NORDI HYDROGUAI ARTI C DERI VATI VES FOR USE I N TREATMENT OF TUMORS The

I nvention described and clained herein was nade in part under a grant from
the National Institutes of Health. The U S. Governnent has certain rights
in the invention. BACKGROUND OF THE INVENTION 1. Field of the Invention
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and epigenetic factors and is typified by the outbreak of uncontrolled cell
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 tightly 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 will 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




(3). The activity of the protein is dependent on the association with the

appropriate cyclin, as well as on the dephosphorylation.of its inhibitory
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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 paililomae (warts) to cervical, penile and mouth cancer. The strong
association of these cancers with HPV and the widespread occumrence of
infection denoctes 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).




I sol ated from Creosote bush (Larrea tridentata) can specifically block
basal H V transcription, Tat-regul ated transactivation, and HV
replication in human cell culture (12,13,14). Mal .4 exerts its effects by
interfering with the binding of transcription factor Spl to the pronoter
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which are reqguired fo ' HRRssRiAé elinicht usdobplantigeansi® | CP4 gene a
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resi stance | agai nsheACM | NLo/EhpIER ithnediate early (IE) ICP4 gene is essential for
HSV replication (17). Its promoter region possesses eight Sp1 consensus
pinding sites (18), five of which are required for ICP4 gene expression. |t thus
makes the ICP4 gene a good candidate for such testing. Applicants have
found that both 3-0-methy! NDGA (Mal. 4) and tetra-O-methyl NDGA (M:N)
ére effective transcriptional inhibitors for HSV ICP4 gene expression in Vero

cells via the blocking of Sp1 protein binding to the JCP4 promoter as shown

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

compared to that of acycloguanosine (acyclovir, ACV) in infected Vero cells,
Applicants observed that the 1Csp for MsN varied between 11.7 pM to 4pM for
10 passages of HSV-1 and 4 passages of HSV-2 without obvious uprising
trend for requirement of higher drug concentration. However, the ICsp for
ACV increased from 7uM for the first viral passage {o 444 pM for the tenth
passage of HSV-1 and to >88uM for the fourth passage of HSV-2 indicating

their rapid build-up of drug resistance aga'inst ACV in Vero cells.




3 Consequently, while the selective index, S.I. (TC5011Cw) renai ned
relatively stable for MAN, the S.I. for ACV dropped 60 fold follow ng the
viral passages in Vero cells (16). Thus MAN is a nutation insensitive
drug. It can inhibit ACV resistant HSV effectively (16). Due to the fact
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nordi hydr o‘%ﬂﬁigasroeot tiafpr%gisgd 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 MsN certainly limits its use to the iowest 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
combositions 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 ftumor gfowlh.




derivatives are provided that inhibit tunor growmh. 4 By

nor di hydroguai aretic acid derivatives is nmeant conpounds of the structure
wherein R1, R2, R3 and R4 independently represent -OH -OCH3, -0(C=0 CH3,
or an am no acid residue, but are not eagch -OH ' &&m m no aci d
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asparagi ne, aspartate, cysteine, glutamate, gluam ne, glycine, histidine,
i sol euci BHUCIEECci ne, |ysine, nethionine, phepylal anine, proline, serine,
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trinmethyllysine, am noRghpie~actd, ®,C aci d, phosphoseri ne,
phosphot hr eoni ne, phospho ne, ne, and N-acetyllysine.
Particularly preferredgcofpounds f o€Hgse according to the invention are
MAN and AN, which are 8hown in Figure 1. It is a further object of the

I nvention to provide a nethod for treating cancerous and noncancer ous
tunors by the use of these novel derivatives, and by simlar derivatives
that were known in the art, ob f.anH, -OEHRK, used for the
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cell. Tunors . to be.trea ' u t inehglutamate rglianinine,t o t he above
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trimethyllysine, aminoadipic acid, y-carboxygiutamic acid, p .
phosphothreonine, phosphotyrosine, N-methyiarginine, and N-acetyllysine.
Particularly preferred com;ﬁounds for use according to the invention are

M4N and G.N, 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 proliferating cell types containing the cyclin
dependent kinase CDCZ. It is a further object of the invention to provide'a
method of inhibiting CDC2 in a eukaryotic cell cycle, particularly in an animal
cell, moré particularly in a mammalian cell, and most particulartly in a human
cell.

Tumors to be treated include any tumor that is sensitive to the above-
mentioned compounds used acﬁor(_jing 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




customarily understood by persons of skill in the art. Exanples of benign
and mal i gnant tunors which may be treated by the conpositions and net hods
of the invention can be found in Table 1-1 of Cancer Biology (Raynond W

Ruddon, Cancer Bi ol d Ed., Oxford Univ. Press, 1995, incorporated
herei n by B?“é’(eﬁc'é'fgdﬁﬂ%@r'EEWE@M benigrdumeel dhesetemReattiasecias known t o

be of viralcugidrBibhly %%{dod?%,eblg%%st&%m”%qhggh_ of viral origin. The

conposi tions and net hods of nvent1on are expected to be particularly
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I nvention tc rosxﬁj@_[(‘a a get r}ﬁd of .i,nhibiting the cyclin-dependent ki nase
CDC2 cycl e. S8R hethods of the invention icanibeg faung indiableret of er at i on,
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acid (&AN) partisudaryc useiud incthe: treatmerd of solidisurBhé. | nduced tunors. It is yet

anot her object of. the _inyention t rovide a method of inhibiting viral
replication and(?tg'ﬁé'\ﬁ?ﬁn&yf‘etrwj%rﬂ?ﬂ&t"?"&”i“@ﬁ tgiprevieeamssherd of sthibitpeul a |
cont ai ni ngtltpelinagépe sddr kinaNEpc P r ill ' thod are
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i dent i cal . INibiting cefltrsaifesation, pagiculanly inGaNidindividingrcetldypesat i ves wil | be

adm ni stered by )l han. | t he tunor eperally.along with

phar maceut i cal | ;I/'l' %ﬁ%ﬁ%@%‘f%h{é’ﬁ%ﬂtﬁbg,‘“"eﬁem%’ﬁ‘?’é" ‘E’QPP%@P?.S I'n preferred
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and AN i s, Eﬁm gi stered in PBS solution.” The use of AN w || conpl enent .

T
the use of gumars inclyds, m partigplas, bet arermet limited-tg, cepdeal oralt s wat er
sol ubi I'i t ypemild 6Rd Hela'dnd heki® caRE ' P infe&idinor .
O her wat gr -sol ubl e and wat er - ?ns‘%%ﬂg%ga%oé%q%%}regggg} g‘?ﬁ{ 1“@@&9%
deri vat i ve§hednethod comprises local appiication of nordihydroguaiaretic acid
derivatives, in particular tetra-O-methyl nordihydroguaiaretic acid (M4N) and
tetraglycinal nordihydroguaiaretic acid (G4N), to cancerous and non-
cancerous HPV-induced tumors.
It is yet another object of the invention to provide a method of inhibiting
viral replication and growth by the administration of the compounds of formula
I containing amino acid substituents. Preferred for use in this method are
compounds in which the amino acid substituents R4, R,, Rs and R4 are
identical.
It is contemplated that MyN, G,N and other derivatives will be

administered by local injection into the tumors, generally along with

pharmaceutically acceptable diluents, excipients and carriers. In preferred
embodiments, MsN is injected into tumors in the form of a DMSO solution,
and G4N is administered in PBS solution. The use of G4N will complement
the use of MyN, particularly in larger tumors (> 2 cm®), due to its water
solubility, which allows it to spread to a larger region of the tumor. QOther

water-soluble and water-insoluble nordihydroguaiaretic acid derivatives can




6 be simlarly enployed, according to the invention. These may al so be

enployed in lipid based fornul ations for system c delivery, as known and
used in the art. By pharmaceutically acceptable diluents, excipients and
carriers is neant such conpounds as will be known to persons of skill in
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relative g\%%ver, 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
iess frequently may be mentioned for purposes of illustration. Administration
of 50 p! to 100 p! of MgN dissolved in DMSO at a concentration of 200 mg/ml,

either alone or in combination with G:N, 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 GsN

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

Fiéure 2B. The effect of MsN on the E¢/E7 promoter activity in C-33A cells.

{(Inhibition of E¢/E7 promoter driven luciferase gene transcription by different

concentration of MyN)

Figures 3A-3C. Inhibition of Viral Eg and E; RNA Transcripts by 40uM




The RTPCR sanples were renoved after increasing cycles of anplification
and resol ved on an agarose gel. The gel photographs (3A and 3B) indicate
t hese cycles, the presence of (+) or absence (-) of MAN in the growh
media,. and two digests of a pGWI vector used as size markers. The-

ampl i ficatiaq, TERI RAA isoiiks Hops Theells e Rsaenatregitisdrza0 Mot bs of the

amplification, resulting fromthe alternate splicing of the early viral
RNA t r ans@MSO aioneiregrwthimedipifor i hsurewrasgiubjegte @lfﬁﬁiimﬂ'ﬁ?éﬁre 4B.

I nhi biti f Il Growth Foll he R | of MAN Fi 5A- 5B.

ot PGB SRR A B e SR 2, .
|l ysis. ' I i t t

PISI VoL, TGS A (5 TG Ptirap ona 38 Al o o

usi ng DVB@hese syicles)tthé pesdtide. of K- or ebs@reesB) of/Mabkin the geewth media of
tunor-bearing mcg faqllow N .treatpment. 6A.__Mcesbearing.si,ngle tunors
were t reatQﬂf?WP I‘ﬁﬁg‘?\sc% iO?G F?n(gﬁ"éag‘fq%ﬂr ”%?Jr%ﬁ/éﬁe('ygfk%ﬁ Iﬁﬁ ?'ﬂ?ﬁf'cqt itu
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and MAN GON on Tunor Gowmh in Mce First colum fromthe panel presnts
the large size of tunors from nouse #4, 10, 12, follow ng DMSO treat ment

(CON) as Oﬁgp?éaqk.tomthsinohqifm CelGowh bypg treated (MAN or MAN GAN)
| esi ons from nouse #12, 10, 27 and 20(MAN). The subsequent phot ographs are

exanpl es of these tunors exam ned at | OOX magnification (A B, C, DWVSO

treat ed, unt r ed, E, ..F ghisih Bt Table 1
and Tabl e Z’P.'"%%g‘guﬂ'éﬁg'.t'oplé{ﬁia rtigg:&@é“%#%%ﬂ%sencélgﬁﬁmgs (HSV- C,
HSV-SC), in the presence of ineffective drugs (ABDS, ["HSV-ABDS," ), ABDS2
["HSV-ABDS2"1) and_in the presence of effective, drugs gl\/klN "HSV-AN'] and
ACV [ HSV higures 5A=5Bukdfest of MiNCaR 988e §XPIRTSION G ey mﬁ%fl‘%ﬂ?dc%\f I's.

(a-d) O3 nERENE ASidgandiflisl A, GENE 8RNEsddPM € celié féf bI2hedrs
of DMSA treatment (C3 DMSO). 5B. GENE expressed in C3 cells after > 2

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

Figures 6A-6B. Visual observations of turnor-bearing mice following M4N
treatment. 6A. Mice bearing single tumors were treated with in situ injection
of DMSO (#3) or MyN (#7). In situ injection of MuN was also made to one of
the two tumors grown in mouse #9. 6B. MN treated tumor (white scar) with

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

Figure 7. Histopathology Effect of MyN and MsN/GsN 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 (MsN or MyN/G,N) lesions from mouse #12, 10,

27 and 20(MsN). The subsequent photographs are examples of these tumors
examined at 100X magnification (A, B, C, DMSO treated, D untreated, E, F,
G, H, MaN or MyN/G4N treated) mice (Table 1 and Table 2).




MAN. The nunber of cells present at the initiation of the experinment is

I ndi cated as Day 0. After .three days the nunber of viable cells were
counted and plotted versus the MAN concentration. (e) C3 cells were split
into T-25 flasks with 5 X 103 cells per flask and given either MAN in 1% -

DVSO i n dia or,, 19 ' ' ] NACC IHBWSC), M ther 3
days, onet\9&f¥ gofHét{Pﬁg}%ﬁat%Pgﬁg% %E%e\(/\gﬂrder%bissg?\fﬁgésh rredi)a copt ai ni ng
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MAN Arrest i ?],]CQI M C3 cells (a), C33a cells (b), CEMT4 cells (c), and

TCl cells ner e grown for three days in nedia containing either 1% DVSO
or 1% DMSO with MAN (MAN). The cells were trypsinized, fixed with ethanol,

stained with propidiumiodide, and were, bsequent analy by fl ow
‘cyt ommet r Figdiee90d MeN CautiespBrgwih %f%%ﬁam&qﬂt@ ké“(ss-a‘é*ﬁe%m total
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Figure 10. Cells Treated With M,N Arrestin G2/M. C3 cells (a), C33a
cells (b), CEM-T4 cells (c), and TC1 cells (d) were grown for three days in
media containing either 1% DMSO or 1% DMSO with MsN (M:N). The cells
were trypsinized, fixed with ethanol, stained with propidium iodide, and were
subsequently analyzed by flow cytommetry. The data is 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. C3 Cells Treated With 40pM M,N Demonstrate G2 Cell
Structures. C3 cells were grown on coverslips for three days in media
containing either 1% DMSO (Control) or 1% DMSO with 40uM MsN (M4N).
Samples were fixed with ethanol and incubated with antibodies against a

(green) and yorange) tubulin (a) or with the DAP1 DNA stain (b). Cells were

examined by flourescence microscopy.




coomassi e stain of the PAGE gel is included as control for |oading. Kinase
assays for 24 and 72 hour drug treatnents were perforned separately.
Northern blots (b) were performed on total RNA extracts. Filters were

i ncubat ed overnight with random pri rred 32P- | abel ed DNA for CDC2 or GAPDH,
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Figure 14. Inhibititon o t-regu ate transacti vation |n Cos cells by
GAN. Fi gurkeyliridiziBg Yo pegidns within either HPYs 667 of GAPINH.1 8pth prinkergeaitss wer e
m xed were used in the same reactions, and the products were analyzed by agarose

gel electrophoresis.

Figure 13. Electrophoretic mobility shift assay (EMSA) of G.N interaction with
the HIV Sp1-binding sites (-87 to -49). (A) G,N inhibition of Sp1-167D binding
to 3P 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 0.1pg Sp1-
167D. (B) G4N displacement of Sp1-167D bound to HIV template. Lane 1,
template alone; lane 2, template plus 0.1pg Sp1-167D plus 100-fold excess of
uniabeled template; lane 3, template plus 0.1pg Sp1-167D; lanes 4-10,
Sp1/DNA complex chalienged with increasing concentrations of G4N (0.25 to
1,75 mM); lane 11, template incubated in reaction buffer containing 1.75 mM
GaN. (C) Sp1-167D displacement of G;N bound to template. Lane 1, template
alone; lanes 2-4, template plus increasing amounis of Sp1-167D (0.075,
0.150, 0.300 pg); lanes 5-8, template incubated in reaction buffer containing'

1.2 mM G,N foliowed by challenge with increasing amounts of Sp1-167D




with a 24 hrs. harvest stock of SIV mac 239 (4 ng of p27) for two hours at
37. Cells were resuspended and # x 105 cells in 100 pl nedi um were added
to each well of three 96-well plates. Various concentrations of GN froma

freshly d to r.e.prepared, and. _ i x desi gned
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(21) and Feltkanp et al. (22, 23). Synthesis of GaN. Standard Procedure for
t he PrepaRigiirer HfSiveproduction withgireseacelof Gelli #87 HyPantelavetoPedhenyl | -
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Figure 16. Inhibition of HIV p24 antigen production in HS celis by G4N.
Inhibition in percentage was calculated by comparing p24 level from an
average of two duplicate cuitures of GsN treated and not treated HIY celis 8

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
HPV18E + L plus activated Ras transformed cell line of C57 BL/6kh origin
provided by W. Martin Kast of Loyola University Medical Center, Chicago,

linois, U.S.A. It is maintained and cultivated as described by Greenstone et

al (21) and Feltkamp et al. (22, 23).

Synthesis of GsN:
Standard Procedure for the Preparation of meso— 1,4 —Bis [3.4—

{(dimethylaminoacetoxy} phenyi]- (2R,3S5) - dimethylbutane Hydrochloride‘Salt
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Varian Unity-400 (400 MHz) spectroneter by use of D20 sol vent and TSP as
I nternal standard. Carbon-13 NWVR spectra were obtained on a Varian Unity-
400 (400 Mhz) spectoneter by use of D20 as solvent. Carbon-13 chem cal

depi ot e Tetraglyaing MDA Gl ko a diehbrometine iy s ey | °
et | 0n e, £ABTA o FHimd1 VRS AR IR SSIRERY gk PR gp25An
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car bonat e, SHRIHIK précipitdteBvasdissobeidindiy®paddae- N, N - d
I met hyl gl?/ | ﬁ%,ﬂggﬁegﬁﬁyﬁéﬁosphorgdi CE

| ori date were Wéed %@m
Al dri ch Ghestipitite Ctwicaratirpomdempenatre fipa a&ﬁ%‘@cﬂjv%g &
performed on precoated | at §50,(SLi4 Fs , am Mer ck
e, Gas. wvelrascumapsoi I BT lield, ot NUIR srceburwétd cpamed on &7 A= ao0
Series 11Vian?hrwmﬁpaoomb RPEY spetiiometér by asexf Dinselventeany TSH 8% cone gum
co

;ﬁﬁ ! ![ lhgr ]}/]mm@u ”E,,fnoqg 3§k&ﬁrbmn clyr'\-gl S)NM’I\?" :;E.;geo ra were obtained 84 PVafali Udihyer 9as

400 (400 Mhz) spectometer by use of D20 as solvent. Carbon-13 chemical

shifts are referenced to the TSP singlet (60.0 ppm).
The synthesis is depicted in Scheme 1.
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constant at 14.0 nL/mn. The retention tine t, was neasured under the
follow ng conditions: injector tenperature 260C, isothermal colum

t enperature 280C. Gas chromat ography and | ow resol uti on mass spectral

anal yses were perforned on a Hew ett-Packard 5890 Series 11 instrunent

equi ppedsﬁi\,l'l@'l“i‘ea'I Hew ett - Packard. 5971A Mass Sel ective Detector and a
capillary HP-1 colum. Separations by nedi um pressure liquid

chronat ography (MPLC) were perfgormed at a flow rate of 120 ni/h by use of

a Jasco Mbdel 880-PU intelligelt HPLC punp. The MPLC packing material,
Reversed Phase Silica Gel C18 Fparti cle size 0.035-0.070 nm, was

pur chased. from Knauer Co. Pur® #{ cati on Dy gravity columm chromat ogr aphy

was carried out by use of Merek)Reagenes Silica Get 60 (particle size
0.063-0.200 mm 70-230 nesh . Infgared (JR) spectra were neasured on a
Bonmem M chel son Series FT-IR sggectyoleter. The wave nunbers reported are
referenced to the polystyrene )60 1 absorption. Absorption intensities
ablfreviations: s, strong; m nediunm w,
weak. Proton NMR spectga [ & ned on a Varian Unity-400 (400 MHz)
spectroneter by use of ol vent and 3-(trinethylsilyl)propionic
acid, sodiumsalt as in s{ andard. Carbon-13 NMVR spectra were obtained
on a Varian Unity-400 T10Q ‘) ectroneter by used of D20 as sol vent.
Car bon- 13 chem cal shifts ar&ef erEnced to the center of the
3-(trinmethylsilyl)p rop-ionic aNd, #Sodiumsalt singlet (6 0.0 ppm.
Multiplicities are recorded by the ?o‘d'}_)wi ng abbreviations: s, singlet; d,
doublet; t, triplet; g, quarte= m rnuEtiplet; J. coupling constant
(hertz). Hi gh-resolution mass spectra were obtained by means of a JEQL

JMB- HX110 nass spectrometer. ‘g% '

meso- -1, 4Bi s[ 3, 4(di met hyl em no&et oxy) phenyl ] - 2R, 3S- di net hyl but ane
Hydrochloride Salt (2). To a saofution of NDGA (1, 12.81 g, 42.37 nmmol, 1.0
equi v) and N, N-di net hyl gl ycine (26.21 g, 254.2 mol, 6.0 equiv) in

di chl or onet hahe (250 nL) was added (52.45 g, 254.2 mmol, 6.0 equiv)

and DVAP (5.176 g, 42.37 mmol, 1.0 &quivVv). The reaction m xture was stirred
for 24 h under nitrogen at roonsteriperature. After dicycl ohexylurea in the

HCI

DCL. DMAP
CH,Cly

UH

o8
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reaction mxture was filtered off, the resultant solution was concentrated
under reduced pressure. Acetone (250 nL) was then added into the residue

and the resultant solution was bubbled with excess HCl (g). The precipitate
was dissolved in water and re-precipitated twi ce by use of acetone at room

t ﬁ”pﬁﬁfét ?E goér%%g rbm’eé%% Y] reac%@ﬁemr}.eam wY"Bbér‘?—d?l@H gq’agsmfg@% yi e' d:
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T 52 (m aAderdnd, GERIdromenean; 1.4 doring: lhyT soplate heXanAS, andc NNRE(DZO, N
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Cc>m0) ' %/gzoggey , with 48 malgculangiévésend Hitilled nPichidromethine otthylagetat®s2 (w)

4 mz (celative intensi 643 30), 600
(20) . 558 (§§ @@'t(eio‘j“er@ﬁ'@eg'@M)Zd'gtii@éaft(fli'\é)&;'g% 1(42@2”‘%'2%3%‘ 9%), (38), 58
100 = SIS b\Hgﬁb 642, 3628,
1£ouné| 642. g%’ﬁhydgﬁgﬁahw Ar ed Siéf’sma{ﬂb}%ﬁg%,” F'g%"?s 20 690" N 7.10:
0. 16. 23. uARdenan a@tmashtiede dﬂmtﬁom Wrdhydﬁ:gtmlart-ﬁczm:ld waslpturchasled)e

i at t.ab I t hyl
gﬁggfﬂ 3t :g ﬁ'ﬂ)‘% (l%“'%ﬁ Pt ﬁgi r#cﬁ{}: anﬁagqelﬁg'ypwgcee@ecoﬁpounds of the
i nvention Qadln*i@hﬂé'ﬁﬁlh%yﬁ@iﬁe HL@néElﬁfohﬁéttn@ihw%mé%dwagghnpt her
NDGA derivatives of SP1-fegul at ed grormter activity. The effect

of MAN andcedvenaie welecpu d deany Mergle dna fi-Bampnorghioterrapppe. Rl E7

fepends. upatimsrng <8 Bty REehIE AR e pERAEEN 1olC T e
| uci f er ase Mgl OtvengieabCont o C33A cel I's by cal ci um phosphat e net hods.

C33A is a cerV| cal tunor cell line (ATCC iccesm n no, HIB- Q‘% that does
not cont ai W’qﬁhﬂaarlay%rocwmmfapbmmﬁ 19l PBPrECRAtEHs

necessary B%Aeg (Emgﬂﬁel OAE.233h %r@ﬁaéé@frﬁ‘%\ﬁ\n@%ﬂ M. CHECcOATRbSaphiIe day

foll ow ng transféction various drug
analyses were performed on a Hewlett-Packard 5890 Series I} 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 g was measured under the
following conditions: injector temperature 260°C, isothermal column
temperature 280°C. Gas chromatography and low resolution mass spectrai
analyses were performed on a Hewlett-Packard 58380 Series |l instrument
equipped with a Hewlett-Packard 5971A 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 HPLC pump. The MPLC packing material,
Reversed Phase Silica Gel C18 (particle size 0.035-0.070 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).

Infrared (JR) spectra were measured on a Bomem Michelson Series
FT-IR spectrometer. The wave numbefs reported are referenced to the

pol'ystyr'ene 1601 cm~1 absorption. Absorption intensities are recorded by the




concentrations dissolved with the help of dinmethyl sulfoxide (DVBO were
added to the cells. Thirty hours after drug treatnent (so that the assay is
conplete within the standard forty-eight hours for transient transfection
experinments), the cells were Iysed and specific luciferase activity was

et e e ) SRS BESTY TP pBSRIROR b P NV cpeet3, 179).

i ncreased the specific luciferase
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anpl i 11 edtpenjutligh-nesalutioRmassepert? WHE alpgﬁaya € control or from
total RNA oxtt f _pegative C33a cell |ine. Exanple 3
i bi 1 oAMS-HEGF R %515%‘3’6&@“93?@“ h by MAN treatnent HPV-16 transforned
| mmor t al WI,@Bié[ﬂ@d(B&heﬁMérsin@emy]p@)enw&ﬁ@}%fcgmg@“apu@r@ensi ty of 105
cells per vial. After 24 hours, 112 of i al € 420 ¥ Riiner @8 h medi a
con: i i ngvebeseride e Gt o BN L PTG BT L2TS e
growt h mecl g, HUHPNN! oo RMER1 JiES4 2 suhbk 6.0quUBAINN i n Figure 4A
Wthin 24 é‘ﬁgﬁéfpm?%r?%gl‘%{%%g'el Rhﬁorp ol g&é Joset V\fgfzdrﬁH%lté%aécﬁﬁv)and
control Caicsbtametsnen@s0vel) wesedded i iCdyd-4> 9. <24 .o
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 residqe
and tﬁe resultant solution was bubbled with excess HCl(g). The precipitate
was dissolved in water and re-precipitated twice by use of acetone at room
. - . 1
temperature to give 2 (28.97 g, 36.86 mmol) as a white solid in 87% yield: 'H
NMR (D0, 400 MHz) & 0.78 (d, J = 6.0 Hz, 6 H. 2 X CH3), 1.73 (m, 2 H. 2X
CH), 2.38 (dd, J = 13.2, 9.6 Hz, 2 H. 2 x ArCH), 2.78 (dd, J = 13.2, 4.4 Hz, 2
H. 2 x ArCH), 3.03 (s, 24 H. 8 x CH3N), 4.53 (s, 8 H, 4 x CH:N), 7.22
(m, 4 H. 4 x ArH), 7.29 (d, J = 8.4 Hz, 2 H. 2 x ArH); 3¢ NMR(Dz0, 100 MHz)
5 18.11, 40.82, 41.73, 46.75, 59.59, 125.78, 126.58, 131.63, 140.66, 14247,
146.11, 167.84; IR (KBr) 3461 (br), 2963 (m), 1777 (s, C=0), 1620 (m), 1478
-1, .
(m), 1377 {m), 1210 (m), 4106 (m), 961 (w), 852 (w) cm MS (FAB) of (2 - 4
HCH) m/z (relative intensity) 643 (M+, 30), 600 (20),558 (43),515 (20), 473
(42), 430 (13), 388 (26), 185 (1 8), 93 (38),58 (100), 44 (22); HRMS (FAB) of
(2 - 4 HCY) calcd for CasHzoN4Op 642.3628, found
642.3614; Anal. Calcd for CaHssN4OsCls: C, 51.78; H. 8.90; N. 7.10; 0.

16.23. Found: C, 51.70; H. 6.85; N. 7.05; O. 16.21.
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division of the drug treated cells was markedly reduced in conparison to
the wuntreated control, while the fraction of viable cells conpared to the
total cell count remrmained constant for both drug treated and DVSO only
control cells. This indicates that MAN dramatically reduces cell division.

The effect on r ; ' ; ' s al so
exam ned. C3 ciﬁv gl %‘%@pé&%@ﬁ"tﬁ?t gg@%’? gbggﬁ%’&ﬁéﬁg}oﬁ@&p‘gﬁgyﬂﬁhﬁt

ti me=0, 2kg@bsfitutdaminb acidy, @dditional gmiva acidedlibestisupg lcompawdisvefithe 4A0M  MAN
in 1% DVSO. The renmaj ning vials were given growmh nmedia containing only 1
% DVBO. AfMMantien o b synthesiged ne vials that had received MAN in their
grow h nedi a were washed and nedi a containing only 1% DVSO was added. The
ot her 213 of the cell vials were washed and replaced with the sane nedi a
adm ni st elFo@nplédre. The results, shown in Figure 4B, indicate that the

rate of cell gro was not notahly increased i treafe |l e
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MIN C3 DM Qe d réRéRdtibf varioligraragam nati on.
| mage fil §9.en’;’?’f@@ *’gr%rrr%\@%n?lg%a% F)hmesr In M5 excel for rrgt are kept on
ZI P concentrations dissolved with the help of dimethyl sulfoxide (DMSQO) were

added to the cells. Thirly 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 M;N drug concentration was increased the specific luciferase activity

decreased.

The results (shown in Figure 2) demonstrate that MsN dramatically
reduces Sp1 regulated transcription initiation at the HPV E¢/E7 promoter in

luciferase assay.

Example 2
Inhibition of Ee/E7; mMRNA synthesis following MsN treatment

Inhibition of Eg/E; mRNA synthesis following M:N treatment was
measured by RT-PCR in cervical cell line C3. 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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5 tMH¥formed immortal mouse epithelial cells (C3 cells) were
p!éted at a density of 10° cells per vial. After 24 hours, 1/2 of the vials were
given growth media containing 40nMM,N dissolved in 1% DMSO while the
other half were given growth media containing only 1% DMSO. The results
are shown in Figure 4A. Within 24 hrs a difference in cell morphology
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 control, while the fraction of viable cells compared to the total cell
count remained constant for both drug treated and DMSO only control cells.
‘This indicates that M,N dramatically reduces cell division. |
The effect on C3 growth following removal of MuN 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 40pM
M.N in 1% DMSO. The remaining vials were given growth media containing
only 1% DMSO. After 73 hours, 1/2 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 MaN treated sample following the

change to drug-free media, indicating that MsN continues to significantly

reduce cell division even after its removal from the extracellular environment.




Thirty six C57b1-16 NCR mce were injected with 5 x 105 C3 cells between
the shoul ders on the backs of the mce. Twenty four of the mce developed
tunors within 20 days. Daily injection (50 I-100 | of MAN or MIN GAN) (200
nmg/ M MAN in DMSO, 200ng/m GAN in PBS) showed profound effect in tunor
growh in afBles4 as shown in Tables 1 and 2, Fig. 6 and 7. 19 Table 1.
MAN and (AN Effect on Gowth of Single Tunors Developed in Mce Muse 1 2

3 4 6 7 1MAnalysis diceinlargeare eipression imCsheehsnbeforeand @fieay? hrs o6 DVBO*
DVSO DVSO
drug treatment.

Gene expression with 9600 gene arrays was studied (Fig. 5). Five
micrograms each of poly A* RNA from 72 hrs. MsN (40 um) treated (Cs MsN)
and non-treated (C; DMSO) was used in a pair of human 9600 gene arrtay
hybridization study according to the procedure described in Genomics 51,
313-324 1998. The hybridization image was captured by a color video
camera with a Nikon 55 mm AF micro Niko lens and digitized by a Macintosh
LC630 computer. Such detection via enzyme substrate reaction of
cdlor—fon'ning enzymes in either single or dual-color mode is repreducible and
extremely sensitive (can detect <5 copies of transcript per cell with RNAs
from 10" cells).

The computer print outs showing differentially expressed genes (Cs
M.N/Cs DMSO >10 and Cs DMSO/C3 M:N >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 clene 1D numbers are available for obtaining
Image clones for future northern blot confirmation.

Among a group of genes that are either up-regulated or
down-regulated 72 hrs after MyN treatment, the following are those
specifically related to cell division and apoptesis. Several other cell cycle
related genes are also greatly upregulated in response to M¢N. 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 DRa (100X)
Ras-related protein RAP-1 (60X)
Human Map Kinase (40X)
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DII\MYEIOGélDﬁlyS 1-16 MAN MAN MAN MAN Days 1-10 MAN MAN MAN MAN Days 9-17 (AN
vl MAN AN MAN AN MAN (AN Lesion Size (nm Dayl Day? Day2l 3x8x3.3
X7X 4. 4x6x3.5 10x12x8 -- 0.8x0.8x1 - 10.5x1 1x9 2.8x3.8x2.5 - 18x11 xé

Ox8x5 6x7x7 1x1.3x1 9.5x10x9 - 3.8x3
T 3% 32 3 Bx6x4 .8%3.8x3.5 8x9x6 5x4x4 - 2.8x2.8x2.8 9x6x4

The foliowing cell cycle related genes are greatly downregulated in response

to MgN:

Treated Untreated
Cyclin-dependent kinase 7 (5%) 100%
Human cytokine receptor (2%) 100%
Proliferating cell nuclear antigen, PCNA (1%} 100%
Human TNF-related Apoptosis APO2 (3%) 100%
Cysteine protease (7%) 100%

At earlier time points, such as after one hour drug treatment, E¢/E7
leve! was found to be simitar with those in control cells while after 4.5 hrs,
EJE-,- were no longer detectable by RT-PCR (39). Gene expressions with
9600 gene arrays can be repeated with RNA isolated from these short-time
ireated 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 pi-100 pl of MsN or
MaN/G4N) (200 mg/ml MgN in DMSQO, 200mg/ml G.N in PBS) showed
profound effect in tumor growth in animals, as shown in Tables 1 and 2, Fig. 6
and 7.
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3x2_. 8x3 8x7x5 5x5x5 1.8x1.8x1.8 9x1 Ox5 7x7x5 2.5x5x2.5 9x6x6 W. O
Exci sed Lesion (g) Day 16 Day 24 0.3 1.56 0.2 0.4 0.1 0 0. 2"

Body wt-.

(g) Day 1 Day 16 Day 24 18.8 -

1.14 2.9 0.1 0

20.2 19.6 20.5 - 18.2 - 16.1 17.6
20.2 19 19.2 18.2 - 20.4 19.5 - 20.2 17 17.6 - 18.9 20.0 - 17.2 17.6 -
Table 1. M.N and G,N Effect on Growth of Single Tumors Developed
in Mice
Mouse Treatment Lesion Size (mm) Wwit. Of Excised Body wt. (g)
# Period Lesion (g)
Days 1-16 Day1 Day7 Day2t |Day16 Day24 | Day1 Day16 Day24
1 DMSO* 3x8x3.3 _— 5x7x4 —_ 0.3 18.8 -_ 202
2 DMSO 4.4x6x3.5 10x12x8 — 1.56 — 18.6 205 —_
3 DMSO 0.8x0.8x1 — 105x11x89 | — 114 | 182 — 164
4 DMSO 283825 — 18x11x9 -_ 2.9 176 -— 20.2
Days 1-16
6 MN —_ 9x8x5 — 0.2 - 19 19.2 —_
7 MN — 6x7x7 _— — 0.1 | 182 — 20.4
11 MN 1x1.3x1  €.5x10x8 — —_ e} 19.5 —_ 20.2
14 MN 3.8x3.8x3.5 8x9x6  — 0.4 —_ 17 176 —
15 M.N — Ex4x4 ~ — 0.1 — | 189 200 —
16 M.N 2.8x2.8x2.8 9x6xd - — 0 — 172 176 —
17 M.N 2.3x2.3x2.3 6x6x4 -_— 0.2 — | 473 —_ —
Days Days
1-10 9-17
18 MJN G« 3x2.8x3 8x7x5 — — 1.0~ j 18.8 — 211
19 MJN G.N — 5x5x5 —_ 0.2 — | 182 199 —
21 MJN G.N 1.8x1.8x1.8 9x10x5 — 0.2 — | 173 192 —
22 M.N GyN —_ TxTx5 —_ — 0 17.9 — 195
27 MJN G4N 2.5%5x2.5  9x6x6 — — 1.8~ | 20 — 207
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17.3 - 1.0" 18.8 - 21.1 0.2 - 18.2 19.9 0.2 - 17.3 19.2 1.8 """ 20 -
20.7 0 17.9 - 19.5 20 28 29 2.8x2.5x2.8 5x6x4 " DMSO = Vehicle for Drug **
Taken on Day 15 0.17 0.2 18.1 19.8 18.8 -- 19.6 """ Lesion contai ned
nostly necrotic cells as also found in | esions from nouse 6, 7, 11, 14

15, 17, 19, 21128, 19 (Fig.l 6,7). There were np lesions lleft in nouse #11
and #22 fol rug eat|nEqb u faund]igqgontrol | q@ouse bls 2~ 3,
4 contai ned£§ "ng cel é‘ (Hi'g. §§ZJE§<§§&?| ment a élggft:)cedures: %36 C57b1- 16NCR
mce were injecked with 5 X 105 C3 cells/nouse.| Injectiong were 100 L nade
subcut aneousgy bpineen g Re shoakbders x4 he —bagks—of the @S CekH+s Webe
suspended in | owsalt HBSS and suspension uniformty was mai ntai ned by
gentle vortexing. 24 mce devel oped tunors. Their |esion sizes were
nmeasured by dial caliper. These nmice were shaved, weight and treatnent
begun (Day 1). Four mce were sequestered as control s. Control mce

recei ved 50L DMSO ihpMS@d Vehicketfombirugl y daily. Experinental mice (10)
received 50 L MAN dissolved in DVSO (200ng/ nL). An additional 10 mce
received MAN treatnents for 8 days foll owed by AN treatnments (50 L,

200mg/ mL in PBS) datslyaledf ofDAPYIE | Nj ections were made to several regions
of tunor. M ce :

~ *= Lesion 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:
36 C57bl-16NCR mice were injected with 5 X 10° C3 cells/mouse.

Injections were 100 ul. made subcutaneously between the shoulders on the
backs of the mice. Cells were suspended in low-salt HBSS and suspension
uniformity was maintained by gentle 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. Control mice received 50ut DMSO
injected intratumorally daily. Experimental mice (10) received 50 pl. MsN
dissolved in DMSO (200mg/mL). An additional 10 mice received MJN
treatments for 8 days followed by GuN treatments (50 pL, 200mg/mL in PBS)

daily for 8 days. Injections were made to several regions of ftumor. Mice

anesthetized with ether or metaphane prior to injection.




anesthetized wth ether or netaphane prior to injection. MAN (AN
2.8x2.3x2.8 5x5x4 MAN (AN 21 Table 2. MAN and AN Effect on G owt h of
Treated Lesions in Mce Carrying Miultiple Tunors Mouse | Treatnent Period
Days 1-16 MAN 10 12 20 24 26 MAN MAN Days Days 1-9 10-18 Lesion Size (nm |

a1 T 1 VR bkt o S S ST Wi T

0.25 0.6 0.1 2.9 Ochiryin§MOnib Temors
Mouse | Treatment Period Lesion Size (mm) wit. Of Excised Lesion (g) Body wi. (g)
#
Days 1-16 Day 1 Day 7 Treated” Not Treated™ | Day 1 Day 24
g M.N 1.3x5x0.75 Tx9x8 0.25 0.6 20.2 17.9
10 MasN 2.3x2.5%x2.3 9.5x10x8 0.1 2.9 17.5 221
12 M.N 2.5x2.56x2.5  Bx9x6 0.1 1.82 17.8 20.0
Days Days
1-9 10-18
20 MaN G.N | 1.8x1.8x1.8  9x10x5 0.1 0.2 17 20.2
24 MN GuN — 7xax6 | 0 1.7 17.2 20.8
26 MN G.N | 5x3.3x2.5 7x7x7 0.2 1.9 19.3 20.6
* 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
1 187.5malkg 3 Subcutaneous 2X 6 0/3
2 375mg/kg 3 Subcutaneous 1X 6 0/3
3 750ma/kg 4 Subcutaneous X 6 174
4 375ma/fkg 2 A\ 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
concentrations of 75mg/ml. Injections of 0.05mi for group 1, 0.1ml for groups
2 and 4, and 0.2ml for group 3 per treatment were made for a period of 6
22
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d' ug in DVMSO was injected directly to the tunor regions ** From .
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The treatment regimen and results were as foliows:

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 1o very different degrees. The skin

of one MuN 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 M;N treated mouse (#17) died due 1o overdose of
anesthesia/handling. The skin at the lesion site of #17 cracked with the
«dried-out tumor” showing. It was dissected, and Jesion excised and weighed.
Day 16: Four more M:N treated mice (#6,14,15,16), three MsN/GaN |
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, M:N treated (#7,9,10,11 ,12) and
M4N/GqN treated (#1 8,20,24,26,29) were euthanized, dissected, examined
and weighed.

The effects of MuN and M N/G,N 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

23




The treatment reginmen and results were as follows: Day 10: Mce weighed
again. All mce exhibited growh up to two grans. Day 12: No treatnents
made. Day 13: All nmice have raised skin but to very different degrees. The
skin of one MAN treat ed nouse (#7) has split open through which the

"dri ed-out 5 I to 100 L.
nﬁsﬁhgg[ om mrlhj é@é?#l%‘” MG m #@éteewr@ MAB2 raﬁ‘ioGG%‘l g Day

15: One M4 di ed ue to overdose of
anest hesi afdspediivety. Drbg ta&atedd&qmmtecd}msted mainty of dried oot aekadionalls t he

"dried-out, 1 "_sh d i ]

o ;,ﬁed?“_@%g 0t R vl 75 hFen St rFBaRRaR S o hny can

treated mge, ﬁadv%%ﬂﬂﬂn '&%11930%6942%9&!@% tﬁg%)ru%@fi%c?%'@@i&rﬁgﬁ
vvelg

di ssected an mal nfng control mce wer e exam ned
non- i nvasi grewthan tinice roarnyarg griutigolé twnooss. Imhlszsmdsmdmg wag éyetteghintoont r ol

m ce wer d by d | i h
i tes of el HTotars,1bng AN qa%\a@&?of@r%a@ RRR AP i S ReieS
"dried- Outthta%?mm}e&téaglgson 545 oEigesifiseluns wreitaremp! etel v, The

experinent was termnate remalning mce, MN treated
(#7, 9, 10, 1fnua;a;)ingwwmmm@euuomemwe(r#g@Mmmznfzmtm)temr@oemmni 2éd,
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t unor grovxﬂ-hwﬁﬂ“a %@ngEdrg%%ﬁ&ﬂ?dz@&‘qrﬁ“ﬁ%ngé yﬁ@ 2 and Figures 5 and 6.
Table 1 shows thpeidty we‘gheéhaﬁgbéBf alfRlice uAMG thé Bfiteexsarimenty singl e
tunors. The.average WEI ght four excised tunors of the control group was

1. 48 g whi periogiagpesrest lngmﬂl‘é@rﬁﬂablﬁowmmtreat ed and MAN AN treat ed
were 0.142 and 0.51 g respectively. Drug treated |esions consisted mainly
of dried out necrotic cells (Fig. 6). Tunors fromthe control group
appear ed honogemaumpie® contai ned actively growing cells. Table 2 shows

the drug effect
hi s St 0dy,  dr UBTESTRRFRAME) PRE OMSRVTC e EHGT SRR AT wei gt

of untreat GACNTRSM W rdupd of mibé Were prepared for histopathology
examination. The excised tumors were immediately fixed and then stored in
4% formaldehyde in phosphate bufiered 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/cytoplasmic 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
shortly after treatment began. They demonstrate significant necrosis and are
no longer 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 resulis are seen with M4sN/G4N treatment as with the MuN

treatment alone. However, since G4N is water-soluble, it can spread to a

larger area of the tumor than M,N. 1t is expected that G4N when used with




that of MIN treated lesions was 0.15 g. Simlar results were obtained
followng MAN AN i njection--the average wei ght of untreated tunors was
1.27 g, while that of the drug treated | esions was only 0.103 g. The body
wei ght changes of all mce during the entire experinental period appeared

I nsignificant (Tabl . N ird watcrd of Mt sites (B0
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prepared é@atg‘iﬁ{a@p@thﬁ?{ogy exami nation. The excised tunors were

i mmedi ateTy fixed and then stored in 4% fornmal dehyde i n phosphate buffered
saline. The fixed tissue was then dehydrated through a series of graded

al cohol s Egd xH;‘I ﬁne_and enbedded in paraffin. The paraffin tissue bl ocks
wer e thi nEXBBR"SMed and stained for nicroscopy with hematoxytin and eosin.
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focal areas _show chronic inflanmation and fibrosis. This healing effect

| eads to €”sheddi ng of these deceased tunor cells fro&l%ge ﬁxrlea. The
same results argixsgesns of bhrédibhckskin of atgringa RO WetthPYR rrefel¥at nent

al one. However, since N i_s wat er-s it D QR\LE @ultups ger ar ea
of “the tumeih eiPImeSTlE @%%e@m%et*ﬁﬁ“‘%éd«’%qﬂﬁ%sgd Wi th 24 MiN
syner gi st isﬁﬁiér}{aﬁﬂl’ hesoBic Bheptdaline] ASM-8C)nd hewtbes faifr arapgdvelfzes
(i.e. —greater than 2 cm. Exanple 7 Effect of MLNbﬁm gﬁf\{-lt Skin Infection
i n Gui nea ipfertdtheitir VMR, viciieen sonvlesadierimertpot Fo 6P Hov- 1 |
\rM_e|to lhl ﬁgteh?&'ngﬁﬁﬁésn (AB ICCABNE hB\BLAE RAN{439) in @Y H@AmPLUDMSO were pi nched
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-‘]-
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-MuN 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 M4N 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 MuN to be non-toxic to mice at concentrations as high as
300mg/kg when given intraperitoneally, and as high as 375 mg/kg when given
either subcutaneously or by IV (Table 3) (6).




HEV- 1 suppression was applied topically to infect each pricked area. MAN
was then applied to the pricked infected area following infection daily for
6 days. Six areas of bared back skin of a guinea pig were punched
sterilely wth a 5=DIN needle. Two areas were infected with HSV-1 (HSV-Cl
culture EHHﬁ{rﬁié‘taa”L or isolated HSV in saline, HSV-SC). The other four
areas were Infected with HSV-SC. Fifteen mnutes after infection, 30 | of
test conphhnids GIWBESITreaBDSA vAGY /asdu eclarN) in 60 ngl M of DVBO were
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concentrated in the tumor areas, and does not enter the circulatory system,

thus whole body toxicity is avoided. !n 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 MuN 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 cm?). 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 MsN may therefore




conpletely stop tunmor growh in mce. There have been several previous
studies on the use of |arge dosages (30 ml 1V per treatnent) of DMSO for
treating diseases (24). The results were not conclusive (25). However,
since tens of mllions of people have been safely tested with | arge
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PPV 16l asorﬁéo%r:asr\feoér%%jotgﬁ a%eslirlni!ar growth inhibition was observed in the HPV-16

transformed TC-1 cell line whose EB/E7 oncogenes are under control of a

non-Sp1 dependent retroviral promoter (30) (Figure 9d). In addition, growth

of the C33a cell line (Figure 8c}), an HPV-negative human cervical cancer cell

line. and the CEM-T4 line (Figure Sb), a human leukemia cell line (31), was

also blocked by treatment with MJN. In the four cell lines that were treated

with the drug, nearly all (>95%) of the arrested cells were viable until the
concentration of MsN exceeded a “threshold” value (60pM for C3 cells, 40pM

for TC-1 cells, etc.). Above these concentrations the percentage of viable
arrested cells maintained >95%

e C3 cells exhibited no

cells decreases precipitously. interestingly,
viability even after prolonged exposure to the drug. Th
increase in cell death after eight days of treatment with 40uM MN (Figure

9e). -




line (29) to determne the optimal concentration required to inhibit
proliferation (Figure 9a). The cells respond well to MAN, ceasing division
after 72 hours over the range of concentration from40 to 60 NM After

t hree days at these concentrations the nunber of cells remained equal to
the count g Eﬁe.' pnitiation of treatnent (day O, Fig 9). A nore nodest
reduction |n o grow h was observed at | ower concentrations of the drug
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relative té)%lf r%g. f%@ﬁéﬁ%ﬁét%u%g g erBﬁése@ﬂt S BecRPRRIYRRS Were

seen from nes ch >90% of the cells show
G21M DNA cibat thdse cells have not begun mitosis. In contrast the gamma tubulin

staining of the control cells has the diffuse patitern characteristic of G1 or S
phase (32). A lack of chromatin condensation in the MsN 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 M;N

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 MyN. 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 celluiar protein were analyzed by
westem 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




In order to distinguish between an arrest in G or a mtotic block,

anti bodi es against a tubulin (green) and y tubulin (red) were used to
determ ne the status of the centrosonmes in the C3 cell line follow na 72
hours MN treatnment. As shown in Figure 11 a, the centrosonmes O MN
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loading control, and its levels were not effected by 40pM MsN.

The use of the C3 cell line allows us an additional control for analygls

of the mechanism of Ms;N mediated cell cycle arrest since other Spi-

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

This possibility was examined in C3 cells by analyzing the effect of M4N on

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

analysis of RNA isolated from C3 cells treated with 404M MyN for S to 72

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

12c). 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 MsN reduces the transcripts of Sp1 regulated promoters.

Example 12

Inhibition of Sp1-Binding Activity by G.N in a 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. GGGGCGGGG-3'. From computational




with the finding that the cyclin B protein, whose gene does not require Spi
for its expression, is produced at normal |evels while the CDC2 protein,
whose gene has two essential Spl sites in its pronoter, is substantially
reduced in quantity. To test this hypothesis, northern blot analysis was
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32P- 1 abel | ed, DAL 4 Mehi8r (e Sbdsh BB tRhn bRk 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 G4N can be replaced by Sp1-1 67D.
In this study, the inhibition of Sp1-167D binding by G4N was first established
by the mobility-shift analysis (Fig 13C lanes 2 and 5). 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 Sp1 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 (37,38,38). We further tested the G4N
efiect on the Tat-transactivation of HIV promoter activity in Cos celis by the
SEAP assay as previously described. Basal Ievelh of the HIV LTR driven SEAP

30




mn at 25C. DNA bi ndi ng domai n of reconbinant Spl protein (Spl-167D) was
next added and i ncubated for additional 30 mn in the presence of a large
excess of BSA protein. In the displacenent study, the reconbi nant SPI-167D
was first allowed to bind DNA, (AN was then added at the second step of the
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enhancer si a variety of "viral pronoters including H'V, [CP4 of HSV,
E61E7 gene of HPV (37,38,39). W further tested the (AN effect on the

Tat-trans tlva]@sf of HV pronoter activity in Cos cells by the SEAP
assay as ? B ‘{/] described. Basal level of the HV LTR drlven SEAP 30
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value 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 G4N effect in
inhibition of SIV in 174 x CEM cells with that of HIV in HS cells. Cellular
toxicities of G.N in these two cell lines were also examined. For SIV inhibition
study, 107 174 x CEM cells were mixed with high titer stock of SIVmac 238 at
37°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 G4N solutions were made from
freshly prepared stock and aliquoted separately and each to six wells in a
column of one 96 well plate. Culture supernantants were collected every four
days post infection. (P.l.) and fresh medium containing appropriate
concentrations of the drug were added to the culture following supernatant
collections. Vira! production was assayed by a modified p27 core antigen
capture ELISA as shown (Figure 15). There was no SIV production detected
using G4N in concentrations above 5 pM. At GuN concentrations below 25

pM, SIV productlon was detected (Fig. 15) in culture supernantants from 4th




| C50 value of 36 pMfor GAN was conparable to that of 3-0-methyl NDGA,

Mal .4 (1C50 25 pM and sonewhat higher than that of tetra-nmethyl NDGA, MN
(1C50 11 pM. The differences perhaps are due to the chem cal nature of

the test conpounds affecting the drug uptake to the cells. Exanple 14
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IM SIV production vvaswgl tected (Fig. 15) in culture supernantants from4th
33 and 8t Haafaﬁe'%@). gct ed cultures as conpared to viral production in
the absence of the drug. GAN (250 pMor |ess) showed no toxic effect on
uninfected 174 x CEM cells, as determ ned by the MIT assay (41). A simlar
experinment was also carried out for the study of inhibition of HV-1 by
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81(8), 557-586. 37 |. A neihod ~ !~3hesi zing a chloride salt of a
conmpound of the formula Wne et n R3 and R4 are identical and
represent an Rgm e 3 t|tuent or salt of the am no acid
resi due conpris eps of (a) combi ni ng NDGA and an N, N-di met hyl
derivative oft, 3d residue or substituent or salt of the am no
aci d residue; and (b) addlng hydr ogen chl ori de; wherein these steps are
performed under conditions to produce a chloride salt of a derivative of
NDGA. 2. T t f nd an
Nl ot P SRt aro e e denRiaRl ook e G b ach MRl B Me L) E o
the am no «eklof the gmdngeacidrepidné ermprisinigihasteisoifl or omet hane sol ution. 3. The
met hod of cl ai r stituent, or salt
of the anino ag}a % r\gsaiﬁlg %%B;%e %Hg[% g'c]@ ﬂr%lrrﬁeﬁxlegeé'rv ﬁ‘be‘iﬂﬁ%?né”t"or?& dog .

al ani ne, aegim me;pbstamqmaoagiltnﬁthpm hdd essidoy;zindi ne, gl ut amat e, gl ut am ne,
gl ycine, histidj ine,  |eucine, |ysine, nethionine,

phenyl al ani ne, BJPOI |a|q§'“g§§ Logel cfafidSoni ne, tryptophan, tyrosine, valine,

5- hydr oxy | yisdréif thede BV 2% pErféied anddr YA R pRdi®! MoHIdidRtshlbhg, C- N
derivative of NDGA.

2. The method of claim 1, wherein the step of combining NDGA and an
N,N-dimethyl derivative of the amino acid residue or substituent or salt of the amino acid

residue is performed in a dichloromethane solution.

3. The method of claim 2, wherein the amino acid residue or substituent or
salt of 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, e-N-
methyllysine, e-N,N,N-trimethyllysine, aminoadipic acid, y-carboxyglutamic acid,
phosphoserine, phosphothreonine, phosphotyrosine, N-methylarginine, and N-

acetyllysine.

4. The method of claim 2, wherein the amino acid residue is glycine.




met hyl lysine, c-N,N,N-trinmethyllysine, am noadi pic acid, y-carboxyglutamc
acid, phosphoserine, phosphot hreoni ne, phosphotyrosine, N-nethylarginine,
and N- acetyllysine. 4. The nethod of claim2, wherein the am no acid
residue is glycine. 38 5. The nethod of claim1, further conprising, before
step (b), the step of adding dicycl ohexyl carbodiimde (DCC) and

4-di met hyl am nopyridine (DVAP) to the dichloronethane solution to forma
reaction m xture. 6. A conpound produced by a process conprising the steps
of conbining NDGA dft masthdd o dhinet, Ryrthedlesrhpringy Befbfe step éﬁﬂjtﬁk%t&ﬁ&fﬁ residue
or substi tudnt r |t of Qé.he am no acid resi c%ue in a dichl oronet hane

sol ution. #4 cyfgjra?ﬁﬁﬂ?ﬁib 1imifle {16 @) angifedimethytatingnyridias SOMARMe theconpr i ses
the step @thiaabieRthndsGMGHPRGSME & ABRHH hidndle (DCC) and _
4-di net hyl am nopyridine (DVAP) to the solution. 8. The conmpound of claim
7, wherein the process further conprises the step of adding acetone and

bubbl i ng said | uti i n.chloride 9.  The t.hod of
claim1, furt h:ér)' con‘%??asqﬁllglfj %é(gcﬁ'g?deﬁsgé%g%%f?m?rﬁsé" ngjte %0&%15‘?%% acet one
t o t he sol NDGénandl N, Fadimethyhdetivafivedfainraniino adidresidoe bhsubstitagnt f saiosbi ni ng
NDGA and atp Nil\l-didwet.g%/l. de(ﬁ%tﬁati ve of the am no acid residue or

subst i t uent'® BPMEAY EPHE HFHTOREEC 3908 %8ue i s perfornmed by conbining
themin a dichloromethane solution. 11. The nmethod of claim1, further
conprising, after step (a) and before step (b), the step of adding

di cycl ohexyl carbodi i TRe8MPERERS) ot himf. wherstne Bipress pyrHHeareBPriseHi&PIePt o t he

sol ution. o}dding dicyclohexylcarbodiimide (DCC) and 4-dimethylaminopyridine (DMAP) to the

solution.

8. The compound of claim 7, wherein the process further comprises the step

of adding acetone and bubbling said solution with excess hydrogen chloride.

9, The method of claim 1, further comprising, before step (b), the step of

adding acetone to the solution.
10.  The method of claim 1, wherein the step of combining NDGA and an
N,N-dimethyl derivative of the amino acid residue or substituent or salt of the amino acid

residue is performed by combining them in a dichloromethane solution.

11.  The method of claim 1, further comprising, after step (a) and before step

(b), the step of adding dicyclohexylcarbodiimide (DCC) and 4-dimethylaminopyridine
(DMAP) to the solution.




