GLUCCSE- PEG CONJUGATES FOR REDUCI NG GLUCOSE TRANSPORT | NTO A CELL
CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] Thi s application clains
benefit of, and priority from U S. provisional patent application
No. 61/193,640, filed on Decenmber 11, 2008, the entire contents of
whi ch are incorporated herein by reference. FIELD OF THE IN\/EI\ITI ON

[0002] The pr goepi osm;emem ﬁyeime % Sio
conj ugates an he~use ”i‘ 30@% ucose ransport
into a cell. BACKGROUND OF of the key

characteristics of cancer cells is the i ncreased rate of

proliferat CROSY-REFERENEE TO REPATEDA PPLIXATEON de novo

vascul ar formation. As a result, tunor cells may out-grow the

avai | abl e pdgrad sumpl ppliddaitn %ﬁﬁﬁé%ﬂ@ﬁﬁf Qh%ﬁgniy% 1.9 fyhsha (1 ow
oxygen | evel ). To overcome hypoxia, tunor cell$ tend to rely on

gl ycol ysi sPp#tont aamuafjmﬂgcﬁh/kﬁi’ f(@yiiled ph Glecagitiee 81,2008, thexensirg epntents of
characteri §vth!i %a?glﬁ%brqwﬁﬂgx[%%l:b%r% ncg associated with an

over - expression o ucose Ter's (GUTs) and glycolytic
enzynes. [0004] Thus, a high rate of gl ucose uptake and increased

gl ucose neEIRALD OF &FHEE INVENTION nai nt ai ning proliferation of tunor
cells (18). This phenonenon is commonly known as Warburg effect (19).

It was obsgroo2] tﬁab plelent inviehtiaal reh{teglno glamb-pofyeastaﬁe glyt@ cghjygabsysSi S
resultedlg%dtéat?1 méﬂatlon of cta é %‘ The eni?érre(lactate
dehydr ogen el“%es 6h ‘Eﬂnﬁlgﬁ??t"trﬁ CE SHRFRTSTAIRPRY MRA Fat e to 1 actate

was al so observed to be elevated in the cancer ceI | s (20). However,

| act at e deR/OJCRIGRIIENTD OF EHESINVENTEION vi val of the cells under
hypoxi ¢ conditions by anaerobic glycolysis (20). Increased glycolyric

enzyme act [pgo3]es dia\e &R chaRsBek dMakRn 68T ide GRYdaSed(dk 0or22) , and
have been observed w th the progression of cancer fromprinmary breast

tumor to tR@lifRsetios Sifics the ratgeof prodiferation exceeds de novo vascular formation. As a
result, tumor cells may out-grow the available blood 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 ceils (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



have been categorized into three classes. Class | includes GLUT1 to
GLUT4, class Il includes GQUTS, GUT7, GQUT9 and GL.UTI |, and cl ass
I'1l includes GUT6, G.UT8, G.UT 10, G.UT12 and G.UT13. The different
transporters have different kinetics and affinities towards gl ucose
and ot her hexoses. The expression |evel of the different GLUTS in
vari ous ti Sevelsecuantegsizdbptmniireeglagsest Glessriat chindes IGLUENS (R T4 nlags [T

Oxpr osseq’ AT RRUTR ST S EBHTa L o Fed B QRO ¢ ouna
to be nuch Juighe GLUT10aGLETOR SndeL.UT13.MawR differtia tiaBdpogreds have(differedthi S
over expr essi on has(a%ieen observed in a w de variety of different

y .
cancer cel Ik“_teyﬁ%@‘d : %%S.to‘@(fl‘éﬁ]éli:‘?ﬁéa%‘%%f‘é?"%%ﬁhﬁﬁé%%“%’&ﬁ‘@éﬁﬂw
patients i pebrgatet icheased debidl %m%fd'eﬂénﬁﬁlg%‘?ﬂ@mfetﬁﬁolﬁ%h H{p‘ﬁoﬁ &P
16). [0006] Metabolic targeted cancer therapy is a relatively new
field in casese iibe a@@@t?ardlss@stm Eh Udids @ ybiduisiughyeedpressed ST and
advant age i [ citerl sti: cancer
el 5. {000 H L wg L bensik RSl TEL BB iy SIS Bl B e Bl
t her apeut i cabergs céizsien in nodnw cetiat( &b This snerekpreaivndias bednlobserved in a

d ufosfam de,is a snal | ecul e,generat the conju i on of

T o6t o e e R e TS (BrfL Eenkiae sGABL PAE bieR ofteebugh
the GLUT phahigisigdicittd MtRades Gaym &dﬁvitjngn@;egthegktﬁmi(mg 169 the rel ease
of the toxin (ifosfam de) inside the cell (25-28). [0008] O her groups

have used (] rent gl ycose apal ogs, in an attenpt to_reduce the

gl ucose redsT M RSl Epd tporepy I8pyelpR R Gl Fofacer
conpounds, fiZr ARy @bddEASRd (2ebiBhed 1 9218 Par$dpe W tHeGniREen® h PcR M cfibPBc
analog. 2-DGis an orally adm ni stered glucose analog that inhibits
t he gl ycol yairactyistipvefiparsder g6t1. production in cancer cells. 2-DG
accunul ates in the cancer cells because the phosphoryl ated 2-DG
cannot be pEEUSS kb p-WER sl FERZEBRScl dpind Derapdntl@rE@agld i t
50% apopt O{P{igc cells at pgéconcentrati on of e4 nR;Inlén e%aﬁguSI CB%B human
breast candemetglism|of pancerdls. (lpfogiagidedn b papll srolpghiegendretpd By B6 have
shown that .the EB?Jm'H & L-nhi.hi i

2-DG (31, §4‘§j.ga?ioo§% ?\]‘ggulcE?“ ! e a%égﬂtﬂgggag‘ﬂ?r%g%@eépgggﬁﬁ?{?ﬁ
GLUT-1 to $hefphdE grateinmit bysabetitwin in the G Eeadigg ¢ thecelemnobth taxéd | | i ne.
Compari son .of .t r. devel g t,4N nude m ce denonstrated that the
cell's expr lgOShll ﬁlé@ﬁﬁu-%st %gegp@gfﬁé-)'l devel op tunor nmuch nore slowy
than the wild-type cells (35). [0010] In a nore recent study,

monocl onal [GH8]bodythaxgaiups hav@isdd diffemst gthonss anabogshin e etegrpo vt fedarer est

and apoptosi s.in breast. cancer and | C er cell lines % and

7506 r bauct 5P AR POR e R R (AN PR SRSt arrP s 2Ar be.

cancer cel klukoRe€3-DE)amapbashisiedy td i) proftddiR¥io@F-DidGs kvl | ON
administered glucose analog that inhibits the glycolysis pathway of ATP production in

i

cancer cells. 2-DG accomulates 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). /n
vive 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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[ 0011] The present invention relates to novel gl ucose-polyethylene

gl ycol (glucose-PEG conjugates and their use to reduce gl ucose
transport into a cell. Thus, the glucose-PEG conjugates nay be useful
to reduce cellular proliferation, particularly in respective of
proliferative disorders, such as cancer. The gl ucose- PEG conj ugat es
of the pred@ito] mleﬁtmamrm;t stdy.onenwocloapleintibeliydgeinstGldeTd ovastshewn

| abel , and e I

col s’ such ‘S el By BEdR G Rld HRRSaRler WDRhG BB o1, S5
advant age efd 758 reduenmspn edbgrowtlofer€ifddhd in lunp yirerr giddiréakiecaatdarveell cel | s
in order tog control. cel|ylar proliferation, potentially leading to

t he death e%ﬁf'ép%‘ﬁé oliferative cells. The glucose-PEG conj ugate
may be used to target and i nduce apoptosis in hyper-proliferating
cell's, sucRIFRIARY OFCTHE INVENT$YNt of reduced gl ucose transport
into the cells. Cancer cells often thrive on glycolytic enzynes that

break down U;rquoserﬁe%&em&ehﬁoﬁma@éﬁ@ﬁ&m ElubsRSBBRthyldhbigReq upt ake
by the G.Uls has been shown to be high in nmany cancefous cells and

ti ssues. THEvesadESD copmatesind fwirase orredure ghicesedransposiiaietd H. dhes.abl e
to bind to t
overlexpressﬂ?é;% é’ﬁﬁ(} Cto{bldgat%ﬂ?%%géﬁgbe Se%&l&%ﬁ}g%{%&r cells. The

gl ucose- PE@azcti@mlpﬂg at respeatinve af gtoliferatineyptisordsls, ismthaus tclecec €THesglannde-PRGS

bi ndi ng of the se- PE ates. t reduce e

ovai | abi 1 EPRBEE T B RLEE e Al B Besle ik S oGl eiRpel, end
potenti al | yhdsimayderusefdl @phpigaty & hyp&hld]fditise cdlbeudlaycaser &
conjugates of the present invention nay be useful to control

ol udi ng. SO0 c PR bk e EoAe R D AR R A UL ST 131 | on

may be i my@&.pr@lfsﬁﬁe dellp @Cdri@no catitd] bR dr Prodifer6RIS poBMiall9 MstERIg to
proliferation of the tunor while having nmininmal_effect on surrounding

heal t hy ti Sfsathodghedypsr-rsplatenéipeeslls- dhe ZuassiiEorpumestrragbepsed to
gl ucose- PEG, &@h&'ﬂﬂﬁ@e %Qﬁﬂa%ﬁilﬁ%e@pxp ﬁ@rzﬁ?ﬁb%&%, GRAINIRIE NS 282l | NeAr

gl ucose noi efy at the osition of glucose nmiety
[ 0015] Conj tRf pﬁf?dé@d@h@f—?@@nﬁmﬁf@mﬂ @@quhec@flﬂpé%ﬂstoﬁéﬁﬂ@wephe gl ucose

noi ety may gRfebiffic ¥1'lz@rm%§' 308k (ﬁdwﬂ}(@g@ose 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
avatlability 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



[ 0016] The PEG noiety nmay conprise a |linear, branched, dendritic,
hyper branched, star or conb PEG and nay be term nated at one or both
ends with an end group. [0017] The gl ucose- PEG conjugate may furt her
conprise a linker npoiety connecting the PEG noiety to the glucose

noi ety. [0018] The gl ucose- PEG conjugate may al so further conprise a
det ect abl e mhaibtgl . The detectable | abel may be a PET | abel, an SPECT

| abel, an MRI |abel, a quantum dot |abel, a coloured |abel, a

quorescent el , L, by an
ant i body o 'ﬁﬁ %ﬁﬁ é@%ﬁ%ﬁﬁgbfﬁdTgF%%pgho Hﬁ%mggégc ﬂlt%%&%%&gntlon
provi des anmﬂdum&uﬁaﬂﬁﬂmehmggglucose transport into a cell
conprising contacting the cell with a glucose-PEG conjugate as

descri bed in. Ih | 1. be a h rolife cel

00201 1 al g0 R BBEEE mpis o St R e Gt BB ot i ng
hyper - pr olhiyb@b@héhed, stftlor cEANPEGS biti0mSOHY tagihinagd & day pEbotR emisivﬁiaf@t ive
cell with a glucose-PEG conjugate as descri bed herein conprising a
detectableePgE%WP-and detecting the detectable |abel. [0021] The
detecting may involve fluorescence m croscopy, positron em ssion

t omogr aphy [00BZ]i NOTheStB5EPIRG @b g AEES iRtheEQMIHE 8 lihRFRdi@aphy
i magi ng or magnetic resonance inagi ng. [0022]1n the above descrlbed

net hods, t Kengesting tha VEGaneiptyitthgiglycgseiapipty. Al t ernati vel y, the cel |
may be an in vivo cell, including a cell that is associated with a

proliferatiyegli somi ucoérd:pm 6 0EAE Inh P A sEBYtheNSnyfiRe A dBbAhse RbEING an
effecti ve anount of gl ucose- PEG conéPgaIe at the site of a

hyper - pr ol iThe datestaje baéP]{ m@}HJeaa B jabels 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.

[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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[ 0023] The above descri bed nmethods may further conprise contacting the
cell wth a chenotherapeutic agent. [0024]In anot her aspect, the

I nvention provides a pharmaceutical conposition conprising a

gl ucose- PEG conj ugate as descri bed herein. [0025]1n anot her aspect,
the invention provides use of a glucose-PEG conjugate as descri bed
her ei n, i notithch shgmotherapenticlagenpr epar ati on of a nedi cament, for

reduci ng glucose transport into a cell. [0026]1n another aspect, the
t d f
R LR T e

treating acpmptisifes ghmm—ﬂﬂ@mnﬂgatelas descabdj leedin. [ 0027] 1 n anot her
aspect, the invention provides use of a glucose-PEG conjugate as

descri bed l,n conprjsin det ect.abl e beI ud| use in the
or epar at | of0RTa dBABUREaSE o T HABPRAES yiSr RO ey ST v el |
as described herein, including use in the preparation of a medicament, for reducing

glucose transport into a cell.

[0026] In another aspect, the invention provides use of a glucose-PEG conjugate
as described herein, including use in the preparation of a medicament, for treating a

proliferative disorder in a subject.

[0027]  In another aspect, the invention provides use of a glucose-PEG conjugate
as described herein comprising a detectable label, including use in the preparation of a

composition, for imaging a hyper-proliferative cell.

[0028]  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

inveniion, 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.



[ 0028] O her aspects and features of the present invention will becone
apparent to those of ordinary skill in the art upon review of the
follow ng description of specific enbodinents of the invention in
conjunction with the acconpanying figures. BRI EF DESCRI PTI ON OF THE
DRAW NGS [0029& The figures illustrate, bg way of exanpl e onIYy,

embodi ment S0883% heFignagsntynthstie sahpmp forgya wﬁ@ww@%@@%ﬁ -[ 0030]
Figure 1. Structure of an exenplary gl ucose- PEG BODEPY. The PEG

.noi ety i s depB4f edrRaroS PludriRelBRBaLd FIEEMEBX RS ¥ih GPRVENEL7 the
"PEG noi ety may be larger. [0031] Figure 2: Structure of an exenplary

" gl ucose- PEGelkHgrosymvhmight weretycubaing wihtS0n gMyb LGRS & the growdimmedium for

am no-termpat ed PEG and then. ion with capr.ol actone. .As wi.th
Flgure 1. CREMBEEISTOrEE oy e HEar el hane e Brene 1o =PPhur e
3: Structurgnof an exenplary gl ucose-branched PEG synthesized by
conjugating glucose with an am no-term nated branched PEG and then

reaction w bh capral actone. Each n is independenfly greater than or
equal to 1.[003Bl34Kigpressiompotiton asays Campenioneyriing asfarrwas pegprmed in

| abel ed wit : i I RGHBA i th 500
p. M of GPB %ﬁgﬁ&gcgﬁ#ﬁﬁﬁi&giﬁ%ﬁ&% s%gﬁnl]@%sg@%ég;ﬂ') 3}& e ms%@galvawn%h PBS

bef ore fl udsi3dNgeM). thgreily weSciatubalzdrfor3060M 3087 {0086 péHisgrareweshed

Conpetition_.gs ) etjtjon, hinding assa erfor i.n the

presence ofmg} ﬁ%r@%&%ﬁﬁc@ﬁﬁ@tﬁ?ﬁ%ﬁag re%Pﬂ%%%B aﬁe?fﬁaé%r't@g?%@ medi um
cont ai ni ng i&RRsifyZ200the tddirol dhR vadl GBB Wal ®ithdi€ Winad@dvak @lkesBs T00%.at 37C.
The cells were washed with PBS, and the total intensity was neasured

GPB and wi TRGERT g1 eee ase® eieaiimh Eigipth MR ARRICRY o wée™ 11

seeded onto 96-well plates at least 24 h prior to the experiment. Different

concentrations of GPB were added and further cultured for 7 days. The medium was
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 pM and 400 pM of PEG, and 200 uM 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 pM 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 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.

[0040]  Figure 11: Gene expression in lung cancer cells treated with GBrP.
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[ 0036] Fi gure 7: Dose-dependent cell death in MCF-7 cells. MCF-7 cells
were seeded onto 96-well plates at |east 24 h prior to the
experinent. Different concentrations of GPB were added and further
cultured for 7 days. The nedi um was changed everyday al ong with the
speci fied GPB concentration. MIT assay was(ggerfor med to assess the

cel | vi abi IHyrpan lepheangsr celds (Fe 2P Yowsre Berterblospdays wish FRG M ofgopified

viability d@-k’ ' f : ]

Fi gure 8: @%ggét)( 0 %E%g%é# Jﬁ&%’gé?éﬁlﬂseg Qﬁﬁggﬁgﬁ%ﬁl@e Olta;i va\\[égggszr eat ed
with 200 p.evragiet 2400 te dlloindREGrseargs@hed.20PER «BRB comhiving ilmerser e
treated as.described in Fig 3. foll d, by.the MIT assay. [0038

H oure o arein igabesbiah vl s teeatey S ploplos BB PG ¢ ur e
on a 96- welchnipdlané tre@DceiMirplngde 40QeIIQf GPP were added to the cells,
and the cell viability was anal yzed after 7 days of culture. The

medi um was ged_everyday with the specified GPP concent ion.

Val ue T or  (I0EHon EReSs Pndiistios sBoriEs CriRerIa CotGOv Y L Eb e,
[0039] Fi gufifnabQrodBiaRAiaf@: Qéllsgﬁalﬁfb st dated BFBRA Y BRSI00GANGE" cells
(MCF7) were incubated with 200 p. WL of GPB in the presence of the

i ncr easi ng mwkhigasralveess CIYTHContolasts werwdrepapdowthoupieagnerg ot Rl s
the fluore I it ] I S I Lo

[0040] Fi gur S t1 B U O TR EH MBI, PR oL FARRL prinirs,
GBrP. 6 Huoradentifyrile apapiotc patbwhs wiHis2d &) idesife tHerapeptoss pahwd btwyeenwi t h
20011 M of nodi fi e&’u%udgoﬁe‘ (GBr Pt%. Cont 1oI cells were prepared

wi t hout t r E8FHEAPS TT0FAT° 3 EXFPLEEd fromthe cells and reverse
transcribed. A PCR array containing priners to identify the apoptotic
pat hwvay wagoddid tTEehileaEriffdeyof GbrPogmd piashel RiE (BWRY whetewedon didfetenol

and treated cells .in lung cancer .cells..[0041]Fi e : ne

oor bser on Crteh s HORE pih POl PagERtalal Ghle [ GRS GalS fere
prostrate GRmNe&ks dRbhRd(PRLAR)3 WK 800 eI eAnd &P 3r BRYS MTt hsh§QradM of
modi fied glucose (GBrP). Control cells were prepared w thout

t reat ment . caBied PulRNmonEer B viekiditeef the eaist Yrduesaiblained fer thegalls swthout
transcri bed, éefrggat@'{vrf@ke? égtl%h%i ng prinmers to identify the apoptotic
pat hway was {useé o ident y the apoptosis pathway between control

and treated cells in prostate cancer cells. [0042] Table 1: Effect of
GBr P and bt Wdd.IFPBAESCURIREEONest ed on different

[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 conjugate, the glucose is linear, Ieaving 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 systemns, 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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cancer cell lines along with normal breast epithelial cells
(MCF-10A). Cells were treated as described in Figure 3 with 20011M of
either BrP or G(BrP. MIT assay was carried out to nonitor the
viability of the cells. Values obtained for the cells w thout any
treatments were kept as 100% DETAI LED DESCRI PTI ON [ 0043] Thus, there
i s provi ded0e4€]| ucﬁ@@%@eémy@gamodlweﬁgn@w BSipeppraomplugat ed

to a |inear 1g{l&p&%gtmb{ya&%ef&m§9@% ch%ﬂé ﬂm?xfieﬁg%? ogln‘d?g@e

[ 0044] The g? ucose nol e ucose- | i near
gl ucose, mpalydispersddatmetriues Gt REGgepasation oamlmpmnsécbhmchmds Masimmg

cyclised. he for Iuc se t al | ound in

b7 o1 01 cal gt e PEETRRh ot b P B b S b EGuit R 1
oxygen at ORkarhglé from 5ﬂo>§00€éﬁ@ﬁh@dm[tb 1 hattifly SOHeF8 Tmolécma& Weight of from

gl ucose- PEG conj ugat e | ucose is Iinear, |leaving the posi tion

avai | abl e #RRutSBNFmehta fﬁ’ﬁ'“ft QQQ&OQE@%%Y%FOUWF\@W@@@&ﬁ%ﬁf%@%@’l s
still abl ebE@allbdvg gé&oiela@m%g&) Pﬁetzob*@ésmg@gmnmé 6ab, 900 S

not typically foun bi ol ogi'cal systens oes’ not tend to énter
gl ycol yti CPE@tIélB@,IHE,G #)31051%9§00@ @@REF 3Bhe PEG nvi ety may be any PEG
noiety. As will be appr eci ated, polyethylene glycol or poly(ethylene

Sondonsed 1504771 o 18 E‘@E%FBW‘?%P%%}E?W S TRleaflelf i b0 Ty e a0

mr)]nodi sper bwdd;]adé’@ﬁh r@anmd PEG iptlegrareny PBG hawrngohwm romretbmdhet:@é 1; g; (rjn
n as c

et gt P EER s EhEhdRe Bhm B r @b SR Mo echf Bk ERTE S

P it g agiygﬁ??ﬁcmﬁmﬁff’m P e PR P

ave?age rmF@E%’j?EB j\%f‘ﬁ?ﬁw‘g E]P aél%fg?@umﬁ]%ggﬁout 18, 000, 000

g/mol. In various enbodi rrents, the PEG may be (all average nvol ecul ar

wei ght) PEEB(I;IM]) RESPEGQJsePECEOﬂ'ﬁ)ﬂxe coite4i0tay BEEérﬁQﬁtedBEﬁhel&@’Gth PEG
1500, PEG 20 or PEG 3350. [00}&7 The PEG npj may be a | i near
PEG Alter |"€}3]|5§‘ ongl|gEPUpEEr A FEaCH RSB SR PEG

i ncl udes aemeP%&m\ehma@taﬁe dﬂqr&rb@h?&%%ﬂ; oF &2 AP emBNeRdi ng

from a PEG backbone, and inc es specific arrangenents or degrees of
br anchi ng, perbranched PEG _a_dendritic PEG star PEG
or a conb ? ﬁm@aﬁs’aﬁ C%ﬁﬂﬁ%ﬁf’ lingaH hiseRs Teioy Bhskdhed PEG

[0048] The Esﬁ%rwfel% ﬂ%&@ﬁ@&:ﬁ% ?ﬁ@mgagﬁoﬂ@ﬁe@@inaﬁrgmcﬁﬁt@ga%fﬁne or
bot h ends vvlth an end group, for exanple an am no group, a hydroxyl

group, a neidplpde metipn g@up, that ig, apfret heseoelacage Sied: T errkamraysh jchoat

moi ety or v cBLry fﬁ%‘ﬁ%mﬁ'&cﬁ% aff 'a‘ﬂ?drogen 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



[ 0049] The PEG noiety is conjugated to the |inear glucose noiety at
the d position of the glucose nolecule. The C 1 position in free

| i near glucose is part of an al dehyde functional group, that is, in
free linear glucose the O carbon atomis bonded to an oxy functional
group and a hydrogen atom as well as to the C2 carbon atom In the
conj ugat e, linkar ghuopsqiopieiyon thefCl prsitiondemyaydegitethed vieye linker mpise dFoby

t he conjugatl of y; : i : I | I -

conj ugat i o%kélg g’t%l(l)r%@gtr}llgﬁ? ﬁ%e%%mbtgé ggﬁéselﬁ eééfkt\{%cogeﬁ@f h@g@%&ﬁ% |1ﬂ(1)nal
group, for texdAdglyde funetiomelityge the@ Inpyitioe); ane ako be xwachedwsphe PBGM Nng an
et her linkage ta

group on t I%E@%‘ﬁag %Ge%gt d‘b%% g Eg r%i‘?‘%éftf‘ﬁ%%ﬁt %gét%;r t@%@g’ge or

may be bonggdetyand e PEXMEEBLyOha ilBtaohEah YelBe 01 @EiBon,| 8 dBRFibETIHLPE.
enbodi ments, the PEG used to formthe conjugate has a free primary

am no grou | east . at_the termnus that is to be conjugated to the
C positi oRoB11, pptcheny tb@lmgee?ﬁéﬁamfl%wwl%ﬁjda sebigiebeh he oxy

group is r&pkakeinlY b aREANE M Nerd Bh AR MBHIPECRBGEE hadilind | near
gl ucose noiety to the PEG noiety via an am ne |inkage. [ 005 The PEG

moi ety, i néftadhentp haPBaamejeivuand maxbelsétachied éertekymple ehibin &ge el aflike
l'i near gl ugess,qm| t Ltk attached via a
| i nker noi ety. %ﬁi%nﬁﬁ%&ggsﬂﬁoﬁﬁg%tgélﬁjgpeg@c%#@c ‘ed to the d

position of glucose (or via reaction with the aldehyde functionality
at the d pBI2]i onlbe drigytable Sabelmwanbe anytet] thet isdete@Bite peing kygwn

i ncl udi . he . PEC ' h i Nk t t th
Chustn B0e50 SE0R, BRSNS ERALRLELE HPUSHIOHIRARIRINS] (Do
as descri betydea\PET [pEH)5h|IPFCTdakd] | an, MRhiabeg| aiquaenPids lahehjaughurdmy

i ncl ud t bl e | abel.. Thi bel be attach wher. th
o1 cose- PEEDA g m AR AR R AT Eh e PR P AT nay
be att achedr iiboexaaghet.asudhllgbdy #ekenih Afd ddRaBEQvEDItES. YFR exdnanel

group) not conjugated to the glucose moiety. [0052] The detectable
Pabel iy, BRI bt nghis SOOI B ChBheARTinh d o aek e c1Bine

may be a PET el R e, Rl B e e o
| abel, a corGue eidedshensradigactivespione.and inchideimoigties augrohptevinga a | abel
that may b Shed an...antd éarﬁlﬂ L - ch | abel s
are known g?\%&%‘fe reé&x ‘g&é‘sglis?)%g?é‘.@ or %)l?gr%p ge{aﬁ’ﬁﬁél}@?gssoé lr%'t | abel s
~include BODI PY, FITC, Rhodam ne, TRITC, Texas Red, cyanine dyes (e.g.
 Oy3 or Cy5J03]Al dxpertipwlen tadiokbglsohelbas BET labelesrefudfirdiB Tessanningmanips

- having at | ' i | , ) Lehi

having ot btk QURAACLAREHLIRUATLENS, SORLASLUR TOLERLERAL .

em tting raglcaothvenmbscligpetrof@0&Bhdm oxaet ) w dvaripe wildpotabel s such

as PET | abel s usef for PET anni i ncy unst abj
posi L1 on. et TH R0 L e et it PEattseatragr ol CERRbeRiRa F s
cyc |t otron kf: tpmwmol ?zintﬂdlmj(ﬁarfqg‘erno rial. gm?imnigyé ;grﬁclsto% exiilitfu!ngaFlhg gmylvéi h
protons. e | e or apel s | ncl uae
(hal f-1 i f?a%gp Gk 16N ?’;‘?Pﬁ - b A 405 Ot 0\gSK HaRaalF RrcB 3 20
m n). Posi tdeRiktRin, BAQHBE B tddsBYirAt OMBLSYGHSIBSCT Bibeld 201 14281, 1 6N,
150, 3H, 133xe, 11 It , 68

include T1 (Gd) and T2 (Fe;04) contrast agents.

[0054]  Inparticular 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 arangement as depicted in Figure

9



m Ga and ot her isotopes of netals such as technetium or copper nmay
be used in PET |abels or SPECT |abels. MRl |abels include T1 (Gd) and
T2 (Fe304) contrast agents. [0054]1n particul ar enbodi nents, the

gl ucose- PEG conj ugate conprises the conjugate depicted in Figure 1,
Figure 2 or Figure 3. In particular enbodi nents, the gl ucose-PEG
conj ugat e ikontkigurs@npetdaviog ted B mdiconlofgey than depicei guihe rddeent Fgges e
3. For Figur each. n i,s,ind ndently 1 or greater, or froml to
500. In ot h“é’?“’g?r%%“'&?%%‘ﬁte{s‘{yl?ﬁeﬁ’giﬁl}%%e- PEG conj ugate has the
arrangenent as depicted in Figure 1 or Figure 2, but having the PEG
nmoi ety | ond@653hanTieeghwselEGronjhgatesahayizntynfhegzrdaisingatandard @Bown
repeating ethylene_.gl.yco nit.s. 055] The.dl se- PEG.conj ugat es
may be syntQﬁ‘cé%‘imzséfaﬂ"g%l?Wﬁéhg%Ilsarrttﬂ]éefa('iL %anfa&ﬁ‘ﬁ?%g?ﬁ{%@@ met hods.

Li near gl ucegenepdslivakilans Efssaasemaeddidailammnhed aihykval | abl e
Conj ugation may be readily perforned using known reactions to
reaction afciHpRIpreasiien aarerqreakfunstisng ssnpiondhe termnnief the PEHe PEG

mol ecul € Ory QB del AKAINKEDLSELEwith il ﬁééledlcfehftge 18e6ey B dOsRRY 3%“

the G position of the linear glucose nolecule. Simlarly, standard
chemi cal cduplineagslnecse nioksulemymilpelyusienilardochamicabtpualiyg thettnns misl be

cont upat | ot TooRE LG ABRRA Rkl gt Bl Bl R PR Bl e

t er m nat ed bafdrdoafiee oehjgmtoptolthy gingpsa nfoisee am no group or where a
| i nker nolecule with a free am no group is used, conjugation of the

am no grou L th t d Qn ,at.om. be. perforned,in acegordance
ot Exampte83c e, Whre i Bk AR R BE O BRe no e LB SREST
Fi gure 4. [H&pdrAthest dlirker ablwde with adipaatio grbad istubel, ghdjegsion Hbke

conjugate binds to th s but is not transpgrted into the_cell.
W thout  beidiah PR HH £ (angP et G Pe PRI 1 FeoWReauE rgple
conj ugat e appealtSelb®, BidtHe §yRitielle séHeldE YescBbet#i Figukiandi ng and
transport of glucose, thus reducing the cell's internal glucose

suppl y avai e for glycolysis, and thus reduci the proliferation

ate of "t ndOGT %%35%1&10%@? FieE Opt PREGTAHO g@u%ﬁ%&#@ﬁg

gl ucose tr TAPLY B fsSnoRtBRGortddiRolh ORI AN HIRRS LIRS 1iAIBEI HPGalRaahdes

such as fructose and gal act ose. However, in héper-Prollferatlng cells
<

such as canileery. s glucosyPEE senugste pnsamiebigd i 5+ Plagliye binding
transport ergy mpm ®f QIQ%@,rth&Q%é&ir%gﬂgggl’Qﬁtéﬁ%z ﬁk&g%cega%gy g&a@meff&r

their ATP generation and oxygen production u anaer

condi t i ons.ghBplysiki ang thuseedycwgdereprobfcepipnrate pithtigghle Thercell stréacatt thy
cancer cell e th, as. was..found |n Les

i nvol vi ng snlB ﬁ%ﬁ)églﬁlsdp% gﬁin?l%g%bé tgaglgpd) r%fsoac?(nggvzltho antsﬁoe egr;ﬁ fﬁ%%@g receptors
| eadi ng t o seehiridte aidh ak fruposd arfigphtiong Hoareat indgbbrsproi A58 Sillkceck he

| inear formof glucose used in fhe ucase- PEG conjugate typically
Hoos ot b B S M bR e ZO B A o el o
conj ugat e \¥eséndion tegL@Eeinkdke Vb MBeit ATP @kRARBNINE okyH8 BrodRibitzOSEer

noi ety fromthe conjugat no cyclic glucose (or cyclizabl e glucose)

e
woul d” be naBeerehiepIndEioas. FHerking fae §yg9sg rersptors 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

10



result in increased glycolysis by cells. This is in contrast to other
gl ucose anal ogues and conjugates, which typically use cyclic glucose
or glucose which is able to cyclise due to availability of the C

al dehyde functionality to formthe cyclic formof glucose. Such
cyclic glucose anal ogues and conjugates may contribute to the glucose
suppl y wi t heswltan owtdasesiiadyrotysisivey callt| Ogtis iloeonsrestjiuothercslinoselegiasdesd t o

rel ease fr _— E e t } t he.

conj ugat e ieagd %ﬁﬁ%ﬁfgs‘é’{“&%?’%}caﬁgaﬁ é;’ggée 8‘?"5’?%& E&SF%}%&%{?@@ Jltoncgf(ratls,e

bi odegr adahiue to svailatiilityiof ther@l ddshytderfanniigahiyco formuhe cidie fghuafabeoREG
conj ugat ed descri.bed herein is useful for reducin ucpse uptake by
e P R P Pt et o Esueet P GrstopHREes e aREe MR RE pect
there is prvﬂﬂﬁﬂsée1psh6ﬁ1&ih@éimﬁforgﬁ@&%hﬁ@a@fbae@g@dadrt@mgé fred Ahérsa cel |
conprising contacting the cell with a glucose-PEG conjugate as

descri bed rein. Contacting the cell with the conjugate thus_allows
the conj uggﬁggq]o b emepTe e Eepartion of fie canjpgaicis iaghlt spanble, and is

hyper - pr ol ikgsatly 6logRhlly ink2A8ddeH MBS Sioh kGHS RAY donlifhRinBe&d. I THuSS er s
to the process of noving glucose fromthe exterior of a cell into the
i nterior ofthgglacasePEG donpiseied Aeperibritherpimisaseldl foyrodpams gluresd ypiakgby

gl ucose ”%r!;%ﬁﬁh&u&ip%ﬁyﬁg:kd d 1% gks to | esseni ng the anpbunt of gl ucose

that is taken up In 2é I'ncluding via transport by G.UTs.
Reduci ng includes | essening as well as conpletely bl ocking glucose
transport, [P@Rdludi Hysghacabe aspesh &por is phyyided @scth@erfuedusggrziyroteead t o

slowi ng of .prolif.eration by.the cell s 10 | il
proliferat é‘g““ i 11:rlltgta cgfsf C%nl} %ﬁ%?‘ycoélgac%ullf’ @ﬁégg%g%%?eu%g I;'E ec“ngu aEc)esaes- PEG
conj ugat e, described/hdreiad Contactapsd cadlnwiti thp caljudaty thts dlvwsalie engraeed |

deat h, includin otic cell death. [00 The termcell as used
herein ref é:}r% tpngai(g]gﬁ#ﬁ%q @aégrfagegfﬁ@{ﬂgp%ar&?é@an Yfﬁal ity of cells or
a popul ation of cells where context permts, unless otherw se

speci fi ed. [@61]l arGlycose abaspen o baell edfdrs toaths proctss biigesing@heofeent o a

[ 0063] The. i PG SEE-arigrodet Prephel tarely TapaTe Drerared 1 CHUTel 1 i n
cul ture, amedfciNg ¥Acde kdanspBit i) c@Nrefrd/ @ 16:84ink P bdbiR @1 EfuekBedhat is
subj ect. taken up into the cell, including via transport by GLUTs. Reducing includes lessening
as well as completely blocking glucose transport, including glucose transport by
GLUTs. 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 fo a single cell where context

permifs, unless otherwise specified.

[0063] The cell may be any cell, including an in vifro 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 GLUTs 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

Il



[ 0064] The cell may be derived fromany organi smthat expresses GQ.UTs
and that undergoes anaerobic glycolysis, for exanple an animal,

i ncluding a mammal , including a human. The cell may be a primary cel
or it my be a cell froman established cell line, including a
cancer cell line. [0065] The cell may be a hyper-proliferative cell.
As used hereshabljshed tejldewr; inpiuding b earmet el loel | or hyper-proliferating
cell is acell in which proliferation is uncontrolled or is increased

rel ative tﬁ%@ﬁ"healf ﬁ%a be ahP]?E?rllé)tra er%ﬁlfe! ce;lllI A%\ﬂ%gd Iﬁ]erelr Oai[l‘lggersane cell

type but t I°s no ype r eration is
under nor mekoliferdivd @l oebyﬁelf@fcﬁlferafhg d&umear eqmlrlﬁhvhﬁnﬁlr;abltﬁmlmeisl may be a
i proliferative di ord r

cell associ ated clu

within a sb‘PF‘HﬁfPﬁA?F{) FiS Ty e oo ALPRIYI PRl ngléhyrfgele%%eel (jh% th a
further canpgge célﬂ%@lmf thal Qs%@iaﬁeﬁ?fohﬁérﬁu%ﬁﬁ%%ﬁfcﬁ?rd&\i!fér&hc@i is under
proliferative disorder if that ce cel is abnormal |y

prol i f er at inAgna gelimartcontras Llhe iypenmelifgrative delf mpnbea gﬂlﬂsma’fqdrw%@ ch

pr ol 1 or at PR GRSk or ar pFe BhROMABR AP iF RAAE o RE iy Wi,

di sease or beingdreaterg with avfucthér canceetHerapfy. a subj ect is abnormal ly
proliferating, resul ting in uncontrolled growth and division of the

cell, whi Cl;[’%t}l or a;f&l,llt i ¥sco By W wWaﬁv@&Emﬁ 1P‘ﬁ18 de[l?% LB

woul d be p In"a co nmanne erative
di sor der rra‘yndmaktjnmohfarz&mgz;eds foyredulten fireadidotder at 4 S)Ib_]ﬂDf invdli¢chghandll ier
non- mal i gn i,ncl lid tunor,. Such

di sor ders ? ael l‘%@ﬁ@’é?’r %’%1‘32 %@Zﬁagﬁ% pé‘g\ﬁa’@ on pipeh 2 telhcer

gastric cancer, bladder cancer, colon cancer, prostate cancer, |ung
cancer, naseQ8vdry nﬂgmhfe@aﬁe idi‘l;@l‘mr isaelsehealr dsardet movech askdllrbf@anhjeﬂ.

[0068]Vhere he c an invitro cell cl udj cell .i,n cylture
and/of an SMARY Pedit g, ek Rytere e e A ReepPed B

conj ugat e WBRYCHG R AMEAISE {REGIIRD WollRl 0B PEtRatind dr ReulWelslifeatind ingn or
grow h mediumin which the cell is contained. [0069] The glucose-PEG

conj ugat e AeRFHlsd gamRs. TBe pIediemirve disowist wey BnchrackiBed Y Wedi um at a
concentrat bﬂﬁf&&u&ﬁﬁ%m@né}é oern%aI%ﬁfi’tt &1 popRitins AnQ8aiAMmOf sk eat er,

about 0.05 mM or greater or about 1.0 nMor greater. AlTer natively,
t he gl ucos éufF!EGSédhﬁhél@é@fé inghade b@caddelddms braast chudef, éWGIS@DGﬁtU Lptrigr

0L e SRR L R Bl e 2

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 bufifer solution or growth medium in which the cell is

contained.

[0068] 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]  Ifdesired, the glucose-PEG conjugate may comprise a detectable label as
12



‘descri bed above, in order to allow for confirmation that the
-conjugate is binding to the GLUTs on the exterior surface of the cel
by detecting the location of the conjugate after contacting with a
cell. Thus, the nethod in certain enbodi nents may conprise detecting
t he gl ucose- PEG conjugate after contacting with the cell. The

det ect i ng nigycribed kbae, inmadpr hgalkfv foheondishbijon that thelcangrgasiinginéing tunthe
fluorescent i i ng techni s in vitro., [007 ere t cell is an
v vo. cel FLUTER theeiggon et ety e e B B TS oy
conpri se adifientdtRtihDGitAA cell.f Tigds| the nRfU Rl cdfair debddandiigabecdnrize
subject. [0072]. The term"effective anount” as used herein nmeans an
amount ef f setscyeg theelvgese s copgateqitepenrfiastias with thersll, deedatestipet o
achi eve t h%ﬁﬁ%&lﬁ@@in{eagftﬁioﬁgef&ﬂ, i_ﬁc\flﬁﬂﬁé Rsingd BrdviritfPesdidd %%?g ransport

inthe cell or to tre specific proliferative disor
[ 0073] Si ncedeghaiyes ngifgd-ucose transport into a hyper-proliferative

cell may result in starvation of the cell, resulting in slow ng of
proliferatiggzqices i : i.ferafi . e
et nod may Pae ude e sat Sl PEhLEIE, Blteotle GV G OFL belfabRrRg

subj ect. [ GOWMEFhenayepmptiseradatinistginganmifliifeematunyef the soywpietoef ers to
an approach Qr, obt ai ni ng beneficial or desired results, including
clinical ré8Ufts. Beneficial or desired clinical results can incl ude,
but are not limted to, alleviation or anelioration of one or nore
synpt ons or[08%2idi t Thensnm teffactivesinnant”™ fusek hernih nodanelbis easnt effective, at

stabilizatipn of t st at f. di sease revent,j on of .devel ment . of
i onse. ottt iy P o b m RS L PG BT R RO PRI o
progr essi one réd@tayluese FhipbMth B céll 5aaseataNE§lecifid PRI @A At dNdrdRE.
palliation of the disease state, and rem ssion (whether partial or

total). "Tr i.ng",.can al so an prol ongi ng. survival of atien
beyond t hatlD0{Hlect oA THOHeHE EBORH BB Fibarveprotorr S PhERY et al o
mean i nhi biif btagratiCoRhOSNE SBhibRg Bf sieliif e afsroli fetB0h @sdalién HF Ogr essi on
of disease tenporarily, althoug% nore preferably, it involves halting
the progreP&plHpratien. gr Seengsell Bﬁqﬁ%él?ﬂréﬁﬁfhvf mFEGTPBFT{Féa‘%ﬁB‘i A@preleerghiye

ani mal in neetietn 4 abplnent of a proliferative disorder, including a
mammal , i ncluding a human.

[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 fo, 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.

[00768]  The conjugate may be administered to the subject using standard
13



[ 0076] The conjugate may be adm nistered to the subject using standard
13 techniques known in the art. The conjugate nmay be adm ni stered
systemcally, or may be adm nistered directly at the site at which
the proliferating cell that is associated with the proliferative

di sorder is located. Delivery to the site includes topical

adm ni st r attéchnjquésir@ehiin the@rt. JUe gorgadatd 0Py Beddatihisrredispabiidhiing ofinan
site of a tu Del i very may be perf orped ing a dru dellvery
devi ce, 1o Damfwiteed dFedy ah%?ﬁ%ﬂ? Hegh 1 @Oﬁ%ﬁﬁfﬁgéﬁﬂ earaPAgdt o a
desired rel@gaste poQfdtie dﬁef&r Q%da%é%r Ve €Phe biChbidifdotitansder mal
systenms as well as devices for inplantation. [0077] The concentration
and anount a8minifiEtienAjiggwrer sosisel Imphniiion dndyling atja sitapfa tigwsendi ng
on the prol r

asso0t at ed TR Py betf g M ABELY eyl MRS sl dbiery

t hat i s adwitiestrugde atchalingpide daﬁmﬂctahemwtaﬁitlbmg c’ahwbnf Hevieege and

magi ng_of IHETE BPSH eSS SRR 8 A%icot 08 IRRUE oS descr | bed

above, the conjugate may conprise a detectable |abel, including a
f | uor escentf0DEF] Kk erTheannddvirhtihehd aaoElE'Bf trelvehjugste ﬁﬂﬂiﬂnﬁﬁbteﬂed vall

radi ol abel or ntum.dot, . sujtahl e for, detection using,in v
g et oA etiing B B PR o b e n o B S i eqsed

growt h of Rypake poBierdtive alsbider, 88! the oflBRuEARIHAOR MBI rBE hisB6dd IF
conmbi nation W th other cancer treatnments, including to target

dr ug- r esi sedRnigEResR0E Belage pil healde obthie Bt s more susceptible to
treatment by cancer treatnments such as with chenot herapeutic agents.

[ 0080] Thus [Oﬁﬂﬁ r @Bﬂﬁ)hﬁlgr ﬁfé%é@l&odt dl%ﬁhbd]@es%)ig@% of Kﬁfp%hﬁfoh&?&ﬂ@@éﬂss hed
in conbination with a chenotherapeutic agent n conmbination with a

chenot her ayeww chaxge#ﬁdeF@@ﬁ% ahoygithe P@I‘F@?M@@WW? pdete¢tele lahg). occur s
t tact ed
inatine peRidd i %@’%&&ﬁraﬁﬁh%q%gleé ?E?ﬁb'e?ft%@ﬁ@ﬁ‘ Ry, gontact e

Wi th or adm ni st ere cel reducing 0 ucose ‘transport
and t he comadalabiehgr avijtantuoy dcammtnblsforalteiempnofsmghevnfhamguheueelpeqms c
agent may occur simultaneously or sequentially, and the respective

time peri Oﬁoﬁ"ﬁj €aGlke ¢ @gﬁt‘%’&?ﬂn@iﬁlg@éﬁhe%o mfﬁiﬁ%é}é)%l BB \Gs,

provi ded t he benefi ect py treatnment is
ongoi ng i nthevenpghte nwrbcamdtlamombmamrmﬂhethcre:duw frgatmiEhie, ingdudiog fog and

e 20 0l bR RGN R RIS I RY Sy L I0G Ol SRl fhfhy
treatnents O OI’ e C ous ); rven t1ne peri o
required i narmeﬂWatthtaﬁi&h aey&ith b&nﬁtﬁb&r&@dtw e@uist )

[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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[ 0081] The cell may be further contacted with the chenot herapeutic
agent in a manner simlar to that described above for contacting with
t he conjugate, depending on the nature of the chenotherapeutic agent.
The cell may be contacted with the chenot herapeutic agent prior to,
foll owi ng, or simultaneously with the conjugate. [0082] The

chenot her ajeedijc ariendell ey bl €urthet odHpatadyitingE chandtgipeatid Ygent in a
adm ni stered to a ¢ell ang whi ch_has_a cytotoxic or cytostatic,

ef fect. ThéWRERIAHELETEIbgEheveay caacHne HyB e coRbetpisaeine
apopt osi s, oglikdnaseBPBe cﬂ&ﬂﬁﬂéﬁf&ﬁ@ﬁ’%&ﬁﬁ Ofleoell Hay bl @bnth el RS el |
cycle arrest, including p53-dependent cell cyclé arrest, in a cell
that is abrbemetherppqytio pgdng paeritagoliewiag drsinniieneysig g thé carugate.

conj ugate. The chenot herapeutic agent may al so be an agent that
activates wadesy DAL ARANRL UBLL hap 0L Bbak G sobbicllt  hat
does not iﬁdung apopt O%IHS ?n thquééjl ?ﬁ,apguect oﬁa proper ICoxythe
abnor mal | y apmolistéred kot 4 oef] apé whjchfhes a extatopicer aytosthticsffect. drheor nut ati on
in p53 or ipt 53 .pat h S, Treatnent. of the cell wth the

chenot her agaer BBt A BET br AL FROTBR eflcet E0ebi i ¥ hhnces cel)
deat h, or idegsndasegosesiss it thui ihfuceocdladyclede@ithinclating pbBdejengdere adler
than that which is obs ed in the absepce of the conjugate. [0083]
The chent ﬁé?%ﬁ%%ql&aaé%ﬁ“ %}lﬂ&@alévmﬁ%aamﬁgﬁva@% £At5eB %4 tifenot oxi ¢
agent that c6fagA&t TMALEIBDrafERRRLGN m-FRABILRSH 8@ tHRPALJaREFIeRt cel |
cycle arrest in a _proliferating cell. The chenotherapeutic agent may
be, wit houtP2] ihin abppially Froiepingssildutihat dogs pefirduge apnptasisin diecieh, an
ant hracycl iggey Xe8d 00 2BRY brola oty RULIANM & aRuRELE] di ne,
an et hyl eni mgr?‘e?agﬁérgértdf{% ne?%l?ln&ngﬁjma I’llat ré(%e’n nmust dr d, %1 %trgsour ea,
an anti bi omiwatioann phit one thelydB ipedwags. f Gteatment dithapd] wiluthe a purine

anal ogue, | di 0 hyl | a
o1 at i num conE R 0E 1 ARPL RS Ry SRS H I R BRI o UEH D
may be chosiencaass sapsitivdtyad bell dgadh) b Cleod @ndatel Hal thas whivh\isotservb@in the
effective ai_nst tghe E%rﬁti cular cellular proliferative disorder and
cel | type. P3P EeYs FPr8188Sdi ment s t he chenot herapeutic agent is
cisplatin, paclitaxel, Adrianycin (ADR), 5-fluorouracil (5-FU),
et oposi de, [@083]anpihetchetotherapentic dgint way by @ DA anadghep ddesreal .

0084] Al so contenpl ated are variqys. uses of the gl ugose- PEG
Con] ugat o, EFIGRAG DER RN R oo gREe opore BT HsPgstised
transport icfdi@aese® d pro@feratiQf cdil. eﬂ{eidﬂ&n%&raﬁédtifz@g@&hié?bgj B@er in a
subj ect. The use may I nclude use in the manufacture of a nedi canent

or phar mac &GtEEAN et &letsna Pentide sy mistedn, ap anthagydtineaAlaaingat i on
to a subj eglenttRQuGA Hﬁﬁﬁ@c@,PaE%zﬁfaméga%tﬁylemi%g%@ﬂé%ﬁﬂm,a@ﬁg en

ingredient Tn a pharnmaceutical conposition. fore, 1na [ her
enbodi ment mustied; e nitspireniat entitiotish an atiseeiabiobitsl 2 fdigpodiantloguecappiriesi ng

a gl ucose- Eﬁa‘??%:gﬂ% ﬁ%ﬁﬂme%ﬂﬁo%ym{ A A ﬂo’&%é}g@’l%p%ien?gﬁ{a%&rﬁy“ cally

accept abl e e 1Tnventiron I n-one ‘asp ore al so
i ncl udes suattaiphgragaceus cyakine ofxohembthempéwic agas may beetoehnga gl ucose

transport in a cell and/or.far.use jn treating .a proliferati

di sor der . (BERSFmeERARALEl: KR lodmsHErtiegRLnshF ORI REF Eont ai n
phar maceut padifdyti@GEREded BhEcianse Th et di® Bsbafimsat the chdthbBekpwiiagent s,
preservatives and various cgzﬁat,i ble carriers. For all forns of

delivery, EBE!H PSR Petiazdnf deaneme\ bl SBprirasiléeFih, oposide, or
physi ol ogi ¢ahpe@ktin ©Ph HidRfive 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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[ 0087] The pharmaceutical conposition can be prepared by known

met hods for the preparation of pharnmaceutically acceptable
conpositions suitable for admnistration to patients, such that an
appropriate quantity of the glucose-PEG conjugate, and any additi onal
active substance or substances, is conbined in a mxture with a

phar maceut [@e83ly ddwepo aldlie adretmistiaton S albgbttethe ghlicmsleéé‘i(émljmm&}bed :
for exanpl in 1 gt on' S Phar maceut | ca Sci enc ( ngt.on's
Phar maceut PSRRI Bt PR BL R FEHM e AR o UG IR 2. Usa
1985). On tiiier aasmcﬁmeﬁthme@h@prﬁaﬁem pEdtinaCUHP0 $bitib&itonl daﬁipﬁdiag aal bei t
not excl u5|vel sol utions of the ucose PEG conj ugate, in

associ ati of W%lehp}%ﬁéo%‘l‘g%ﬁ‘éhﬁ% Boeidet PW%‘@EB?E'&HIE‘%CQP@H"CI es or

di luents, @pge0Ph&inP&dioh i iy afs?‘e’ct ﬁx‘éie’férb GRS inMiddbs ficR Phérﬁfﬁl:&lﬁ@éﬁ[' and
i so-osnotic with physiological Tluids. A person skil In the art

woul d knowcmwsu@npf@pmélrsfinqrml@cosmprat inoresll 2pdosBY Vereinieaipra i on
and identi }’ol?ératri&eda harmaceutically acceptable diluent is determ ned
by chosen out e of mnistration, conpatibility with l[ive cells, and
standard phar maceut i cal practice. Cenerally, the pharnaceuti cal
conposi ti of0848]l Bihepbamaketied opnphsitompoayenttietshantan parmageutically

significant Iéé 4 6081%068{}%00?1%{)@5&1: é’“ﬁﬁr‘%fg[a% ?I Ué:rgae PE conhugat eto

reduce gl uldsR t ficeltical
conposi ti OﬂSmpmbleadﬁuem omlallfomnfablﬁweqt,lﬂ&rulﬁdae& membnjagagﬁmp seusef ul
cul ar roI iferative disorder, for exanple a

for treati art
cyt ot oxi ¢ gswrmﬁarap X%WBF& éaléFféWHi%erapeutl ¢ agent. [0090] The

phar maceutical conposition nay be adm nistered to a subject in a

variety of [¢087]s de:la@nﬁmagelﬁmaltch@lps@h@ﬁéa@dyelpmpmd(b kﬁ@iﬁﬁhﬂieﬁhﬂﬁfoiron,
as wll be _understood gli)l/ t hose k| lled in the a %&9& In di fferent
enbodi nent & REeRETRIGR o RRrmaGeufica lé(&ﬁ?ﬁﬂfa?{eé’rog’@‘)il%‘ﬁﬂséa 3 urgically or

by injecti afm{nttRes ARG chh'tﬂétraﬁ\éﬁﬁi@ﬁ'ﬁitéfqudnﬂﬁfcﬁ‘%ﬁﬁ'&cﬁé—h’EG etc.)
directly at the desired site where the cells that are proliferating

i N an uncoRPegate andetmdditigpd aribeeaubyanc of fbstsager.dn combined diMgtEe or
wthin a tyggr, wﬁa%@t@@%%é%aﬁév&ﬁ p%i CRHc1eS Ble deOIRAS hi ON T hat
(Pe ends on

is to be use articular condition being treated, the
severity ofxavyde,coRdnitgbm. s Riaemiaqediical Seiadcep Btanengtoy a Phargtaegudical

ol udi g S8EncBNShOAkGRNCLLLORy, BIES, BOOuURIGRL, dfgsduretion of
apy (1 any), the
specific r@hﬁrﬁlaoa‘unaﬂmnmpsmmcats|u011u€anﬁbmtsktelexdmmdlsasolﬁams@xfshetgmﬁr e

it hi th ow ed d ti f th | t tit h
e ons e e ae RS oB BT i P inshath pharme o B B el ehisl g

wi th m ni mat dihdisi 46 ©¥RREH TERIfRE kdtitions 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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[ 0093] I n anot her aspect, there is provided a nethod of inmaging a
hyper- proliferative cell, including both in vitro and in vivo.

[ 0094] Terns used in describing this nethod are those as defi ned
above, unless otherw se indicated. [0095] The net hod of i naging

i ncludes contacting a cell with a glucose-PEG conjugate as descri bed
her ei n, thd0ea0] ugﬁi@hemane&tﬁzhlr@n@oeiebmﬁiaﬁbb edihiabyedred tandubjedtécti ng

t he detectablel i,n order to i er- roliferative cell.
[0006] As | AT ExoBims Hsnate n fselb dorrs aoniabigiy, 3 S0Ebe 1 hat 1 o
det ect abl e yAgémGoSbpdae fhiltatieteiagtn Net hods, includi ng i magi ng

met hods. In VI tro i magi ng net hods i ncl ude £l uor escence m croscopy

t echni ques. ]g met hods_for in vivo i npging jnclude nagnetic

resonance ﬂ% IR orent SEPdsHs £ thm eamRAsHion ﬁ%@ﬁ‘@?‘rs@refjé%‘f?élﬁce _
i magi ng (f Mglg} ca'ﬂ‘_? Gﬂb‘q' &}h%ﬁ@n RESdutn s8Nl Aoul i) REARBY ad ¥ ER)) | Magi ng

t echni ques, and si hot on em ssi on conput ed t ormogr aphy ( SPECT)
i magi ng tecﬁhﬁﬁt&uﬁé:ﬂle qegt@@iﬁ}wménerglthm@é,leﬂfaE@e@mi}ferQM&umas ugenstralieded wit h

the hyper- gxga%%lfﬁil%t(n;%}&fm(iﬁ%]% %cﬂﬁ% maéutf?i%%%ﬂnged above to allow

t he conj ug ont surface of the
hyper-proliferative cell. For exanple, for an in vitro cell, the
gl ucose- PEE@H] udkitealonayl theptmddetutial cotprisition timt iSdulbe used depetids om

o Ucose. Peniioa iy Sl Miren B bl Yie Gofifabind iitrat
hyper - pr ol Ipﬁﬁérﬁ@&fdﬁeﬁ@ Ihclucﬁngle@g pl%dwhtbob&mbﬂﬁ:@&dnd a&@las}cerdubeeﬂnabove,
i ncl udi ng i cal admnistration, Ctl sur gi cal
i mpl ant at i I?HEE?%&P%@“&F of cuicpigeTy leyz B%%‘Jécr P& above,
i PClt ESI on q&mh{aﬁrag@ﬁlhﬁm%@ siﬂtma@ fARTPASt drb amlfmxe ﬁ{hmedheaﬂarbfpeﬁis& ation
0 e conjugate to a_ subjec

]ﬂgj ealth practltlonlélr hese factors are known to those of skill in the art and can be

addressed with minimal routine experimeritation.

[0093]  In another aspect, there is provided a method of imaging a hyper-

preliferative 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]  Asindicated above, the detectable label is any label that is detectable using
standard detection methods, including imaging methods. fr vitro imaging methods
include fluorescence microscopy techniques. Imaging methods for in vivo imaging
include magnetic resonance imaging (MRI) including functional magnetic resonance
imaging (fMRI) techniques, positron emission tomography (PET) imaging technigues,
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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[ 0098] Once contacted with the cell, the hyper-proliferative cell may
be incubated with the glucose-PEG conjugate prior to detecting. The

i ncubation may be for any period of tinme so as to allow for the
conjugate to bind to the GLUTs on the hyper-proliferative cell, for
exanple for 5 mnutes or longer, for 15 mnutes or |onger, for 30

m nut es or shifagef tlerhyberprilifeeitive odll. | Ko gesmpl ¢, GO i olzdomsl e glndsact | ng

and optional_{ncubation, t t hod. co i ses detecting the

ot cot abi o HESHELERRE HHREHORe ot e e et g (el For
det ect abl e kabiple, fa5 ain val,aal ahé cRied L PHPQNIRERSS, YEBMRastieeth 4 0
detect the detectable |abel, including the above-nentioned

f | uor escendBbifttan BoEbBhyPRanplifgiatse calg desemd inghsagagmizas dasergied gbove,

t echni ques,; 0 j; j Y - : to a
ki1 ed peraatuebrtadic TR0l A 0leRR o ol SRR S SN
known net heis of § @ELOOAT Hesciibmigibnee, melusmd offthe dosjugate th 2 compsition hay
identify a hyper,- . roI.ifetfﬁtive cgll vm'}]t).hi n a popul ation of cells, or
to identi fﬁl Cl r?gfnf Loy R eF%ﬁ%etﬁfﬁ’g ®Broliferation within a

popul ation of cells. The imaging nmethod is also useful for in vivo

i magi ng, arfd09gly benoesedtatted witk tieicky, the ypeprofifoitivieeriiinay &e delhibated

wthin a suhject, including.within a | j.d tymar, _.or may be,. used to
moni £ or -t 1 SAEvGh EpREg e S ) GReltg o G oot
cont enpl at §dried 6f tiseso 235 Etbw for toafaoMe dBhil adie GENIR cashdispedf a
gl ucose- PEG conj ugate as described herein for | i

( i magi ng a
hyper - pr ol PFAIgEiEerel efor ?XB@%PI%@éSmln‘&emrd%%éfwéég TRiFH{en gRlcagsgsior 30
descri bed heh&kdod1Bndeh6r ARMUEGI WiReQf @ conposition for imaging a
hyper-proliferative cell. [00102] The present methods and uses are

further exenplified by way of the followng non-limted exanples.
EXAVPLES [ @ﬁ&?j] Exmlppmgcontacting and optional incubation, the method comprises

detecting the detectable label. The method of detecting will depend on the detectable

label used. Standard detection methods may be used to detect the detectable label,
including the above-mentioned fluorescence microscopy techniques, MRI techniques,
PET imaging techniques, and SPECT imaging techniques. Such methods are known
10 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 treatiment

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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[ 00104] The fol |l owi ng exanpl e denonstrates that glucose nodified with
pol y(ethyl ene glycol) (PEG reduces cell proliferation and induces
apoptosis in human breast cancer cell line, MCF-7. [00105] Met hods

[ 00106] Synt hesi s of G ucose- PEG BODI PY (GPB): d ucose was nodified

wi th PEG conjugated to BODI PY. BODI PY was used as a red fluorescent

i ndi cat or fodlowded dontinmigidregampled.| ame dried reaction vial (2 nL) was
charged with a solution of glucose-PEGNH2 (32 ng, 0.1 nrnol) and BUD
WY 650/ 6655 0.1 mmol ) under argon, and the m xture was
cooled in Qﬁé@é"% at 0C. Dry dinethylfonnam de (DWF, Aldrich, 1
m.) was a?rfl‘ﬁiq Siaopwi se and was stirred at OC for 2 h under argon. The
reaction g V\B.SEWIEH"BUQM to roomtenperature, and
continuously stirred for 24 h under argon in the dark. The reaction
was noni t ofgEd gy I eVEHeSEHPHAS Bx M N dd @ SeAtELhht diktiosk BbdigeRkalr aphy
(HPLC;, Waters Corporation USA). After (;onPI etion_of the reaction,
DVF was rem}v@@ymaaslryc?lé@ﬁ@d%%s%%eur%olgﬁ@ ipmandgpdices FWPHRASE Hhas
purified by.;evetacshbasenihaiicegl urm chronatography using a

Combi fl ash separating system (1 SCO Conbi fl ash Conpani on, USA). The
desired fractions were collected and |yophilized to obtain the

FR- BODI PY- fl0188ke asMethblui sh green solid (75 ng, 90% . The final
conmpound was soluble in deionized (DI) water and in a m xture of

et hanol anghowabpr (‘S%hﬂ{@isroﬁﬁl&oied’E@-BOMiP? (BPBS! GRkoRRAk YiRldfeahoved
a nol ecul ar ion peak "of 841 (M+ 1). The structure of

gl ucose- PECBDBESconigsted wnBORIEY RHRIPY wasused as siedtfherssesnt whieater
2ol udi ; . B ; . oo
a1 00107 &) Sr SRR Bhicd i BRRR i ores BB £ S deny ) ©

was char gegluvast{PEG-NElp §32- 1REG- Niigho{)3hd DB Y16 5666 )X erdng] 0yl MBI ( 2
m.), and was, stirred,under argon unti.l conplet { ssol ution was
Obber ved. | TS EaPhenS e Than wobrdnet SoBeRih ot e bach. A

sol uti on ofiinp@piotaaiioe DNFRARNgIch 0L thil) wasmided dropide ahd wad Jtirwd st added
dr opw se, action_mxture was stirred overnight and brought

nd_the r
to room t el foé?gr“éﬁ‘iﬁ?ﬂ%?n' EP%@ﬁ?tloﬂf“Pé?mc‘H &1 brghehs fo ORR FEREE PSR, as

noni tored By ddRkifnod Y stik8iod 24 h LRI LABH JP M JIRS ThéREGon WM i dfitored
(LCG-M5), the solvent was evaporated and purified by precipitation

f r om met haboreversephape bicharessps tigpid chpmptagsaphy fBLGCWaISHrmpertions a
li gh N i 9 i
I ght ye Bﬁ’f'ﬁqﬂlﬁeg C((Q)L?IQIE{ZT% ?%ﬁe@f??d@sﬁm&téﬁbvmld¥%§uc§@ ﬁf’é@ﬁr%_l

nol ecul ar 1 on” pea he structure of glucose-PEG is

shown i n FagitheblRe rdsilins 68% Somfaddutriemsegthady dash selumeo cBroartdgapbPEG A
flame dried.r i o f.l . 25 i G NH2
(PG t et r ooy ueg T aRPRals AR atiry ey CorbRRE, o tba Vi o
and gl ucoséesirbd fiactiofs @2réTolvaddd)ant hyabhilizadtoludredh the FR-RODIP Bugihcbdeas

m xture was, heated at.. un for 24 h. Th eaction mxture
s Cool edt PHBE At da b 40T HHe2Bel SHEER g e T FSTEE ot od
gl ucose- br aaehad iPE@ivase gustishblasd Matdd (RThmé fafib =0N1 TRfakOGectidle free
am no groups_in the branched PEG vverl%ﬁgrot ected by reaction w_th

capr ol act offelysissaowedmmolesplpiigapek P3o6H (Mt Wadhp srratyreal HycessRElst i ve
filtration i e, ot (FES)
menbr ane, ?g@flgvmmﬁgﬁgﬁ’gr%?%w ght @gﬁ}tt%‘%‘s#s)s,@ﬁeg%gml%%%d%ﬂli e%é??gmobt ain
a product aycemeddiCoNHessdepi¢tekip Hgitied. A representative structure of
gl ucose-branched PEG is shown in Figure 3.

[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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[00109] Cel |l Culture: Different cancer cell lines, MCF-7 (breast
cancer), H1299 (lung cancer), Hep& (liver cancer), DU145 (prostate
cancer), Caco2 (colon cancer) and AGS (gastric cancer) were obtained
from Anerican Type Culture Collection (ATCC). Nom al breast
epithelial cell Iine (MCF-10A) was used for conparison. The cells
wer e nai nt Fraveht th moah et b urdsd figon et sewplebenofihe mICON, as

r oxi mat t dified
o eose oohirtitn BPRRLe 4o R RENGS R ool sttty PRy O 1 0
cel | s wer e sbluerithves ecapbtatadentd ipnrifidiehypredgitation dGint ihethampildfctgtetgk ucose
conmpounds far to 7 days. di s..cha ever al ong
CoTPOUne® ikl gte S diioa PG OB Al BRue SaE BB R MRt o
the treat 1he 3 e\d@r ki 34#, 5-
St sk o e G

1é§

[ 00110] MTT gjsasss? hown wlgWer% or med usi ng the TACSTm MIT cel |
proliferation assay kit (Trevigen Inc, MD, USA). Briefly, after

treatment ehomef! s, éQnJHgatﬂJn Nﬁiu&&@%‘ﬂ%aﬁ@ﬁﬁd efded anck inaubatied at
37C for 4 h. The cells were | ysed using detergent for 4 h at room

t enper at ur &askiBé mdh $s mag@ \wdsbrﬁ@@@@i’ §-WH: @EG teraprapiapingt e r eader

at 570 nm r med
t o denonst ?r[g?&a%%b%pem ?a(y??%ﬂﬁbl n fﬁg%s@g%ﬁéh%%ﬁﬂaﬁ

bi ndi ng tontdwmﬁiahxo]s(ﬂuﬁﬁﬂ@eammhﬂ wixhee gasheatdd aedoctﬁ/urmea&gonfog% he
fluorescen intensity. Additi ) ose, at ent
concent r at ﬁ‘gﬁ’é apt "Zﬁasrﬁ\ﬂc'ﬁegg gri\ﬁ: é‘%ﬁf%n‘ﬁl%hﬁ b?@“ﬁ?

conpet ed Webrjuganed SBrBsdbragiched PEGesdipugifibdby b@cxgititfo@rxﬁamﬂs Thélfréehe

fl uorescence, i ntensi t%l&QOel | s were incubated wth GPB and_ vari oys

concent r at PHHY &9UPg g SEnehsd PA3T wets Pajtecieddy repliiopadibfapRiasiopendged
and the celghg c%ﬁﬁat&@ﬁb&%t Riat plrktedWylcRnsBS/d ftefon thRRcH kv RLESHENCE

intensity was neasured with an excifation of 488 nm and an em ssion

of 522 nm MEHGTEE @&P@@ebfﬁf@ersmmr@rﬁgﬁwnm@amﬂ%Dﬁmﬂecwr waight of t he
control cel}s fq,h{?cggygfxﬂl %Qb@gtam arﬁt?owasaé\o%r![e?%e celg?cis Wed on a

6-wel |l plate a prior to I magln re incubated
with GPB (msmimvefswcmrer@f glﬁh@edvem‘:l;ed/\bﬁi@ wwén;vmdn Rigehe PBS (wi t hout
cal cium and nagnesiun) thrice. Live imaging was performed with

| o escenigytBsh Sosehy ey Wik ATIFR IALEUA B Daver RlSllcan | mae

pr ocessi ngHI1EPDAuS] dRecen), 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
medivm 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-y1)-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
pl 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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[00114] To test the hypothesis that nodified glucose could be utilized
for cancer therapy, a fluorescent tag (BOD PY) was conjugated onto
glucose via PEG This GPB was used in the initial imging studies.

Fl uorescence imaging of MCF-7 cells fed with GPB clearly indicated
that the GPB nol ecul es were | ocalized on the plasma nenbrane of the
cel | s (Fi gutaed®y pla®readsr aici7fgmof t he nodi fied GPB was chal |l enged with
different concentrations of gl ucose The conpetition binding assay

t ed |
suogested WL, Lo oEnBOA al! Ehrblfo PRyl RbbaRRG, kb AaRh e
was exam nékk sp?fd:iﬁmqecbﬂthe/GBB‘oindiqg taMLI(JW Tlaslsiaging wethe pel fuofaced on
lls treate trat dual
dose- dependeiii thakpLed 5 FRiHEnE HetiorabR PSPt Ao Saor e
concent r at igiidodedt @iffegent toncentfBidnd @0wai] 20miM) 30 edM 35 aki dﬂdm_mm
observed when the cells were treated w th. 200 M of GPB (Figure 8).

PEG al one &8¢ TRefit eatepeiad wisthe SF Bopnding, \fading tﬁ@‘@ dHiffrences Wdke have any
effect on tﬂ*&@reg@ﬁcg mﬁaﬁ&l{}s Celi b e iftuBated NS and Q/@Mﬂ% cEﬁ@eﬁﬁ%n%F %

2001. 1M of GPB showed a "drastic reduction in cell viability (-
(Figure 8) gh{cgmf%}mmme%ﬂ%p’&mﬁemvalss@wsvgeﬁamb@ﬁzé& waye W@ﬁheéce t he

BODI PY in i .

PEGs. con] ugirou| PRREhIE: Tie Hofr et rfensip AMLAHTRR A HORTOh 1P
viability wa%nmeaddeedmissiob 6862 4286 fhiorcd Oiicd Mvteamitly WaOndnnbizetl bePP,
respectivel L gur ...In contrast, the cell viability was not
af f ect ed bfﬁ/aﬁég%‘ fﬂﬂ%@?%ﬁg@ PEG [00117]A further strategy to increase
the levels of cell death was to further nodify the glucose with a
branched s{earck2jre. &m&hﬁa&CEﬂmllgderb@e@le@bﬁméhmﬂl ﬂ?ﬁ@a(léasaﬁﬁh PEG
or BrP) as described in the nethods. The resu orrpo und

desi gnat ed PHE" {§I'He&8e-1065F %TI%HWBP%%‘P{E‘HG@%"-@Q “@% Ipdge ﬁ?ﬂsd’fef‘{;Br P
coul d reduggstdagyiv B titnbudal Mt add Bﬁﬁ%ﬁmﬁ@ﬂfc@%&@ﬁa@@wﬁ 90%

where as 200 t M of branched PEG only decréased the viabili tX of the
sane cell Mw%ﬂl@wcwﬁm@rgacopwmm@h Makgsulanleeyieesr @SA) an

effective e trast
eieelive Sy, R e o R RS
normal breast cells by only 29% This illustrates the ability of GBrP
to preferef@HEl3y taRepdtscancer cells. GBrP was al so denonstrated to
significantly inhibit the viability of various different cancer cell
ines (seergpplag 1) 74 QOIAEHAGIS AR mbeIRE Elubb Ao AN lER £A 1 e
out to con |rm hat t%] nnd?l@o 3 gl ucose- PEgultcs b|0n i ng o the GLUTL
recept ors. cinger @a@png Thoraseant tagt{ BOREPOf weseonigted exto glum@s&ea REGe
used. The

2001. | M of i %zstc%?rg@gﬁ%%&%%g%%ﬂé%?ﬁpgg}éﬁ‘%&négnc%ﬂ{gr%%%? of
unnodi fi edceglsifedeith GRE @earROnditaned st th&éPBlmxﬁecmﬁasmlocﬂizemsmmﬁ was

htons: ty. BEeRgRoRE ot B nels (e 3L hitirets Bethifadtark s
un- nodi fi edhegieﬁﬁda&@[th difeiegfdonbghitbhiads dfidRicore: TReidhiREi@H MEGSE adssy

conpeting for t GLUT1 receptor.
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 pM and 400 puM did not have any effect on the MCF-7 cells
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[ 00119] Gene expression analysis was carried out to understand the
apoptosi s pathway during the nodified glucose nediated cell death.
Human | ung cancer cells (H1299) (Figure 11) or human prostrate cancer
cells (DU145) (Figure 12) were treated for 3 days with 200 i.tM of
nodi fied glucose (GBrP). Control cells were prepared w thout

treat nent. (Higued 8)RNBwwaes, cebld treatdderittf 20mM bé GPEl dhswaihadmsticardetion in
transcribed. A P r ontajning prinmers to identify the apoptotic

L A Fegrh i

pat hway wa$® e apoptosis pat hway between control
and treated cells in lung or prostate cancer cells. The anplification

data is repo@sE)t ed Amed cBRBblrRIwAlalb svhihékiat kowphle e MOTRAPYAASBPRAS
seen in Figures 11 and 12, AKT1 and ABL1 were down regul ated while
APAF1 and ThbFBphiRC melesya Hierew pomnorng A twodiGscaniugsied ioribe pat ent

appl i cat i oRficEid(EfcdR-PEM-PRaReGiPbY. %E'c&l[‘vz%zﬁtmése&&hc'e@fboiﬁ/ﬁ)ér@t@% by
reference as if €ach individual publication or patent application

wer e speci i ZH) LLM aathéIOQ udi of IGRRatesyeciively (Eigwck %) dnlzentrast, trepol atabditpy
reference. The ¢ ation is for its disclosure
prior to tR&® fl?tl ‘iigi'é&i‘f@n‘éﬁ@%ﬁot be construed as an adnmi ssion
t hat the present |nvent| on is not entitled to antedate such

publicati opod7yi rt ug fathepstegyitd URabe e 1dve8 b2ddiAeathSd o furfhbi S
speC| ficati og fﬁ@% t he appende(f claims, the singular fornms "a", "an"
et

and "t he" ghcarearith e brepehed straginesSluepie vas sewsled felaéaaﬂcyed

di ctat es ObherMiaS8 PEASrURLHad ddsdribld uﬁﬁ@ﬁiefﬂo@@t’{'h@ %samgk&ﬁpaﬁ@%gied
clains, the ternms "conprise' ‘conpri sing onprises" and ot her

forms of t ﬂ@sgxateéraﬁglugcpse ~conjugiebletanghed HEGrmrﬁBrPrﬁQOI g of GBIRIstnd
sense, that

i Uhout xR Vah ot e vt B bonant: WoR e 0gMohed

ot herw se BizhcHA®HU Gy d@fdhs&lhe Mabilit:Coftths mmetb‘ég qimbsy e%r(séaanésletﬂ)e
sane neanln% as_conmmonl y understood to one ski in the
11

art to whi ¢hus GBEF Wﬁ%‘mwﬁe BidecEiNg at ml[ﬂbméggylmmbﬂms@gn GPB @9%988 In
h
provi ded hesgi.6 25 § t@%@%@&.tﬂa Mﬁh@&'ﬁs@@%&.&b@a tﬂoaflafgﬁpﬁ%oug he

range falling wthin erecite st or range.
f or egoi ng breesteliscy dnds233e.crhicidlggraitdseige :ihiiitsofrﬁBdlétcaprbfetryltmdetm(gét

Il d e f i i .
s road: |y RSBRTURCHTE ofnaBh BROBRRA Sy P I R ERO TS ot o

t he t eachi ngkuebiffehins cinnstee!lilines {'Sd&lﬁ[‘a[ﬂel}.al n changes and
nodi fications may be nmade thereto without departing fromthe spirit

or scope OEO(H%%] appeg %ﬁgos%lchingesﬁtion 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 pM of modified glucose (GBrP). Control cells were
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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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3. The gl ucose- PEG conjugate of claim2 wherein the detectabl e | abel
is a PET | abel, an SPECT | abel, an MRl |abel, a quantum dot | abel, a
col oured | abel, a fluorescent |abel, a radiolabel or a |label that my
be detected by an antibody or antibody fragnment. 4. The gl ucose-PEG
conj ugat e Wi AT & M.AC®PId:Si ng 5.An in vitro nethod of reducing
gl ucose transport into a cell conprising contacting the cell with a
gl ucose- PEG coq&ggﬁgﬁ}PE@Qmﬂhggg%gmggghgonjugate conprising a PEG

noi ety conjugated to a linear glucose nmoiety at the C position of

t he gl ucose noiety. 8., Thg met hod of clain150mherein t he PEG noi ety

conprises |inear bra@cheé, dendrjtic,  hyperbranched, star or conb
PEG 7. The met 8 cLai Ewé@m pﬂgpwms

conjugated to the O pogitién ot the glucose noiety via an am ne
| i nkage. 8. The net hod®df &My one of clains 5 to 7 wherei n% he PEG
noiety is termnated at one or both ends wth ag end group.

NH
v
OH ©oH \C/ n OH
S I
=, H n
0

HO

wherein each n is independently from 2 to 500.
2. The glucose-PEG conjugate of claim 1 further comprising a detectable label.

3. The glucose-PEG conjugate of claim 2 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.
4. The glucose-PEG conjugate of claim 2 comprising
(_gH (E)H o}
NN PO RN J\/\/\/‘H‘l
¢ N " N o)
OH %H " " \(l:])/\

5. An in vitro method of reducing glucose transport into a cell comprising
contacting the cell with a glucose-PEG conjugate, the glucose-PEG conjugate

comprising a PEG moiety conjugated to a linear glucose moiety at the C1 position of
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9. The nethod of any one of clains 5 to 8 wherein the gl ucose-PEG
conjugate further conprises a |linker noiety connecting the PEG noiety
to the glucose noiety. 10. The nethod of claim5 wherein the

gl ucose- PEG conjugate is the glucose-PEG conjugate of claiml. 11.
The met hodpofiuahyé Riieof claims 5 to 10 wherein the gl ucose- PEG

conj ugate further conprises a detectable label. 12. The nethod of
claim1l wherein the detectable |abel is a PET | abel, an SPECT | abel,
an MRl | abel, alguagtheheideum abéereinthe SEGUmettY edveprisealifitanoresdient

| abel , a ra 0l a that be detected by an anti body or
anti body flﬁg‘% ?‘yper @nglﬁﬁiesq%‘fr O ai m 10 wherein t he

gl ucose- PEG conj ugat e conpri ses 14. The nmethod of any one of clains
5 to 13 wher ei MHeheethed bf disnas by f aihefioihe PEGN0LIy Bebhjugattdto et hod
of imaging a hyper-proliferative cell conprising contacting a
hyper - pr olRepigipROf the sdeqose wotgly Hiagmeyselifageconj ugat e of any one of
clains 2 to 4; and detecting the detectable | abel. 16. The net hod
of claim ¥ whefigifelal Gkl MclPLAlNES db%@feﬁﬁ&l@%d%{e@ﬂgq%nated
positron em ssion tonbgraphy imaging, single photon em ssion conpute

t onogr aphyat bnagi tugh endsaignat eeld gresnance i magi ng.  17. The net hod of
any one of cl ai nms 14 to 16 further conprising contacting the cell

RN L AT et S e RS

further comprises a linker moiety connecting the PEG moiety to the glucose moiety.

10. The method of claim 5 wherein the glucose-PEG conjugate is the glucose-

PEG conjugate of claim 1.

11.  The method of any one of claims 5 to 10 wherein the glucose-PEG conjugate

further comprises a detectable label.

12. The method of claim 11 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.

13. The method of claim 10 wherein the glucose-PEG conjugate comprises

lIIO
|||O

\/\‘/\/\ N /L/\/\/“\IC])/\O

Oim

14.  The method of any one of claims 5 to 13 wherein the cell is a hyper-

proliferative cell.

15. A method of imaging a hyper-proliferative cell comprising contacting a hyper-
proliferative cell with a glucose-PEG conjugate of any one of claims 2 to 4; and

detecting the detectable label.
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19. Use of a glucose-PEG conjugate for reducing glucose transport
into a cell, the glucose-PEG conjugate conprising a PEG noi ety
conjugated to a linear glucose noiety at the d position of the

gl ucose noiety. 20. Use of a glucose-PEG conjugate in the

preparat i 9 Of 1hoHRdhASRMind O wheEEH R Mk HRRRRS HUBRSAAL! whBbRoBy
cell, the glucose-PEG conj ugate conprising”a moi ety conjugated to
a li near g)bsudmeelmxsuemtymagraphﬁuﬁlgmg;su‘tgimhomn ¢mrss1gh acop@edoi et y.

21. Use of a gr cose- PEG conjugate for treating a proliferative

di sor der IMMASTEREY BAEIE HenEIGHO LSOPEES BBPMat ¢ conpri sing a PEG

noi ety conjugated to a linear glucose noiety at the C position of
the gl ucogg. NMDIWkYnecthdPof dd§@ne b Blathd tOBerAERLERIHIRNS doﬁtaEﬂ@g the
preparation of a medicanment for treating a proliferative disorder in
a subj ect cell Hethql dhsothermerdorgenyat e conpri sing a PEG noi ety
conjugated to a linear glucose noiety at the C position of the

gl ucose ety f t

The PEG motety BEmedQBcitiuls B <Bifughe § lioRy PO GoReBEAE 0y
star or coaboPH&ms P4 4.The use of any one of clains 19 to 23 wherein
the PEG nvoi ety is conjugated to the C position of the glucose noiety
via an am.ne |i 25. _The use of any gne of clains 19 to 24

wherei n t He' PE ?étgywio%e -PEEfopReats fax regneng glugeierranspmat s fceth thengd
group. %luc-SE'@PEéeco fuﬁéﬂa Hflﬁﬁsﬂ At Hﬁne]E laegaﬁed’%earl‘ﬁiegr %llﬁgose_

gl ucose- PEG conj ugat € cofnpri ses a nmoi ety connecti ng
t he PEG nwiweety at thet(lepagttinsodeharglhetsg m@ery. 27. The use any one of

clainms 19 to 26 wherein the gl ucose- PEG conj ugate is the gl ucose PEG

conj ugat e cl
wherern tRY of (RadEe skl pPt et e Aer Sl e el e feritol Bt e
| abel . reducmg glucose transport into a cell, the glucose-PEG conjugate comprising a PEG

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

21.  Use of a glucose-PEG conjugate for treating a proliferative disorder in a
subject, the glucose-PEG conjugate comprising a PEG moiety conjugated to a linear

glucose moiety at the C1 position of the glucose moiety.

22.  Use of a glucose-PEG conjugate in the preparation of a medicament for
treating a proliferative disorder in a subject, the glucose-PEG conjugate comprising a
PEG moiety conjugated to a linear glucose moiety at the C1 position of the glucose

moiety.

23. The use of any one of claims 19 to 22 wherein the PEG moiety comprises

linear, branched, dendritic, hyperbranched, star or comb PEG.

24, The use of any one of claims 19 to 23 wherein the PEG moiety is conjugated

to the C1 position of the glucose moiety via an amine linkage,

25.  The use of any one of claims 19 to 24 wherein the PEG moiety is terminated at

one or both ends with an end group.

26. The use of any one of claims 19 to 25 wherein the glucose-PEG conjugate

further comprises a linker moiety connecting the PEG moiety to the glucose moiety.
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29. The use of claim 28 wherein the detectable |abel is a PET | abel,
an SPECT | abel, an MRI |abel, a quantum dot |abel, a col oured | abel,
a fluorescent | abel, a radiolabel or a |label that nay be detected by
an antibody or antibody fragnent. 30. The use of claim 27 wherein

the gl ucose: PEG1QRE HERbE: SIUMsI6%0 26 whitein e @los@ PEUCARLAREShe
conjugate of any one of clainms 2 to 4 for imaging a

hyper - pr olgldeoser Edecopgtigate of3imUse of a gl ucose- PEG conjugate of any
one of clainms 2 to 4 in the preparation of a conposition for inmaging

a hyper - prZ%'. 'f e]‘h%tuisggf gn%l cl)n'e of claims 19 to 27 wherein the glucose-PEG conjugate

further comprises a detectable label.

29, The use of claim 28 wherein the detectable label is a PET label, an SPECT
Iabel, 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.

30. The use of claim 27 wherein the glucose-PEG conjugate comprises

llls]

H  OH 0
HO : : /P\/O )J\/\/\/H
: N \]n\/\N \(\o
H H H
QH OH o}

31. Use of a glucose-PEG conjugate of any one of claims 2 to 4 for imaging a

hyper-proliferative cell.

32. Use of a glucose-PEG conjugate of any one of claims 2 to 4 in the preparation

of a composition for imaging a hyper-proliferative cell.
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