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and S phases of Bdtkgreind Infyredationpeak during the G2 to M phase transition,
and drop sharpl )&aqgirnioggnesis is a multistage event affected by a variety of genetic
and epigenetic factors and is typified by the outbreak of uncontrolied celi
growth originated from different tissues. A universal goal for anticancer
research lies in the development of a clinical treatment that is highly effective
in curtailment of tumor growth, non-toxic to the host, and is affordable for
most patients. Drugs that focus on the inhibition of targets that are unique to
dividing cells should be effective chemotherapeutic agents without the risk of
substantial side effects.

Cells pass through many checkpoints as they proceed through the cell
cycle. Certain criteria must be met in order to pass each of these
checkpoints. In the G2/M transition, the most essential regulator is the cyclin-
dependent kinase CDC2. This kinase binds tightiy to the regulatory protein
cyclin B, and this complex, also called the maturation promoting factor (MPF),
is responsible for stimulating a myriad of events that lead to the cell's entry
into early prophase (1). Not surprisingly, the loss or deactivation of either
component of the MPF wilt block cellular progression out of G2.

The expression and activity of the MPF is regulated at different levels.
Cyclin B protein levels slowly rise through the G1 and S phases of the cell

cycle, peak during the G2 to M phase transition, and drop sharply during
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pressure adeexpectedlygeneohthese derivatives) ietiaQamelil AIDGA appears to
also induce cell cycle arrest in mammalian cell lines. The evidence presented

hereinbelow demonstrates that MsN is capable of inducing G2 arrest in
mammalian cells without detected toxicity, and supports the view that this
arrest is due to the inhibition of the cyclin-dependent kinase CDC2.

Human papillomavirus (HPV) infection causes unregulated cell growth
in many types of squamous epithelial cells, resulting in afflictions ranging from
benign pallilomae (warls) to cervical, penile and mouth cancer. The strong
association of these cancers with HPV and the widespread occurrence of
infection denotes the importance of developing an anti HPV therapy.

Most, if not all, viruses, including those replicatively active mutants, are
host dependent. They require the participation of certain cellular factors for
supporting viral growth. Host cellular factors, unlike viral proteins, are not
under mutational pressure and are in general, structurally invariable. Thus,
compounds that block the usage of these cellular factors at different stages of
the viral life cycle are likely to be good candidates as mutation insensitive
antiviral drugs. Several studies using cellular factors as alternative targets for
the inhibition of HIV-1 have been reviewed (11).
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extended to the control of the growth of Herpes simplex virus (HSV-1 and

HSV-2) (16). Herpes simplex immediate early (IE) ICP4 gene is essential for

HSV replication (17). Its promoter region possesses eight Sp1 consensus

binding sites (18), five of which are required for ICP4 gene expression. Jtthus

makes the ICP4 gene a good candidate for such testing. Applicants have

found that both 3-0-methyl NDGA (Mal. 4) and tetra-O-methyl NDGA (M«N)

are effective transcriptional inhibitors for HSV ICP4 gene expression in Vero

cells via the blocking of Sp1 protein binding to the 1CP4 promoter as shown

by the electrophoretic mobility shift assay (16).
When the anti-HSV activities of MsN and Mal. 4 were tested and

compared to that of acycloguanosine (acyclovir, ACV) in infected Vero cells,
Applicants observed that the ICso for MyN varied between 11.7 M to 4pM for
10 passages of HSV-1 and 4 passages of HSV-2 without obvious upfising
trend for requirement of higher drug concentration. However, the ICso for
ACV increased from 7uM for the first viral passage to 444 uM for the tenth
passage of HGV-1 and to >B8uM for the fourth passage of HSV-2 indicating
their rapid build-up of drug resistance against AGV in Vero cells.
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lowest ef feld e case. As will be demonstrated below, by using gene array studies
with 9600 expressed genes, Applicants found products of most Sp1 regulated
genes remained at similar levels, and not affected by the drug treatment of
cervical cancer cells C3 in culture {(Figure 5). Even so, the relatively low
selective index of MyN certainly limits its use to the lowest effective
concentration if the drug must be used systemically. On the other hand,
human papilloma virus induces solid cervical and oral tumors initially through
the Sp1 regulated expression of HPV E¢/E7 genes (20). Applicants reasoned
that if drug can be delivered in situ, and be kept only in the tumor area, the
drugs of high concentration may be used to effectively destroy the tumor with

little damage to the patients.

SUMMARY OF THE INVENTION
Accordingly, it is one object of the invention to provide compounds and
compositions for use in the treatment of cancerous and noncancerous tumors
in animals, particularly in mammals, and most particularly in humans.
According to this aspect of the invention, novel nordihydroguaiaretic acid
derivatives are provided that inhibit tumor growth,
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i ntended to include, jnter ali a ' it L, -ORINAr agi ne, aspartate,
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trimethyllysine, amincadipic acid, y-carboxyglutamic acid, phosphoserine,
phosphothreonine, phosphotyrosine, N-methylarginine, and N-acetyllysine.
Particularly preferred combounds for use according to the invention are

MJN and G4N, which are shown in Figure 1.
it is a further object of the invention to provide a method for treating

cancerous and noncancerous tumors by the use of these novel derivatives,
and by similar derivatives that were known in the art, but have not heretofore
been used for the treatment of tumors. The method should be especially
effective against rapidly proiiferating cell types containing the cyclin
dependent kinase CDC2. Itis a further object of the invention to provide a
method of inhibiting CDC2 in a eukaryotic cell cycle, particularly in an animal
cell, more particularly in a mammalian cell, and most particularly in a human
cell.

Tumors to be treated include any tumor that is sensitive to the above-
mentioned compounds used according to the methods of the invention. In
particular, this includes rapidly dividing cancerous and benign tumors that are
sensitive to inhibition of the cyclin-dependent kinase CDC2 cycle.

The term "cancerous tumor” is intended to include any malignant tumor

that may or may not have undergone metastasis. The term "noncancerous
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penile and head and neck cancers that are associated with HPV infection.
The method comprises local application of nordihydroguaiaretic acid
derivatives, in particular tetra-O-methyl nordihydroguaiaretic acid (M4N) and
tetraglycinal nordihydroguaiaretic acid (GN), to cancerous and non-
cancerous HPV-induced tumors.

Itis yet another object of the invention to provide a method of inhibiting
viral replication and growth by the administration of the compounds of formula
| containing amino acid substituents. Preferred for use in this method are
compounds in which the amino acid substituents R1, Rz, Raand R, are
identical.

It is contemplated that MyN, G4N and other derivatives will be
administered by local injection into the tumors, generally along with
pharmaceutically acceptable diluents, excipients and carriers. In preferred
embodiments, MyN is injected into tumors in the form of a DMSO solution,
and G4N is administered in PBS solution. The use of GsN will complement
the use of MyN, particularly in larger tumors (> 2 cma). due to its water
solubility, which aliows it to spread to a larger region of the tumor. Other
water-soluble and water-insoluble nordihydroguaiaretic acid derivatives can
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However, dosages of from 10 mg to 20 mg of either M4N alone or with similar
amounts of G4N per gram tumor weight at intervals from daily to weekly or

less frequently may be mentioned for purposes of illustration. Administration
of 50 pl to 100 pt of M4N dissolved in DMSO at a concentration of 200 mg/m,

either alone or in combination with G4N, is expected to be effective in many

cases for tumors of 1-1.5 cm’.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1. Structures of MsN and G«N

Figure 2A. HPV-16 LCR showing region of E¢/E7 promoter (pPV16P97) and -
the binding site for Sp1 protein.

Figure 28,  The effect of MqN on the E¢/E; promoter activity in G-33A cells.
{(\nhibition of E¢/E7 promoter driven luciferase gene transcription by different

concentration of MsN)

Figures 3A-3C. Inhibition of Viral E¢ and E; RNA Transcripts by 40uM
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relative RTPCR. The RTPCR sanples were renpoved after increasing cycles of
anplification and resolved on an agarose gel. The gel photographs (3A and

3B) indic se ﬁ'ﬁﬁé ; 1\) or absence (-) of MANin
t he grow ﬁflﬁg[ﬁgﬂ an 'ﬁgné’?g?%ﬁ?ag&p Vector used as size markers.
The anpl |f|cation map (2C) indicates the two expect ed size products of the
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Inhibition of C3 Cell Gowh Follow ng the Renoval of MN

Figures 5A-5B. Effect of M4N on gene expression in C3 cells as examined by

the GENE Assay analysis. 5A. GENE expressed in C3 cells after > 2 hours

of DMSA treatment (C3 DMSQ). 5B. GENE expressed in C3 cells after > 2

hours of MsN treatment using DMSO as solvent (C3 M4N).

Figures 6A-6B. Visual observations of tumor-bearing mice following MsN

treatment. 6A. Mice bearing single tumors were treated with in situ injection
of DMSO (#3) or MsN (#7). In situ injection of MyN was also made to one of
the two tumors grown in mouse #9. 6B. MyN treated tumor (white scar) with

untreated tumor from the same mouse, #9 as described in Table 2.

Figure 7. Histopathology Effect of MyN and MyN/G4sN on Tumor Growth in
Mice

First column from the panel presnts the large size of tumors from
mouse #4, 10, 12, following DMSO treatment (CON) as compared to the
relatively small drug treated (M4N or MyN/G,4N) lesions from mouse #12, 10,
27 and 20(M;N}. The subsequent photographs are examples of these tumors
examined at 100X magnification (A, B, C, DMSO treated, D untreated, E, F,
G, H, M4N or MyN/G4N treated) mice (Table 1 and Table 2).



Fi gures 5A-5B. Effect of MAN on gene expression in C3 cells as exam ned by
the CGENE Assay anal ysis. 5A. GENE expressed in C3 cells after > 2 t:p PR Je8t
DVBA treafgBiksided DVMBO). 5B. GENE expressed in C3 cells HQWYSW2R61Zhour s
of MAN treat nment using DMSO as solvent (C3 MAN). Figures 6A-6B. Visual

observati 'c_ms of, t \R%ﬁ' gn%gﬁe 59%%@@ %Y (HENea! PRIV- SCﬁAm fHece

bearing s treat In sitl injection bIVBO(#3) or
MAN (#7) . P{Légeﬂdetbfl ,ngﬁgéﬁ»@ﬁmbslt(/mo&s{"%\smaﬁﬂélt)bBBﬁe["MSV#EDSmdﬁ t unors

grown in use . 6B. MAN treated tunpr h t.reated tunor
fromthe anden msaeesemmf eftective sedos W'&%@kﬁﬁeﬁgé’/ rlﬁ'@opat hol ogy
Ef f ect of N,and VAN &N on Tumor Gowh in Mce First colum fromthe
panel pre \Q])che | arge size of tunors from nouse #4,10,12, foll ow ng DMSO
treatment (CON) as conpared to the relatively small drug treated (MAN or

MINJAN) | esions fromnmouse #12, 10, 27 and 241 I\% The s quent
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HS) /-1 reghiga RYIeSe atdne gstigtidivoheteSpeBt)entiin t he
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ACV' Fi gur d) C3,
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MEN. . The ?H%‘R%awm 59@Hb%cﬂlseﬁ@rrﬂas&taﬁdﬁgvemeithat MaN .nf1%m8@mm¢dm i's
i ndi cat ed as :

After three days urrbe v Iec re
count ed mm%lmlwmam (nmre%eeﬁeﬂa? ogﬁe'(é%b "Ihélf@re split
into T-25 I Wi, t h I RDMSD (MIN in 1%
DVBO i n néaﬁﬁﬁg? eft%ﬁ &)ééépéﬁtﬁa’%hfea %gaia%ﬁéﬁﬁﬁg??hange) (After 3
days, one- Cftlvtmte‘thetﬂé%t dNe celistwerecsivers fresh enefdia avitlt thessame 608 dieREai ni ng

ly 19DMS
oY (second media change). The cells were counted daily and plotted versus the

time of treatment.

Figure 10. Cells Treated With M:N Arrest in G2/M. C3 cells (a), C33a
celis (b), CEM-T4 cells (c), and TC1 cells (d) were grown for three days in
media containing either 1% DMSO or 1% DMSO with MyN (MJN). The cells
were trypsinized, fixed with ethanol, stained with propidium iodide, and were
subsequently analyzed by flow cytommetry. The datais displayed as number
of cells (3-5 X 10* total cells) versus propidium iodide stain intensity. The
indicated stages of the cell cycle are labeled and correspond to the relative

cellular DNA compliment as determined by staining intensity.

Figure 11.  G3 Gells Treated With 40pM M.N Demonstrata G2 Cell
Structures. C3 cells were grown on coverslips for three days in media
containing either 1% DMSO (Controf) or 1% DMSO with 40pM MyN (M4N).
samples were fixed with ethanol and incubated with antibodies against a
(green) and yorange) tubulin (a) or with the DAPI DNA stain (b). Cells were

examined by flourescence microscopy.



D, while the rest of the cells were given fresh media with the samg g spR 20}
conditions (second nedia change). The cells were counted daily and p? otted
versus thevowinstef treatnment. Figure 10. Cells Treated W ticiviidboAssi@st in
&1IM C3 cells (a), C33a cells (b), CEMT4 cells (c), and TCl cells (d)

were gro Yhr eecpys 1% DMSO
W th I\/klNWEF Ql\‘l)ha 1‘?he %e ah%‘?@?ﬁg ﬁfn?ﬁeg'ré‘?l %\%?% et ana%2 st ai ned
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pr opi di um‘%‘:ﬁg@ &%gﬁﬂaﬁﬁm (D} %i [!)Méﬁ"@cﬁi Hb&‘ahcﬂm)t Hfteidthe cycl e
are | abel eSS NAV rP%e Ilrrent as
determ ne?ﬁbymsét al n?ﬁgﬁﬁlgber%%u% B?t(?_j%l ure ‘%s%é%gaf eated Wth 40NM MAN
Dt menst r atWeeterGdlbts (St-rlupttwoqnanéﬁa wedel rﬂmmdgmsmg aniibodiesr adaipét f or

t hree days ILn_nmedia. ¢o ning either 1% Control) or 1% DVSO with
40pM MaN (Ghafi2 or %’fﬁ%e h%SPm@eaﬂwcﬁuple%h%ﬂ Kin@seAss9xsda -wi t h

ti bodi t he DAPI DNA
Stain ( L?Sf’%ﬁ 8ab gnel e bR, 1)ling RttlIrboredpfindh biy' 22,10 1 S
\é\o %&28&%%'6'&&&13%6& ti’}/l|gtmbaﬂxfﬁ;wiiDG}Z3 Enfter’tamil I;:Qmmgdt megnr? e Reduced
cells e anount s | (nunbers are in
hgur s) in GRAM3SSie§ "&Pﬁf%\l\g&é}é@?‘ ﬂHgBd @5)"06\1'01 ng: t'ﬂ"ﬁéepM MAN
Af t t | at ed
fnmtheercaes{slagshzéivégge;agti:; zg i;éht:é%%é%ﬁ were %Fll ¥n|330u2| ﬁg
ant i bodi es agaiMetthe (vgermpe rmiedhon toda exttaodse ltdrsswerél lter.
Ki bot.t | s rfo
mmanopr canERRSEr sYemeR Wil P domadimes R fiteied ERVA oG 80 wicn v a2

ATP and hlehpum hilashidte an@l%)&ﬁ:%&b%smrﬂ'farﬂfreé%yEA%e%émé?ﬂ'ef‘Waﬁded as
control for |oad |n? Ki nase assays and 72 hour drug treatnents were

per f or med ussskiodest DGHand GAPBHORNA b) were perforned on total RNA
extracts. Filt eﬁﬁcf@éﬁalysss (c) was performed on total RNA extracts with primers

hybridizing to regions within either HPV-16 E7 or GAPDH. Both primer pairs
were used in the same reactions, and the products were analyzed by agarose
gel electrophoresis.

Figure 13. Electrophoretic mobility shift assay (EMSA) of G4N interaction with
the HIV Sp1-binding sites (-87 to -49). (A) G4N inhibition of Sp1-167D binding
to *P labeled HIV Sp1 DNA template. Lane 1, template alone; lane 2,
template plus 0.1pg Sp1-167D; lanes 3-9, template incubated with increasing
concentrations of G4N (0.25 to 1.75 mM prior to the addition of 0.1ug Sp1-
167D. (B) G4N displacement of Sp1-167D bound to HIV template. Lane 1,
template alone; lane 2, template plus 0.1ug Sp1-167D plus 100-fold excess of
uniabeled template; lane 3, template pius 0.1pg Sp1-167D; lanes 4-10,
Sp1/DNA complex challenged with increasing concentrations of G4N (0.25 to
1.75 mM); lane 11, template incubated in reaction buffer containing 1.75 mM
G4N. (C) Sp1-167D displacement of G4N bound to template. Lane 1, template
alone; lanes 24, template plus increasing amounts of Sp1-167D (0.075,
0.150, 0.300 pg); lanes 5-8, tempiate incubated in reaction buffer containing
1.2 mM G;N followed by challenge with increasing amounts of Sp1-167D

10



I ncubat ed overnight with random prined 32P-1 abel ed DNA for CDC2 or SJEAAF
washed, and exposed to filmfor three days. The sane filter was usle 1004
test CDC2 AghDH RNA. rt PCR anal ysis (c) was perforned BOT/AISMEIR6RNA

S S A oD e R ST BB 510

GAPDH. Bdt’h

wer e anal giafifis AihgRSpNn o7 D/DAIA @d)rﬂﬁltdxq:ﬁdmfiﬁ&ér&itieii iguespdise fd ectrophoretic
nobility shift assay (EMSA) of AN interaction with the H V Spi-binding

sites (- ancreasingypone¢entrationsi ofiddy used infA)spe—1end (B) rnglhe 8els2p | abel ed

pi - 16700506 887 3¢ nphHaturid BB EL SRR S, e BERMIERRIST, onsor
GAN (0. 25%4¢h featRiofMdNimeras Seddibedds iekpenmehtd) séctien Spd-REBAP. (B) AN
di spl acenent of Spi-167D bound to H V tenplate. Lane 1, tenplate al one;

| ane 2, tenplate plus 0.1 pg Spl-167D plus 100-fol d excess of unl abel ed

compl ox criaarE MR oDk e Ris b Ble e AR trauob R Y kaBiby 53 76 my
| ane 11, tenplate incubated in reaction buffer containing 1.75 mM &N. (O

Spl - 167D di spl acenent of GAN bound to tenplate. Lane 1, tenplate alone;
| anes 2- FigureAStSIViapreduction withipigs Gahf 1E8h 174 axrmslisoveresmixeg. 150,

T GIN VTR AR By dipnhFamatiet B et (pERERRITr eI WD
01/ 28494 Gefrs (e 109FspeRdbdland IR IRBHAIR ih0L0D7A. mEdilindwele 3dBeddd, | ane 8
received no Spl-167D. (D) Plot of _dim nishi ngl Spl - 167D/ DNA conpl ex band

i nt ensi t i @ach welled sbresc9t-well platesaYargue sRResnirationsf GMN fsoRn Hsefj i _nd( A )
") andheé P riice gt BRBdePaRa 3R o ABRA I INGTLyggd | am de it

eéch | ane reaction volune as descri
exper i menjall. SaRbieosupertatasits wete coffegod aftéd fourdndodighbdays fadiviral

Tat-regul ated transactivatiqon in Cos cells by GAN. Fi qur Sl V
oroduct | oprosiuciop AnalyRis Wiral erspuciion wos a3saad by aapedipd 27 capsid

protein antigen capture ELISA as described in experimental section.

Figure 16. Inhibition of HIV p24 antigen production in H9 cells by GaN.
Inhibition in percentage was calculated by comparing p24 level from an
average of two duplicate cultures of G4N treated and not treated HS cells 9
days following viral infection with a AZT resistant HIV strain, HIV-1RTMF.

DETAILED DESCRIPTION OF THE INVENTION
Experimental Methods
NDGA derivatives were synthesized chemically (15). Cellline C3is a
HPV16E + L plus activated Ras transformed cell fine of C57 BL/6kh origin
provided by W. Martin Kast of Loyola University Medical Center, Chicago,
linoig, U.8.A, It is maintained and cultivated as described by Greenstone 6t
al (21) and Feltkamp et al. (22, 23).

Synthesis of GsN:

Standard Procedure for the Preparation of meso — 1,4 — Bis [3.4 —
(dimethylaminoacetoxy) phenyl}- (2R,3S) — dimethylbutane Hydrochloride Salt
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with a 24 hrs. harvest stock of SIV mac 239 (4 ng of p27) for two ogrg &t
37. Cells were resuspended and | x 105 cells in 100 pl nedium were Aok 04
to each well of three 96-well plates. Various concentrations of GN froma

freshl de st BN igned
wei 1 GultetieahspaNieE, FRGY €8 difetfiers ?e(?@fg?,?)?’%g%’&@é‘?dg@ﬁ‘t‘@‘ﬁi}%”? or
viral pb@%@g{@%gnawmol,\ﬂ.oa&h ha N N-diaetiadgiygiod (BY.2gmbel fi ed p27

capsid ant’i gen capture ELI SA as descri b?g#)n experi niﬁ@‘t/ﬂ; secti on.
Fi gure 1enmbonts.bicguiv) weretdddesZaCEnERgeR. 355 anEd.dhlEatng ang) y GAN,
I nhibition in percentage s cal cul at ed,- o nhfroman
average €2.33@& WFIM =e1‘§lalﬂqt“m eg%gfreégﬂﬁ%{rnggﬁg Jzﬁ%ﬂﬁﬁa tc?\%iteedﬂm cells 9
days fol | ow ng.vi | | tbfe. A Tiheasastianmikuve stasdilteredy v- 1 RTMVF.
OeYa b WieRHitthg ) LU ferfigelenbie Exper | et al g hods NG
deri vat i yge semitrewat hestertdatetiamdearegugerspressyf. f\rh ”@:ﬁl ) HPVIGE + L
pl us activated Ras transforned. cel i f SR/ i iipr ovi ded py
W Marti wasitherppdded 4itg t%f%i@ﬂti?sk/eard}l%c@‘le %%Per, m‘?‘iﬁa‘g%‘?w' |@ I'11noi S,
US A It s Dai yn Wbl bastigitatd asas divadived iGtEhandie- et  at
(21) and eﬁ%ﬁe?g:“ng'@' :‘Iq‘fa\?%t%?%ggd)bi Eyntl?esi s of (AN, Smﬂggrg Pr. gdure for
t he Prepasrakipiated twieeat rodm4empBratunesirgm apetanetefY S c t%?&)c‘ phenyl ) -
(2R, 3S) - dinet hyl but ane, Hyd hl. or,i RR:reWbtaricdag Bci nyl
NDGA, ANNTR) 8s @ ‘HHF%FB%W%@ %‘%&oq?’n s@l%i%ﬁ%é%r%ﬁ%n{zg% Tg}gﬁs(u. 8 g,
42.3 moly,. ' ) speLi®ing aseef (26 soiyen > 6.0
Vanjiavg We EXDCC%??Z!)M*H) sp Yerohyy (92 ve

equiv) were a .4 g, 254 mol, 6.0 equjVv n ' 32 g, 18.9

mol , 1. GneeymiaV stafidard .c Sarbem 13iNVBr wedi@ wels ggb'%%‘fogé RE 'a?lg'é}l@ni trogen

at room t enper e.. After t] i aCdrobherdhemidat sol ution
"B é?&@ﬁ%’ﬂ} esrpelpgodnéétggb SREAPLALE WYvema e

was concef® ressure. Acetone (250 m) was then added

into the gg t%)rﬁrieféréﬁlﬁe@ﬂﬁtHehBSB@in@lébﬁO\I@pph@bbI ed with excess HCL(g).
The wat er-sol uble precipitate was d_issql\g‘g’,in O and re- precipitated
twice at room t enperfeusynthessiederioled N HI]MBe(h) (29, 2 g, 36.8
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mmol) as a white solid in 87%yield. Proton NVR spectra were obtained on a
Varian Unity-400 (400 MHz) spectroneter by use of D20 solvent and T 5 2004
i nternal standard. Carbon-13 NWR spectra were obtained on a Varian U @
400 (400 Mhz) spectoneter by use of D20 as solvent. Carbon-13 chem cal
shifts &chene® drenced to the TSP singlet (50.0 ppnm). The synthesis is
depicted in Schenme 1. 12 1 5 APR 2094 Schenme 1 1. O]3 WO A /2&19-1 1 5 APR
100 PCT/USOQ 2862 2 General Pgocedure. Al reactions were carried out in
oven-dried glassware (120C) uRrder an atnosphere of nitrogen, unless as

i ndi cat ed ot herw se. Acetone Fdl chl oronet hane, 1, 4-di oxane, ethyl acetate,
hexanes, .and tetrahydrofuran re purchased from |va| | i nckrodt Chem cal Co.
Acetone was dried with 4A nol edul ar sizeves and distilled. D chloronethane,
ethyl acetate, and hexanes dri Qd?and distilled fromCaH2. 1,4

- Di oxane and tetrahydrofuran e dribed by distillation from sodi um and
benzophenone under an atnobsphepe o nftrogen. Nordi hydroguai aretic acid
was purchased from Fluka Chgm . N, N -Dicycl ohexyl carbodiim de
(DCC), 4-dinethyl am nop : @AP), norpholine, triethylam ne, and

pot assi um carbonate Werf puhsiased from Merck I nc.

1- Br ono- 3-chl or opr opane,}{ N, N -d| nmet hyl gl yci ne, and net hyl

phosphor odi chl ori date « o@ from Aldrich Chem cal Co. Analytical
thin layer chromatography ( ‘\_) as \perfornmed on precoated plates (silica
gel 60 F-254), purchased from My ck#ng. Gas chromat ographic anal yses were

performed on a Hew ett-Packard 589 7ies Il instrunent equipped with a
25-m cross-|inked net h_yI sili e gumcapillary colum (0. 32
! L a .f!-
07
<
2
ol o
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mmi.d.). Nitrogen gas was used as a carrier gas and the flow rate was kept
constant at 14.0 nUmin. The retention tine to was neasured under thel3 APR 2004
fol | ow ng weanelvisitens: i njector tenperature 260C, i sothernmal pcelusourse:?
tenperature 280C. Gas chromatography and | ow resol uti on nmass spectral

anal yses R é-%ﬁg z i ' ment
equi %ped ﬁeﬁegsm@\{ ett _rgg%lﬁgr g%%ﬁ%&??é@e?g@?i@g’nbﬁﬁadcéiglrsggéya

Cﬂ.pi | lary 1—1‘7‘301’h CI()andm.arSatuamsnl}amsjf 3itrdyed|i, ;Jrnqssmssiudit?lédquilﬁmiﬁeb

chromat ogr ap MPL were performed at a ow rate of .120 rnU use of
a Jasco Nb‘gﬁﬁycg@-dﬂ?'wﬂr@ﬁha@@mﬁ 14%\9@Bﬁn$5hylﬁfeetm43%ﬁﬁﬁ$-rﬂj‘%t e)r/i al ,

Reversed P i 14 ' it -0 .
pur chased %yﬁrﬁgg gé'n gé.re %ﬁ?%?ﬁéﬁ flrgﬁetgéillé?lg%d? g’% o gl"ggnhﬁ%%%e%ﬁﬁ %g‘ﬂaasp hy
was carri edriedwitly4asaoeiculdrisidvdseagboistiied. IDichiofshefifane) atiiyl akbetaté ze

0.063-0.200 mm 70-230 nesh ASTM _ | nfrareda#‘R) spectra were neasured on a
Bomrem M chand hexapes svererdriedzand distifleddron Catlze 1AvRiIo¥amBand reported are

e 1 ocor sty eFeturah ek S RS B IR e Ao BRI Ops | i g
abbr evi at i ondér an atthospperenof nitdigen] NordilpdrsguSiapétinaditfvappeichaseder e

obt ai ned on a Varian Unity-400 s‘ﬁoo, MHz) spectroneter bé use of D20 as
sol vent antiom Flukafehemical (Ga. NN pRisHelehasylearbedamige §aEClas i nter nal

st andar d. . - -%@, r tned. [ |y 400 (100
VHz) spect%&@%@?ﬂ%@us 4 O?&E{?@IA‘@. @oﬁeéﬁl%‘&é}&%ﬁﬁé‘ %ﬁ%#}ogﬁas}s Mitts are
r ef er encedcardbdnate evene gurciiasddfrém Merckeinby fl-Broyrig-Brantdreprepans, t,Nsodi um
salt singlet (6.0, O, .. Multiplicities are recorded by the follow ng
abbr evi at i &&me('hséglvgnr% {%‘P; mGFth!lGUBF%@?TOFEC%EQTI‘%*%WG% ,Puqéme&f,mw;

mul tiplet; alrichOCRemicaIcemst ant  (hertz). High-resol ution nass spectra were
obt ai ned by neans of a JEOL JMS-HX1 10 nass spectroneter.

meso- 1, 4Bi Apalyical thin teyes chnomatagraphy (BrY) Wag Regdrederhpievoatat _
Hydrochl or ;Ialgfess ?sl,lltlca( 52—:[ GJ ?-ﬁ‘s?)? lpld}'clzh%gegffro%[)%er%’ln%.ngéL cﬂforﬁ%to%?aéﬁllgm 1.0

analyses were performed on a Hewlett-Packard 5890 Series |l instrument

equipped with a 25-m cross-linked methyl! silicone gum capillary column (0.32
mm i.d.}). Nitrogen gas was used as a carrier gas and the flow rate was kept
constant at 14.0 mL/min. The retention time tg was measured under the
following conditions: injector temperature 260°C, isothermal column
temperature 280°C. Gas chromatography and low resolution mass spectral
analyses were performed on a Hewlett-Packard 5880 Series 1l instrument
equipped with a Hewlett-Packard 5871A Mass Selective Detector and a
capillary HP-1 column. Separations by medium-pressure liquid
chromatography (MPLC) were performed at a flow rate of 120 mL/h by use of
a Jasco Model 880-PU intelligent HPLG pump. The MPLC packing material,
Reversed Phase Silica Gel C18 {particle size 0.038-0.070 mm), was
purchased from Knauer Co. Purification by gravity column chromatography
was carried out by use of Merek Reagents Silica Gel 60 (particle size
0.063-0.200 mm, 70-230 mesh ASTM).

tnfrared (JR) spectra were measured on a Bomem Michelson Series
FT-IR spectrometer. The wave numbefs reported are referenced to the
polrystyrene 1601 em~1 absorption. Absorption intensities are recorded by the
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equiv) and N, N-di net hyl gl ycine (26.21 g, 254.2 mol, 6.0 equiv) in

di chl or omet hane (250 rnQ was added DCC (52.45 g, 254.2 mmol, 6.0 eqdi%/APR 2004
and DVAP %, di/8i4, 42.37 nmol, 1.0 equiv). The reaction mi BEUPEIOREE 2t i 1 1 ed
for 24 h under nitrogen at roomterrperature After dicyclohexylurea in the

reaction mxture was filtered off, the entrated
under r edotamingrabbygriations s GHEng »>8h f?&ﬁiﬁﬁ’sw ﬂ\gnakzg’ld&ghl nto %afgém due

and the e agqqﬁ%e%fwu\? ;é{}@ﬁjnﬁyh@bq@oomz)esﬁm@m&ér bg)usem@z@f ecipitate

was di ssdfsk er and re-precipitated twice by use of acetone at room

t enper at Yeesdivest and 3-8 etigly)pepimicacid) sedium G\ﬂt pe i in 87% yi el d:
I H NWR (D20, 400

2 G standad Garbors SR spedia ereSplarftod gt AU (90T

4.4

Hz, gHiftd CH2
3 32 e ) sheduligibe by 880 6D, &g boliert. Clbort13enemicdl shiteiare SHIN)

100 MYz) referbfced to4he Bentetof e M&:méwmlglsmropm agd, 59@115853'1131 63,
140. 66, 142. 47, ~ 146-11, 167, 84:

Q) , 1626ngie (6 DAQ’QP"'()WMU“]H!'F“ﬁ'eérﬂr g fﬂeé%\"@I%’&"?‘ﬁg%bg’?i"'?ﬂ‘g@85z (W
m: M5 (FAB g ¢oUpliedTonstant30), 600
(203 558(9(4%%' '§§fg2‘{9{5’?e‘ g%heﬂfé qwagggd(‘\ll@f m%ﬁgsl(zmagp' S D 35
(38), 58 ({HaMz). |4§42-%%)oautmas§,ea¢cm wef@ obtainegby reeans ot ar Hr oN408

642. 3628, found 3614: Anal Cal cd for C34H54N408CI4: C, 51.78; H 6.90:
N, 7.10" OMS-H¥119 mps§sgeckomsieryp 1 6.860 N 7.05 0. 16-21. 15 1 5 APR

B L PR ISR PRAIRoadetthroyFRRISS utethyituaaney sul Labl ¢
ani no. aci phyaHbEHIoNde SAN(@NTENacsldlion ofNDBA/n 2 gaﬁgg RAED von
HPVrrp:Eg/ é?qf]d:\’g%fjg{’ %%%ﬁj se\ll*ﬁ%?}eq %gsbsymhd sever aI O]:)t ﬁgrl h%%l/il ated
deri vati V%fch‘?éron?e%ahsqzwﬁé) WEY 2aBBLEDQT ¢5Rub1g, 2562 mmoluBsd eq8i¥) ned
using lucitera

and DMAP (5.176 g, 42.37 mmol, 1.0 equiv). The reaction mixture was stirred

for 24 h under nitrogen at room temperature. After dicyclohexylurea in the

reaction mixture was filtered off, the resultant solution was concentrated

under reduced pressure. Acetone (250 mL) was then added into the residue

and the resultant solution was bubbled with excess HCI {g). The precipitate

was dissolved in water and re-precipitated twice by use of acetone at room

temperature to give 2 (28.97 g, 36.86 mmol) as a white solid in 87% yield: 'H

NMR (D;O, 400 MHz) 5 0.78 (d, J = 6.0 Hz, 6 H. 2xCHj), .73 (m,2H. 2x

CH), 2.38 (dd, J=13.2,9.6 Hz, 2H. 2 X ArCH), 2.78 (dd, J = 13.2, 44 Hz, 2

H. 2 x ArCH), 3.03 (s, 24 H. 8 x CH3N), 4.53 (s, 8 H, 4 x CH2N), 7.22

(m, 4 H.4 x ArH), 7.29(d. J= 8.4 Hz, 2 H. 2 x ArH); °C NMR(D-0, 100 MHz)

518.11, 40.82. 41.73, 46.75, 59.59, 125.79, 126.58. 131.63, 140.66, 142.47,

148.11. 167.84" IR (KBr) 3461 (br), 2963 (m). 1777 (8, C=0), 1620 (m), 1478

{m), 1377 (M), 1210 (m), 1106 (m), 961 {w), 852 (W) cm™; MS (FAB) of (2 -4

HCI) m/z (relative intensity) 643 (M+, 30), 600 (20),558 (43),515 (20), 473

(42), 430 (13), 388 (26), 185 (18}, 93 (38),58 (100), 44 (22); HRMS (FAB) of

(2 - 4 HCY) calcd for CasHsoN4Os 642.3628, found

642.3614: Anal. Calcd for CaaHsaN4OsCls: C, 51.78; H. 6.90; N. 7.10; O.

16.23. Found: C, 51.70; H. 6.85; N. 7.05; O. 16.21.
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a reporter. The assay depends upon DNA transfection of the HPV16 Lﬁ Flg?qﬁ
pronoter) fused to the luciferase reporter gene into C33A cells by & 'fn
phosphat e wewbkvegiss C33A is a cervical tunmor cell |ine (ATCGcEoS®RS41QN NO.
HTB-31) that does not contain any integrated HPV DNA, but has
transcription faghe aBPﬁﬁ?ét@EXhét% St SLOENBNEH B et NIginidtNyiear | v
gene pronoter. ay tollown trans ction various drug

concentr aSubsmuthdsammemcids; Iaddmenabarplrm‘ acld mabistituted compodndé RVB® wer e
added to the cells. Thirt urs after drug treatnent (so that the assay is
conpl et e HMERHIANGAN E?éﬁfﬂé?eé 78 ty-ei ght hours for transient transfection
experinents), the cells were |ysed and specific luciferase activity was
determ ned (Luciferase Assay Systens, Pronega, U S. Pat. No. 5,283, 179).

As the MAExdmmedoncentration was increased the specific | uci ferase

activity decre The res wn . in Figur nstrate that MN

dr amat i calffigct Pg&i&gngﬁfVP@EGhﬁrggéﬁa%q“Bg (?E SH- fq m??'GH "i'%vt he HPV

E61E7 pro se assay. Exanple 2 Inhibition of Es/E7 nRNA

synt hesi s@fl%ﬂvﬂﬂggb Q fﬁ?fgat ment | nhibition of EJE7 nRNA synt hesis

fol |l ow ng VAN t'rrrmaeﬁecltofvlasl\l amdaversl diyeINDBZRderivatevesi mfal cell Ii ne G3.

. Rel ative RI- PGR was 'QF’U d wth quantities of total Gﬂlp ar
st andar di- ﬁﬁ'ﬂ fegulated, AREQTEOtEs AGHWEY W?H@W'p@?”ﬁ!’lﬂj ClRzs aénal yzed

on a 2% a e resul t

i ndi cat ed%ta'rhg)?’ﬂfﬂ 'Thg %&%{@énﬁ @Og' @E&V“ZJ% eEh thgog?%lz@gnpl ;S:‘Jl ezl
cDNAs of tRe; pnopm:tee)dusedetoftlne IlE:‘rTe(z&?ElrelppﬁeagénEEin(oZ@Zpr&)ells\mrye det ect ed
in the DVBO treated ar s. cycle. 2 a These
sanme pr od GRIUREANP g\aé %ﬁ?g béla IB 2 SeTICHT Tty ?@“&F ﬁ&lﬂ: ext ract s

fol I owi ng 53Qessibh . Nmfml) matc‘cﬁiesqibt d&ﬂtﬁﬁmﬁyf.hﬁébrer&mPWDw gut det ect ed

for the no tenplate PCR control or fromtotal "RNA"extracts of t he
has transcription factors necessary for a robust expression of the HPV early

gene promoter. One day following DNA transfection various drug
concentrations dissolved with the help of dimethyl sulfoxide (DMSQ) were
added to the cells. Thirty hours after drug treatment (so that the assay is
complete within the standard forty-eight hours for transient transfection
experiments), the cells were lysed and specific luciferase activity was
determined (Luciferase Assay Systems, Promega, U.S. Pat. No. 5,283,179).
As the MsN drug concentration was increased the specific luciferase activity
decreased.

The results (shown in Figure 2) demonstrate that MyN dramatically
reduces Sp1 regulated transcription initiation at the HPV Eg/E; promoter in

luciferase assay.

Example 2
Inhibition of Eg/E; mRNA synthesis following MyN treatment

Inhibition of Eg/E; mRNA synthesis following MsN treatment was
measured by RT-PGR in cervical cell line Cs. Relative RT-PCR was
performed with quantities of total cellular RNA standardized to the cell
numbers counted. The RT-PCR product was analyzed on a 2% agarose gel.
The results are shown in Fig. 3. The RT-PCR results indicated that the
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HPV16- negative C33a cell line. Exanple 3 Inhibition of cervical C3 CFhl PR 2004
gromh by MAN treatnent HPV-16 transfornmed i mortal nouse epithelial él H
(C3 cel | syvovermiopl ated at a density of i 05 cells per vi aPCTARSPES6D2

hours, 112 of the vials were given growth nmedi a containing 40MVAN

di ssol ved hﬁﬁﬁgy/a DURALS e dlifectél e 10AET (821 ©pyang EEI(Z0A boyweie

cont ai ni n eresults are shown in Figure 4A. Wthin 24 hrs
a di ff er egétectat ethe DMNSD treated teltsaaaddy ag cyeleaddef ampliietionel C3 cell's

was observed. The growt h and di vi si,o f .fhe,dr t l1's was

mar kedl y 7 BeSR 8AMEPIASHSE VEBHDRIETY ﬂgt%cfﬁhlé &}%ﬁ@g&[ﬁ{éﬁﬁmﬁﬁ e the
fraction of, vi I | fi 800¢ts vigrel ned

const ant ?Wg%‘g?hﬁ%@ﬁg :f-oréat edbﬁﬁﬁb%%%ﬁﬁgg?ﬁr'gf I:’gel I s.s Thi s indicates
that MAN degosnéd forlthg noctdnusatecdeCR cbntial ios fronTiakRNAexteaetEaf Hieowt h

foll owi ng renoval of NéN from.the medium was al so examined. C3 cells were
pl at ed at HP\YBeogtive C33a celling. per vial. At tine=0, 213 of the vials
were given grow h nmedia supplenmented with 40M MN in 1% DVMSO. The

remai ning vials were given growmh nedia containing only 1% DMSO. After 73
hours, 11Bxampléd8d vials that had received MAN in their growh nmedia were

washed and nedi a containj oply 1% s..added. The other 2/3 of the
cell vial b%ﬁi@nmgwcglﬁgﬁeﬁﬂﬁ%%@ Wvﬁ%atg? medi a adni ni st er ed
before. The regyby: e dhinHbRalRoutd @hitAékal ickhé (Cheelis) weref cel |
growt h was not %Yzlbﬁ ;ﬁ?‘\é@ﬁgaégé In MAN treated sarq)l e(fol | ow 8’% t he

t

change t optited-dt medemsityiof, 10° oells per Niplt Adier RANcsHt 174 Edhe ¥ials YiRr€i cant | y

reduce cell division eyen after i # val fromt : r

envi r onme@ivengroyt ’%@“\{'R Wﬂ*%&@#@gﬂﬁ%ﬁ%ﬁz@w e‘alhg g 4

Anal ysi s %flh&ell\él’gehﬁf'e RBR GORAIS T cbtaimng @nlys 1 2eDMSD afMtheakebelts 72 hrs of
fne

drug treatnent. Xpression wth 9600 gene arrays was studied (Fig. 5).
Five ni crapgshwwnaadtigofe Hb) Withindshrsra diffepensesin ¢gINPCIRINQIPIY r eat ed (C3

VAN between drug treated and control C3 cells was observed. The growth and
division of the drug treated cells was markedly reduced in comparison to the
untreated controt, while the fraction of viable celis compared to the total cell
count remained constant for both drug treated and DMSO only control cells.
This indicates that MyN dramatically reduces cell division.

The effect on C3 growth following removal of MyN from the medium
was also examined. C3 cells were plated at a density of 10* cells per vial. At
time=0, 2/3 of the vials were given growth media supplemented with 40uM
M.N in 1% DMSO. The remaining vials were given growth media containing
only 1% DMSO. After 73 hours, 112 of the vials that had received MuN in their
growth media were washed and media containing only 1% DMSO was added.
The other 2/3 of the cell vials were washed and replaced with the same media
administered before. The results, shown in Figure 4B, indicate that the rate
of cell growth was not notably increased in M.N treated sample following the
change to drug-free media, indicating that M4N continues to significantly

reduce cell division even after its removal from the extracellular environment.
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and non-treated (C3 DVMSO) was used in a pair of human 9600 gene arrayc app 04
hybri di zati on study according to the procedure described in Genom cs gf
313-324 199801/78484 hybri di zati on i mage was captured by a colrT/N50d886312caner a
with a N kon 55 nm AF micro Niko Iens and digitized by a Maci ntosh LC630
conmputer. @detection via enzyme substrate reaction of color-formng
enzymes in eltﬂer single or dual-color node is reproduci ble and extrenely
sensi ti ve Analysid exf axeliday gane expression im € deits hforecand aftet Fi2 Rsvef from 107
cells) The cog%ut er r&gl nt outs showing differentially expressed genes (C3
MAN C3 DMSQ' C3 MIN >10) were listed for exam nation. |nage

files in TIFF fGEHEteﬁﬂgsﬁ?h%fH 9650 henéla S‘i‘rlraéé‘t g@ﬁ Galg fbe veon ZI P

di skette. Gene nanes one | D nufbers e avai | abl'e" tor "o tal ni ng

| mage cl onarégranisieach ofqiaih Al IRNA trbm:@lfhrs N INGAD pAaitrented ¢Co bN)f  genes
that are either up- regul ated or down-regulated 72 hrs@&fter MAN t reat nent,
the fol | o@nsgnapdreateddCaHIMSQ)iwas vsed i apall of duman Y600 pengareayd

apopt osi s.y, a;%‘?’\‘j‘i‘{éﬁonoé udy afc%wg’ 6 the F‘dc%ﬁﬁﬂi SSQ&%E]Q{ in @éﬁang;se?{ ki nase

upregul ated 1 n response I'n ad Ition n- depende
CDC2 ( Exarg3324)1, 9983r Thedyplidizatios image m@mtaptudﬂalwd eoloriiidexs e

DRA( | 00) REBEIRNRR NI 55 ATRAVE TGO KRR RS 7R BY AMFOTESD
o\ e S A b < 17,
color-forming enzymes in either single or dual-color mode is reproducible and
extremely sensitive (can detect <5 copies of transcript per cell with RNAs
from 107 cells).

The computer print outs showing differentially expressed genes (Cs
M4N/C3 DMSO >10 and C; DMSO/Ca MyN >10) were listed for examination.
Image files in TIFF format and data files in MS excel format are kept on ZIP
diskette. Gene names and cione ID numbers are available for obtaining
Image ciones for future northemn blot confirmation.

Among a group of genes that are either up-regulated or
down-regulated 72 hrs after MyN treatment, the foliowing are those
specifically related to cell division and apoptosis. Several other cell cycle
related genes are also greatly upregulated in response to MsN. In addition to
cyclin-dependent kinase CDC2 (Example 11), for example:

Increase
Cyclin-dependent kinase inhibitor (100X)
Apoptosis (APO-1) antigen (100X)
Death Domain Three DR3 (100X)
Ras-related protein RAP-1 (60X)

Human Map Kinase {40X)
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Cycl i n-dependent ki nase 7(5% 100% Human cyt oki ne receptor (2% 100% 15 APR 2004
Proliferating cell nuclear antigen, PCNA(1% 100% Hunman TNF-rel at ed

Apopt 0Si syAPE#4s399 100% Cyst ei ne prot ease( 7% 100% At ear| i ePCTURV/BSI ht s,
such as after one hour drug treatnment, E6/E1 |evel was found to be simlar

with those in control cells while afte [ ger

det ect abl Ehﬁ)fO‘f@W'PQF?e("ﬁcae @ﬂ@d%eéséﬁé{ga% @ﬁwm% tgm?%ér]ébjysgncan be
repeat ed Y&]WNRNA i solated fromthese short-tine treated cells (1 hour and
5 hours) drder to further pin down the initial cellylar effects of the
drug Exanple 5 Targeting C3 tunor growth in nifeates | oddntreatedetion of MaN

Thirty six C57bl-16 NCR m ce re injected wih,5 x 10 cells between
t he shoul §yelin-ggPendeph !@?sﬁffl\fhe m ce. Tvvent@@our of 51@/% ce devel oped

55 o BB, VT 2O e G
tunor gr owrblifefating cell suciear ahtigen,iRCNAbI es” 1% 2, FiY0% and 7. 19 1 5
- ﬁERM78g4N;a§£§qlng¢§ag}gA%p %Jg\ﬁbzon G owt @o}o))f Si ngl gogeymor s Devel oped
Cysteine protease (7%} 100%
At earlier time points, such as after one hour drug treatment, E¢/E7
level was found to be similar with those in control cells while after 4.5 hrs,
EJE7 were no longer detectable by RT-PCR (38). Gene expressions with
9600 gene amays can be repeated with RNA isolated from these short-time
treated cells (1 hour and 5 hours) in order to further pin down the initial
cellular effects of the drug.
Example 5
Targeting C3 tumor growth in mice by local injection of MsN
Thirty six C57bl-16 NCR mice were injected with 5 x 10° C3 cells
between the shoulders on the backs of the mice. Twenty four of the mice
developed tumors within 20 days. Daily injection (50 p!-100 pl of MsN or
MN/G4N) (200 mg/mi MaN in DMSO, 200mg/m! G4N in PBS) showed
profound effect in tumor growih in animals, as shown in Tablas 1 and &, Fig. 6

and 7.
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15 16 17 18 19 21 22 27 Days 1-16 Period Treatnent DVSO DMSO DVSO DVSO

Days 1-16 M4N MAN MAN MAN MAN MAN MAN Days Days 1-10 9-17 M4N AN MaN GARR 7004

MAN (AN MAN MAN GAN (AN

Table 1. M.N and G,N Effect on Growth of Single Tumors Developed
in Mice
Mouse Treatment Lesion Size (mm) wit. Of Excised Body wt. (g)
# Period Lesion (g)
Days 1-16 Day 1 Day 7 Day21 |Day16 Day24 | Day1 Day 16 Day 24
1 DMSO* IxBx3.3 — S5x7x4 — 0.3 18.8 — 20.2
2 DMSO 4.4x6x3.5 10x12x8 _— 1.56 — 18.6 20.5 —_—
3 DMSO 0.8x0.8x1 — 10.5%11x8 —_— 1.14 18.2 —_ 16.1
4 DMSO 2Bx3 825 — 18x11x9 — 2.9 176 —_ 20.2
Days 1-16
6 MsN — 9x8x5 — 0.2 — 19 19.2 —
7 M4N — 6x7x7 —_— — 0.1 18.2 — 20.4
11 M4N 1x1.3x1  9.5x10x8 — — o 19.5 — 20.2
14 MN 3.8x3.8x3.5 BxSx6 — 0.4 — 17 176 —
15 MN — 5x4x4 — 0.1 — | 189 200 —
16 MJN 2.8x2.Bx2.8 9xbx4 — 0 — 117.2 176 —
17 M,N 2.3x2.3x2.3 6x6x4 — 0.2™ — 173 — —
Days Days
1-10 9-17
18 M.N GN 3%2.8x3 Bx7x5 — — 1.0+ {188 — 214
18 MaiN G.N — 5x5x5 — 0.2 — 18.2 198 —
21 M.N GeN 1.8x1.8x1.8 9x10x5  — 0.2 — | 17.3 192 —
22 MalN G.N — Tx7x5 —_ — ] 17.9 —_ 19.5
27 M.N G«N 2.5x6x2.8  OxBxB -_— — 1.8 | 20 — 207
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Lesion Size (mm Day | Day 7 Day 21 3x8x3.3 -- 5x7x4 4.4x6x3.5 10x12x8

-0.8x0.8x1 -- 10,5x11x9 2.-8x3.8x2.5 18x11
' : : -9 T X9 -- 9x8x5 - -
Ixl.3x1 9.5x10x9 - 3.8x3.8x3.5 8x9x6 - - 5x4x4 - 2.8x2.8x2.8 93252715APR1M&

2.3x2.3x2.3 6x6x4 3x2.8x3 8x7x5 5x5x5 1.8x1.8x1.8 9x10x5 7x7xh .2 B5X5X2 5

9x6x6 W —CE&F—ExTisedLE€Si on

040100 2" (g) Day 16 Day 24 0[3 1.56 1.14 2.9 0.2 0.1 0
78 M.N G.N 2.82.3x2.8 5x5x4  — 0.17 — | 181 198 —
29 M.N G.N 2.8x2.5x2.8 5x6x4 — — 02 |18.8 — 196

* DMSO = Vehicle for Drug
** Taken on Day 15

. w* |_esion contained mostly necrotic cells as also found in lesions from
mouse 6, 7, 11, 14, 15, 17, 19, 21, 28, 19 (Fig. 6,7). There were no lesions
left in mouse #11 and #22 following drug treatments. Tumors found in control

mouse #1, 2, 3, 4 contained growing cells (Fig. 2}.

Experimental Procedures:

28 C57bl-16NCR mice were injected with 5 X 10° C3 cells/mouse.
Injections were 100 pul. made subcutaneously between the shoulders on the
backs of the mice. Cells were suspended in low-salt HBSS and suspension
uniformity was maintained by gentie vortexing.

24 mice developed tumors. Their lesion sizes were measured by dial
caliper. These mice were shaved, weight and treatment begun (Day 1). Four
mice were sequestered as controls. Contro! mice received 50pL DMSO
injected intratumorally daily. Experimental mice (10) received 50 ul M4N
dissolved in DMSO (200mg/mL). An additional 10 mice received MqN
ireatments for 8 days followed by G.N treatments (50 uL, 200mg/mL in PBS)
daily for 8 days. Injections were made to several regions of tumor. Mice

anesthetized with ether or metaphane prior to injection.
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0.2 Body wt. (g) Day 1 Day 16 Day 24 18.8 - 20.2 19.6 20.5 --
17.6 - 20.2 19 19.2 18.2 - 20.4 19.5 - 20.2 17 17.6 -- 18.9 20. o - SmPRzznm

17.6 -- 1%dqu288. 8 - 21.1 18.2 19.9 0.2 - 17.3 19.2 1. 8PCT,2@0(;;232927 0
17.9 -- 19.5 20 1 5 APR 2004 28MAN GAN2. 8x2. 3x2.8 5x5x40.17 18.1 19.8

20N O S AN el AV ERPE Bl GhSbah Bl |,

| esions from m)usgaﬁry,gg Muiitiplé TubPorsl 7. 19, 21, 28, 19 (Fig. 6,7). There
were no lesions left “in nouse #11 and #22 follow ng drug treatnents.

Turmrs found in control rmuse #1, 2, 3, 4 cont ai ned growing cells (Fig.

r| rrent r du g:%%gilrﬂ ﬁgl %a} ?F@X 105
d
C3 ceI I e. rea '@?F 9;0 g angghg{jyﬁbet wee
shoul ders abn E h
Days 1-16 Day 1 Day7 | Treated® Not Treated™ | Day 1 Day 24
9 MiN 1.3x5x0.75 7x9x8 0.25 0.6 202 17.9
10 M4N 2.3x2.5x2.3 9.5x10x8 0.1 29 17.5 221
12 M,N 25x25x25 8x9x6 0.1 1.82 17.8 200
Days Days
1-9 10-18
20 MN GeN | 1.8x1.8x1.8 9x10x5 €. 0.2 17 20.2
24 M:N GuN — 7x9x6 0 1.7 17.2 20.8
26 M«N G.N 5x3.3x2.5 7x7x7 0.2 1.9 19.3 206

* Drug in DMSO was injected directly to the tumor regions

** From adjacent tumors deprived of drug

Table 3. Toxicity Studies of G4N in Mice

Group # of Route Treatment Days of Mortality
Mice per day injection
1 187.5mglkg 3 Subcutaneous 2X 6 0/3
2 375mglkg 3 Subcutaneous 1X 6 073
3 750ma/kg 4 Subcutaneous 1X 6 114
4 375mg/kg 2 v 2X 6 0/2

C57BL-16NCR female mice from NCI were used in this experiment.
Tetraglycinal NDGA (G4N) was freshly made everyday in PBS in
goncentrations of 75mg/ml. Injections of 0.05ml for group 1, 0.1l for groups

2 and 4, and 0.2ml for group 3 per treatment were made for a period of &
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backs of the mce. Cells were suspended in | owsalt HBSS '
( _ _ _ and suspen
unlforn1ty mas mai nt ai ned by gentle vortexing. 24 mce developedptuﬁgﬂgRZWA

Thei r 1Pk7RS were neasured by dial cali ' :
per. These nrCEUSMNE861Zhaved,
wei ght an treat ment begun (Day 1). Four mce were sequestered as

Eper st Eveerri s Geghd Svace v RPNt Pl Al )
addi ti onag, %%g@h%‘& gggby@ge%wpgst; SRS vyt Ehdayes e obeering GiN

daily for 8 days. Injections were nade
to sever ajjyfieg it expéritnental peode  anest hetized with ether or netaphane

prior to injection. 21 WD 01/28494 15 APR 2004 PCT/USQQO 28612 Table 2.
MAN
and AN Effect on Gowth of Treated LeS|ons in Mce Carrying Multiple

Tunors Mouse | t
(o7, o2 R AR SR 4 s fatren ey
MANL. 3x5x BﬁZéTQm@er%Em@zw21ﬁa14am13mr~smrr®er$m-22x@d 26-297.522. 1

12MAN2. 5x2. 5X2. 58x9x60. 111.8217. 820. 0
1.8x1.8x1 M@Mexmn@@wlbrmmﬁeuméssifgaﬂﬁ%%?g%%G%S”gf%'\#'\%wy

26 VANGAN5X3.,3X 57x il
ed d I
the tunor q"ﬂ aﬁ éﬁ%r%iﬁegé cen tum)rs epr ve%\@%%m%ﬁt%{'Tabl ;rgct v 1o

- Toxicity We&mﬁnt% mhén theeﬁnltmw# @R b0l
M ceper dayl njrect i on 9 r eat ment Days of Mortalit}

Day 10: Mice weighed again. All mice exhibited growth up to two grams.
Day 12: No treatments made.
Day 13: All mice have raised skin but to very different degrees. The skin

of one M:N treated mouse (#7) has split open through which the “dried-out
tumor” fell out.

Day 14: Injection volume raised to 100 pL.

Day 15: One MqN treated mouse (#17) died due to overdose of
anesthesia/handling. The skin at the lesion site of #17 cracked with the
“dried-out tumor” showing. It was dissected, and lesion excised and weighed.
Day 16: Four more MsN treated mice (#6,14,15,16), three MsN/GsN
treated mice (#19,21,28) and one control mouse (#2) were euthanized,
dissected and weighed. Remaining control mice (#1,3,4) were examined
non-invasively and were carrying tumors.

Day 21: Tumor sizes from control mice were measured by dial caliper.
Observation: The skin at the lesion sites of mouse #10 and #12 (M4N treated
regions) cracked with the "dried-out tumor” showing.

Day 24: Mouse #7 skin recovered completely. The experiment was
terminated on this date. All remaining mice, MsN treated (#7,9,10,11,12) and
M.N/G4N treated (#18,20,24,26,29) were euthanized, dissected, examined
and weighed.

The effects of MyN and M{N/G4N on C3 tumor growth in mice are
summarized in Tables 1 and 2 and Figures 5 and 6. Table 1 shows the drug
effect on C3.cell growth in mice carrying single tumors. The average weight
of four excised tumors of the control group was 1.48 g while weights of
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1187. 5mg/ kg3Subcut aneous2X6013 2375ngl kg3Subcut aneous1X5013 Cant
3750ngl kg4Subcut aneous1X6114 4375ng/ kg2l V2X60/ 2 C57BL- 16NCR f ermal e hp &SR 1l
fromNCl weoeiused in this experinment. Tetraglycinal NDGA g€&HDBoov8612
freshly nade everyday in PBS in concentrations of 75nmglmil_ | njections of

0. 05nl for . f 3
(reat ment SEIRedn Wk Beatd o M. RMled vl a2 B G 320 ° P
PCTI USOO' 2@&pectivaly. Chupdraatetlesidmstakisied enaithysf didaliguteegatie cotls e
determ ned before_ and after six days of injection. No significant weight

changes welFag.dbis efwagrs Hom the candrad gpeun aeprarediumegenoys ardeat ed ni ce,

6.7, 5. 10, 103 mest FBREY Jifd el DT phIEE BonE e onid BHSE I EERFs, i b ¢ e
swel Iing. dagHgmiee caplyilesiutipls turpersnanahigagdedp)drudivids FijedtednintoSome

m ce experienced mld bleeding due to injection. The treatnent reginen and
resul ts weere gftheoturpars. The averagr weighbeluntteatgditumors wasi t&7awhile t ed

P seq oki el M (8t BBt i Bas Sos il de SR welF bpfhingy  Feated
nouse (#7)fduawir$g>M4ngmmnjbbanhevwe¢é§t eighd iof @ditreated fuors' washlzout .

Day 14: Injection volune raised to 100 Day 15: One MAN treated nouse
(#17) di eddcwbile hasvaftae seupireatatlesinnsiwashan Q- 783 9The skin at the | esion

ano 1 asi on exc: 364 oy Wbl enrdesTr thiqe fing FPORAR eidsrtfens] oot oo

(#6, 14, 15, dériod abpearddiinG icant €Ratsld 1nale2(.#19, 21, 28) and one contr ol

nouse (#2) were euthani zed, dissected and wei ghed. Remai ning control mce
(#1, 3,4) were exam ned non-invasively and were carrying tunors.
Example 6

Drug treated (M4N) and DMSO vehicle-treated or untreated tumors
(CON) from two groups of mice were prepared for histopathology
examination. The excised tumors were immediately fixed and then stored in
4% formaldehyde in phosphate buffered saline. The fixed tissue was then
dehydrated through a series of graded alcohols and xylene and embedded in
paraffin. The paraffin tissue blocks were thin sectioned and stained for
microscopy with hematoxylin and eosin. Histopathology studies showed that
the control tumors were unaffected by DMSO treatment and continued to
grow. They show the high nuclear/cytopiasmic ratio, pleomorphic nuclear
changes, high mitotic figures, spindle like sarcoma shape, and infiltration into
the surrounding tissue characteristic of cancer cells.

In contrast, those tumors receiving MsN treatment discontinued growth
shorily after treatment began. They demonstrate significant necrosis and are
no {onger viable. There is a small amount of drug precipitate visible at higher
magnification, and focal areas show chronic inflammation and fibrosis. This
healing effect leads to the shedding of these deceased tumor cells from the
area. The same results are seen with MyN/G4N treatment as with the MyN
treatment alone. However, since G4N is water-soluble, it can spread to a

larger area of the tumor than MyN. 1t is expected that G4N when used with
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Day 21: Tunor sizes fromcontrol mce were neasured by dial calip 5 APR 7004
bservation: The skin at the lesion sites of nouse #10 and #12 (M4 trezmed

regi ons) wiAsikeshswi th the "dried-out tunor” showi ng. Day 2CT/NSWSESHT7 skin
recovered conpletely. The experinment was termnated on this date. All

remai nin }.ce, MIN.tr # Melidh tuM 6 Nrbeé aleadi.e.

(#18, 20, 24 éyﬂﬂgkﬁk?%@%?ﬂ&%l@% é@?é&'gi‘t eﬁﬁgxgm ned and wei ghed. The
effects of M s MMFAN on C3 tunmor growth in mice are summarized in
Tables 1 and 2 and Figures 5 and 6. Table | shows the drug effect on C3.
cell growth in mce carrying single tunors. The average wei ght of four

exci sed tgm)rs o% the control group was 1.48 g while weights of 23 15 NR IN
WO 01/ 2845%3F®1¢ 1500128612 | esions from MAN treated and MAN GAN treat ed

were 0. 14gandoOVEN dh HSRERSKM WikptiorPnuGuineaspigd | esi ons consisted mainly
of dried out necrotic cells (Fig. 6). Tunmors f he contral. aroup
appear ed honmogdheudrugrd:N maalsmgeﬁtafém U'g]'lglt"@? B\ENF@ -4 éFP@‘?at'Pg‘dpgkgrys hows
the drug effect on C3 tunor ro -] ) ' ' nors. In
thi s ot cayeainy REAInRS Bl SPRES PR AAITLed: &?%%W&*F‘”%%‘%&’i"ég‘e wei ght
of U“treaﬁ-%\l.tﬁ’s‘fﬂb;:ﬁe!‘,‘@én%a@a;ﬁbll&@ﬂbﬁicaﬂhm inféct\dech prickedcdareasi Mall was 0. 15
g. Simlar Tesults were obtained follow ng I\/le/.GélN | n'.echi ﬁn-t rg aver age
wei ght of was theatagrplieditortbe peisked infectgd ataa feliqwiag infechion. dg %&’rt eat ed

| esions was only 0.103 g. The body wei ght changes of all mce during the
entire ex§Snental period appeared insignificant (Table 1 and 2). Exanple
6 Drug treat ed gjMhbagBbaMaDakilin of hrganeaipigrwenet punched stentals  (CoN)

excl Sed t with 3 SAEHN nearie Toel grepmRTe PN BEEEd HSVabs PUREE Gohyde.
2 seri o6 GupgTIRIEt 4l el R s O e o ne he
paraf fin tjifsusd RUATHSVVBT € Fiftdan shmites after infectinniddad of dest

compounds (ABDS,, ABDS,, ACV and MsN (4N) in 60 mg/mi of DMSO were

applied to each punched infected region of an area, five times per day for six

days. ABDS, and ABDS; were included as negative controls. The

photograph in Figure 8 was taken at day 6 and shows the extent of HSV-1.

replication in the absence of drugs (HSV-C, HSV-SC), in the presence of

ineffective drugs (HSV-ABDS,, HSV-ABDS;) and in the presence of effective

drugs (HSV-MsN and HSV-ACV). It can be seen that six large confluent

blisters were developed in areas treated by HSV-C, HSV-SC, HSV-ABDS;,

HSV-ABDS,, while no blisters were observed in infected areas following MsN

(4N) and ACV treatments,

Clearcut results that MyN can block HSV replication were obtained in

this model system as shown by the disappearance of the skin lesions and by

no shedding of the virus 4 days after the drug treatment. Initial animal studies

also showed M4N to be non-toxic to mice at concentrations as high as

300mg/kg when given intraperitonealty, and as high as 375 mg/kg when given

either subcutaneously or by IV (Table 3) (6).
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gui nea pigs. Cui nea skin was pinched with needles and HSV-1
suppr essi commetehpstopddmargroath in micea. nThere haverbgen sReerahpeyioUMN  was
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supernatant, of isolated HSV in saline, HSV-SC). The other four areas were
i nfect ed tenshoHsWiaTs ofpeoplerhanenbeess safeiviested withilaige @mounts oft est

compounds ARBSA BB i FENAIL Hbre el B Bkl BE PEGs e ooe! e
vehicle for drug delivery when only small volume of it will be used (26).
2) By injection in situ, a majority of the drug residue remains insoluble and
concentrated in the tumor areas, and does not enter the circulatory system,
thus whole body toxicity is avoided. In addition, since enough drug remains
within the tumor to suppress its growth, continued injection of drug is
unnecessary after relatively few treatments. In the mouse study of Example
5. tumor cells continued to die even after discontinuation of MyN injections.
Thus when drug is directly targeted, tumor size becomes the determining
factor for the required amount of drug to be administered. The difference
between whole body weights of a human vs. a mouse becomes irrelevant. in
the mouse tumor studies, 20 mg/day for 10 days were more than sufficient to
eliminate tumors. There should be no reason to use a higher dosage than
this for treating a human tumor of comparable size {(1-1.5 cma). This should
reduce the risk considerably in human trials.

Example 9
M.N Treatment of Cells Blocks Cellular Proliferation

Our previous research on MyN indicated that it could inhibit viral
transcription by deactivation of Sp1-dependent promoters. Many mammalian

cell cycle genes also contain essential Sp1 promoters and M4N may therefore
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days. ABDS, and ABDS2 were included as negative controls. The phot 9grgmings
in Figure 8 was taken at day 6 and shows the extent of HSV-1 replication

in the abgenfpsef drugs (HSV-C, HSV-SC), in the presence ACTUHeRBERt i ve
drugs (HSV- ABDS1, HSV- ABDS2) and in the presence of effective drugs
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25 WD 01/af8a194dmpmalwoglp\éa N@@#«/(@%@U‘E@’@%E "@é[ﬁﬁi‘é‘sséfn‘zﬁﬁ‘w?ﬁa i ni cal) (0):
Tr eat nent us itu | NsfdrimedtCy celt o
tunors asd %"Y?R& l@@lﬁlw/egw%tgﬁ &b‘fﬁgg% Q*eg{és@sg??ﬁ%? {svtgl nctive aS(d\(/:ant ages.

1) MAN i )@, Q%%rwb@i@rﬁnlmﬁnmwwstraﬁc@e@nm@ld/togbhlblﬂl e in DVSO (200

nmg/ m). er re only a snall ol une of  the .dr S eeded for

i nj ect i onpiciferatien (Figuse Rapvd hee‘FEF";scrleﬁQ%”gi&ede r@f% %@%Jqug&wisﬁlmt he nouse

study descyLib 160 MSQﬁbdtl’ire 100 | for
Jater Zgg m%ggpﬂg rgpge %?%Eﬁ‘:eﬂ?étldh froine40 @ e

sever al etely stop tunor growth in mce. There
have beengyggy at ﬁieg@r@nmganswmeaumber nécdiseremalnaﬁ gaugbtolhecqy i | v

E chIt Lgﬁslg? E%W%Tamé;eoar@p%? Sﬁ]soré fidd STE%%% ﬁf{}l&\ﬁ/:eéﬁﬁégnmt
That | VEOSERAN g ebEer d??%”éﬁzﬁ“ﬁ%ef?@??“?fﬁ?ﬁéﬁ oty when onry snel S
vol ume of wds sidrd abeoncertratiass greater than 60uM.
The antiproliferative effect of M4N on the C3 cell line is not solely due
to the drug’s ability to deactivate the Sp1i-dependent HPV-16 E6/E7
oncogene promoter, as similar growth inhibition was observed in the HPV-16
transformed TC-1 cell line whose E6/E7 oncogenes are under control of a
non-Sp1 dependent retroviral promoter (30) (Figure 9d). In addition, growth
of the C33a cell line (Figure S¢), an HPV-negative human cervical cancer cell
line, and the CEM-T4 line (Figure 9b), a human leukemia cell line (31), was
also blocked by treatment with MyN. In the four cell lines that were treated
with the drug, nearly all (>95%) of the arrested cells were viable until the
concentration of MN exceeded a “threshold” value (60uM for C3 cells, 40uM
for TC-1 cells, etc.). Above these concentrations the percentage of viable
cells decreases precipitously. Interestingly, arrested cells maintained >95%
viability even after prolonged exposure to the drug. The C3 ceils exhibited no
increase in cell death after eight days of treatment with 40pM MN (Figure

ge). -
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2) By injection in situ, a majority of the drug residue remains insoluble
and concentrated in the tunor areas, and does not enter the circul AOdR 1004
system wmsiydied e body toxicity is avoided. In addition, pgimressoesrgh
drug remains wthin the tunor to suppress its growh, continued i nj ection
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al so cont ghpstasgRitheaks sé%r»‘?@i'étﬁ@ ﬁfBﬁh Me\CgendtdemIl4Ea) ifesl i APR 2004
. WD 01/ 28494 PCTI U S00/ 28612 bl ock their transcription. This hypothesis was

tested by vehiei80fg of the celir showiG2/M BNA/cortenbct of MAN on a nunber of

diff t . ti h d,
NoGA. have. pr edNSHORy o EEHnGRE AR S ARt e SR b s MR bk an el |
(27) .. ThiznipblRE agfiRdey ibulind@fedd Qﬂdelﬁm@)wew@ﬁfdtw one of the
cat echol oxygens or the addition of a hydrophi roup to NDGA (28).

| ncr easi nglelemuinesherstatus oﬂmceatrpsv@esve tm&&@iﬁl%@dl@w&w?&hﬂwm es of

t he HPV- 1@/, 9 r timal
concent ra?‘ﬂﬂﬁ§ F@Qﬁgﬂ E‘;ﬁ‘i’ﬂoﬁ ﬁleﬁt buBar i)fg‘ftéé %"gfﬁsgﬁ't g’uc;r‘{ﬂehIa e cells
respond welelis tape Mifdlicaredsbrastitl lodate@mextid eachy dtHupum she)necleub oftlege of
concentration from40 to 60 NM After three

cell. Since centrosomes separate during early prophase, it can be concluded

that these cells have not begun mitosis. In contrast, the gamma tubulin

staining of the control cells has the diffuse pattern characteristic of G1 or $

phase (32). A lack of chromatin condensation in the MyN treated cells was

also observed with DAPI staining (Figure 12b), additional evidence that the

cells have not moved forward out of G2 phase (33).

Example 11
Production of CDC2 is Inhibited by 40pM MN

Since progression of cells out of G2 is dependent on the production of
the MPF, the status of its protein components was examined in C3 cells
treated with 40uM M4N. Asynchronous cells were grown for 24 or 72 hours in
media containing either MyN in 1% DMSO, or 1% DMSO alone. The cells
were harvested, and equal amounts of total cellular protein were analyzed by
western blotting. A marked reduction in the amount of CDC2 was observed
after 72 hours treatment with M¢N (Figure 12a). However, levels of cyclin B,
detected by stripping and reprobing the same membrane, were found to be
unchanged. These results indicate that, under these conditions, the arrest is

not likely a response to p53 since it has been shown that overexpression of
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days at these concentrations the nunber of cells remai ned equal to‘lt‘.{]ﬁPRML
count at the initiation of treatnent (day 0, Fig 9). A nore nbdest

reducti ongigpiBglds growth was observed at | ower concentratRGHESW23¢1Re drug
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for C3 cells, 40NV, Fidlts | t iohogMEDLRaRR N0 sel asiai ons t he
per cent agQEBP"é?%NbY'é‘?@ég?g&é‘gﬁ%% %%32 r%‘r")é%ti pi tous_lce. Interestingly,
arrested gakkipldRigthanieelfordheodeciedsd of GDO2protginel hpﬁtﬂ%m@&legkposure to

g 3

the drug. The cells exhibited no increase in : i ght
days of t méthtmerfinding thatdbecyalin BRrgiain, whse 9942 @%’E%Pg’ggézfgﬂ'%flééﬁ ﬁf‘l K 2004
PCTI US00128612 | ¢ WhilMhe BTES proteirviiiesse Once it
was establz"is_sq%‘@&eE%(sﬁ t’ 'gﬁﬁqs%deg%iwlﬁﬁvé&méease pr ol Ffrer;tion .yet remain
viabl e, arpinesias Wio esséntiah Spitiescntitsrprosneten isasteriRlly reduced Wi i on of

he. col | 5 auandhe Tosetiane pRstieas nToa P AR wad perfimedddfl 2 T2 2 g
L o2 SR 9 ckiuegeigi a0PMN (R a72 s, ool et rene
cel | s shovgHowHMnINaumN2Bythe amount of CDC2 mRNA is reduced after only

hours treatment with MuN and nearly eliminated after 72 hours. Production of

the non-Sp1 regulated housekeeping gene GAPDH was used as an RNA

loading control, and its levels were not effected by 40pM MgN.

The use of the C3 cell line aliows us an additional control for analysis

of the mechanism of MsN mediated cell cycle arrest since other Sp1i-

dependent gene promoters are also likely to be inhibited by MsN treatment.

This possibility was examined in C3 cells by analyzing the effect of MJN on

transcription from the Sp1 dependent HPV-16 E6/E7 promoter. tPCR

analysis of RNA isolated from C3 ceills treated with 40pM M4N for 510 72

hours demonstrated a clear reduction in the levels of the E7 transcript (Figure

12¢). GAPDH was again used as an internal control in this experiment, and

its levels were unaffected by drug treatment. These results provide additional

evidence that M4N reduces the transcripts of Sp1 regulated promoters.

Example 12

Inhibition of Sp1-Binding Activity by GsN ina Gel Mobility-Shift Analysis.
Sp1 family proteins induce bends toward the major groove of DNA upon
binding (36). The zinc finger domain of the Sp1 protein is responsible for the
binding of the GC Box sequence 5-GGGGCGEGGEE-3' From computatianal
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anti bodi es against a tubulin (green) and y tubulin (red) were use f}
det er mi ne whe1/sg4ad us of the centrosones in the C3 cell |inedotdmurng 72
hours MN treatnment. As shown in Figure 1la, the centrosones of MN
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har vest ed mianst 257CaIDNABINdiBg doni4lh df résdrhbinant Bpdtmotinesp1a8FD)zed by
western blottin A mar ked reductlon in the anbunt of CDC2 was observed

after 72 Nk aextraddedand ingubaterhiqradglitianal 3R)minHeibe aresersreoka dﬂfgéycl in

B, detect Id e i t ﬁ”?l d to be
unchanged. %ﬁgggfpessfg d;g'lnnﬁgyg girsﬁt%c?% h? fheésrgggc)&rﬁﬁﬁﬁ ﬁ%ﬁ arrest
is not | iviked firstalewpdne dind DPFS Gmmslthehmabdem thégeBohdi atep of the
overexpressi on of 28 WD 01/28494 1 5 AVR AN PCTI U S00Il 28612 p53 leads to a

decrease iRcuRAtion, The QN am0 Srb67 B eancentrations andetha insubatigmandyest er n
o oL SPERAEBRRRSAE NN E10eh B FEBL, SRRl sodimiity 1 oot o
i nhibiti ngek:hen)oMsMwmm Bigured 3ChCeitheratasien(SNewas fourgl tonbe abless of
activity ?(f rENQ(P 1‘F rom interacting with Sp1-167D protein. When only the DNA

blndlng domain of Sp1 alone was tested, G4N appeared to be more efficient

in displacement of the bound Sp1 than blocking Sp1 from binding to the

enhancer, as shown by the gel mobility-shift analysis (Figure 13, A,B,D). We

have also examined whether the bound G,N can be replaced by Sp1-167D.

In this study, the inhibition of Sp1-167D binding by G4N was first established

by the mobility-shift analysis (Fig 13C lanes 2 and §). When the G4N bound

template was challenged with additional Sp1-167D, we observed a dosage

dependent increase of the band intensities of the Sp1-167D/DNA complex

(Fig 6C, Lanes 6,7) indicating the displacement of G4N by Sp1-167D from the

template.

Example 13

Inhibition of $p1 Regulated Tat-Transactivation of HIV Promoter Activity
by G4N. As reported previously, methylated NDGA derivatives can block Sp1
binding to the enhancer sites of a variety of viral promoters including HIV,
ICP4 of HSV, E6/E7 gene of HPV (37,38,39). We further tested the G4N
effect on the Tat-transactivation of HIV promoter activity in Cos cells by the
SEAP assay as previously described. Basal Ievelr of the HIV LTR driven SEAP
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two viruses sharing an almost identical mode of transcription regulation. In
anticipation of using SIV infected rhesus monkeys as animal model for testing
‘the antiviral effect of G4N, we have studied and compared the G:uN effect in
inhibition of SIV in 174 x CEM celis with that of HIV in H9 cells. Cellular
toxicities of G4N in these two cell lines were also examined. For SIV inhibition
study, 107 174 x CEM celis were mixed with high titer stock of SiVmac 239 at
a7°C for two hours and then washed twice with cold PBS buffer to remove the
unabsorbed virus. Cell suspension was aliquoted into each well of three 96
well plates. Various concentrations of the GaN solutions were made from
freshly prepared stock and aliquoted separately and each to six wells in a

column of ane 96 well plate. Culture supemantants were collected every four
days post infection. (P.1.) and fresh medium containing appropriate
concentrations of the drug were added to the culture following supernatant
collections. Viral production was assayed by a modified p27 core antigen
capture ELISA as shown (Figure 15). There was no SIV production detected
using GsN in concentrations above 5 pM. At G.N concentrations below 2.5
UM, SIV production was detected (Fig. 15) in culture supernantants from 4th
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Schegg, K M and WJ. \Welch, The Effect ofuaNorg ogual aretic Acid and
He and Car bodyl est erase.

Bi ochi m Bi ophys. Acta, 7885 ganp, MC W, et al.,
Vaccination Wth Cytotoxic T L Ep| tope cont ai ni ng Pepti de
Protects Agai nst a Tunor | ndye@d b Hu#an Papi |l | omavi rus Type

16- Transfroned Cells. Eur. f? |mmnol ., 23, 2242-2249.(1993.) 30. Lin, K,
et al., Treatnent of Established Tunors Wth a Novel Vaccine That Enhances
Maj or Hi st oconpatiblity Cass Il Presentation of Tunor Antigen. Cancer

Res., 58&h elzeln B.R21 Bgand Rgindependently wpresente O, -OCHzorQ(CrEYGE: Qul anamgino Acid

Human Ly, | 5 ‘gsa}%%(g ?%Egﬁ)rgngnﬂn%u& _ood of a Child Wth Acute Leukem a-

Cancer,

2. Use of an NDGA derivative as claimed in claim 1, wherein said tumor is present

in a mammal.

3 Use of an NDGA derivative as claimed in claim 1, wherein said mammal is a

human.

4, Use of an NDGA derivative as claimed in claim 1, wherein said tumor is cervical

cancer or oral cancer.

5. Use of an NDGA derivative as claimed in claim 1, wherein the medicament

further comprises at least one pharmaceutically acceptable excipient or carrier.

6. Use of an NDGA derivative as claimed in claim 1, wherein the

nordihydroguaiaretic acid derivative is tetramethyl nordihydroguaiaretic acid.

7. Use of an NDGA derivative as claimed in claim 5, wherein the excipient or

carrier 1s dimethylsulfoxide (DMSO).

8. Use of an NDGA derivative as claimed in claim 1, wherein the

nordihydroguaiaretic acid derivative is tetraglycinylnordihydroguaiaretic acid.
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2147-2152. (1999.) 36. S] ottem E.; Anderson, C.; Johansen, T. Structural

and Function Bendl In uced by Spl Fam |y Transcription
Fact ors. I\/gb ng X@Q %dr%él 7. Gnabre, J.N:; Brady, J.N;

Cl anton, D.J. Ito Y.; D|ttrrer J.; Bates R B.; huang, R C. Inhibition
of Human | rrrrunodefl ciency Virus Type |I Transcri pt| on and Replication by
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28494 1 5 APR TDD_ _PCTI US00128612 Replication by the Miutation Insensitive
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(16), 3Q0Q1s; g%qggﬁ Ig%lcagr E#]%%(t)l Call aham M ; Huang, R C.; DeLucia, A L.

I nhi bit1on ma vi rus Type Gene Expr essi on by
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Antiviral Zﬁ“{f i Vi Segf ap %&Wﬁ%ﬁew Imwﬂ’&ﬁ%wdi 1gWberein the r%rshcaeent is

Synt hesgmulated for injection into the tumor.

i4.  Use of an nordihydroguaiaretic acid (NDGA) derivative for preparation of a

medicament for treatment of tumor, wherein the NDGA derivative has a formula

Ry
CH,
Ry
Ry
CH,

wherein R, Ry, R3 and R4 independently represent —OH, -OCH3, -O(C=O_)CH;, or an amino acid

Rj

residue, but are not each —OH simultaneously, wherein the tumor is a cervical tumor, an oral

cancer, a medulloblastoma or teratoma.
15. Use of an NDGA derivative as claimed in claim 14, wherein the derivative is
tetra-O-methyl nordihydroguaiaretic acid (M4N) or tetraglycinyl nordihydroguaiaretic acid

(GaN).

16. Use of an NDGA derivative as claimed in claim 14, wherein the medicament

further comprises at least one pharmaceutically acceptable excipient or carrier.
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Structure ldentificaiton and |bhibition of Tat-Regulated HV
Transactivation. J. Med. Chem, 1998, 41 (16), 2994-3000. 41. Wi sk Qmpg%@
Kiser, R; Fine, D L.; Bader, J.; Shoemaker, R H ; Boyd, MR New

Sol ubl e- Formazan Assay for H V-1 Q/t opat hi c Effects Application to

H gh- Fl ux Sc eni of.. S t tural duct.s for Aids- Anrvrral
nctivity 3 Wl DiedtaRNHAE defvaggo brbpguion o adgumegy weariien

WHAT |SM:M£191 I“ﬁlerém HNDOIA aetivagislhdvifonauial aretic acid (NDGA)
derivative for preparatlon of a nmedicanment for treatment of an HPV-induced
tunor in a subject, said the NDGA derivat kye ha# drmul a: wherein R1,

R2, R3 and R4 |ndependentl3ﬁ represent -0H] -QQ Q(C=0 CH3, or an am no
aci d resi due, but are not EagkF QTSI i 2. Use of an NDGA
derivative as claimed in clair din said tunor Ms present in a

mammal . 3. Use of an NDGA e asHg|l ained in claiml1l, wherein said
mammal is a human. 4. Use of an NDGA derivati ve as clai med in claiml
wher ei Nygajeh RUTRY R YideRénd f t il

derivative as gl azlr mléa"&ﬁ“ 11 Pén f reeq'% thé ne C—%)C?ﬁr? her corrprl ses

at | eastesive oplyabstitusatioi :{aalthgreaﬁ;bmmrabd)tezaelerH] sanultmeouﬂy,ramémheﬁemtﬂme of an
NDGA der | éat | vet az f(ﬂzilgﬁi rr&rg i.n cl ai.rr* 1. wherein the nordihydroguaiaretic

aci d deP1eFKeGR! 1 ORGP I FIRUANUP BAOONGRI d. 7. Use of an NDGA
derivative as clai ned i n cI aim5, wherein the excipient or carrier is

di et hyl sul f oxi de&l('S . Use of an NDGA derivative as clainmed in claim
1, wherein tHh8 Grolﬁ?@w&ﬂﬁﬁ‘éﬁtlv@ ag elagmetkin; olaimi e wherein the amino acid

tetragl Yégidﬁ\élo?g @tlm’g{ &%gﬁkéﬁ%to h\%{c%r c%ﬁg%l?nge fPM 0 g?)rllntausa(gpa.ortflg11‘%.I NDGA

derivative as alne In c XCl preh
aspartate, cysteine, glutamate, glutamme, glycine, histidine, isoleucine, leucine, lysine,

methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine, valine, 5-
hydroxylysine, 4-hydroxyproline, thyroxine, 3-methylhistidine, e-N-methyllysine, £-N,N,N-
trimethyllysine, aminoadipic acid, y-carboxyglutamine acid, phosphoserine, phosphothreonine,

phosphotyrosine, N-methylarginine, and N-acetyllysine.

19, Use of an NDGA derivative as claimed in claim 17, wherein the derivative is

tetra-O-methyl nordihydroguaiaretic acid.

20. Use of an NDGA derivative as claimed in claim 17, wherein the derivative is

tetraglycinyl nordihydroguaiaretic acid.

21. Use of an NDGA derivative as claimed in claim 17, wherein the medicament

comprises at least one pharmaceutically acceptable excipient or carrier.

22. Use of an NDGA derivative as claimed in claim 21, wherein the excipient or

carrier is dimethyl sulfoxide.

23.  Use of an NDGA derivative as claimed in claim 21, wherein the excipient or

carrier is phosphate buffered saline.
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carrier is physiological saline. 10. Tetraglycinyl nordihydroguaiaretic
acid. 11. Use of an NDGA derivative as clainmed in claim1, wherk} dPRpu
medi canment is fornulated for application to the tunor. 12. Use of an NDGA
derivative as claimed in claim1l, wherein the nedicanent is formulated

17 whorein che. moareRARNDA Ruivel e B irel e e o shateal 1

Use of aindipislofy dine@lapéiiRitigon @k 8 heA ia)nedR kiny@t i ve for preparation of a
nmedi canent for treatment of tunor, wherein the NDGA derivative has a

formula wherein RI, R2, R3 and R4 independently represent -0H, -

-(C=0 CH3, an t ously,
wherein the t9 Em)r L{%? Ogglcl:gl(ri%/(lgjfc‘:iéljl(3 ﬁ?dtfvé%r IQ‘HIE or a(?1 &%amn%g‘?apnen%réwi(%ﬁ%gt ona
or ter agmwth ofﬁaplﬂ;mwﬁlngmemmtaiﬁng vadlinkiepasient kihase CHO2,cVherein ik Wher ei n

the deri,vative.is a O met hyl nordi hydroguai aretic acid (MAN) or
t et ragl PERYAAVEhas & f bguai aretic acid (FHN). 16 Use gof an NDGA
derivative as clainmed in claim14, wherein tte yent  further

1 5 APR 2004 17. Use of an N
treatnent of tunor in an aninmal,
formul a: wherein RL, R2, R3 apg-R deper?d’ently represent -OH, -OCH3,
-Q(C=OCH3, or an amno acid fesidue or substituent or salt thereof, but
are not each -OH sinmultaneously, and wherein the nedicanent is for rrul at ed

for inj wbereihRi-ReoRs pad Ry inslepensiently rearesen-OH, 10CHIs OG- Huomandaring agifly e
as ¢l al fRhueRr Shidtifichfor WIRAGELE hPaBHoP Gl ihfifhiGshy! SUbSLItuent is

sel ecte om t he group consisting o ani ne, arginine, “aspar agi ne,
aspartate, cysteine, glutamate, glutam ne, glycine, histidine, isoleucine,

| euci ne, |ysine, t henyl al ani ne 0I| serine, threonine,
tryptophan -9 osIUTE of e BN s § RIS et 2y heseyp P s &
thyr oxi R&jdud-oF8hBlyinineisisdicBRd AlaniNhERLdUY do¥iSibiiRs ofFalbhile, Mr 1hfden§sb Lingsi ne,

am noadi pi ¢ acid, y-carboxyglutam nc acCid, phosphoserine, phosphot hr eoni ne,
phos phogspadsieneysteifergtutyhate gilwiaméne, giydink-lissating, ispidunine, leucine, lysine,

methionine, phenylalanine, proline, sering, threonine, tryptophan, tyrosine, valine, 5-

hydroxylysine, 4-hydroxyproline, thyroxine, 3-methylhistidine, e-N-methyllysine, €-N,N,N-
trimethyllysine, aminoadipic acid, y-carboxyglutaminc acid, phosphoserine, phosphothreonine,

phosphotyrosine, N-methylarginine, and N-acetyllysine.

27. Use of an NDGA derivative as claimed in claim 25, wherein the derivative is

tetra-O-methyl nordihydroguaiaretic acid.

28. Use of an NDGA derivative as claimed in claim 25, wherein the derivative is

tetraglycinyl nordihydroguaiaretic acid.

29.  Use of an NDGA derivative for preparation of a medicament for inhibition of Sp1
regulated promoter activity in a proliferating cell, wherein the derivative has a formula:
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19. Use of an NDGA derivative as clained in claim17, wherein the
derivative is tetra-O nethyl nordi hydroguaiaretic acid. 20. Use of an NDGA
derivative as clainmed in claim17, wherein the derivative is tetbakiRytlinyl
nor di hydroguai aretic acid. 21. Use of an NDGA derivative as clained in
claim17, wherein the nmedi canent conprises at |east one pharmaceutically
accept abl e excipient or carrier. 22. Use of an NDGA derivative as clained
in claim2l, wherein the excipient or carrier is dinmethyl sulfoxide. 23.
Use of an NDGA derivative as clainmed in claim21, wherein the excipient or

carri er hereihBsdteaRe ani Re indspendsniiyeepresent O3, AR OO £ 0)0Eb, erfanaminpasd
deri vat I erV| cal tunor, an
oral tu%fdﬁ%rgg%ﬁm% {]J{rrlsoa(rft tﬂérgbfl eély%(%% Qﬁ{%lﬁﬂéﬂé “Use of an NDGA
derivative for preparatlon of a msdi canment for inhi b|t|on of growth of

rapi dly divi |ng ng cyclin dependent Kkinase wherein the
derivative h i@FﬁE%%gFHVWe fepprepagatignfi W?@@P&f@ﬁ% Fhlylt#oémfesent

- OH, O@y@ - LD iase d .or salt

t her eof bt?tdéagfe not eacﬁbc%:hcgmmflﬁtﬁ%leloﬁgfﬁﬁhggaeﬁuwpﬁgéfo "derivative
as claimed in claim25, wherein the amno acid residue or substituent is
sel ected fromthe group consisting of. i ng 't ne, aspar agi ne,
aspartate, cysteine, glutagate, hi sti di ne, isol euci ne,

| euci ne, |ysine, met hi oni ne; ' ' e, serine, threonine,
trypt ophan, tyrosine, valine, ydro yI ysine, 4- hyﬁ‘r oxyprol i ne,

thyroxi ne, 3-methyl histidi & net hﬂ*zl ysine, E-N,N,N- trinethyllysine,
am noadi pi ¢ acid, y-car boxygl utanm nc acid, phosphoserine, phosphothreonine,
phosphot yr osi ne, N-net hyl argi ni ne, and N—acetyl | ysine. 27. Use of an NDGA
deri vat whereits R¢,| Ry, Rednd Ry cddapend2htly wpeseit n-OHeOGdT;| A\GIG=0)CHS, or an amino acid

tetra- O nefhyl nordi hydroguai ar acid f an NDGA derivative as
ol ai medTHUEREHssEIeT) b erf?ﬁtbaéﬂemf ?3&5 @éﬁ%f%% i nyl

nor di hydroguai aretic acid. 29. Use of an NDGA derivative for preparation of
a nedi cament for inhibition of Spl regulated pronoter activity in a
proliferatinglcel Usewfian BIDGA derividiviefart proparatam of afroedicdnzent for treatment of

tumor in an animal by injection and targeted delivery, wherein the derivative has a formula:

R
CH, :
R,
O R‘
CH
R; 3

wherein R, Ry, R3 and R4 independently represent -OH, -OCH3, -O(C=0)CH3;, or an amino acid

residue or substituent or salt thereof, but are not each —OH simultaneously.

32.  Use of an NDGA derivative for preparation of a medicament for treatment of

tumor in an animal by systemic delivery, wherein the derivative has a formula:

wherein R|, R, R; and R4 independently represent —OH, -OCHj;, -O(C=0)CHj, or an amino acid

residue or substituent or salt thereof, but are not each —OH simultaneously.
42




41 1 5 APR 2004 wherein R, R2, R3 and R4 independently represent -OH,
-OCH3, -Q(C=O CH3, or an amno acid residue or substituent or salt
thereof, but are not each -OH simultaneously. 30. Use of an NOGAMBERilative
for preparation of a nmedicanment for inhibition of cyclin-dependent kinase
CDC2 activity in a cell, wherein the derivative has a fornmula: wherein R1,
R2, R3 and R4 independently represent -OH, -OCH3, -Q(C=0) CH3, or an am no
acid residug3or $isbefkh MDGAderisalve fbhgeR@btionvita rAERcddint @G eatfidit of

simul taneously. 31. Use of an NDGA derivative for preparation of a

medi canBHROr18 AN apieal whgreigithe depwstive hasshfosmpleal by injection and target ed
delivery, wherein the derivative has a fornula: wherein Rl, R2, R3 and R4
i ndependently represent -OH, -OCHS, -O(Cép) C & anm no acid residue
or substituent or salt thereof, but are pot OH si mul t aneously. 32.
Use of an NDGA derivati veRiQr preparati on_of [canent for treatnent of
tunor in an ani mal by system i
fornmula: wherein Rl, R2, R3 & :
-Q(C=O CH3, or an am no a&d T€sidue or substituent or salt thereof, but
are not each -OH sinultaneously. 42 1 5 APR 2004 33. Use of an NDGA

derivat | epa O . i [ of oL i N
ot o WHERHER RS B RO ettt R S TE M APk SRl u o bR T
i dent i ctleranfidwherpinabe amimmcahiesiduaci shbsitaéntuesaécteaiuibsih ithegbtp 6dnsisting of:

t hereof,, wherein.the amno acid residue or substituent is selected fromthe
group cBBINE: FRIRING aspageine, Aspartaleqeystere, slutamate, glytaming sglucipe,histidifest e ne,

gl ut amaigleudind! RIZNE ly@he, PheMBonifk PheRy1Mnine) ]JQeriﬁeL,' i, th!r&ii'ﬁ%er,‘ %ﬂgﬁﬁéjﬂ €,

nmet hi oni ne, phenyl al ani ne, proline, serine, threonine, tryptop

t yr osi neyrosied, ivakne, 5-hygddrgykysings #-hgdrogy proting tyywexing, femethiplhissidinee ¢ -N-

3-net hyl hi,st.i di ne - net | ysine, -N.N, N-.trinethyllysine, B am noadipic

ner . DB A DN RSt S e e, T-SERRIRA A e

phOSphObués(pﬁb%ﬁne,ﬂym&gﬁﬁﬁtﬂu%bﬂhaiﬂ@spt@%@oﬁh@@ﬂh&iﬂy}ﬁ@ﬂﬁm, A NdséyDfsid)  NDGA
ime

derivative as cla in claim33, wherein the derivative is a salt. 35.
Use of an NDGA derivative as clained in claim34, wherein the salt is a

34. Use of an NDGA derivative as claimed in claim 33, wherein the derivative is a
salt.

35. Use of an NDGA derivative as claimed in claim 34, wherein the salt is a
hydrochloride.
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hydrochl oride. 43 1 5 APR 36. A conpound of the formula wherein Rl, R2, R3
and R4 are identical and represent an am no acid residue. 37. Aﬁcﬂﬂﬁﬁﬁnd of
the formula as clainmed in claim36, wherein the amno acid residue is
selected fromthe group consisting of. alanine, arginine, asparagine,
aspartate, cystgi | ut | ut am ne, glycine, histidine, isoleucine,
| euci ne, Iysingéqﬁ%?éhéhﬁiﬁiﬂ%ﬁﬁgﬁv%alanine, proline, serine, threonine,
trypt ophan, tyrosine, valine, 5-hydroxylysine, 4-hydroxyproline,

t hyroxine, 3-nethyl histidine, c-N negh)yl | & Re Re-N, N, N-tri et hyl | ysi ne,
am noadi pi ¢ aci d, y-carﬁoxyglutaninc aci d, bsphoseri ne,
phosphot hr eoni ne, phosp g ' ‘ c'gine, and N- acetyllysine.
44 4

wherein R;, Ry, R; and Ry are identical and represent an amino acid residue.

37. A compound of the formula as claimed in claim 36, wherein the amino
acid residue is selected from the group consisting of: alanine, arginine, asparagine,
aspartate, cysteine, glutamate, glutamine, glycine, histidine, isoleucine, leucine,
lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine,
valine, 5-hydroxylysine, 4-hydroxyproline, thyroxine, 3-methylhistidine, £-N-
methyllysine, e-N,N,N-trimethyllysine, aminoadipic acid, y-carboxyglutaminc acid,
phosphoserine, phosphothreonine, phosphotyrosine, N-methylarginine, and N-

acetyllysine.
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