg%}hgcvd%oéﬁfy V%?lb%?e)ﬁ(gw ?1}1%8 n(?b?amed f’or thecells SRbSut

any treatments were kept as 100%. '

DETAILED DESCRIPTION

[0043] Thus, there is provided a glucose-PEG conjugate, having the PEG moiety

conjugated to a linear glucose moiety at the C1 position of the glucose.

[0044] The glucose moiety of the glucose-PEG conjugate is a linear glucose,
meaning that the glucose is in an open form and has not cyclised. Cyclic glucose is
the form of glucose typically found in biological systems, in which the C1 to C5
carbons, together with an oxygen atom, form a six-membered ring. In contrast, in the
glucose-PEG cohjugate, the glucose is linear, leavirig the C1 position available for
conjugation to the PEG moiety. The linear glucose is still able to bind to the GLUTs,
but the linear form of glucose is not typically found in biological systems, and does

not tend to enter glycolytic metabolic pathways.

[0045] The PEG moiety may be any PEG moiety. As will be appreciated,
polyethylene glycol or poly(ethylene glycol) refers to a polymer made up of
monomers of ethylene glycol condensed to form the polymer.
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about 300 g/nol to about 10,000,000 g/nol. In various enbodi nents, the PEG
may be (all average nol ecul ar wei ght) PEG 200, PEG 300, PEG 400, PEG 600,
PEG 800, waGoo@eis3PEG 1500, PEG 2000, or PEG 3350. [ 00#2ci/sGherolbdd7noi ety
may be a linear PEG Alternatively, the PEG nay be a branched PEG Branched

PEG i ncl an r £] £xt endi ng
froma P%&ckﬁgﬁﬁ%@ﬁg@d %,}%kdmgﬁos i ?c‘ﬁg% ’g‘é‘% (igé%eggrgﬁdﬁgrees of

br anchi ngplutiercisedso foriythe cdjagutdie dHEﬁs ofiuflignell lehpth, fifitay be st ar PEG or a
comb PEG hi.a particul ar enbodiment, the PEGis a branched PEG [0048] The
PEG usedp?léfd‘FB?rFﬁdt meanigjthei G PraRgratian PEFolption sed des ehainsif VBBERE ends wi t h
an end g § AR net hyl et her
gr oup, [eﬂgﬁrg]f gthE?r(]e grg(&g{,ﬂe mgg%bglﬁeﬁggr'tuga@mé dfagg?éh%th %rﬁ)re am no

aci ds. [emmle Tiom PeG (Poepdaying snits) of h:gangah amragmnbbaﬂwwggmwme| ety at

ol ucose’ RothPd efrot ity PR BT rEralo i aris bty e Hhe hige | [ moar

gl ucose pbo@IGvefst amec%laemeig%tquo (FE@B00XPEG Y06, IHERNE00, PRergo@and a
hydrogen atom as well as to the C2 carbon atom hi the COI’lj ugate, the oxy

portion BE&MOa?E@H?%PCﬁCbZ@ﬂ%ayPE@%éﬁDved by the conjugation of the PEG
noi ety, or may be involved in the conjugati on reaction and thus nay be
converte an r R may becone
i oxo. gftS7F e R 9be BB PG AR, AP #E3YR, 1o pec

moi ety (BfanétiedePEBG. ganbhemrPE(BﬁlcREEsﬁﬁ)yBEG)haﬁﬁl}gdiﬁobﬂmﬂeﬂradtHe@@ﬂ y to the C
carbon or may be bonded to the oxygen of the al dehyde group. In particular
enbodi meRES, growps eptondipgdipm BPﬁerPﬂc%Pfélee o] wghides spesiflg afrapgemgnisRIry ami no
grovp 2t abgaslofBlarkliie! SRLOURyIIBbnRaEE G GABKHOPEET L PAG (1, POSI L] oF
of the I1near glucose, OW ng conj ugati on e OXy gr oup is repl aced
by a secmrdlaPEGarhua@agroulapembndmmht tige PB@ is a hemachgl RE@se noiety to the PEG
noiety via an am ne l'i nkage. [0050] The PEG noiety, including an end group,

be d d h | t
moy be al{EBel Ter Rl romart Fom et "EUERPEIN Rondt bty 7T 0

connect eéhds&vltm &Hd 268, ook afbleHnUHHHE gf&fp, ¥ hPdroR bngﬂ ahdthylt he al dehyde
functlonallty at the C position), may also be attac to the PEG noiety,

i ncl udi nefhererevel agepigiacimereupPECaThphydrgte mojgly driopk PhEOrORINAEFIdShe gl ucose

[0049] The PEG moiety is conjugated to the linear glucose moiety at the C1
position of the glucose molecule. The C1 position in free linear glucose is part of an
aldehyde functional group, that is, in free linear glucose the C1 carbon atom is bonded
to an oxy functional group and a hydrogen atom, as well as to the C2 carbon atom. In
the conjugate, the oxy portion of the aldehyde group may be removed by the
conjugation of the PEG moiety, or may be involved in the conjugation reaction and
thus may be converted to another functional group, for example the oxy group may
become an oxo group, forming an ether linkage to the PEG moiety. Thus, the PEG
moiety (or an end group on the PEG moiety) may be bonded directly to the C1 carbon
or may be bonded to the oxygen of the aldehyde group. In particular embodiments,
the PEG used to form the conjugate has a free primary amino group at least at the
terminus that is to be conjugated to the C1 position of the linear glucose, and
following conjugation, the oxy group is replaced by a secondary amino group

connecting the linear glucose moiety to the PEG moiety via an amine linkage.

[0050] The PEG moiety, including an end group, may be directly attached to the
8



noi ety and the PEG noiety via an attachnent at the O carbon, as described
above. [0051] Optionally, the glucose-PEG conjugate may include a

det ect ablwol2atwalés183he | abel may be attached anywhere onprPChsGgiemose7 PEG
conjugate, including attached to the PEG noiety, and may be attached for

exanpl e §j . i 0, . jugated to
t he gl ucg]glg&%%% §ﬁlofeggg§+e¢g§mg§[§32¥éﬁ%bﬁ %tgéﬁ%%%@%ﬂﬁgrn@%e%el “that is
det ect ablegamplienglihien that ikdomatdtahtorthe 00 @ositibinof glicosg (onwgireugtiormithds. For

exanple, th etectabl e | abel nay be a PET | abel, an SPECT | abel, an M
| abel , atléﬁf’jﬁ&uﬁ? tippaly at tae@dmame&%alﬁotae@‘iaalaqdégé%?liﬁaba, a

r adi ol abegl,; ; |t : t'%@f l.body
f ragnent ?Aoéﬁghlﬂflgge sanaeE1 g%ﬁn m%nqgﬁgﬁgﬁg&?@ég?ﬁ F%ﬁg@%% e.tﬁ)éF%lrﬂ&;eSEanpl e,
f | uor esc entiety ahé the RE@ imadlety BERInRtacliEhdiC at fRledtlacarbom, ad &Estibedlebose. Red,

cyani ne dyes (e.g. Cy3 or Cy5) or Alexa fluors. Radiol abels include

noi eti es roups,. havi ng at | ea one. radi oacti,ve i 5qt nd i ncl ude
moi ot 1 o5 9959 o Rty He Busn&PRGRoGHeRE S helife RO 1R e "or o
gamma_emTht gl mag beagidheg ahphe@d6n tHeldke PEGI@nhigaty, ficludiggli ol abel s such
as PET | abels usetul for PET scanning may include an unstable

posi t r onatghed thieiPEET meicty, Sud maydstaiipered fasexsmpis/aftthe Beg erfl ¢fithe cycl ot r on

by bonbakgi i r.fluo with protons. Exanpl es
of the.  SEChRom SRR ok LA Lop BN T i gnlep RGO ey TF
(halflife: 110 mn), and 1 1C (half-life: 20 mn). Positron or photon

em tting[@5R}s sTichdetectdbBd-labdl M4 bl afyllabel ABit js defddtabldtsing Biywrl 33Xe, 111 I n,

68Ga and ot her isotopes of netals such as_ technetiym, or copper may be used
o PET | SREPETReEpET e gnagyrg me Béﬁ-qurﬁéFraa@'%Pde@asag%abekz (Fe30)
contr ast npgaRlSpET At hn SPERETIEDS UnAVRE e TR tEm dof fabd], UCBRRIGES

conj ugate conprises the conjugate depicted’ in Figure 1, Figure 2 or Figure

3. | n palabek alfworasndnd diibek atradiolahel aylalahed thaPEGY benetegtt dyias antibodyonj ugat e
depicted in Fiqure 1, Figu 2.0r Fiqure 3. For. Figu 3, each IS
ndependgheripoly Ghegieat Bith fiEirire ki fcigs FY o HLPIC st armaREs . < he

gl ucose- Rlabres&nt 1498l endlade BOEIW,FHH@?RQB&a@%_e,dHin, qeéxadR&d, Gdrfide or Figure
2, but havisg(g t he PEG noi eté | onger than depicted in the relevant Figure,

up to 500Yesdfeatyhgr Eyhyerediexgflyers) Ragiolabelsindudy myieteyprgrours PEG
conj ugat ﬁﬁviHEXt lggst e M&?o%ﬁ@@'w&t%b@,ganﬁHﬁél‘&f’eﬂﬂm‘éﬂ@s"\ﬂ groups having a

positron emitting radioactive isotope or a gamma emitting radioactive isotope.

[0053] In particular, radiolabels such as PET labels useful for PET scanning may
include an unstable positron-emitting isotope. Such isotopes may be synthesized in a
cyclotron by bombarding nitrogen, carbon, oxygen, or fluorine with protons.
Examples of the isotopes used for PET labels include O (half-life: 2 min), '*F (half-
life: 110 min), and ''C (half-life: 20 min). Positron or photon emitting atoms such as
18F, e, 1251, '231, 16N, 15O, 3H, 33Xe, 111In, 88Ga and other isotopes of metals such as
technetium, or copper may be used in PET labels or SPECT labels. MRI labels
include T1 (Gd) and T2 (Fe;O4) contrast agents.

[0054] In particular embodiments, the glucose-PEG conjugate comprises the
conjugate depicted in Figure 1, Figure 2 or Figure 3. In particular embodiments, the
glucose-PEG conjugate is the conjugate depicted in Figure 1, Figure 2 or Figure 3.
For Figure 3, each n is independently 1 or greater, or from 1 to 500. In other

embodiments, the glucose-PEG conjugate has the arrangement as depicted in Figure

9



organi ¢ synthesis nmethods. Linear glucose and various PEGs are readily
commercially avail abl e. Conjugation may be readily perfornmed using known
react i onswoaoroamgisson an appropriate functional group omrcCrlse€20rom4ius of
the PEG nolecule or on a linker nolecule with the free al dehyde | ocated at

the d S| Lok % .S | d
chen cal gupeitech pROBHA\IERES) WERRACBSM foictbd i e BRERE 0y
i ncl udi ngipab 560 Fepeating @hylos: Sixéolmmitet y, either before or after conjugation

to the glucose noiety. [0056] Were the PEG used is termnated with an end
group havj free amn oup or where a linker nolecule with a free

am no grﬁhﬁgff’ﬁ uglé‘?jgluﬁ%gﬁj‘oﬁfgéf? \‘lgaé?s ‘P?Péb%tws’&%ﬂﬂn&n‘tﬁﬂé?ﬁg’wncar bon atom
may be peff ol B telis AARIE2 MR atbluBodeBARARods BifGs &efrealagww, and the

synt hetic Sche described in Figure 4. [0057] As stated above, it appears

t hat t he gmmuosel PEGileblej Ggajugatiomuigy be readdy erfirsadutsingknopn t r ansport ed

into the cell. Wthout being LLimted tq an articular the t he

o1 Ucos . PEEEEH GEATEN 8 JRBPRTHE fedand ST IR B QR i g and
t ranspor tmalculd SICASLlinkdd Ul sRMAG R thel (AR Addhlyd&1dchted hivhk Cal pheRRA oFUPP! Y
avai l abl e for glycolysis, and thus reducing the proliferation rate of the

cel | . Thdhelindar glyepsgarole¢ule. hBimitsrhyastardard sheveenl ovplingl raations magbspor t er s
al ong w %@ﬁ_@%ﬁ&?&&y@&é e b ~incRidint NALCASE YL BB ot AGednd
wever, |n?1ype prbh e gcrf

gal act ose. r- ratin el'I's such™ as cancer cells,

gl ucose thefuns poifted cbnjagftionne thy dloeysy midi@psporters and the cancer cells
depend on the glucose i ntake for their ATP generation and oxygen production

under an ic conditiogns. Blocking the glucose receptors_in .
hyper-priﬁégér at YRG" Eﬁgéﬁl&eﬁ!Ssteﬁﬁtyaqeeéfagwe@e@iwlwe@tvmgaa‘éemmpound in

Studi o5 igueor e P aeant LRt Bl kegaclon b egge

receptors leading to cell death in proliferatihg cancer
t he | i neamifiogroupfvid) the 64 eathoe dtormntalyde perfonsal iREGadajcagatheExapygileal | y does

not parti.cipate jn glygolytic. nmetabolic pathways ven if the conjugate
were to &éﬁf%ﬁ%e!oﬁv’g‘?%ﬁ’et%“ﬁl}‘gﬁl% EmE s q%ﬁééﬂmﬁéluﬁ‘ég'se noi ety fromthe
conjugate, no cyclic glucose (or cyclizable glucose) wuld be made

avai | abl §o@s7y t hys staedlaBovi)itrappetrs tHahtheMuRsE PHGHOM A Dikdshy tifee! | s. Thi's
is in contrast to other glucose anal ogues and conjugates, which typically

use cycl i@ gTuwdenatragsnaeisd éntamhecsell SVithowt beingdipitadde any particular
theory, the glucose-PEG conjugate appears to bind to the GLUTs, blocking binding
and transport of glucose, thus reducing the cell’s internal glucose supply available for
glycolysis, and thus reducing the proliferation rate of the cell. The cell surface of the
normal cells contains glucose transporters along with transporters for other
saccharides such as fructose and galactose. However, in hyper-proliferating cells such
as cancer cells, glucose transporters are the primary transporters and the cancer cells
depend on the glucose intake for their ATP generation and oxygen production under
anaerobic conditions. Blocking the glucose receptors in hyper-proliferating cancer
cells may lead to cell death, as was found in studies involving siRNA and antibody
based blockage of the glucose receptors leading to cell death in proliferating cancer

cells.

[0058] Since the linear form of glucose used in the glucose-PEG conjugate
typically does not participate in glycolytic metabolic pathways, even if the conjugate
were to degrade in vivo to release the linear glucose moiety from the conjugate, no

cyclic glucose (or cyclizable glucose) would be made available and thus would not
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due to availability of the O aldehyde functionality to formthe cyclic
form of glucose. Such cyclic glucose anal ogues and conjugates nmay

cont r i butwoto1oidseisgl ucose supply within a cell shoul d treT®CaOOYIE7TDr
conjugate be degraded to rel ease free glucose. [0059] Furthernore, the PEG
portion : ' ' ' [ %ﬁﬁ! i gl ogically

i nert, b?%ﬁggggggﬂkgggkgﬂ?§%gygQE%Jﬁﬁ%ﬁ?éﬁ%ﬁﬁ%ﬁ@ﬁ?@g 8%%&%H%h%%ucose-PEG
conj ugat edd desjogatéess evhivdrtepicaliysusegtlid glicsseroe glucbseowhiich dosbde topdyaie by a
cell, incjuding.in_in viva c exts. [0060] Thus, in angther_  aspect, there
i's provi ¥ o VilaRGY Yithe @&&Qﬁeﬁwfgﬁﬁe%@@%&faﬁg%me i fommeas UQhpri si ng
cont act i Rk BcifeGlboatt it dinlh HEPSR) AR GRIY daRiTNER Heghbhatiphier i n.
Cbntactingcthgzcg%lahjth tthe conjuéé%ésthus al | ows tﬁegcon$hggﬁ§ to bind to

t he GLUTwithin & kell shauldathe andlogueeortoppigaterbeldepraded fowreleass free §1086¢] G ucose
transport into a cell refers to the process of noving glucose fromthe

exterior cell .into the gnteri.or t he. cel l.., i ngl udi t hat nedi at ed
by @ Us 190898 c1 RiyigPis, BERER Bb0 of lnelsoRubRe s wehy SR bRy g™t he
anount ofgefdrbitpbidldghallyligert, BlodBgrd@ablé)indnitheic @8l hon-iMfluHedng:. Vitas] I anspor t
by GLUTs. Reducing I nc?,’udes | esseni ng as wel | as conpletely bl ocking

gl ucose theglaprsetPEG paugatadylegerihed herain wrisspiim forggdusingrglucaze gpiekeiby nay | ead
to sl ow f. i f.erat. he cell so that the cell still proliferates
but not gg:eghlflgl%?{?gélgE'?‘%M?E%R%%%ence of the glucose-PEG conjugate, or may -
| ead to cessation of proliferation, or even cell death, including apoptotic
cel | deaf{006Q]006Rhus] earbodreraspett, these is peayideer emathod fof reluting ghatosencl udes a
single cell, a plurality of. cells or popul.atiqn of cells.where context
permits, t@ﬁ?@&%%@bﬁ%&{ﬂéﬁ@ﬁﬁ%@% e el ap ,QP%FS'P%%OW‘&%%SI s also

i ncl udes JeghBe&AERIH TohthinghR ChlvwithhecEnja Rt ils a8 ticSooniigh@ss Ot herwi se
specified. [0063] The cell may be any cell, “including an in vitro cell, a
cel | in budtartke GhHTisnthe/surtace bf thehyper-perliferatyecell! expl anted from a

subj ect. [0064] The cell nay be derived from any organi smthat expresses

GLUTs andobdfy. UaflRhAER.AIRERORLS) NSOl I8 RoccLole SEARDLRCAD. ARh ™

i ncludin i nc unman. primary cell or it
may be a tigeddterior @fa 26k #ita el infeeior efxthé ctll, ifcluding tHadine@iated3 GEUTS.El | | i ne.
[ 0065] The cell may be a hyper-proliferative cell. As used herein, a

hyper pr olRedreing glpsose transport in a cell refers to lessening the amount of glucose that is
taken up into the cell, including via transport by GLUTs. Reducing includes lessening
as well as completely blocking glucose transport, including glucose transport by
GLUTSs. Reducing may lead to slowing of proliferation by the cell so that the cell still
proliferates but not as quickly as in the absence of the glucose-PEG conjugate, or may

lead to cessation of proliferation, or even cell death, including apoptotic cell death.

[0062] The term cell as used herein refers to and includes a single cell, a plurality
of cells or a population of cells where context permits, unless otherwise specified.
Similarly, reference to cells also includes reference to a single cell where context

permits, unless otherwise specified.

[0063] The cell may be any cell, including an in vitro cell, a cell in culture, an in

vivo cell, or an ex vivo cell explanted from a subject.

[0064] The cell may be derived from any organism that expresses GLUTSs and that
undergoes anaerobic glycolysis, for example an animal, including a mammal,
including a human. The cell may be a primary cell or it may be a cell from an
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cell or hyper-proliferating cell is a cell in which proliferation is
uncontrolled or is increased relative to a healthy cell. A healthy cell is
a cell ofwohelw@msms3cel | type but that is not hyper-prol PCesazocgoor7i n
which proliferation is under normal cellular controls. The

hyper - pr Qétial;lf‘sﬁx@ﬁ j:é{ﬁirge?%gl% %’gaxﬁelcéaéllllfn%.SSOCi ated with a proliferative

di sorder, 1 ncludring Ima solid tunor, and nay be a cell that is
being treating with a further cancer therapy. [0066] A cell is associated
wi th a p{@068]er afhevelldnsobadehyper-prdideratied ¢ell. sAsused hereihathyper-abnor mal | y

' resul t._in. the disorder ect. in which the

proliferati SO as t : er i.n a subj
cell is P@éﬁ?gréwe lqrﬁwwéprail%?ta’@rcellés %ﬁ%{f@&l@fﬂ? E@Z"TI‘BJ?/U%‘@ proliferation

of such gn&fkbiled OO dcréhsBl RlAREh AN RA Aehealfy RelflisSE@C e di SOrder in
which a cell of a subject is abnormally proliferating, resulting in

uncont r obdmeicgll type hutthat islnot lyipernpolifaratengoar|ih whidhi prbliferatwnhgandeny i ndi vi dual
woul d not be .proliferatjng,or wuld.be proliferating.in a controlled
manner | IR PORIPRRP be TR bsPar O E e a B e et s ©C
prolifer gtdli@Ea@e dBorde) aitluddig N6 WRhinGNBNE 1&Rbr, aRPRHY 8t b @B that ¢! udi ng in
a solid tunor. Such disorders include cancer including breast cancer, |iver

cancer, beiggireatingayitlen funthes gaeaer B@rad®r , col on cancer, prostate cancer, |ung
cancer, nasopharyngeal carcinoma, cervical carcinom, skin cancer. [0068]

Where th | i S s BVA L1 i udj L. cU .and/ or an
expl ant eg)@]l , '?:8%? ac |Sorf:f:fh'%(ﬁ"é’ﬁ@(331Ipl’ml\i/\fllglft%1 hygﬂ‘g&&?ﬁ@g@éf BEE ac%eﬁlljt{hgta{ e my
conpr i sealadainally prodifa@atingigedseo resutthe tHeufisoederso b wibjedt i whighahe belhizdi um i n

which the cell is contained. [0069] The gl ucose- PEG conjugate may be added
to the bificpied: %rdfﬁlﬁdbwr%rlig?wqtﬁq%eebmhea&roléf%%we@&v%?ﬁ%- of about 0.01 nM
or greater, about 0.02 nMor greater, about 0.05 nMor greater or about 1.0

M or gr gggey]- A pRJ TGkl VEHNerdbR a@lida R didetd & RIVHERAl LY alkGbeeded to the
buffer solution or growh nmediumat a concentration of fromabout 0.01 niM

t 0 about iszbnoivhallyinsolifecatng, tesulting int uncontndledgrowthoand divieenofthemsilt 0.5 niv

[0070] If.desired, .the.glucose-PEG conjugate my c rise..a detectable
[ abel * astbSEBE bR R §BaEmS: B Bt Fuf e T PR TR BRE Y e
conj ugat eoritfolled AthinAgr. tThelgr6lifekddVe dbrdehmag bk @haraétenzdditice of the cel |l by
detecting the | ocation of the conjugate ) ) L )

proliferation of malignant or non-malignant cell populations, including in a solid

tumor. Such disorders include cancer including breast cancer, liver cancer, gastric

cancer, bladder cancer, colon cancer, prostate cancer, lung cancer, nasopharyngeal

carcinoma, cervical carcinoma, skin cancer.

[0068]  Where the cell is an in vitro cell, including a cell in culture and/or an
explanted cell, contacting the cell with the glucose-PEG conjugate may comprise
adding the conjugate to the buffer solution or growth medium in which the cell is

contained.

[0069] The glucose-PEG conjugate may be added to the buffer solution or growth
medium at a concentration of about 0.01 mM or greater, about 0.02 mM or greater,
about 0.05 mM or greater or about 1.0 mM or greater. Alternatively, the glucose-PEG
conjugate may be added to the buffer solution or growth medium at a concentration of
from about 0.01 mM to about 20 mM, about 0.02 to about 10 mM, or about 0.02 to
about 0.5 mM.

[0070] If desired, the glucose-PEG conjugate may comprise a detectable label as
12



after contacting with a cell. Thus, the nethod in certain enbodi nents nay
conpri se detecting the glucose-PEG conjugate after contacting with the
cell. Thewdevmaissrsg nay i nclude inmaging of the cell, inecudicaegowse4iyg known
fluorescent imging techniques in vitro. [0071] Were the cell is an in
vivo cell I.n i -P | . conpri se
adninisté%ﬁ%ggg%&%?fg%#agggghgﬁﬁ%}%?kgﬁgﬂ%gﬁﬁﬁggfe %ngggﬁ%e%ga%Foo72] The
term " ef f{@ACUTyen theeurtior asfacs efitheexhiby derating the levatiombdf dkfconjugae, at

dosages and for periods o I me necessary to . achjeye the desired result,

for _exgnﬁ%@r, canaaeﬁaa _m&fg agq_e[]c gfélasatth%wgﬁwatm Fertaimemeedimepts may qompgtset he

speci fic Ricetihd MEhicks-FES WHRbateafB Antahifg ifhGHe CLN ITHH difQAiRe t F ansport
ol i t t %

into a hyper-p erative ce may resu n starvation o cell,

r esul t i ngnaynneludeninmegingf ofghotéll, enciidingusicgksatrn norefceptiolagingr ati on, or even
cell death, the nethod may include treatnment of a proliferative disorder in
a subj ect SIS HHE term "treating” a proliferative disorder refers to an
approach for obtaining beneficial or desired results, including clinical

resul ts. [GeTHf | ChkreQhe 8@BisfaBtn Svb bl adonta@iikl the ceRRvithtE¢ PiGesebRiEG ar e not
limted to, alleviation or anelioration of one or nore synptons or

condi t i oFsMugMAIEY ShMPRSE atmigjatering apfefictenaraouns phhielcopieateto af the state

of diseaﬁgb-arevention of devel opnent of di sease, prevention of spread of

di sease, éFay or slowi ng of disease progression, delay or slow ng of

di sease onset, anelioration or palliation of the disease state, and

rem ssi orj0Q72jet hEte tean t‘eftctive ahmiuat”)as usdd Bereinn@éansan aalcnt effemivpy @il ongi ng
) ond that expected in the absence of treatnent.

survival of a patient b
"Treat i n&osaéaﬁa%‘{t%mﬂa PIPING DEFSIEATY H 2pHBYf B SediFrdaresil fene@mple.oni ng t he

progr essit®date HhSRBHandPRMARUR ddidor 18 bNANG bl cSrBli RSB RlYrdef.t 1 NVOl ves
hal ting the progression of disease permanently. [0075] The subject is any

animal in need of treatnment of a proliferative disorder, including a
mamal , [@@T3]di nYjnee tedweing gluooseaiantpast g hyeearerelifgrabive eelhinay seselted to t he
subj ect usin andar dt.echni ques known in t.he art. The cqgnjugate may be
i st O A BT ARG P S ER SRR of Prol BfaRimicatBally ot he o1 te at
whi ch t hergifedatiog loaeiendeti@lehtht thatmédtBod@a P trichid@dreatment of a proliferative :

disorder in a subject.

[0074] The term “treating” a proliferative disorder refers to an approach for
obtaining beneficial or desired results, including clinical results. Beneficial or desired
clinical results can include, but are not limited to, alleviation or amelioration of one or
more symptoms or conditions, diminishment of extent of disease, stabilization of the
state of disease, prevention of development of disease, prevention of spread of
disease, delay or slowing of disease progression, delay or slowing of disease onset,
amelioration or palliation of the disease state, and remission (whether partial or total).
“Treating” can also mean prolonging survival of a patient beyond that expected in the
absence of treatment. “Treating” can also mean inhibiting the progression of disease,
slowing the progression of disease temporarily, although more preferably, it involves

halting the progression of disease permanently.

[0075] The subject is any animal in need of treatment of a proliferative disorder,

including a mammal, including a human.

[0076] The conjugate may be administered to the subject using standard
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with the proliferative disorder is |ocated. Delivery to the site includes
topical adm nistration, injection or surgical inplantation, including at a
site of awbunmvocsidel i very nmay be perfornmed using a drugprdelsceemyodeyi ce, to
al l ow sustai ned delivery of the conjugate according to a desired rel ease

profile. ' I.C | ' 'l as
fevi ces STHAREPIANE] th (o T8e Loifliel By bE ARRARKCRY TXGHEM BF il

conj ugat éetadmirdstacbdidivestlystabe sitd dt whichythe gapdadiing celnthhhie agyoolateder at i ve

di sorder t, e treated, the Epe of cell associated with the proliferative

. t: .
di sor der Vith ¢ PHdCTat v dispder doopieds Deliverditp Hestiteradudesiiepipide of
adm ni S bakhffratRAdiniloR BPs AR RBldhith, hPRamih 8She of SRRy, P! onally,

t he net ho so I nvolves I magrng o yper-proliferative cells in vivo.
Thus, as Dibbisenyithadbapaiamet heing adugddiveryadevicentordllos sustiatedcehidre | abel |

i ncl udin fl uorescent ,marker, .an MRl | abg] , PET.| abel ,, a SPECT | abel, a
o ol b sl contga i e an § i gPletsepoe: LRuk GHINGEY IGIER v vo i magh ng
t echni qU%ludiQQ&%sdﬁyﬁml%yaaﬁs SOREIVIPI&i &R Torl ifiplatatfon. the growth of

hyper-proliferative cellS, the conjugate nmay be used in conbination with

ot her cancer_treatnents, including to target drug-resistant cancer cells to

nmake suchOQEl] s hhs eonsenfeationiand ampenttof she ¢amigatytobgmdeinisteredtwiint s such as
i th cheqpih i Rerah 0ROk o i . ti
W th che gécpaaeﬁgﬁ fsqr%l etggﬁ%th?erat |en(§1$ ; der%l?)? ﬁrteﬁgd rtﬁ%@[%lﬁ ¢ cﬁpg{sg&at%ﬁ eating my

be further -a n co on w a che erapeutrc agent. In

conbi nat ivdth the ptolderatieadibdrde rrUpecofapajtigatdahatss hdininistdied, tecmedagr and/ or

treating occurs in a tinme period during which a chenotherapeutic agent is
cont act e@dWinisirasionagd the ageanddealth phidesdpct: The reduci ng of gl ucose

transport and the contacting with or adm nistration of the chenotherapeutic
agent nayo@rgu’ ébﬁ&ﬂaﬁl?%@%?étﬁbd%so%ﬁ%%ﬁ% lokng oftyPel BiBlifeeRARRGCEIYE i me

period for each nay be’conterm nous or y be “overl appi ng provided that the
benefit orviehf Ebus, af desesbehawwe.lthe egjugatesmyreomprise pdejeitalge label he cel |

concomtantly w t,h the reducing. reduci nd 1 nistrati on each
may be. adiusdath Plotsient Farisr ot Pore s PRI T SPECT . 8o per  or ned
cont i nuogsdiylabdlor @ qhMem dot,RitRRE FRRWetclonh G8Alg invits H@z{giﬁgat_ealﬁmt;@é.e the
desired result.[0081] The cell may be further contacted with the

chenot herapeutic agent in a manner. simlar to that described above for
cont act i 80719 n SiRee thespuiyatte canywfaprnetbe growth of hyper-proliferative cells,

the conjugate may be used in combination with other cancer treatments, including to
target drug-resistant cancer cells to make such cells more susceptible to treatment by

cancer treatments such as with chemotherapeutic agents.

[0080] Thus, the reducing and/or treating may be further accomplished in
combination with a chemotherapeutic agent. In combination with a chemotherapeutic
agent means that the reducing and/or treating occurs in a time period during which a
chemotherapeutic agent is contacted with or administered to the cell. The reducing of
glucose transport and the contacting with or administration of the chemotherapeutic
agent may occur simultaneously or sequentially, and the respective time period for
each may be conterminous or may be overlapping provided that the benefit or effect
of the chemotherapy treatment is ongoing in the cell concomitantly with the reducing.
The reducing and the administration each may be achieved in one or more discrete
treatments or may be performed continuously for a given time period required in order

to achieve the desired result.
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on the nature of the chenotherapeutic agent. The cell may be contacted with
t he chenot herapeutic agent prior to, following, or sinultaneously with the
conj ugat ewo[200883183he chenot her apeuti c agent nmay be a ceopcereoh@t’7 i s
typically adm nistered to a cell and which has a cytotoxic or cytostatic

effect . TgeferBOIARGHD! fudSPBinu i b AR AOBBclBRld AERS, aPOPt osi s,

such as dependent dpoptosis, or uces ce e arrest,

i ncl udi ngngmh&r dajiendeidt desdribed ybdwe far c@sacting Rvith thebodnjtigmae, deperadimpr mal | y
proliferating, even in_ the absence of the conjugate. The chenot herapeutic
agent naynéﬂ% tyE oh fhehempthorapeutic pgepht Hae ‘;?glsn@f ep%OPtqcFFda‘ﬁlt]ég%or mal |y

prol | Fer hbginGahlufect!ialor 4995 Afhe! AUHARIABIRIOSE hekdigiel | due to a

property of the abnorall'y proliferaling cel h alteration or
mutation in p53 or in the p53 pathways. Treatnent of the cell with the
chenot hel@@82}t i cThaghemotheransniic agant oray e tatcompeunbthptigdypicillyduces cel

deat h, or ,increases sensifivi to ce|l.death, at | evel greater than that
wnioh i o eopEanEE o n SEnE L itichbet Beiblosic byl ruoide The

chenot helchgfdthb@paditigeiBiaye #h 40 GaMRBids apsifRtiis, QlickPasgsy30t oxi ¢ agent

that can activate p53-dependent apoptosis or p53-dependent cell cycle

arrest i Hepengerf|apppipgis, arghatdnducesteall esislorastene ingbiding B Jadenendenigelbe, wi t hout
limtat I Qcle Grre A hla c@ﬁl a(iligﬁj oﬁn&%péﬂoﬂ?erﬁfnﬁae E;QL%enabs e%'i*ttlrbr ?‘C.YC' Ine, an
al kyl ati ng agent’, an al kyl sulTton , an aztridine, an ethylenimne, a

met hyl nelcamjugste. ThacHehagkdtapausit apeht ndayrildortesamlapent, thatracmitedpIR dérc, an
antinmetabglite, a folic aﬁid analogﬁfﬂla puri ne anal ogue, .a pyrim dine

anal o_gue,pz<1;1|‘1n ahapeEnally prg fﬁS‘mﬂgl 1 at does ngt indueRAnePtasIfiiAPetsEnt or a
cyt oki nequdhes ﬁsag.%t @%@a&mﬁu?g%nfem%ba ‘Pﬂ%&%ﬂpﬁc?an 1&#5%1'5%?“ apeutic
nown to be effec ticu

agent that 1s ve agal hst the pa ar cellular
prol i f er aitateondn p63 den tha @53 phthwhype Trdatmerd of thierceB mbtdtheent s t he

chenot her gpeuti c agent is cisplatin, . paclitaxe],. Adria in (ADR),

5111 uor oshatapheronSliheenin SyBPidtiof il Mg scnialerindises SN Etari ve' or anal og
t her eof . ijP&BE sehAkifivity W UclRht Bith RUE g¥eHidrabis HMHOFhieh isldRedd aPEE- PEG
conjugate, including use of the conjugate for reducing glucose transport

into a caébsencyef theeonjugate.i ng a proliferative disorder in a subject. The use
may include use in the manufacture of a :

[0083] The chemotherapeutic agent may be a DNA damaging agent or a
genotoxic agent that can activate pS3-dependent apoptosis or p53-dependent cell
cycle arrest in a proliferating cell. The chemotherapeutic agent may be, without
limitation, a small molecule, a peptide or a protein, an anthracycline, an alkylating
agent, an alkyl sulfonate, an aziridine, an ethylenimine, a methylmelamine, a nitrogen
mustard, a nitrosourea, an antibiotic, an antimetabolite, a folic acid analogue, a purine
analogue, a pyrimidine analogue, an enzyme, a podophyllotoxin, a platinum-
containing agent or a cytokine. The chemotherapeutic agent may be chosen as a
chemotherapeutic agent that is known to be effective against the particular cellular
proliferative disorder and cell type. In certain embodiments the chemotherapeutic
agent is cisplatin, paclitaxel, Adriamycin (ADR), 5-fluorouracil (5-FU), etoposide, or

camptothecin or a derivative or analog thereof.

[0084] Also contemplated are various uses of the glucose-PEG conjugate,
including use of the conjugate for reducing glucose transport into a cell, or for treating
a proliferative disorder in a subject. The use may include use in the manufacture of a

medicament or pharmaceutical composition.
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medi canment or pharmaceuti cal conposition.[0085] Thus, to aid in

adm nistration to a subject, the glucose-PEG conjugate nay be fornul ated as
an i ngredvenviomsms3phar maceuti cal conposition. Theref or @CTiSG2809f0u047her
enbodi ment, there is provided a pharnaceutical conposition conprising a

gl ucose- T&%djjo nj ; E %’ i@ B8 dBEH e gelygog?-%go%ilirggagé I:n%& udes

accept abl*e | uen he” I'nventi on i n one aspec e

such phabetadiiilitedhs AoiRpRAichi @nSpHabhadedticdl Rofm@dsiibmg Thete€@Entar ansport in a
cell and/or for use in treating a proliferative disorder. [0086] The

phar mac e fitithes empedimsat. these s nrayidedy pharaiagewtisat eompositian pametsing al | y

accept abl N t iLans, qf [ tives and
vari ous g%%%f%?g%@&%%?,earng-m%gﬁxhgfﬁﬂ{;lfgrﬁ% gg?‘%%gﬁt\ﬁféﬂrlg,g t {éﬁ‘%l ucose- PEG
conj ugat dilnayt. e imventidrainede iaspeat fhlsetore labxgiinadldesahth plalmbdéenticall 0087] The
phar maceut i cal..cogposi t.ion can ?e prepared by kno thods for the

pr epar at CORPSHIYISPHEedD FTuging Blusose BensBPE 1R 8 APIOARYOIIRE USSR (T4B1RE 3 or

adm ni st E?élff&ﬂti@@di@é}%@ntsy such that an appropriate quantity of the
gl ucose- PEG conj ugate, and any additional active substance or substances,

is conmbined in a mxture with a pharnmaceutically acceptable vehicle.
Sui t abl e[9@86]c| eBhespharrdessuti¢abeompésitionsxaamptoatingly cRetainmpromacsuttadlynaceut i cal

Sci ences _( Rem hgt on’ >har rmceut i.cal  Sci ences, ck Pybli.shi ng Conpany,
Easton. PP EBEACTGaEp o SRt SusEEing SEHTS PRSP LS P GO Bomposi t| ons

i ncl ude, campaible BatieSX Foriall Remy of dlivery, ANS glatose FE@bot§Ogee mEF6e CONj ugat e,
in association with one or nore pharmaceutically acceptable vehicles or
di | uent s foraniptedint aphysiglogicabsalf slutigst ut i ons with a suitable pH and

i so-osnmotic with physiological fluids. A person skilled in the art would

know howpdggAr € HaHh : -af i i and
i denti ty[(?)f @hepgﬁle;)r mc%%?él‘%éﬁ%g%géﬁdp%eeﬂ rglpaﬁgde?gﬁfos‘m dx&@@?% ﬁ’gd by chosen
rout e of tledneparationatfipharmaceuwtatly bedeptaplenontpadsitioas swtabke, foand st andar d

har naceuti cal practice. CGenerally, the.pharnmaceutical co ition wll be
F or mul at EURITEE fBAERISS o A2t ot RPPIRBTAS QYARTY BEMEBNPROBED 1 ho

properti gsniffaté,AAd Ghy 6RERoREGRIBRRUBIMR o QuBstAES iHoMHISR iha3ARAREL 1 NtO a
cell. [0089] The pharnmaceutical conpositions may additionally contain other

with a pharmaceutically acceptable vehicle. Suitable vehicles are described, for

example, in Remington’s Pharmaceutical Sciences (Remington’s Pharmaceutical

Sciences, Mack Publishing Company, Easton, Pa., USA 1985). On this basis, the

pharmaceutical compositions include, albeit not exclusively, solutions of the glucose-

PEG conjugate, in association with one or more pharmaceutically acceptable vehicles

or diluents, and contained in buffer solutions with a suitable pH and iso-osmotic with

physiological fluids. A person skilled in the art would know how to prepare suitable

formulations.

[0088] The proportion and identity of the pharmaceutically acceptable diluent is
determined by chosen route of administration, compatibility with live cells, and
standard pharmaceutical practice. Generally, the pharmaceutical composition will be
formulated with components that will not significantly impair the properties of the

glucose-PEG conjugate to reduce glucose transport into a cell.

[0089] The pharmaceutical compositions may additionally contain other
therapeutic agents useful for treating the particular proliferative disorder, for example

a cytotoxic agent, for example a chemotherapeutic agent.
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t herapeutic agents useful for treating the particular proliferative

di sorder, for exanple a cytotoxic agent, for exanple a chenotherapeutic
agent . [ 008020fnesBhar maceuti cal conposition nmay be adm mcIisered/ oh®7a
subject in a variety of forns depending on the selected route of

adm ni st gha@en. 1 . - Ski (N rt. [0091]
In diff ng?]?@f; o fé}%#%%%‘ﬁé%?é%%’%ﬁﬁ? ?%Ktb?ga‘g‘ﬁgﬂﬁ%égﬁg PSQ"J%%S? B Y,

sur gi cal lwiriety dffornsj deperidimg §rs theGeleateé eaise yf adniibisaugmguas will bent r anuscul arl y,
etc.) di reatl%) 3% t he de.?i red site where the cells that are proliferating
in an undBfeEee By thas skifled mthegltat ed in the patient, including at or
within a tunor. [0092] The dose of the pharmaceutical conposition that is
to be usqgogPengsdifirehh@nbitksts! BE ¢ itidr08 alRidifteleli 86iEMy, t he severity
of the condition, the individual patient paraneters including age, physical
condi t i osurgidally oahy injedtipht(subichtancousht intraverfouslygintrapaisemarly, etd)e nat ure of

concurrent_ther Lf .an t speci fic route of .adm nistragtion and ot her
o1 ey R adsieg S e e IS b et B MHOREORH e heal t
practiti ofner atb @scatelias Y fatidhtSineMAM dt Or Wikdffa Rimotki || in the art and can

be addressed with m nimal routine experinmentation. [0093] In another
aspect, there is provided a nethod of imaging a hyperproliferative cell,

i ncl udi nd08R42lh i Fhedase of Hiehrarmageyiical pernpostionsthakis (@ bejused dgpendsioi ng t hi s
met hod ar, Ak i , i [ ndl [ 0095] The
met hod oft l?‘:l gg‘?’ﬁg I Hgﬁ%&hggggg%tg éaégt ?ﬁgéxﬁﬁ@eﬁﬁ]%%cﬁgo% Ir?@éc%gfg-?cgﬁb conj ugat e
as descr ipbt¢ht iperaaieters inehidagygegptiyeicabsopdit®inng zaartbweighy eadurathval of and
detecting the detectable | abel in order to ipage the hyper-proliferative
cel I . [ogl%‘reaﬂgefitn agtusgo W%@Teqtﬂ&r%t(é%ﬁ’ﬁbltge fRgsHIC IPeteddy | abel that is

det ect abla@misiithion Al dfef sidfiaf Bict RO thARAE S thin {HEqJnH@il&%e iaH@QJ&MiW hods. In

vitro inmagi ng nethods include fluorescence m croscopy techniques. |nmaging
met hods flegrhealth pragtitipmeagThege favtdrs dee kmagndo those ef sl iic theianteegidregn /R )

i ncludin unctionpal . magnetj.c resonance i maging (/MRl) techni ques, positron
eni ssi on%fl‘grﬁﬁsﬁb%ﬁvm(nﬁﬁ%m {ﬁ’ﬁeg?xrﬁ’ﬁn?igﬁtﬁﬁ?lhues, and singl e photon enission
conput ed tonography (SPECT) inmaging techniques. [0097] The gl ucose- PEG

conj ugat §0093]c onnambdr Wipety, thefe 8 yRBlidddradhethed af invagiteh hyper-

proliferative cell, including both in vitro and in vivo.

[0094] Terms used in describing this method are those as defined above, unless

otherwise indicated.

[0095] The method of imaging includes contacting a cell with a glucose-PEG
conjugate as described herein, the conjugate comprising a detectable label; and

detecting the detectable label in order to image the hyper-proliferative cell.

[0096] As indicated above, the detectable label is any label that is detectable using
standard detection methods, including imaging methods. In vitro imaging methods
include fluorescence microscopy techniques. Imaging methods for irn vivo imaging
include magnetic resonance imaging (MRI) including functional magnetic resonance
imaging (fMRI) techniques, positron emission tomography (PET) imaging techniques,
and single photon emission computed tomography (SPECT) imaging techniques.

[0097] The glucose-PEG conjugate is contacted with the hyper-proliferative cell

in a manner as described above to allow the conjugate to bind to the GLUTSs on the
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in a manner as described above to allow the conjugate to bind to the G.UTs

on thesurface of the hyper-proliferative cell. For exanple, for an in vitro
cell, thewglomosets3PEG conj ugate nay be added to a buffecTeG2eiobesre nedi um
containing the cell. For example, for an in vivo cell, the glucose-PEG

conj ugat e, /Ry JePbehifEGHve QIR KoYk el 3 Wb Rf& o8 d.ferative
to be ifmaged, a e g by

cell is desire S descri above, I ncludin opi cal
adm ni st PAG conjugang may beadded ts arbgifendr dubiptemeditunaontainiag thdicell. &r a site of

a tunor. As described above, inclusign of the conjugate in a conposition

may aid CHAEBI fiF ab mYivg pelb g QEC%STHOE&&%HW @agbﬁﬁ@retmstfreégw Once

cont act eguﬂj\e&thnmﬁclﬁéaﬁg)grer-bﬁﬁif&ﬁﬁ% odlf 19\abdiftiab b fnfiRhl adbciBRal BGUpAt € wi L
te Ing. The 1n

t he gl ucose- PEG conj u prior to detect cubation may Be for any
peri od ofindludieg by tapical edministratiborinjehtorcamyuugjed] énplantation, incuding aGLUTs on t he

hyperproliferative cel for exanple for m nutes or |onger, for 15

ot 5. GHe PEREHOT. P debestin a6 s TsTest i RIape B GHe B AfOGRPOSIORSRber - [ 0099]
Fol | ow ngicpmuﬁﬁﬁig@ﬁi@rlﬂtm&dnﬁu@tetbracsub ki on, the nmethod conprises
detecting the detectable | abel.” The nethod of detecting will depend on the

detectabl e | abel used. Standard detection nmethods may be used to detect the

det ect abl[@098]bel Ongerantastedgvitihtesplbitbe hpariporliferative eslbwar he nowbateds copy
techn! quein fbiEEHEQ SR ughtE bubMRURG hEC L {Hd8%icf My T 220! NG

t echni ques own to a's erson may Ye per f or med

i N accor gafiekoftithb s hsoddlion, fok thevwonjughieas bind[t0 tHe GOUTI be thetagieng net hod may
be used in vitro to identi f*ofg hyperproliferative cell within a popul ation
of cel | s Projiferative efdlsforrexapgledior p gHautenar longauior 15 ppmteseidongsy 2 38n wi t hi n

a popul at: i [ thod is also useful for in vivo
pop trﬁlﬂi(ij'teér)rggl IBE%«JJ%T fm&{;&g l'[\({}xl%]g”e

i magi ng, an use y a hyper-proliferative cell within a
subject, including within a solid tunor, or may be used to nonitor
t r eat men{099¥gr ebdlowvingcerttacting agd optienal ifcobatdn] thalnssshabenmeprsesit ed are uses

based on .t he.abov rretﬁulg such as yse .of a glucpse- PEG.conjugate as
desor | bed REIE ¢ AePErRg TRy YhepRlo 5T afer By PG s s ERly
gl ucose- it 6426 SeAterdaRtddass Mebds ARy Defséditol detecime defetabledagd], a
conposition for imaging a hyper-proliferative cell. )
including the above-mentioned fluorescence microscopy techniques, MRI techniques,
PET imaging techniques, and SPECT imaging techniques. Such methods are known
to a skilled person and may be performed in accordance with standard, known

methods.

[00100] The imaging method may be used in vitro to identify a hyper-
proliferative cell within a population of cells, or to identify conditions that induce
hyper-proliferation within a population of cells. The imaging method is also useful
for in vivo imaging, and may be used to identify a hyper-proliferative cell within a
subject, including within a solid tumor, or may be used to monitor treatment

progression within a subject.

[00101] Also contemplated are uses based on the above methods, such as use of
a glucose-PEG conjugate as described herein for imaging a hyper-proliferative cell, or
use of a glucose-PEG conjugate as described herein in the manufacture of a

composition for imaging a hyper-proliferative cell.
[00102] The present methods and uses are further exemplified by way of the
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[ 00102] The present nethods and uses are further exenplified by way of
thefoll ow ng non-limted exanples. EXAMPLES [ 00103] EXAMPLE 1 [00104] The
f ol | owi ngvexamplegisdenonstrat es that gl ucose nodi fied w PoTscyo®deMyt ene
glycol) (PEG reduces cell proliferation and induces apoptosis in human

breast c . il -/. [00105] Methods [001 06] Synthesis of

A ucose- g@&%&ﬁ%h%%%ygﬁﬁ%ose was nodi fied with PEG conjugated to

BODI PY. BODI PY was used as a red fluorescent indicator for cell imaging. A
flame dr EXAM®PILIESN vial (2 nL) was charged with a solution of

gl ucose-PEG NH2 (32 nmg, 0.1 mmol) and BODI PY 650/ 665-X (64 ng, 0.1 nmol)
under ar oxnd t X ANPPIW ¢ Was cooled in an ice bath at 0C. Dry

di met hyl formam de (DMF, Aldrich, 1 nL) was added dropw se and was stirred
at QC for_ 2 h under argon. The reaction mxture was then brought to room
t enper at [Q@104dnd c(fh@iﬂﬂgmsg gxample deronsprates 4hay glneges madified with t he dark. The

(e Rl ST Al b R s B R PO TRARE sk idnon DV ws

renoved woghei bieastwasckr peleine)MCBTd t he bl ue residue was purified by
reverse-phase flash col um chromat ography using a Conbiflash separating
system (ﬁ%(fonbi fiash Conpanion, USA). The desired fractions were

col | ect edY |yoqutl%% to obtain the FR-BODI PY-glucose as a bluish green
solid (75 nmg, 90% . The final conpound was soluble in deionized (D) water
and in ajent0e]’ € ORyfRiHe&\ of G\bsWPERT-BODI PB§:'1@lqus%1\§Qs-md\'ﬂ§&i spectral

anal ysi s showed a ndl ecul ar ion peak of 841 (M+"1). The structure of
gl ucose- PEEEBG-PYhjbgatehoviBODIP ¥i BODEPY wasaisedhas asted tfhwersdseens oidanator i ncl udi ng

h i f - PEG- NH2, i ' i i 4. 100107
et hocr 2534 8Py Bhe A HERR R Rl BN S S Bl Sefduo BB 0k i ¢
gl ucose- Bcof-PEGNH, (38.m& -0l fki]) andBODIBY B6/662-X1teh m@nd wasolst i rred

under argon until conplete dissolution was obseroved. The solution was then
cool ed t gndreargenaand the nixiure was eoslqdkingn ief bathpt GCaBrvne (12 ny, 0.1 1 mol)
in DMF

dimethylformamide (DMF; Aldrich, 1 mL) was added dropwise and was stirred at
0°C for 2 h under argon. The reaction mixture was then brought to room temperature,
and continuously stirred for 24 h under argon in the dark. The reaction was monitored
by reverse-phase high-pressure liquid chromatography (HPLC; Waters Corporation,
USA). After completion of the reaction, DMF was removed under reduced pressure
and the blue residue was purified by reverse-phase flash column chromatography
using a Combiflash separating system (ISCO Combiflash Companion, USA). The
desired fractions were collected and lyophilized to obtain the FR-BODIPY-glucose as
a bluish green solid (75 mg, 90%). The final compound was soluble in deionized (DI)
water and in a mixture of ethanol and water (volume ratio = 1:1). Mass spectral
analysis showed a molecular ion peak of 841 (M + 1). The structure of glucose-PEG-
BODIPY is shown in Figure 1 and the synthesis scheme, including the preparation of
glucose-PEG-NH,, is depicted in Figure 4.

[00107] Synthesis of Glucose-PEG-OH: A dry reaction vial (10 mL) was
charged with glucose-PEG-NH; (31 mg, 0.1 mmol) and dry DMF (2 mL), and was
stirred under argon until complete dissolution was observed. The solution was then
cooled to 0°C in an ice bath. A solution of caprolactone (12 mg, 0.11 mmol) in DMF

(1 mL) was added dropwise, and the reaction mixture was stirred overnight and
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( 1 nL) was added dropw se, and the reaction m xture was stirred overnight
andbrought to roomtenperature under argon. After conpletion of the

reacti on,waommesissr ed by HPLC and |iquid chromat ogr aphpcmss0mpeet’r onet ry
(LCG-M5), the solvent was evaporated and purified by precipitation from

met hanol 1 di I ive,the gl ucose--PEG OH. as l'i ght yell ow
solid (48%#% p‘ég%&%k}ggésé@g%g@reg 8ﬁ‘a‘?‘§%ri < l"%{ﬁ’é féherrrg %t%:ou %S? i on peak of
427 (M +nionitorddebySHPLC tatid Hqeill ciontdsgapiyGmedd spectdmety (UT-MYLhe 2. [ 001 08]
Conj ugation of G ucose to Branched PEG A flanme dried reaction flask (25
m) was EHEPHSPSSVERPTRied ARt peritaddyNmocipitation fear apsithanpl-diethydethero| ecul ar

wei ght = ) gl ! nmmol ) in dry
met hanol n?%%)gﬁ%;t#g%thﬁgsﬁfé?m a\;/véilleéﬂte"(aiétlfeégp%):.i}l dgg%g%hgg%%r% gsgn for 24 h.
The r eacspetrahanal ysissshoaved a aoll@aldr dorDfsak aifid27 @duic £)d The stiucodiofm bor ohydri de.

The conj ugate ucqse-branched PEG was purified by precipitati on nethod.
The freegg'r‘ﬁ’??gp%:'téﬁés f'l}ﬁ’“f“d@q;ﬁg‘gﬁ ed PEG were protected by reaction with

caprol actone. The final conjugated product was purified by exhaustive

filtrati pao408)0ugh CmnjuBltiod b CATRSR 76 BrandiRd HING! XSie! &ritd reartiohPES)
menbrane, 10 kDa nol ecul ar wei ght cutoff), and |yophilized to obtain a

product #&ssky(28anb) wWasehaggedokith bran¢hgd PEG-diph dBEGttatraprepgaminst ur e of

gl ucose-branched PEG i ownh in Figure 3. [00109 | | ure., Different
cancer cg}‘ﬂ?“'ﬁ“r &e}mﬂéb%a@?’ dgg%lcjrgﬂoﬁaﬂ% ‘écof% Eﬁ%’gt%mé?@%p@ (1iver
cancer) , il 4#4Bethaio $1 (e ), A0 EIRS thixtkra @8 heaed an6eansren argsl fh@% 1 gastri c
cancer) were obtained from Anerican Type Culture Collection (ATCC). Nornal

br east epht Factien mixiure wasreoleiter07Gand wedncad withfsediupobgsakydsisls. Thene cel : s
eprr! . ! : v S
16, 600" ¢ SLEREL Lcdssr oAU PECRG ihta 85 SRR diid TEBEE OF 1o E it

wer e addewahirioogrbinss inehd raatted P EZwhreqirotseted by geactibve withldaproleerenef Thid her
cultured_.in the presence of the modified glucose conpounds for up to 7
days. Th@naéﬁpwwgé’f‘&‘ﬁ’éh\jéﬂp‘ﬂf&ggﬁ’ﬂhéqsﬁﬁﬁ Hirabin g UBH B Arge
Concentrﬁ{ehﬂ)?a&fﬁlf@_?@%Jl%/&ﬂergﬁlﬁﬁ@?FESﬁheﬁ‘lﬂﬁn_@,nﬁ) 1Gha mBfechiaf RelBRpt . the cells
were assayed for viabiTity using 3-(4,5- dinmethylthiazol-2-yl)-2,5-di phenyl
t et r azol cwtnffhrandilyph{livEd Yo alstaiaya prpd@:t ag @FolnfldssAtiskgysolidT A assay was

per for negeplflesslcarq ti;[/ehsetru-g'té‘u(r:gg)Ir rgTi)ucc%";E)rgneclhled PEG is shown in Figure 3.

[00109] Cell Culture: Different cancer cell lines, MCF-7 (breast cancer),
H1299 (lung cancer), HepG2 (liver cancer), DU145 (prostate cancer), Caco2 (colon
cancer) and AGS (gastric cancer) were obtained from American Type Culture
Collection (ATCC). Normal breast epithelial cell line (MCF-10A) was used for
comparison. The cells were maintained in the growth medium as described by ATCC.
Approximately 10,000 cells were seeded onto a 96-well plate. Modified glucose
compounds were added to the cells after 24 h of seeding. The cells were further
cultured in the presence of the modified glucose compounds for up to 7 days. The
medium was changed everyday along with the specified concentration of modified
glucose. At the end of the treatment, the cells were assayed for viability using 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay.

[00110] MTT Assay: MTT assay was performed using the TACS™ MTT cell
proliferation assay kit (Trevigen Inc, MD, USA). Briefly, after treatment of cells, 10
ul of MTT reagent was added and incubated at 37°C for 4 h. The cells were lysed

using detergent for 4 h at room temperature. The absorbance was measured in a
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proliferation assay kit (Trevigen Inc, MD, USA). Briefly, after treatnent
of cells, 10 M of MIT reagent was added and i ncubated at 37C for 4 h. The
cel | s werwolyredsissi ng detergent for 4 h at room t enper @Curse200dlve0477

absor bance was neasured in astandard plate reader at 570 nm [001 11]

Competiti : b assay was perforned to denonstrate the
speci fi cisﬁgd??%t %re@%?zg% to the GLUTs. GPB binding to the cell

surface could be quantified by nmeasuring the fluorescence intensity.
Addi ti on [0011H| abelCGainpptitiomsassay: Competitmntassayneanterfatrehts defrdnstkdte 20 mvi 30

The it { SREmEREotol e QT Bdedn e GhLIRSPLY b e el TheBba ca i h

GPB and \é@ﬁlh%%gluﬁxﬁfﬁ‘e‘ﬁmyrrﬁédsﬁﬁﬁg ffe RloHGeSR e iREnsHY. Rlditidh oBdGbeld1e Medi um
was renoved and the cel'ls were washed briefly with PBS tw ce. The

f | uor esceusesd atdafierentyconeentiation(l@dnMi 201maM, oM, 86 inoM anfl 4988Me and an

em ssion _of 522 nm The.fl uo ence intensit nornmal j zed by that of
the cont F§™ (ﬁii F%mpftﬁi‘r;f“%ﬁe bﬁé ! ng'llﬁaéﬁ -tge @@ﬁ%feélcﬁ%lf’ Seeded on a
6-wel | plfRbeesédnce BRGIsitPACE1sRére induBatedR@hIGRB dMEvARIuk SonRhRaticHswpat ed Wit h
GPB (200 mVM for 1 h. The cells were washed with PBS (w t hout cal ci um and

magnesi ugucess for 80 min g3 7 gihegnedivmpeastremeaead apdithe ¢allgorese weshed ni cr oscopy.

Met anor ph, . i ; from.N USA)
vor o used Py WA WY 188 ol SncE Meddi N b S a0 o BAEr 127 7o
t est t he 4By potdndsinentitsadn ofEH2frine dIgl liesecre ihtendig wilsinormeldzeddy cancer
therapy, a fluorescent tag (BODI PY) was conjugated onto glucose via PEG
This GPB initial 1maging studies. Fluorescence inmaging o
hi t@ﬂégf[u@éamirﬂ ele initial i [ di I [ [ f
MCF-7 cells fed with GPB clearly indicated that the GPB nol ecul es were

localize om%@e PliaaEE e I MOE 7Q%11E RreGRbded dnFd @Wefl phate atllBgit By Rdi ng of
the nodified B was chal l enged with different concentrations of gl ucose.

The conpetipt foomapingdTimgcedls seeye segbeed with (GRR (2§0ypd\dsfer ¢ dnpbe ecllswierh t he GPB

in binding to the s. (Figure 6 001.1 Dose- dependent effect of GPB
on the -Shiedc‘?é’igP E%Itﬁ&gﬁ%ﬁé‘ﬂ? agﬁlu@[aé’éqsl“ thrigq. LiYp 1 P WHWTT assay) was
perfor ”E(ﬂel%}nfe%'\bi&l ﬂﬁ&@éc%ﬂcé’&‘nid?osfébf)}t.h &Hxhlc)llgﬁﬁl\f(ﬂ&%ﬁ}tﬁ&i%eﬁ,@SAirﬁﬁf € was a

gradual dose-dependent decrease in the ce viability w
Image J (freeware from NIH, USA) were used for image capturing and processing.

[00113] Results

[00114] To test the hypothesis that modified glucose could be utilized for
cancer therapy, a fluorescent tag (BODIPY) was conjugated onto glucose via PEG.
This GPB was used in the initial imaging studies. Fluorescence imaging of MCF-7
cells fed with GPB clearly indicated that the GPB molecules were localized on the
plasma membrane of the cells (Figure 5). The binding of the modified GPB was
challenged with different concentrations of glucose. The competition binding assay

suggested that glucose competed with the GPB in binding to the GLUTs (Figure 6).

[00115] Dose-dependent effect of GPB on the MCF-7 cells was examined. The
cell viability assay (MTT assay) was performed on cells treated with different GPB
concentrations. There was a gradual dose-dependent decrease in the cell viability with
increasing GPB concentration (Figure 7). ~ 63% reduction in cell viability was
observed when the cells were treated with 200 uM of GPB (Figure 8). PEG alone at
concentrations of 200 uM and 400 uM did not have any effect on the MCF-7 cells
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i ncreasing GPB concentration (Figure 7). ~ 63%reduction in cell viability
was observed when the cells were treated wwth 200 MM of GPB (Figure 8). PEG
al one at wonomnissmBi ons of 200 mM and 400 mM di d not haweTscpomiob@ct on the
MCF-7 cell s(Figure 8). However, cells treated with 200 mM of GPB showed a

comound (HES t#)i%oy@x%ﬁ%% S RS kBt o peo

nol ecul eceﬁl'hllagllge e/8}s two PEGs conjugated to the glucose

(gl ucose- PEG PE The cell viability was reduced to 57% and 42% at
200 mM and 400 M of GPP respectl vely (Figure 9). In contrast, the cell

vi abi | i t {00HEEInot Aftescecmpaypd s alemsyn qtereflagthe BODIPY up GRE st r at egy

0,1 ST C33 el PG RRLIE Bhls MSALIIRRG s LS pREE Bkl 1 O Uucose i th

a branch ruc ucose was co ranc arm PEG or

BrP) as gdrsedd (RR@oserPEGPBGRONGEB). Tﬁlaeell eibllity ngs ﬁ‘@lﬁbalm($7%a1ddm/i; gnated as
gl ucose-con uaat ed branched PEG or GBrP. 200 nM of GBrP coul d reduce the

vi abi lit§t ¢ 400 eNbef GBRdespestively (Higuse Yo dy coniapte thgsel ymbity of

branched PEG on cr.eas jghility of the sane cell line by 7% (see
Tabl e 1) VeyhRi ‘%ﬁg y@@”ﬁgtpﬁg\?@eﬁg‘ffective at inhibiting cell viability
than GPB and GPP In contrast, Table 1 also shows that 200 mM of GBrP

reduced [0 abi | iAtfurtbér sﬂ@fegﬁko RCARASE the Gdvies dceD@byth 3%ao fuher i | | ustrat es
the ability of GBrP to %referentl ally target cancer cells. GBrP was al so

denonst r BOEHY thye gnepse milhahranched piregtare; Ghicosemas ¢qupledito g ranshed di f f er ent
carti ed BED (LREFRG SN Sesttived Bithe HitinddsOIHERRRFL MRl WhsT0SBY 1S

GLUTI r edegmatedl. aslghfbesinpgzatd g eidhed PEGGr GBrRINOORM bf 6BrRtitdse were
used. The human breast cancer cells (MCF-7) were incubated with 200 mvbf

GPB i n ttrdups beeirbdlitypf M- hrqastenneqy ceinbi rtd0&e, ivdiese ast200nvhedii f i ed

ol o r cBARi R EEG DRl o RS0 B WIS YA BseTTRY Loy cscence

decr ease¥hwd, GBrP heasiehed @dfeeffedti veatThEibitingtel Vikbais® than'GPB ahd G@Pt that t he
un-nodi fied glucose is conpeti n(();(bfor the GLUTI receptor. [001 19] Cene

expr essi emnteas Tpkled a}i@seh@‘as thap 20 uM eidGBHyredyecsibe mblhéqo @Biak
breast cells by only 29%. This illustrates the ability of GBrP to preferentially target

cancer cells. GBrP was also demonstrated to significantly inhibit the viability of

various different cancer cell lines (see Table 1).

[00118] A glucose competition assay was carried out to confirm that the
modified glucose-PEG is binding to the GLUT1 receptors. Increasing concentrations
of un-modified glucose were used. The human breast cancer cells (MCF-7) were
incubated with 200 pM of GPB in the presence of the increasing concentrations of un-
modified glucose. After 30 minutes the fluorescence intensity was measured using a
plate reader. As indicated in Figure 10, the intensity of the fluorescence decreases
with the increase in un-modified glucose, indicating that the un-modified glucose is

competing for the GLUT1 receptor.

[00119] Gene expression analysis was carried out to understand the apoptosis
pathway during the modified glucose mediated cell death. Human lung cancer cells
(H1299) (Figure 11) or human prostrate cancer cells (DU145) (Figure 12) were
treated for 3 days with 200 puM of modified glucose (GBrP). Control cells were
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pat hway during the nodified glucose nediated cell death. Human |ung cancer
cells (H1299) (Figure 11) or human prostrate cancer cells (DUl45) (Figure
12) wer e woeatoadsfssr 3 days with 200 mM of nodified gl ueasscee@8rom)477 Cont r ol
cells wereprepared without treatnent. Total RNA was extracted fromthe
cells an ¢ | eﬂ:éa Il j to identify

t he apop&é%ﬁ%gﬁ%%% \%\t/grgénﬁ'se 13}1\?@5% J|;t?%Ctt e&gggép%%lss%ag%{eﬁs\?vay bet ween
control arasdribedt &®PCReAdray contdining pamepsrtosdeaiti€y therapeptotie phthway nas

anplification data is represented in a scatter plot with allowabl e

variati oned wgggf& theanepinsisaathiay Dshveen confelan ﬁwas&vé“fr«'ﬂmlsn%wm regul at ed

whi | e APARLt28dantBPaBR. TR SmpiRiGabh 858 % r,e%ﬁ:géxggi i cha]{é?r 16G@%h ons and

patent applications cited in this specification are I n 1 ncorporated by

r ef er encellawablf veratiorisnds véedun Figures 1atd ) AKT batdeABLApypdre deawnon wer e

specifically and in%)vi ual Iy dndi cated to i ncorporated by reference.
The ci tatrF%%atS whily m%?’%ﬁ%&w?smﬁeﬂla sclosure prior to the filing
date and shoul d not be construed as an adm ssion that the present invention

is not en0o0126yd to AnpeslrhtoklmE patehl Apphtatihs Rited/inf thispedifibdtionrard nvent i on.
[00121] As used in this specification and the appended cl ai ns, the singular
f orns " a'hereiyppcorpaepted barefergrge agaf esch ingdivided] publieation or patent applieaione xt
clearly qj i . L, thi- i fqi } t he appended
cl ai s, S’hegé %;ee(ré%scghggﬁnﬁ@ggdﬁlyg(ﬁ)ﬁgart%tlon%'1,ﬁca_§§r(r%)ep ibggte&)%ﬁg'n%ﬁer forms of
t hese t ercitsti@r & anytpabHeationris fdvéts dosclosurgipkion® thadiliug idute adgRReuldhbat is, to

i ncl ude parti cul recited el ements or conponents w thout excluding any

ot her el H’E‘St’a‘Fg ré%ﬁ‘bé‘#@%ﬁ"‘.on@?ﬁté‘?sprasé‘fli inxentpnHe Pl eavitlgd fo antedats sush  and

sci enti fiGhli&kiER bySahd G i il\R%€od.Ne same nmeaning as commonly under st ood
to one of ordinary skill in the art to which this invention bel ongs.

[00122] Al lists or ranges provided herein are intended to include any
sub-1i st [8012Hr r oweks ysad grethisdperifigationtanid the sppendad dlaits| thetsingular ange. [ 001
23] Al'th h & he.foregaing.invention has been described.in s detail by
vay of 1 AP Py i AR B ine e B e i s8 Bt R REp BRI RYRTRIES andi ng
it is reatdyisappangdtin tids sfeERa0én &idtheappendéd tlhind) thhemay t in 1ight of
the teachings of this invention that certain changes and nodifications may

3 &

be made t RYPRHS wCORPGSINgep £PMPHECS! abdpther forms of these terms are intended in

the non-limiting inclusive sense, that is, to include particular recited elements or
components without excluding any other element or component. Unless defined
otherwise all technical and scientific terms used herein have the same meaning as
commonly understood to one of ordinary skill in the art to which this invention

belongs.

[00122] All lists or ranges provided herein are intended to include any sub-list

or narrower range falling within the recited list or range.

[00123] Although the foregoing invention has been described in some detail by
way of illustration and example for purposes of clarity of understanding, it is readily
apparent to those of ordinary skill in the art in light of the teachings of this invention
that certain changes and modifications may be made thereto without departing from

the spirit or scope of the appended claims.
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gl ucose- PEG conj ugate conprising a PEG noi ety conjugated to a |inear
gl ucose noiety at the position of the glucose npiety. 2. The gl ucose-PEG

he C . : } y
conj ugat & of cihgigepsgREPesonugate abelaimd; vwhsein she PESABOiRtly fomIPrises anched,
dendri ti G, .hy n Qﬁg, S gl ucose- PEG conj ugat e of
claim1l glpe%’%%@hgt e’tl %b?éechgggtaggﬁcﬁg%%)gggto the d position of the
gl ucose noiety via an am ne |inkage. 4. The gl ucose-PEG conjugate of any
one of cl3ai ns Thetgiu®sevREGeionjughte dPElBimdi cr2ywhareingherPBGtmedientisone or bot h
ends wth an en oyp. 5..Th | ycose- PEG conj ugate..of any one of clains 1
Co'a 1ur CRUDERBR TS pabitiohdl o sHiR3F frosgn Kackn SnE HEkaRe moi ety to ¢ he
glucose noiety. 6. The gl ucose-PEG conjugate of any one of clainms 1 to 5
further aonpriThepiuddséPESCIoafgatel BBy one/of cliithsdl 4GOS RerBRGEPRGUTAL € Of
claim6 wherein the detectable |abel is a PET |abel, an SPECT | abel, an MR
| abel , amUatyisieraEatadaene onbatlhprssvath amend growp-f | uor escent | abel, a
radi ol abel or a | abel that may be detected by an anti body or anti body
fragnent < 8. . [ . (g P conpri sing
cont acti r?g thghgglfl ‘F&\g/j\ne ? Ecg&gﬁ%%%gg%@%%nﬁlég{ag? ggcﬁ‘ﬁlg%rocgﬁl ngcﬁ ains 1to
7. 9. ThéinkethotyodonatatingtBe REEmedietytt érecqghlidose snodethyper - prol i ferative cell.

6. The glucose-PEG conjugate of any one of claims 1 to 5 further comprising a
detectable label.
7. The glucose-PEG conjugate of claim 6 wherein the detectable label is a PET

label, an SPECT label, an MRI label, a quantum dot label, a coloured label, a
fluorescent label, a radiolabel or a label that may be detected by an antibody or

antibody fragment.

8. A method of reducing glucose transport into a cell comprising contacting the

cell with a glucose-PEG conjugate of any one of claims 1 to 7.
9. The method of claim 8 wherein the cell is a hyper-proliferative cell.

10. A method of imaging a hyper-proliferative cell comprising contacting a hyper-
proliferative cell with a glucose-PEG conjugate of claim 6 or claim 7; and detecting

the detectable label.

1. The method of claim 10 wherein detecting involves fluorescence microscopy,
positron emission tomography imaging, single photon emission computed

tomography imaging or magnetic resonance imaging.

12. The method of any one of claims 8 to 11 wherein the cell is an in vitro cell.
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10. A nmethod of imaging a hyper-proliferative cell conprising contacting a
hyperproliferative cell with a glucose-PEG conjugate of claim6 or claim7,
and det ecwongiodseisdet ect abl e | abel . 11. The met hod of clrairsG2@wher72i n
detecting involves fluorescence m croscopy, positron em ssion tonography

i magi ng, 18i ng LSS r 1 j magneti c
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cell is anin vitro cell.13. The nethod of any one of claims 8 to 12

wher ei n tlde cdhk methagofictaimi Mowberbin.thd dell i§lassopiatedovitiod polifératiie3 wher ei n t he
cell is %%ﬁg‘fei ated with a proliferative disorder. 15. The nmethod of claim
13 or 14 Ein contacting conprises adninistering an effective anount of
t he gl ucose- PEG conjugate at the site of a hyper-proliferating cell in a
subj ect. 136. The nfBdAAst RfimaBYoraA6wRdreifi lcontaEing dothpteed admhifRter@Rr | Si ng
contacting the cell with a chenotherapeutic agent. 17. A pharnmaceuti cal
conposi t icHACtBEHpoust efghe ghycoscoRRG prBugHajatidigsie of a hyper-ordiferatiog g¢lhs 1 to 7.
18. Use ?r(a?u écltjcose- PEG conj ugate of any one of clains 1 to 7 for reducing
gl ucose transbgor't into a cell. 19. Use of a glucose-PEG conjugate of any
one of clainms 1 to 7 in the preparation of a nedicanment for reducing

gl ucose tlbansfite methvidofang ehé of ABims S 16 fusthel dongsRingicontaotingithatcellof any
one of clains 1 tq 7 for treating a proliferative disorder in a subject.

21. Use Ofith emoberapsits #&#f-ugate of any one of claims 1 to 7 in the
preparation of a nedicanent for treating a proliferative disorder in a

subj ect. 122. UWsghadhacufitdlOaPosiEth OMpHERS & gRosl G chnjAkaté of My | MBI Ng a
hyperproliferative cell. 23. Use of a glucose-PEG conjugate of claim6 or 7
in the prapefdaimsd tof7-a conposition for inmaging a hyper-proliferative cell.

18.  Use of a glucose-PEG conjugate of any one of claims 1 to 7 for reducing

glucose transport into a cell.

19.  Use of a glucose-PEG conjugate of any one of claims 1 to 7 in the preparation

of a medicament for reducing glucose transport into a cell.

20.  Use of a glucose-PEG conjugate of any one of claims 1 to 7 for treating a

proliferative disorder in a subject.

21.  Use of a glucose-PEG conjugate of any one of claims 1 to 7 in the preparation

of a medicament for treating a proliferative disorder in a subject.

22.  Use of a glucose-PEG conjugate of claim 6 or 7 for imaging a hyper-

proliferative cell.

23.  Use of a glucose-PEG conjugate of claim 6 or 7 in the preparation of a

composition for imaging a hyper-proliferative cell.
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