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1. Field of the Invention '

_ The invention relates to the use of nordihydroguaiaretic acid
derivatives, in particular derivatives containing substifuents of naturally
occuring amino acids, for the treatment of tumors and viral infections.

15

2. Background Information '

Carcinogenesis is a multistage event affected by a variety of genetic
and epigenetic factors and is typified by the outbreak of uncontrolled cell
growth originated from different tissues. A universal goal for anticancer

20  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.

25 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),

30  isresponsible for stimulating a myriad of events that lead tb the cell’s entry
into early prophase (1): Not surprisingly, the loss or deactivation of either
component of the MPF will bfock cellular progression out of G2.
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nordihydroguaiaretic acid (NDGA} have been shown to block viral replication

through the inhibition of viral transcription. This earlier work has shown that

15 NDGA derivates, originally isolated from Larrea Tridentata and subsequently
synthesized chemically, can inhibit the production of HIV (7,8), HSV (9), and
HPYV transcripts {10) by the deactivation of their Sp1-dependent promoters.
Unexpectedly, one of these derivatives, tetra-O-methyl NDGA, appears to
also induce cell cycle arrest in mammalian cell lines, The evidence presented
20  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
25  benign pallilomae (warts) 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 réquire the participation of certain cellular factors for
30  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
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inhibit HIV transcription and has no effect on Sp1 binding (8).

Isolation and purification of plant lignans, however, is labor intensive
and costly. In anticipation of the possible clinical use of plant lignans in
controlling Spl-regulated viral and tumor growth in humans, nine different

15 methylated NDGA activities were synthesized chemically using unmethylated
NDGA as the parent substrate in large quantities with low cost (7). At drug
concentrations below 30 pM, tetra-O-methyl NDGA was found to be most
effective in the control of replication HIV via inhibition of Sp1 regulated
proviral transcription and transactivation (7). This study has since been

20  extended to the control of the growth of Herpes simplex virus (HSV-1 and
HSV-2) (9). Herpes simplex immediate early (IE) ICP4 gene is essential fc:r
HSV replication (14). Its promoter region possesses eight Spl consensus
binding sites (15), five of which are required for ICP4 gene expression. It thus
makes the ICP4 gene a good candidate for such testing. Applicants have found

25  that both 3-O-methyl NDGA (Mal. 4) and tetra-O-methyl NDGA (M4N)
are effective transcriptional inhibitors for HSV ICP4 gene expression in Vero
celis via the blocking of Sp1 protein binding to the ICP4 promoter as shown
by the electrophoretic mobility shift assay (9).

When the anti-HSV activities of M4N and Mal. 4 were tested and

30 compared to that of acycloguanosine (acyclovir, ACV) in infected Vero cells,
Applicants observed that the ICso for MyN varied between 11.7 pM to 4 pM for
10 passages of HSV-1 and 4 passages of HSV-2 without obvious uprising
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Vero cells. cannot displace Spl once it is stably bound to its binding sites (8). It

therefore seemed likely that NDGA derivatives would have a greater effect on
Spl-regulated genes in proliferating cells than on the expression of
15  Spl-regulated housekeeping genes in stationary cells. In the former case,
the drug will be able to compete with Sp1 protein for the Sp1 sites in gene
promoters during DNA synthesis, while in the latter case, the drug may have
little effect on the transcribing chromatin of housekeeping genes with Spl
protein already stably bound at their promoters. This, in fact, has been shown
20 tobethe case. Aswill 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
25  concentration if the drug must be used systeﬁiica]ly. On the other hand,
human papilloma virus induces solid cervical and oral tumeors initially through
the Sp1 regulated expression of HPV E¢E; genes (17). 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
30 little damage' to the patients.
. Survivin is an inhibitor of apoptosis that is abundantly expressed in many

human cancers (35), but not in normal adult human tissue, and is considered a

Y
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SUMMARY OF llJ)VENTION

Accordingly, it is one object of the invention to provide compounds and
15 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.
By nordihydroguaiaretic acid derivatives is meant compounds of the

20  structure

(1)
wherein Ry, R, R; and R, independently represent -OH, -OCHs,
~-O(C=0)CHj, or an amino acid residue, but are not each -OH
25 simultaneously. Amino acid substituents are intended to include, inter alia,
alanine, arginine, asparagine, aspartate, cysteine, glutamate, gluamine,

glycine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine,
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represent - @by elai®ar derivatives that are known in the art, but have not heretofore

10 been used for the treatment of tumors. The method should be especially
effective against rapidly proliferating cell types containing the cyclin

- dependent kinase CDC2. 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, more particularly in a mammalian cell, and most particularly in a human

15  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.

20 The term “cancerous tumor” is intended to include any malignant tumor
that may or may not have undergone metastasis. The term “noncancerousﬂ
tumor” is intended to include any benign tumor. These terms are used as
customarily understood by persons of skill in the art.

Examples of benign and malignant tumors which may be treated by the

25  compositions and methods of the invention can be found in Table 1-1 of Cancer
Biology (Raymond W. Ruddon, Cancer Biology, 3rd Ed., Oxford Univ.

Press, 1995, incorporated herein by reference). Tumors to be treated include
those that are known to be of viral origin, as well as those that are not of viral
origin. The compositions and methods of the invention are expected to be

30 particularly useful in the treatment of solid tumors.

It is yet another object of the invention to provide a method of inhibiting
the cyclin-dependent kinase CDC?2 cycle. This method will be useful in
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i ntended t o vifit képlicatityandedrogtiolnyg the ddinistration of the compounds of formula
- I containing amino acid substituents. Preferred for use in this method are
compounds in which the amino acid substituents R;, R; R3 and R, are identicat.
1t is a further object of the invention to provide a method of inhibiting
15  survivin production in a eukaryotic cell cycle in a cell that expresses survivin,
particularly in a cancer cell. The inventors have found that the
nordihydroguaiaretic acid derivatives of the invention downregulate survivin
mRNA and protein levels and activate both CDC-2 and the caspase pathway,
thereby increasing the level of apoptosis in cell populations where survivin is
20  expressed. This method should provide a treatment for cancers where survivin is
expressed by suppressing or eliminating survivin expression, thereby increasing
the rate of apoptosis.
It is contemplated that M4N, G4N and other derivatives will be
administered by local injection into the tumors, generally along with

25  pharmaceutically acceptable diluents, excipients and carriers. In preferred
embodiments, MsN 1is 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
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solubility, which allows it to spread to a larger region of the tumor. Other
30 water-soluble and water-insoluble nbrdihydroguaiaretic acid denivatives can
be similarly employed, according to the invention. These may also be

empléyed m lipid based formulations for systemic delivery, as known and
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[lordi hydrgguai ar'gg‘? gmgERtyp @@Q’g};ﬂ M@‘Jﬁ%@h‘é%?% b&ﬁg %FC)GIFSHE%FFE@F?BE HPVE |hnguc$d
unor s @;m]'tpl e a nmethod o

i nhi bi t| ng E%t/.‘ladrt?lellﬁ‘%eal | cgtg?g% an gﬁbypﬁe%édﬁhr@g%?%n of the

conmpounds ofThé anouttaf dbsagenfrequenny oﬁaﬂmz;aanoh, sand dngthueftreatmButef erred f or

use in this rrethod are
-are dependent on the circumstances, primarily on the size and type of tumor.

1]

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

15  less frequently may be mentioned for purposes of illustration. Administration
of 50 ul to 100 pl of My4N dissolved in DMSO at a concentration of 200 mg/ml,
either alone or in combination with G4N, is expected to be effective in many

cases for tumors of 1-1.5 cm’.

20  BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1. Structures of MyN and G4N

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

Figure 2B. The effect of M4N on the E¢/E; promoter activity in C-33A cells.
(Inhibition of E¢/E; promoter driven luciferase gene transcription by different
concentration of MyN)

30

Figures 3A-3C. Inhibition of Viral E¢ and E; RNA Transcripts by 40 uM
M_N. Total RNA isolated from C; cells treated with either 40 uM MyN or

H



conpounds in which the amno acid substituents Rl, R2 R3 and R4 are

‘identi,cal. It is a further object of the invention to provide a nethod of

i'nhibiting 15 survivin production in a eukaryotic cell cycle in a cell that
expresses wapvdso7ys particularly in a cancer cell. The inventsosi4iawe found
t hat the nordi hydroguai aretic acid derivatives of the invention dowregul ate
survivin nRNA and protein levels and activate both CDC-2 and the caspase
pat hway, t i NCE ' 0S8k By : | ati ons
where survi Wa 88gg‘%&@%é&ﬁ%ﬁﬁﬁ%ﬂ%ggpgﬁ%gﬁéé%r%baﬁgékg@%at ment for
cancer s wherthesRTPCR saniples veetpranssed afiyr mo@epding sioles off anglifitatiat | ng survi vin
expression, therehy jncreasing the rate of apoptosis,_lt.is contenplated

_that maN, GauddReplbiten awagaresaigel eShagel phofegraphnd 3y gide?RUudigateocal injection

into the tu , e | 1 td tabl e

di | uents, e@%%%%feg’ %%é’k%lsgﬁérei%g?g%rl4&%&8?@?’?%#&%%@%5, N is injected
into tunys éxﬂﬁhﬁ@ﬁﬁ%@tmﬁp(amﬁﬁwsnhdﬁds%memﬂﬁérs% aaplkfikaichst ered in PBS
solution. The use of GAN w |l conplenment the use of MAN, particularly in

| ar ger t unor@ag Q) ipdicateg the five expecteiatiza prodedty ey the epplifleatid al | ows it to
spread to a | | g . ter- ubl e and

wat er - i nsol uﬁﬁgﬂﬁgﬁgﬁ%r@gg&g&g lelélﬁgggglle?agghrva | Vetgé’nggﬁ t be simlarly

enpl oyed, according to the invention. These may al so be enployed in lipid
based fornul ations for system c delivery, as_known and 7 a WD 02/ 059795

PCTI US02/ 143guigsy Inhibitan ¢fiG3 Call Geovethyddeli cal |y accept abl e dil uents,

bexci pi enfos and carriers is neant such conpounds as will be known to persons

of skill™1n the art as being conpatible with MAN, (AN and other simlar
derivatives pigfre4B.tfahib&tidnasf G30CEl Growth Following the Removal of MyN.

Figures 5A-5B. Effect of M4N on gene expression in C3 cells as examined by
the GENE Assay analysis. SA. GENE expressed in C3 cells after > 2 hours of

15 DMSO 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 tumor-bearing mice following MyN
treatment. 6A. Mice bearing single tumors were treated with in situ injection

20  of DMSO (#3) or MuN (#7). In situ injection of M4N 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 MsN/G,N on Tumor Growth in
25 Mice. First column from the panel presents 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/G4N) lesions from mouse #12, 10,

27 and 20 (M4N). The subsequent photographs are examples of these tumors

examined at 100X magnification (A, B, C, DMSO treated, D untreated, E, F,
30 G, H, MyN or MyN/GyN treated) mice (Table 1 and Table 2).

Figure 8. HSV-1 replication in the absence of drugs (HSV-C, HSV-8C), in the
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Transcripts by 40 M MAN. Total RNA isolated from C3 cell

rand iplattad versup khaiNeongentration.(e) O3 oditssverespiifsotn 14374
flasks with 5 X 10° cells per flask and given either MyN in 1% DMSO in media
or 1% DMSO in media alone (first media change). After 3 days, one-half of
the MyN ftreated cells were given fresh media containing only 1% DMSO (M-
D), while the rest of the cells were given fresh media with the same conditions
(second media change). The cells were counted daily and plotted versus the
time of treatment.

Figure 10. Cells Treated With M4N Arrest in G2/M. C3 cells (a), C33a

cells (b), CEM-T4 cells (c), and TC1 cells (d) were growﬁ for three days in
media containing either 1% DMSO or 1% DMSO with M4N (MsN). The cells
were trypsinized, fixed with ethanol, stained with propidium iodide, and were
subsequently analyzed by flow cytommetry. The data is displayed as numf}er
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 MyN Demonstrate G2 Cell Structures. C3
cells were grown on coverslips for three days in media containing either 1%
DMSO (Control) or 1% DMSO with 40pM MsN (MsN). Samples were fixed with
ethanol and incubated with antibodies against « (green) and y (orange) tubulin (a)
or with the DAPI DNA stain (b). Cells were examined by fluorescence

mMiCroscopy.
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DMSO alone in growh nmedia for 71 hours was subjected to relative RTPCR
* The RTPCR sanpl es were renoved after increasing cycles of anplification and
resol ved on an agarose gel. The gel photographs (3A and 3B) indicate these

cycles, ti® ewspace of (+) or absence (-) of MAN in the gsEmdhIesHa, 5 and
two digests of a pGVI vector used as size markers. The anplification map

(2C) indicates the two expected size products of the arrpl i fication,
resultlngfr mth @hern |icing of t a\b I\GI’ ENAtranscript.
Fi gure 4A ﬁ%ﬂfﬁﬂi ngan%’e’-@i neRg Wel%F 30% Qgcp Yure 4B

| nhi bi tion %eré:%ro% for Fe%ER aﬁfguhﬁ‘@f%x B@H&%@&ﬁméﬁ%‘geﬁiaﬁlur es SA-5B.

Ef fect of MAN oh gene expression In S as examn t he GENE Assay

anal ysi s. SAontainig ekt ¢ 3sDMIO (WPorckh [[)MSOtvalch#O HMMANS(MI Afier 50
"treatnent (C3 DMSO),. 5B. GENE expressed in C3 cells after> 2 hours of MN
treat ment ugPeil &sto@bl)f@m0(@@1W®W3FFSQW@EJ&%@BCGM sual observations

Tumors wére VPRARBIAELG lop bR Nk bR i CipllofiBs 3R 0 ) T 1

situ injecti@DCDbr VR SithltBOsamciditrbeclRiRe Elter.t KihabaBsshyd@-s grown i n nouse
#9. 6B. MAN treated tunor (white scaf%jwlth untreat ed turmr fromthe same

nouse, #9 aéﬂo&@@dwomehhwr&meéfozned;l ipveng mpugeprseipHationyith £f f ect of MIN

d MAN AN f h |
ot r hafadHERG SERE by, FhspGetiobsfiti e, A TR %04 Kloyls WO ThES Lo b 0
treatment ( Q%hlaﬁe é\tgiﬂpﬁ’rtﬁéjPAGEt é’éﬁs ﬁ&h@é& ééedoiﬁl@mi' hoa@[r% Kingated (MAN or

MAN (AN) | esions from nouse e subsequent
phot ogr d4fihs assays ﬁn‘a?tﬁfl:ﬂs’?l’dtour ﬂB%dIdﬂhnaﬁswemmdomadd a¢pamﬂ)(. magni fication (A
B, C, DWVsO etedtﬂg @treate N/G4Ntreated)

mce (Table W@dgnt%%geégﬁt%tﬁlﬁ W€t he absence of

drugs (HSV- Gueutaiéd SCbmight vhihefandom-pmned 32p_]abeled DNA for CDC2 or GAPDH,
washed, and exposed to film for three days. The same filter was used to test CDC2

and GAPDH RNA. rtPCR analysis (c) was performed on total RNA extracts with

15  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 GsN interaction with

20  the HIV Spl-binding sites (-87 to -49). (A) GyN inhibition of Sp1-167D biI}ding
to *P labeled HIV Spl DNA template. Lane 1, template alone; lane 2, ‘
template plus 0.1 pg Sp1-167D; lanes 3-9, template incubated with increasing
concentrations of G4N (0.25 to 1.75 mM prior to the addition of 0.1 pug Spl-
167D. (B) G4N displacement of Sp1-167D bound to HIV template. Lane 1,

25  template alone; lane 2, template plus 0.1 pg Spl-167D plus 100-fold excess of
unlabeled template; lane 3, template plus 0.1 pg Spl-167D; lanes 4-10,
SpV/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 G4IN bound to template. Lane 1, template

30 alone; lanes 2-4, template plus increasing amounts of Sp1-167D (0.075,

0.150; 0.300 pg); lanes 5-8, template incubated in reaction buffer containing

11



9 WO 02/189795 PCT/ US02/ 14374 presence of ineffective drugs (ABDS1

["HSV- ABDS1"], ABDS2 ["HSV- ABDS2"])and in the presence of effective dryg‘s
(MAN ["HSV-4N'] and ACV ["HSV-ACV']). 5 Figure 9. MAN Causes Gowth Arrest
i n Manmmal vemofedobes. (a-d) C3, CEM T4, C33a, and TC 1 cel | pcmarsez/ifzeat ed
with different concentrations of MN. The nunber of cells present at the
initiation of the experinent is indicated as Day 0. After three days the

nb f viahl I d _.and pl d N
Concent rat | bt PGS ERIES will fefatht SRoREtSm i 5 x 103
cel I per 1 g, anhogh e8] tiars M idnd SHOIVED. () PReiog or 1% DO in

nmedi a alone (first nedia ange). After 3 days, one-half of the MAN treated
cel I s were dinveishingeSyi-16D/INAaormlex Peapdomeeysitiéd iDYEBPoads toD), whil e the rest

of the cells were given fresh ja wi.th the sa ondi tjons. (second nedi a
change). ThECEEFPE %?@”@59%@?&?*&%@ it f’g‘g(é)-:‘?'sﬁs 4RSS tinme of
treatnmend . Fi Q 3 o i N | cells (a),
C33a ce ISl%%)u'{,&&él\ﬂ-'ﬁ ?%gé%@nﬂoﬂgﬁ}%%%ﬁ%ﬁé ljva\fe;éig{I%/lrsol'\g\i/n% ff or three
days in nmedich reéitionl voliige &4 dederibdd%in Rivudnadntd] KethdaQnd Ret. MIN (MAN) . The

cells 20 were trypsinized, fixed with ethanol, stained wth propidium
| odi de, and were subsequently analyzed by flow cytometry. The data is

o do st ai A Brapplichis ) Fictedud®e phdlp BB ok el UG, ¢ Thel e

and correspond to the relative cellular DNA conplinent as determ ned by
staini an intensity. 25 Figure 11. C3 Cells Tregted Wth 40M MAN Denonstrate
&2 Cel | 16t r Higuee &% SI¥3produatios widy preggneanl GaN.cdv 474 i qslisf akuman Eeelays i n

medi a cont ahy%pr}%fz{ éeqleﬁnel, ere mixed with a 24 hrs, harvest stock of STV mac 239 (4 ng

-——

of p27) for two hours at 37. Cells were resuspended and 1 x 10° cells in 100 pl
medium were added to each well of three 96-well plates. Various concentrations of
GyN from a freshly made stock were prepared and added to each of the six

15  designed well. Culture supernatants were collected after four and eight days for
viral production analysis. Viral production was assayed by a modified p27 capsid

protein antigen capture ELISA as described in experimental section.

Figure 16. Inhibition of HIV p24 antigen production in HY cells by G4N.
20  Inhibition in percentage was calculated by comparing p24 level froman

average of two duplicate cultures of G4N treated and not treated H9 cells 9
days following viral infection with a AZT resistant HIV strain, HIV-1RTMF.

Figure 17. RT-PCR Analysis of Survivin Gene Expression. (a) Top: Survivin

25  gene expression in C3 cells treated with 40 uM MN for 24 hours and 72 hours,
respectively (lanes 3 and 4) and in the untreated controls (lanes 1 and 2). Bottom:
the corresponding GAPDH controls. Band intensities were quantitated with Scion
Image. (b) Survivin RT-PCR product signals were normalized to those of the
GAPDH controls and plotted.

30 | |
Figure 18. Drug concentration-dependent down-regulation of survivin protein. (a)

C3 cells were incubated with various concentrations of MsN for 72 hours and the

12



DMSO,(Control) or i % DVSO wth 401AM MAN (MAN). Sanples were fixed with

'e'_t hanol and incubated with anti bodi es against a (green) and y (orange)
tubulin (a) 30 or with the DAPI DNA stain (b). Cells were exam ned by

f1 uor escern¥@ 02§55 Poscopy. | t 4 10 WO 02/ 089795 PCTI US0211FSTANGY#s7d 12.
CDC2 and Viral Oncogenes are Reduced by MAN. C3 cells were grown for
different anounts of tine (nunbers are in hours) in nmedia containing either

1% DMBO (D) ®kal 481 wWistitnhhoM e agdvhst sﬁfvi\?ili. tﬂ)g{elﬁ%(ﬂaﬁﬂ Aflerdsidggs, total

protein or total RNA was isolated fromthe cells. Western blots (a - top
two panel s) wergupnhifatedrydBSaien hnagernd hisdied 9gaigstiMgy cosparaion.cyclin B with
the sanme nitrocellulose filter. Kinase assays (a - bottomtwo panels) were
.perforned, follow ng i munoprecipitation with antibodies to cyclin B, by

i ncubat i on Wrighreyr 3 Ammddbidtdm '§1'%‘é_f'@asbﬁse_-3T&1@ava‘%@(i’tmscEEs ftaddwih the PAGE
gel is included as control for [oadi ;% Ki nase I0 assays for 24 and 72 hour

drug treat meNuN fae72 howsf () Wdstembdotat ehspase-Nehavwst cledsiage of this B2aP e

erformed on total tracts. Filters. | ncubat ed ,over,ni.ght. with
P antom pr | noBosERaed andihe i fisn dSaty® ZABD SR REe i Bt 1t o
filmfor thregedaxs weldi§nafitRed ddd RbttaPpaSEN, NQoheshrafble2 and GAPDH RNA.

rt PCR anal ysis (c) was perfornmed on total RNA extracts with 15 priners
hybridi zing to regions within either HPV-16 E7 or GAPDH. Both prinmer pairs
were used in the sanme reactions, and the groducts wer e anal yzed by agarose

gel el ectrophoresis. DRUABLEBDESCBIP (QF THEBYMVENTIQNI ft assay (EMBA)
of GAN | i‘é er ﬁ%}gén%]envtmélt ethods
NDGA derivatives were synthesized chemically (7). Cell line C3 is a
- HPV16E + L plus activated Ras transformed cell line of C57 BL/6kh origin
provided by W. Martin Kast of Loyola University Medical Center, Chicago,
Illinois, U.S.A. It is maintained and cultivated as described by Greenstone et
15 Al (18) and Feltkamp et al. (19, 20).

Synthesis of G4N:
Standard Procedure for the Preparation of meso-1,4-Bis [3,4 -
(dimethylaminoacetoxy) phenyl]- (2R,3S)- dimethylbutane Hydrochloride Salt
20  Tetraglycinyl NDGA, G4N. To a dichloromethane (250 ml) solution containing
NDGA (12.8 g, 42.3 mmol, 1.0 equiv) and NN, -dimethylglycine (26.2 g, 254
mmol, 6.0 equiv) were added DCC (52.4 g, 254 mmol, 6.0 equiv) and DMAP
(2.32 g, 18.9 mmol, 1.0 equiv). The reaction mixture was stirred for 24 h

under nitrogen at room temperature. After the reaction mixture was filtered,
25  the solution was concentrated under reduced pressure. Acetone (250 ml)

was then added into the reaction flask and the solution was bubbled with

: excess HCI(g). The water-soluble precipitate was dissolved in H>O and re-
. precipitated twice at room temperature from acetone to give (1) (29, 2 g, 36.8
mmol) as a white solid in 87% yield. Proton NMR spectra were obtained on a
30  Varian Unity-400 (400 MHz) spectrometer by use of D,O solvent and TSP as
Internal standard. Carbon-13 NMR spectra were obtained on a Varian Unity-

13



20 the HV Spl-binding sites (-87 to -49). (A) AN inhibition of Spl-167D
binding to 32P |abeled H'V Spl DNA tenplate. Lane 1, tenplate al one; | ane
2, tenplate plus 0.1 gg Spl-167D; |anes 3-9, tenplate incubated with

i ncreasin concentrations of AN (0.25 to 1.75 nMprior to the addition of
0.1 4g SpVO 291395 (B) AN di spl acenent of Spl-167D bound t¥EHY2dHH at e.
Lane 1, 25 tenplate alone; lane 2, tenplate plus 0.1 g Spl-167D pl us
100-fol d excess of unl abel ed tenplate | ane 3, tenplate plus 0.1.tg

Spl -167D0; | apessob-MhE '\?s el M yaREBE BXOGB abivend et I dheaHQAShiIRE
concentrations of AN (0.25 to 1 75 mM); lane 11, tenplate incubated in
reacti on buffegeferenveditothegl P ﬂﬁglmw@mm)( O Spl - 167D di spl acement of G4N
bound to tenpl.agte. Lane eml. a Ione | anes 2-4, tenplate plus

i ncreasi ng ano @an$§dFdﬂE?gHPb 0 150, 0.300 g); lanes 5-S, tenplate
i ncubated in reaction buffer contalnlng 11 r WD 02/089795 PCT/ US02114374 1.2
nvi AN fol | owed by challenge with increasing amounts of Spl-167D (0.075,
0.150, 0.300 g), lane 8 received no Spl-167D. (D) Plot of dimnishing

Spl - 167D DNA conpl ex band intensities in response to increasing
concentrations of AN used in (A ------ and (B) -,--. The gels 5 used were
5% non-denat uri ng pol yacrylam de with each | ane receiving 51 of each
reaction volunme as described in experinental section and Ref. [1]. Figure
14. Inhibition of HV Tat-regulated transactivation in Cos cells by G4N. 10
Figure 15. SIV production with presence of AN 107 174 x cells, a hunman

LY

T-cell |ynphoma cell line, were mxed with a 24 hrs. harvest stock of S1V
mac 239 (4 ng of p27) for two hours at 37. Cells were resuspended and 1 x
105 cells in 100 I nediumwere added to each well of three 96-well plates.

Various concentrations of &N froma freshly made stock were prepared and
added to each of the six

14



15 designed well. Culture supernatants were collected after four and eight
*days f,or viral production analysis. Viral production was assayed by a

nodi fied p27 capsid protein antigen capture ELI SA as described in

experi mentvad ozewrdon. Figure 16. Inhibition of HV p24 ant pgemsprogdacti on in
H9 cells by GAN. 20 Inhibition in percentage was cal cul ated by conparing
p24 | evel from an average of two duplicate cultures of GAN treated and not
treated HO cells 9 days following viral infection with a AZT resistant HV
strain, H V-1RTMF. Figure 17. RE PCR Anal ysis of Survivin Gene Expression
(a) Top: Survivin 25 gene exprgssion in C3 cells treated with 40 M MAN for

24 hours and 72 hours, respecti¥ely (lanes 3 and 4) .and in the untreated
~controls (lanes 1 and 2). Bottom) the correspondi ng GAPDH controls. Band

intensities were quantitated mi Scion {mage. (b) Survivin RT-PCR product

signals were normalized to those\of the PDH controls and plotted. 30

Figure 18. Drug concentrati on-dep@endent wn-regul ation of survivin protein.
(a) C3 cells were incubated witl var\\oug concentrations of MAN for 72 hours
and the 12 t WD 02/089795 PCYASR2/ 14574 total cell |ysate was i munobl otted
agai nst survivin. (b) Relatt @ re-Ont ensjities were quantitated by Scion

| mage and plotted agai s gficentrati dd. Figure 19. | mmunobl ot anal ysis
of caspase-3 cleavage in C3 cells treated"™ith 5 MAIN for 72 hours. (a)
Western bl ot of caspase cl eavage ®f the 32 KD procaspase-3 and the
formation of the acti fpved product. (b) Band intensities were
quantitated and plotted agai nNsL_AMN cyncentration. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON 10 Experi nment al V:thod§r'\\
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NDGA derivatives were synthesized chemcally (7). Cell line C3 is a BPV16E
+ L plus activated Ras transforned cell line of C57 BlJ6kh origin provided
by W ‘Martin Kast of Loyola University Medical Center, Chicago, Illinots,
US A It is maintained and cultivated as described by Geenstone et 15 Al.
(18) and WORPEMSSet al. (19, 20). Synthesis of AN StanddfHUMZdéHure for
the Preparation of neso-1,4-Bis [3,4 (dirnethylam noacetoxy) phenyl]-

(2R, 3S)- di.nethyl butane Hydrochloride Salt 20 Tetraglycinyl NDGA, (AN. To
a dichl oronmet hane (250 m) solution containing NDGA (12.8 g, 42.3 mol, 1.0
equiv) and N, N, -dinethylglycine (26.2 g, 254, mmvol, 6.0 equiv) were added
DCC (52.4 g, 254 Gereral Progdaguill peashenpnaie cagredamt ip ovies-driggdrglasswarey equi v.

{empor at ur o (AF CoHifsr B bortef o, AR Eaihd S9BRARL (P on s

concent r at echcgfole) dicigdkRehiiec s alliexanbCathAneeta®d Hexthes, ands then added into
the reaction flask and the solution was bubbled with r, excess HCL(g). The

wat er - sof ubteirapydefisen secse prrshesed fom MallingkyedtChemicebCop Asgiope teeSed twice at

roomtenperature.fr acet one. t |V 2 2 36. as a white
Sorra i’ srarh S AbpRTEhIGE & A By, Dioettritns: S RS Mo

Uni ty-400 (400ndiaks SRACdaTEidistiéd g CREDAM Dby arand TSP as I nter nal
standard. Carbon-13 NWR spectra were obtained on a Varian Unity 13 r WO

021089795 PGitrahydofuran 3vete doed bydistiliation figre sedinetand bepzaepheneste D20 as
SO oA RS A AL R RS0 Beb Rt 10 o (500

10 from Fluka Chemical Co. NN’ -Dicyclohexylcarbodiimide {DCC),
4-dimethylaminopyridine (DMAP), morpholine, triethylamine, and potassium
carbonate were purchased from Merck Inc. 1 -Bromo-3-chloropropane, N,N
-dimethylglycine, and methylphosphorodichloridate were purchased from
Aldrich Chemical Co.

15 Analytical thin layer chromatography (TLC) was performed on precoated
plates (silica gel 60 F-254), purchased from Merck Inc. Gas chromatographic
analyses were performed on a Hewlett-Packard 5890 Series II 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

20  constant at 14.0 ml/min. The retention time (tg) was measured under the
following conditions: injector temperature 260°C, isothermal column i
temperature 280°C. Gas chromatography and low resolution mass spectral
analyses were performed on a Hewlett-Packard 5890 Series II instrument
equipped with a Hewlett-Packard 5971A Mass Selective Detector and a

25  capillary HP-1 column. Separations by medium-pressure liquid
chromatography MLC) were performed at a flow rate of 120 ml/h by use of
a Jasco Model 880-PU intelligent HPL.C pump. The MPLC packing material,
Reversed Phase Silica Gel C18 (particle size 0.035-0.070 mm), was purchased
from Knauer Co. Punification by gravity column chromatography was carried out

30 by use of Merek Reagents Sitica Gel 60 (particle size 0.063-0.200 mm, 70-230
mesh ASTM).

Infrared (JR) spectra were measured on a Bomem Michelson Series
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*Procedure. Al reactions were carried out in oven-dried glassware (1200
under an atnosphere of nitrogen, unless as indicated otherw se. Acetone,

di chl or ompicdheune 79k, 4- di oxane, ethyl acetate, hexanes, and gEct/esoabydr of uran
were purchased from Mal li nckrodt Chem cal Co. Acetone was dried with 4A
nol ecul ar sieves and distilled. D chloronethane, ethyl acet ate, and

hexanes wer ied and distilled fr

t et r ahydr ofﬁ?‘gﬁ SREFEOTRIGE e@ﬁ%va‘éel gw?qr%{qp{gﬁeq ?f(?r??ge{)ﬁcﬁ‘ﬂpoatr% benzophenone
under an atﬁ@?ﬂﬁ%ﬁ@l@(ﬁl ah’é ﬁlﬂ;ﬁﬂﬂwn ABsddptiotinfasiiea itreorasd By #@s pur chased 10
from Fl uka 'Chem cal . -Di cycl ohexyl car bodi i m de

4- dio met hyl afnlhmmgamm@a;(o?sw;ﬁomnpmdnmw weaki. Braign lhé&iﬂ%@pécﬁnd pot assi um
‘ B
G et hy! ol JEE ARG derion bk e (B v H TPty S5SR Bced 1 om

Al drich sChesd Gidenfhd ﬂ-@mﬁi&@ﬁﬂéﬂy@)ﬁbﬁ&ﬁl@a&éﬁ%mﬁ%%ﬁ%ﬁeﬂhy (TLC) was

performed on precoated plates I"i ca gel F-254), purchased from Merck
Inc. Gas chst@mhlttbgiaabnn b3Nmsg@ﬁgwebtpmpdonné&mn@lﬂeé@(b(ﬂmpackard 5890

capi 11 ary cORRPTOomsic iRe e 6 Sl phehed S ar  er gas-and
the flow rafe?er\éﬁ’e%d‘f@me c%ﬁteis Qf'@i% %%ﬁ&thﬂxﬂﬂ?l)ﬁﬂ)ﬁﬁh{b acld@odidhglt on time (tR)

was neasured under the | ow ng conditions: injector tenperature 260C,
i sot her mal sioglahie 0. @epxpérMululpbclnss)ﬁe r@sdetdrhﬁhatf@lyxmpabeuatlw resol ution

eSS SPRCLT gl in AP RSRILY EpREd QAR ! § bRk AL 5P0 Series 11

nstrume (hertz). High-resolution mass spectra were obtained by means of a JEOL
JMS-HX110 mass spectrometer.
meso-1,4Bis[3,4(dimethyleminoacetoxy)phe 3S-dimethylbutane
Hydrochloride Salt (2). To a solution of NDGA (1, 12.81 g, 42.37 mmol, 1.0
15  equiv) and N,N-dimethylglycine (26.21 g, 254.2 mmol, 6.0 equiv) in
dichloromethane (250 ml) was added DCC (52.45 g, 254.2 mmo), 6.0 equiv)
and DMAP (5.176 g, 42.37 mumol, 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
20  under reduced pressure. Acetone (250 ml) was then added into the residue
and the resultant solution was bubbled with excess HCI (g). The precipitatem
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 (D70, 400 MHz)5 0.78 (d, T = 6.0 Hz, 6 H.2 x CH), 1.73 (m, 2 H. 2 x
25 CH),2.38(dd, J=13.2,9.6Hz,2 H. 2 x ArCH),2.78 (d4,J =132, 44 Hz, 2
H. 2 x ArCH), 3.03 (s, 24 H. 8 x CH;3N), 4.53 (s, 8 H, 4 x CH,N), 7.22
(m, 4 H. 4 x ArH), 7.29 (4, J= 8.4 Hz, 2 H. 2 x ArH); *C NMR(D-0, 100 MHz)
6 18.11, 40.82, 41.73, 46.75, 59.59, 125.79, 126.58, 131.63, 140.66, 142.47,
146. 11, 167.84; IR (KBr) 3461 (br), 2963 (m), 1777 (s, C=0) 1620 (m}), 1478
30 (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
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equi pped with a Hew ett-Packard 5971A Mass Sel ective Detector and a 25 .
capillary HP-1 colum. Separations, by nmediumpressure |liquid .
chromat ogr aphy (MPLC) were perforned at a flowrate of 120 mM/h by use of a
Jasco ModWO @38°Py intelligent HPLC punp. The MPLC packi ngPEBUEHI/ HIBT4
Reversed Phase Silica Gel C18 (particle size 0.035-0.070 nm, was purchased
from Knauer Co. Purification by gravity columm chromatography was carried

out 30 by usg.afaMir i&g'?&aé%ﬂ%o?\l ol 640368! ol 6PREE1£1251P I GaRod05oP63- 0. 200 MM
JInfrare JF@)

70-230 nesh AST spectra were measured on a Bonem M chel son

Series 4 k Xg NENNOROZHE . FCH. 4B N.431Y (FT1612R. Epenk Ky frbf78rH. 4.88; Mave
nunber s repojrégz%alr eQér eferenced to the polystyrene 1601 cm| absorption.
Absorption in il0ids are recorded by the follow ng abbreviations: s,

strong; m }ggzhm?ﬁisre&éﬁ%tha%gs aﬂi@’&b%ﬁﬁﬁi%%%fgﬂ%fﬁl@%ﬁ%?ﬁ on a Varian

Uni ty-400 ( spectr onet y use o0 as %ol vent “and

3- (t ri metShylsabétitbied mopmondids, additipnsleoiinondd lstbsisuted tempainds of tiedar d.

Car bon- 13 NNR spectra were obtgined on a Varian Unity-400 (100 MHz)

spect r onet erBBEALGE gappe Eiﬁﬁh%%zegol vent. Carbon-13 chenical shifts are
referenced to the center of the 3-(trinmethylsilyl)propionic acid, sodium
salt singlet (6 0.0 ppnm). Multiplicities are recorded by the foll ow ng
abbrevi ati ongxamipled, singlet; d, doublet; t, triplet; g, quartet; m

mul tiplet; J. coupling constant  (hertz)..H .gh-resolution mass spectra were

obt ai ned by Rah el MiNeandseyeralfben NDGA Arisetivpet Simsgalated KBV EJE;

meso- 1, 4RBi s| L. oet.nyl em noacet oxy) phe 3S-di net hyl butane Hydrochl ori de
Sal t (2;11!6 Tﬁgéé%gﬁ‘g "of NDGA (1, 12.81 g, 42.37 mol, 1.0

The effect of MyN and several other NDGA derivatives of
SP1-regulated HPV E¢E; promoter activity was examined using luciferase as
a reporter. The assay depends upon DNA transfection of the HPV16 LCR
(Py; promoter) fused to the luciferase reporter gene into C33A. cells by
15  calcium phosphate methods. C33A is a cervical tumor cell line (ATCC
accession no. HTB-31) that does not contain any integrated HPV DNA, but
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 (DMSQO) were
20  added to the cells. Thirty hours after drug treatment (so that the assay is
complete within the standard forty-eight hours for transient transfection B
experiments), the cells were lysed and specific luciferase activity was
determined (Luciferase Assay Systems, Promega, U.S. Pat. No. 5,283,179).
As the M4N drug concentration was increased the specific luciferase activity
25  decreased.
The results (shown in Figure 2) demonstrate that MyN dramatically
reduces Sp1 regulated transcription initiation at the HPV E¢/E; promoter in

luciferase assay.

30 Example 2
Inhibition of E¢/E; mRNA synthesis following M4N treatment
Inhibition of E¢/E; mRNA synthesis following MyN treatment was
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15 equiv) and N, N-di et hyl gl ycine (26.21 g, 254.2 mmol, 6.0 equiv) in

di chl oronet hane (250 ml) was added DCC (52.45 g, 254.2 nmol, 6.0 equiv) and
DIVAP (5 176 g, 42.37 mmol, 1.0 equiv). The reaction m xture was stirred for
24 h undewonhiiosegen at roomterrper ature. After dicycl ohexyaanea2m4s7she
reaction mxture was filtered off, the resultant solution was concentrated
20 under reduced pressure. Acetone (250 m) was then added into the residue

dth | t t |yt i b Th i pitat
one i csor v Teq Ry R TR Ml bl ind G R GHEE R iR T0e PreCLP I ote
tenperature gelqoﬂﬂe@w&h a&tﬁ&s gfto%ﬁ céﬁumm@m ﬁéacﬁrd‘i@édt% tBObdld i n 87% yi el d:

1H NWR (D20, 400 MHz) 8 (d H .2 x CH3), 1.73 (m 2 H 2
X 25 CH), 2n331b¢x$¢ouﬂteﬂ3Tm RG- P@R{p;odchaszamlyApmaz% Fgrestgel.) = 13.2, 4.4

2 e aBRe e e iro i by b ot 5 00,
S 18.11, 540, aﬁ%ﬂlﬁé& chHNA tﬁée J}_rré%teﬁ%xzejzfgﬁE'7 ?3%1%?a§§ﬁ6§ we}é’fo 66, 142.47,

146. 11, 167 IR ( KBr (br) 1620 (), 1478
30 (m), 137defented lﬂﬂﬂcﬁ()MS,O t‘rdz@ﬁ:l ¢alis as oa&xly MycleBBQoKa@pltﬁnaﬂlonl\/S (FAB) of (2-4

473 (47) 3863F8ye Padt v by Hlgpiablean eh%%&uéz"%%%mz?’%’zzi“‘ékﬁf?’
(FAB) of 17 C34H50N40s
542, 3628, 1 COnel s SRTa U Rl e NoApBRd RN b8, 76N 6. 00
N. 7.10; 0. detcted.foFthemd: texﬁ;;la&]PC?RcoxHrol@r&ﬁm futal RNASxtracts dfshe1. It will be
appr eci %ed _bégasw glela?lfﬁgst itution of other N Ndinethyl 5

substi t fhal amino acid substituted compounds of the
i nvention can be synt heS| zed. Exanple |

-

Example 3 ,
Inhibition of cervical C3 cell growth by MyN treatment
HPV-16 transformed immortal mouse epithelial cells (C3 cells) were
15 plated at a density of 10° cells per V1a1 After 24 hours, ¥ of the vials were
given growth media containing 40 uM M,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
20  division of the drug treated cells was markedly reduced in comparison to the
unireated control, while the fraction of viable cells compared to the total cell
count remained constant for both drug treated and DMSO only contro] cells.
This indicates that MuN dramatically reduces cell division.
The effect on C3 growth following removal of MyN from the medium
25  was also examined. C3 cells were plated at a density of 107 cells per vial. At
time=0, 2/3 of the vials were given growth media supplemented with 40 pM
M4N in 1% DMSO. The remaining vials were given growth media containing
only 1% DMSO. After 73 hours, ¥ of the vials that had received MyN in their
growth media were washed and media containing only 1% DMSO was added.
30  The other 2/3 of the cell vials were washed and replaced with the same media
admin_istered before. The results, shown in Figure 4B, indicate that the rate
of cell growth was not notably increased in MyN treated sample following the
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Ef fect of MAN and several other NDGA derivatives of SP | -regulated HPV .
E61E7 10 pronoter activity. The effect of MIN and several other NDGA
derivatives of SP 1 -regul ated HPV EGE7 pronoter activity was examn ned using
| uci f er asWOR08HWP eporter. The assay depends upon DNA tranBEBUSIBIH3740f t he
HPV 16 LCR (P97 pronoter) fused to the luciferase reporter gene into C33A
cells by 15 cal ci um phosphate nethods. C33A is a cervical tunor cell line
(ATCC accessi - B ot Rf%N% ] ' ated HPV DNA,
but has tf%ﬁ%‘%?itg?fu%ﬂ: a%%%lra’sﬁg%ggggglrag or g%@%%ﬁ{é%%ﬁragggi on of the HPV
early gene rglweotitdivisonesvtayaffeoits camaowgl Db the antsdoetitiapanwisninent dr ug
concentrations dissolved with the hel p of dinethyl sulfoxide (DMSO were 20
added to the cells. Thirty hours after drug treatnent (so that the assay is
conplete w tﬂ;{ia&ﬁigw standard forty-eight hours for transient transfection
experinments), the cells were |ysed and specific luciferase activity was

det ermi néd (AnabysfserfasBulds gane Kpsission in €8 esligiscfotd and afat 72 Ms.of5, 283, 179).  As
t he MAN drug, concentration was increased the specific luciferase activity

25 decr easedMetEeatogaly t s (shown in Figure 2) denpnstrate that MAN

d ticall - | priaR Ani B gt t the BPV
6/ £7. pr oot er CriY OEERPa HE8ssR £ HRNRoh Bhas il SLFREC O kol nwa
synthesi s f ahicataigs ddeh of peBt AERNA frofi 12 Hrs. VLN (40ERME FreaBdCsVONpesi s

foll owing MAN treatnent was 18 WO 02/089795 PCT/ USQ2/ 14374 neasured by
RT- PCR i n ceqngnendtreated|(Cy DMSQswagpseding a prr opbrman §600,gemea# add wi t h

QuANL T Lis§S  Gf 51082k iy bR RRHReHlrE ook B GEBbhics 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
color-forming enzymes in either single or dual-color mode is reproducible and

15  extremely sensitive (can detect <5 copies of transcript per cell with RNAs
from 107 cells).
The computer print outs showing differentially expressed genes (C;
M;N/C; DMSQ >10 and C3 DMSO/C; MyN >10) were listed for examination.
Image files in TIFF format and data files in MS excel format are kept on ZIP
20  diskette. Gene names and clone ID numbers are available for obtaining Image
clones for future northern blot confirmation. B
Among a group of genes that are either up-regulated or
down-regulated 72 hrs after MuN treatment, the following are those
specifically related to cell division and apoptosis. Several other cell cycle
25  related genes are also greatly upregulated in response to MyN. In addition to
cyclin-dependent kinase CDC2 (Example 11), for example:

Increase

Cyclin-dependent kinase inhibitor (1002
Apoptosis (APO-1) antigen (100X)

30  Death Domain Three DR; (100X)

20



nunbers counted. The RT-PCR product was anal yzed on a 2% agarose gel. The
results are shown in Fig. 3. The RT-PCR results indicated that the 5
anplified cDNAs of the expected size for E7 (321 bp) and E6 (204 bp) were
det ect ed wop ¢289THB0 treated cells as early as cycle 22 ofp@npkizfissgati on.
These sane products were barely detectable in the drug treated RNA extracts
follow ng 30 cycles of anplification. No anplified products were detected

for the no |.a P r,ol or fromtotal xtracts of the 10

BPV16- negat @@@@p&@?@mg Example 3 , Inkpflg@( ion of cervical C3 cell
growh by MAN treat mnent HPV-16 transfornmed i mortal nouse epithelial cells
(C3 cel |'s) Wwman Magp Kipassd at a density of 105 (4€X) s per vial. After 24
hours, V2 of the vials were given growth nedia containing 40 M MAN

di ssol ved i The% ibwEGgwkil lcgclt heated gtres alegrbatiyedevmyegdated iowsponsedi a

cont ai ni ng gnw % DMSO. The results are shown in Figure 4A. Wthin 24 hrs
a differencé® el norphol ogy between drug treated and control C3 cells
was obsegved. The growth and 20 division Ofreitbg dr uguhir@pdsed cells was _
mar kedl y reduced in conparison to the wuntreated control, while the fraction

of viabl e célychnslspendentikingsethe total cel I(%@ount re@med constant for both
drug treated,and Q@ only control cells. ,,JRis indigates that MAN

dranmati cal | %%%%ﬂﬁ%ﬁc Vi si on. The ef(gé"st on CSﬁ%fé)wt h fol |l owi ng
renoval of IHMHifer@mbicBR niEdirmticeh PO al $popxam nedigptl cel l's were plated
at a density of 104 cellsigper vial. At tinme=0, 2/3 of the vials were given

growt h nedi dupplBHaeatatad Apapitosi0ARD: MAN (FP4) % DVSO. 100 remai ning vial s

were given owth nmedia containing only 1% O After, 73 hours, V2 of the
vials tﬁgt ?ﬁé’(ﬁ%c@f’&@ﬁe MAN in their gr oé&ffﬁ’?l\rr/sdi a V\]té)fo °washed and nedi a
containing only 1% DMSO was added. 30 The other 2/3 of the cell vials were

washed and replaced with the sane nedia
At earlier time points, such as after one hour drug treatment, E¢/E;

level was found to be similar with those in control cells while after 4.5 hrs,
E¢/E; were no longer detectable by RT-PCR (10). Gene expressions with

15 9600 gene arrays 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

20  Targeting C3 tumor growth in mice by local injection of MyN "
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 p1-100 ul of MyN or

MN/G4N) (200 mg/m} MsN in DMSO, 200mg/ml G4N in PBS) showed
25  profound effect in tumor growth in animals, as shown in Tables 1 and 2, Fig. 6

and 7.
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adm ni stered before. The results, shown in Figure 4B, indicate that the rate
of cell growth was not notably increased in MN treated sanple foll ow ng it he
19 WO 0 210 8 9 79 5 PCT1US02114374 change to drug-free nedia, indicating
that MAN continues to significantly reduce cell division even after its
removal f PO ¥t racel | ul ar environment. Exanple 4 5 An&CHgiss2af37¢el | ul ar
gene expression in C3 cells before and after 72 hrs of drug treatnent. Cene
expression with 9600 gene arrays was studied (Fig. 5). Five mcrograns each
of poly A+ TFeble i+ MeNznd kil Effpsiion foowstnpf Single umqreDavriped and non-t r eat ed
(C3 DVSO m&ﬁwﬁéed in a pair of human 9600 gene array 10 hybri di zati on study
according to the procedure described in Genomcs 51, 313-3241998. The
hybri di zati on i nage was captured by a color video canmera with a N kon 55 mm
AF micro Niko lens and digitized by a Maci ntosh LC630 conputer. Such
detection via enzyne substrate reaction of color-formng enzynes in either
single or dual-color node is reproducible and 15 extrenely sensitive (can
detect <5 copies of transcript per cell with RNAs from 107 cells). The
conputer print outs showing differentially expressed genes (C3 MN C3 DVEO

>10 angiduse IMBCH G >10) VIR gmat for exanppation., i e files in
TI FF fornatqand data filg¢s in M excé or maf areP ﬁﬁFgcn Zf%ﬁgﬁmégkkette.
Gene nans dnd cP&d 1D punbers are avail abl ¢ fbesicolighi rli ng | mage cl ones
for future roer?ysq-ﬂsl ot | comyfii rnF::t.ayjon.rl éﬁ@gg ga,?faoqpc,ygﬁ %V?SDLJ‘@ 03%4
ei t her Ug=THyUt ag@Eao™—¢9q WmhEeotates o t-e—MAN It r eat nent e
foll ow ng arle those specEi ?I cally rel at g?xt olcell di 91'35i o¥-8and apopt8 s.
Several othgr cell cycle

2 DMSO 4.4x6x3.5 10x12x8 _ 1.56 — 196 20.5 —

- 3 DMSO 0.8x0.8x1 — 10.5x11x9 | — 114 {182 — 161
4 DMSO 2.8x3.825 —  18x11x9 —_ 29 176 —_ 20.2
Days 1-16

6 MJN — 9x8x5 — 0.2 — 19 192 —

7 MN — 6x7x7 — — 01 {182 — 204

11 M.N 1x1.3x1  9.5x10x9 — — 0 |195 — 202

14 MsN 3.8x3.8x3.5 8xIxB —_ G4 — 17 176 —

15 MN — Sxdxd ~ — 0.1 — 11849 200 —

16 M.N 28:2.8x2.8 9x6x4d « — 0 — 172 176 —

17 MN 232303 6x6x4  — 02+ — 473 -




25 rel ated genes are also greatly upregulated in response to MAN. In
addi.tion to cyclin-dependent kinase CDC2 (Exanple 11), for exanple:

I ncrease Cyclin-dependent kinase inhibitor (100X) Apoptosis (APO- 1) antigen
{(100X) 30 Death Domain Three DR3 (100X) 20 WD 02/089795 PCT/ US02/ 14374 5
10 Ras-r eWa3H81PDt ei n RAP- 1(60X) Human Map Ki nase(40X) TRETGOM&HHg cel |
cycle related genes are greatly downregul ated in response to MAN

Treat edUntreat ed Cyclin-dependent kinase 7(5% 100% Hurman cyt oki ne

receptor (2% 10Pgy ol i[ﬁ%{sati ng cell nucl ear anﬁi gen, PCNA(%% 100% Human
TNF-rel at ed Appp}1 Si s O2(i399 100% Cystei ne praotease( 7% 100% At earlier tine
poi nts, such ag arter gré hour drug treatnent, |E6/E7 |eve] was found to be
simlar wtlB thek in @ontriodx2sed| s ekiixce aftef 4_5 hrig--- ER{E7 were )
, longer detectaple by RT-PCR (10). Gene expressiijons with 15 9600 gene drrays
- can be repeated wth RNA isplated fromthese sﬂort-tirre treated cells (i
hour and 5 Hout¥WNin dfdler to farthefxgbn dewn [t He2 i ni tial| 1eel | uhgqy effects
, of the drug. Exanple 5
21 | MN G4N 1.8x1.8x1.8 9x10x5 — 02 — 173 192
22 I M. GN — x5 — — 0 {178 — 195
27 M4N G4N 2.5X5)Q.5 QXGXG — —_— 1 .am 20 -_— 20-7
28 | MN GN 2.8x2.3x2.8 5x5x4 0.17 — 1181 19.8 -
29 M N G.N 2.8x2528 5x6x4 —_ 0.2 18.8 — 196

*DMSO = Vehicle for Drug

** Taken on Day 15
*¥* T 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
25  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.
30 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
35  mice were sequestered as controls. Control mice received 50 ul DMSO
injected intratumorally daily. Experimental mice (10) received 50 pl MyN
dissolved in DMSO(200mg/mL). An additional 10 mice received M4N
treatrhents for 8 days followed by G4N treatments (50 pl, 200mg/ml in PBS)

daily for 8 days. Injections were made to several regions of tumor. Mice
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20 Targeting C3 tunmor growth in mce by local injection of MAN Thirty six

C57b1-16 NCR mice were injected with 5 x 105 C3 cells between the shoulders
on the backs of the mce. Twenty four of the mce developed tunors within
20 days. a0 éyosbTsecti on (50 pl-100 Al of MAN or MAN (AN) ¢20@somiawts VAN in

DMSO, 200ng/mM AN in PBS) showed 25 profound effect in tunor growh in

animals, as shown in Tables 1 and 2, Fig. 6 and 7. 21 3 WD 02/089795 W O
Exci sed Lesnasthe(izgd Waly ethér Papet2phahaiprier o injtNoand AN Ef fect on Growt h of

Single Tunors Developed in Mce Mouse 1 2 346 7 11 14 15 16 17
Table 2. M,N and G4N Effect on Growth of Treated Lesions in Mice

Carrying Multiple Tumors
Mouse | Treatment Period Lesion Size (mm) Wt Of Excised Lesion (g) Body wt. (g)
#
Days 1-16 Day 1 Day7 | Treated* Not Treated** Day 1 Day 24

9 M4N 1.3x5x0.75 Tx9x8 025 0.6 202 179

10 M4N 232523 9.5x10x8 0.1 29 17.5 221

12 MJN 2.52.52.5 BxIxb 0.11 1.82 17.8 20.0

Days Days
- 19 10-18

20 MN GN | 1.8x1.8x1.8  9x10x5 0.1 0.2 17 202

24 N GaN -— Tx9x6 0 17 17.2 208

26 MsN GyN Sx3.3x2.5 TXIXT 02 19 19.3 20.6

*Drug in DMSO was injected directly to the tumor regions
20 ** From adjacent tumors deprived of drug
Table 3. Toxicity Studies of G4N in Mice _
Group # of Route Treatment Days of Modtality
Mice -1 perday Injection

1 187.5mg/kg 3 Subcutaneous 2X 6 0/3
2 375mglkg 3 Subcutaneous 1X 6 QI3
3 750mg/kg 4 Subcutaneous X 6 1/4
4 375mglkg 2 v 2X 6 0/2

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

24
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Treatnment Period Days 1-16 DVSO* DMSO DMSO DMVSO Days 1-16 MAN MAN MAN MAN
MAN MAN MAN Lesion Size (mm) Day | Day 7 Day 21 3x8x3.3 - 5x7x4 4.4x6x3.5
10x12x8 --- 0.8x0.8x1 - 10.5x11x9 2.8x3.8x2.5 --- 18x11x9 -- 9x8x5 - --
6X7X7 1IxWErH0897%5x10x9 - 3. 8x3.8x3.5 8x9x6 - PCT/US02/14374

2 and 4, and 0.2 ml for group 3 per treatment were made for a period of 6
days. Experiments lasted seven days. Body weights were determined before
and after six days of injection. No significant weight changes were observed

during the experimental period.

All treated mice, controls (mouse numbers 1-4) and experimental mice

(mouse numbers 6, 7, 9, 10, 11, 12, 14, 15, 16, 17 MyN numbers 18-22, 24, 26-29
MyN/G4N) exhibited swelling. Measurements of lesion sizes were made by dial
caliper. Some mice experienced mild bleeding due to injection.

10  The treatment regimen and results were as follows:

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 MyN treated mouse (#7) has split open through which the “dried-out
15  tumor” fell out.
Day 14: Injection volume raised to 100 ul.
Day 15: One MyN 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
20  16: Four more M,N treated mice (#6, 14, 15, 16), three MyIN/G4N 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 fimors.
Day 21: Tumor sizes from control mice were measured by dial caliper.
25  Observation: The skin at the lesion sites of mouse #10 and #12 (MyN 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, MyN treated (£7, 9, 10, 11, 12) and
MyN/GyN treated (#18, 20, 24, 26, 29) were euthanized, dissected, examined and
30  weighed.
The effects of MyN and M4N/G4N on C3 tumor growth in mice are
summarized in Tables 1 and 2 and Figures 5 and 6. Table 1 shows the drug
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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
lesions from MyN treated and MsN/G4N treated were 0.142 and 0.51 g
respectively. Drug treated lesions consisted mainly of dried out necrotic cells
5  (Fig. 6). Tumors from the control group appeared homogenous and
contained actively growing cells. Table 2 shows the drug effect on C3 tumor
growth in mice carrying multiple tumors. In this study, drug was injected into
one of the tumors. The average weight of untreated tumors was 1.77 g while
that of MyN treated lesions was 0.15 g, Similar resulis were obtained
10 following MsN/G4N injection—the average weight of untreated tumors was 1.27
g, while that of the drug treated lesions was only 0.103 g,
The body weight changes of all mice during the entire experimental
period appeared insignificant (Table 1 and 2).

15  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
20  dehydrated through a series of graded alcohols and xylene and embedded in
paraffin. The paraffin tissue blocks were thin sectioned and stained for i
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
25  changes, high mitotic figures, spindle like sarcoma shape, and infiltration into
the surrounding tissue characteristic of cancer cells. In contrast, those tumors
receiving MyN treatment discontinued growth shortly after treatment began. They
demonstrate significant necrosis and areno longer viable. There is a small amount
of drug precipitate visible at higher magnification, and focal areas show chronic
30  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
treat:ﬁent as with the M4N treatment alone. However, since G4N is water-soluble, it
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Days Days 1-109-17 18MANGAN3x2.8x3 8x7x51.0"'18.8 -21.1

19MANANSXx5%x50. 218. 2 19. 9--- 21MINGANL. 8x1. 8x1. 8 9x10x50217. 3 19. 2-
22MANANIXx7x5017.9 -19.5 27MANGAN2. 5x5x2.5 9x6x61. 8"-20 -20.7

28 VANANZWEX2/B3P58 5x5x40.1718.1 19. 8- 29MANG N2. 8x2. 5x2. BCBKSRAG37318. 8
--19.6 *DVMSO = Vehicle for Drug ** Taken on Day 15 *** Lesion contained
nostly necrotic cells as also found in Iesions from nouse 6, 7, 11, 14, 15,

1r, 19, 21, .48 réagdt%'%!ﬁE € g%)a‘of of laft MEN. T §'e%§b%t&ft}1%f(§4NWBeHDuse #11

and #22 fol 'ow ng drug unors nouse #1, 2, 3,

4 cont ai ned ugasd)mtngmed;)}nsrgi&ioguyﬁw)aybEmm@'eleﬁEﬁiv@lmEeaﬁz@mmﬁs oflarge57b1- 16NCR
mce were injected with X 105 C3 cells/mouse. 30 Injections were 100 L
made subcut §HEbHUS ﬁeﬂﬁﬂ@éﬁ 9Md- shoul ders on the backs of the mice. Cells
~were suspended in lowsalt HBSS and suspension uniformty was naintai ned by
gentl e vortexing. 24 mce devel oped tunors. Their |esion sizes were neasured
. by dial 5calBxpeple These mce were shaved, weight and treatment begun (Day
1). Four 35 mce were sequestered as control s.. Control mce received 50 Al
DVBO i nj ect ddterrefi Ml wa s Y+l San infectionde Guiggatsg ni ce (10) recei ved 50 p. 1

MAN - di ssol ved | RpPMRC RORWAs Tdo tefd APR iR T 1l oG 1 8 VAN

infections in guinea pigs. Guinea pig skin was pinched with needles and
HSV-1 suppression was applied topically to infect each pricked area. MyN

10 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

with a 5=DIN needle. Two areas were infected with HSV-1 (HSV-C, culture
supemafant, or isolated HSV in saline, HSV-SC). The other four areas were

15 infected with HSV-SC. Fifteen minutes after infection, 30 pul of test
compounds (ABDS;, ABDS,, ACV and MyN (4N) in 60 mg/ml 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 § was taken at day 6 and shows the extent of HSV-1

20  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-M4N and HSV-ACYV). 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 MyN

25  (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 intraperitoneally, and as high as 375 mg/kg wl';en given

30 either subcutaneously or by IV (Table 3) (6).

27



treatnments for 8 days followed by AN treatnments (50 1, 200ny/ m

daily for 8 days. Injections were nade to several regions of tunor.

I n PBS)
M ce -23
Tabl e |

WO 02/ 089795 anesthetized with ether or metaphane prior to inject i on.
2. MAN and (AN Effect on Gowh of Treated Lesions in Mce Carry 7g
Ml ti pl e WOPB8Rbuse PCT/ US02114374 Body wt. (g) Days 1- 1’6@%(95%&@ 47
1Treated' Not Treated "  |Day |Day 24 9MANL. 3x5x0. 757x9x80. 250. 620. 217. 9
10MAN2. 3x2. 5x2. 39. 5x1 0x90.12.917.522.1

12|\/I4N2 5X2. Pxdmpx®x60. 111. 8217. 820. 0 DaysDays 1-910-18 20MINGANI

8x1. 8x1. 89x10x50. 10. 21720. 2 24MANGAN7x9x601. 717. 220. 8
26M4NG4N5x3M@f@mmixemgntmwnzwmé%n%m Per i od *Drug in DVSO was

g Losi on 5t ze AR PP AR pup o I FERREEAN RIS 5 L s ot

GAN i n M ce phaddsetérRDaibendtive aapaithiay SHMM i 8hydr¥phobic compound

5

10

15

20

25

30

and is exceedingly soluble in DMSO (200 mg/ml). Therefore only a small
volume of the drug solution is needed for injection in order to achieve
effective dosage of the drug. In the mouse study described in Example 5,
above, daily injection of 50 pl to 100 ul for several days was sufficient to
completely stop tumor growth in mice. There have been several previous
studies on the use of large dosages (30 ml IV per treatment) of DMSO for
treating diseases (21). The results were not conclusive (22). However, since
tens of millions of people have been safely tested with large amounts of
DMSO worldwide in the past, it appears that DMSO should be safe as 2
vehicle for drug delivery when only small volume of it will be used (23).

2) By injection in sifu, 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 M4N 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 Idays 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
M4N Treatment of Cells Blocks Cellular Proliferation
Our previous research on MyN indicated that it could inhibit viral

transéription by deactivation of Sp1-dependent promoters. Many mammalian

28

}



M ceper dayl njection 1187. 5nmg/ kg3Subcut aneous2X6013

' 2375nyg/.kg3Subcut aneous! X6013 3750ng/ kg4Subcut aneous| x6114 4375ny/ kg2l V2X6012
C57BL- 16NCR fenmale mice fromNCI were used in this experinment. 35

Tetragl ycw@b2/080®4 (AN) was freshly nade everyday in PBS POTASMEKATY at i ons

of 75mg/mM . Injections of 0.05 m for group 1, 0.1 m for groups 24 WO

02/ 089795 PCT/ US02/ 14374 2 and 4, and 0.2 m for group 3 per treatnent were

made for a [ %"‘Fé& I y wei ghts
wer e deter mpc(ra?géj?glg olrlegs al%?%)% 5 er gfé‘%‘%%ﬁg?é&g‘?&ﬁ%“gw’#%@“ﬁgﬁi ficant
wei ght changsdsckwheie trahseiptien Tidsihypughdsiyevaxpsed beatahinpgrthed. 5 Al treated

m ce, controls (nouse nunber? 1-4) and experjnental_ m ce_(nouse nunbers 6,
.7, 9, 10, 1mntgesliferativejeffect gf Myl¥ apanpyrnbes of diffegeisell fines. 3owog9  MaN N

exhi bi ted s ' . ' i Lal caliper.
Some i ce ongts PRiohFABINTEALE plenl Ritind KOBAERSe BV AT, o
.regi men and shewiltd fndwe¢ spatodioin ramBmalaycel8: (24 Thisweghaoweaaj n. Al mce

exhibited gromth up to two grans. Day 12: No treatnments made., Day 13: All
ni ce have r B8 cERIRHVEEd b blpskipg 9ne pEfusrateghe)oxygenstr dhesidditionsf  one MAN

treated nouse ( | PP | cdqrl ut 15 tunor”
fell out. m@‘aﬁd}oﬂmﬂ?ce%p#%%o vol un@rr)g#‘!‘g‘teé&%%%@ﬁg“%{éﬁ@g& One MAN treated
nmouse (#17) dbri@atiehiel,KNavedy estbdd daltures of the HPV-16/ras transformed C3 cell

line (26) to determine the optimal concentration required to imhibit

10  proliferation (Figure 9a). The cells respond well to MuN, ceasing division
after 72 hours over the range of concentration from 40 to 60 uM. After three
days at these concentrations the number of cells remained equal to the count
at the initiation of treatment (day 0, Fig 9). A more modest reduction in cell
growth was observed at lower concentrations of the drug and some cell death

15  was seen at concenirations greater than 60 pM.

The antiproliferative effect of M4N on the C3 cell line is not solely due
to the drug’s ability to deactivate the Spl-dependent HPV-16 E6/E7
oncogene promoter, as similar growth inhibition was observed in the HPV-16
transformed TC-1 cell line whose E¢/E7 oncogenes are under control of a

20  non-Spl dependent retroviral promoter(27) (Figure 9d). In addition, growth
of the C33a cell line (Figure 9c), an HPV-negative human cervical cancer cell
line, and the CEM-T4 line (Figure 9b), a hurnan leukemia cell line (28), was
also blocked by treatment with M4N. In the four cell lines that were treated
with the drug, nearly all (>95%) of the arrested cells were viable until the

25  concentration of MuN exceeded a “threshold” value (60 uM for C3 cells, 40 pM
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 cells exhibited no
increase in cell death after eight days of treatment with 40 uM MyN (Figure

30 %e).
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anest hesi a/ handling. The skin at the lesion site of #17 cracked with the.
"dried-out tunor" showing. It was dissected, and | esion excised and wei ghed.
Day 20 16: Four nore MAN treated mce (#6, 14, 15, 16), three MAN (AN '
treat ed nwoO2/08929, 21, 28) and one control nouse (#2) were BUL/EHS0Y133T,

di ssected and wei ghed. Renmining control mce (#1, 3, 4) were exam ned
non-invasi vely and were carrying tunors. Day 21: Tunor sizes from control
mce were iged y dial caliper. 25 Cbservation: The skin at the | esion
S|tes of nouse 0 and #12 (MAN treated regions) cracked with the

"dried-out thmI@rI'reﬂdmeMQ\hMtre%ﬂmG’DlPh&e#? skin recovered conpletely. The
experinment was termnated qn this date. remaining mce, MAN treated

(#7, 9, 10, 11, LIcednwas wﬁﬁrbdléaq’dﬂ%@édree&%ﬂwyasmo HetAtioRer e
eut hani zed, &i %ﬁ?ﬁ%ﬂbl &?&&ﬂﬁlar%fﬁ&%b&@ﬁ%lﬁ]ﬁ@#&g ts of MIN and

MAN AN on cé are ‘sunnmari ze es | and 2 and

Figures § arbﬁlmﬁmaﬁ@bbﬁcéll sthanged Weredised to ebn® eIt HR(EEIUS02114374
effect on C3 cell growth in mce carrying single tunors. The average wei ght

of four exc.cyéle whm)% cells ammest. Ceplisregpospdde for 72 beurs dgmanstraied ght s of
| f
Feapect i vel YRRl ALONA oottt iRl Gl (il 16a MM B d o1

cells 5 (Fi gbxuéﬁne ré@pﬁﬁie’ﬁ ﬁd&@geehhﬁm@wc@hn@cgwmpﬁmdmhﬂﬁmgﬁgmaﬁand
contai ned actively grovw/Mg‘| cells. Table 2 shows the drug effect on C3 tunor

growt h i n nithecdlrshgwig2/MPNApsanteminors. In this study, drug was injected
while fhat of ROl S FelEREvEat B Rt i CLRBI SR " ere obt ai ned
10 fol | owi ngmhBddiedtibdindt acthubin @-’@nﬁyﬁ@g@m(@b} wofe usBd tat ed tunors was
Ll determine the status of the centrosomes in the C3 cell line following 72 hours

MN treatment. As shown in Figure 11a, the centrosomes of MyN treated

cells are duplicated but still located next to each other in the nucleus of the

15  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 S

phase (29). A lack of chromatin condensation in the M4N treated cells was

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

20  cells have not moved forward out of G2 phase (30).

Example 11
Production of CDC2 is Inhibited by 40 pM MiN
Since progression of cells out of G2 is dependent on the production of
25  the MPF, the status of iis protein components was examined in C3 cells
treated with 40 pM M,4N. Asynchronous cells were grown for 24 or 72 hours in
media containing either M4N 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
30  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
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9, while that of the drug treated | esions was only 0.103 g. The body wei ght
‘changes of all mice during the entire experinmental period appeared
insignificant (Table 1 and 2). 15 Exanple 6 Drug treated (M4N) and DMSO
vehi cl e- t MQ0EBIWS untreated tunors (CON) fromtwo groupsPCR/UM2E3THEr €
prepared for histopathol ogy exam nation. The excised tunors were

I mredi ately fixed and then stored in 4% fornmal dehyde i n phosphate buffered

saline. The deahy rices of graded
al cohol s andﬁcﬁthﬁglﬁ/te21 %ﬁ%ﬁlgﬁéﬁﬁfﬁﬂce%%par aﬂ%iﬁ&nﬁgt}%gé gf%s%ﬁtollfssue blgocks
were thin sepﬁ&learﬁdoarﬂto&ta@amarycﬁmB (Bmmmﬁmwm&mﬂwmﬁlm@ﬂthm and eosin.

Hi st opat hol ogy studi es, s .that _the control tumprs were_upaffected by
. DVBO t r eat meWeStERAnALYHS; ‘2@& se GFISEY WaRsIipRGe by.éil hmyﬁ of My

nucl earl cyto amPi gh mitotic
figures, splﬁ%ﬁ%@ﬁég%@ %ﬁggp% &é&é{ﬁb&ﬁ |on I'n he surroundi ng
.tissue char aaitehsyﬁmlbmﬂgﬂmqmc@rcﬁogbfﬂwszpmama'esumﬁg)meﬂbws recei ving

MAN treat nent discaontinued gromh shortly after treatnent began. They
denpnstrat e 2GUYHY O Kecrosis and areno Ionger vi able. There is a small

anount of drug p %}% t nd focal areas
show chronic 30 |Qﬁfg @%gwma%ggﬁg%gﬁg hea n%ﬁé‘%[‘kes | eads to the
sheddi ng of @ ﬁ@entdﬁﬁmmdnptimmlgg&t faiuéﬂi@mﬂ(mcamﬁal\mlb&mgw results are

seen with M4 treatnent as with the MAN treat nent al one. However, since
&N is wat erP@Séllbolﬁ)méC wsnz@r{thw@cg@mefﬁb§2MPms®Jﬁmm1Swh spread to a

:\/ZrNgg;ngﬁg?s | ca%eﬁﬁd{ﬁg e e fﬂr iln\sl‘é&épeegebggpl ng { %‘]%l‘ ??orl gfgg \Ms}[ rz]es
(i.e. great efts épressidng tsi?ﬁroduced at normal levels while the CDC?2 protein, whose
- gene has two essential Spl sites in its promoter, is substantially reduced in
quantity. To test this hypothesis, northern blot analysis was performed on
RNA harvested from C3 cells treated with 40 pM MuN for 5 to 72 hours. As
15  shown in Figure 12b, the amount of CDC2 mRNA is reduced after only 24
hours treatment with M4N and nearly eliminated after 72 hours. Production of
the non-Sp1 regulated housekeeping gene GAPDH was used as an RNA loading
confrol, and its levels were not effected by 40 pM MN.
The use of the C3 cell line allows us an additional control for analysis
20  ofthe mechanism of M4N mediated cell cycle arrest since other Spl-
dependeﬁt gene promoters are also likely to be inhibited by MyN treatment.
This possibility was examined in C3 cells by analyzing the effect of MyN on
transcription from the Sp1 dependent HPV-16 E¢/E7 promoter. rtPCR
analysis of RNA isolated from C3 cells treated with 40 uM MN for 5 to 72
25  hours demonstrated a clear reduction in the levels of the E; 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 MyN reduces the transcripts of Sp1 regulated promoters.

30  Example 12
Inhibition of Sp1-Binding Activity by G4N in a Gel Mobility-Shift Analysis.

' Spl family proteins induce bends toward the major groove of DNA upon

31



5 Exanple 7 Effect of MAN on HSV-1 Skin Infection in Guinea pig The drug M4N
was also tested in inhibition of HSV-1 replication in skin infections in i
gui nea pigs. Quinea pig skin was pinched with needles and HSV-1 suppression

was appl i@@otz@?dﬁ Ily to infect each pricked area. MAN 10 ﬂ%ﬁg&ﬁﬁ%ﬁppl i ed

to the pricked infected area following infection daily for ays. Six areas
of bared back skin of a guinea pig were punched sterilely wth a 5=DI N
needl e. Two areas were infected with HSV-1 (HSV-C, culture _supernatant, or
i sol at ed HSWnimgd3B). dde zins\ingey domia of theebp k proteimsasepopaiple fosthient ect ed wit h

HSV- SC. Fi f ' r. 1 nf.actd 1 ( ABDS1,
nobs> Acy SRS B Bl &huclle S5 GBGCNIGR 3" Fidm CORRAMAORI (O 0 e
i nfected r eghadysinht was dt@mindd tigt G/NTEBe pRinodstyr d@ivativof NBYBA, ABDS1 and

ABDS2 were included as negative controls. The photograph in Figure 8 was
taken at dagowd & 2 plabls complex,widheuchra aguence intheragpr S2eVed n t he absence

of drugs: (HS\-C.. - ' r f ol ctive .drugs (HSV-ABDS1 ,
HSV- ABDSY) g%{ i E'Fﬁf]ﬁgﬁ*%% gélgr%lrép%f’gég ?‘ggﬁfx?fe%’d‘%ﬂr%é@fﬁ@-%&N and HSV-ACV). It
can be Seend.is?/l@éer,SWé peffofifeCSy 1l dnk@nter illeia2ti6n StudRks éh hepedseR®@ori N ar eas
treated by HSV-C, HSV-SC, HSV-ABDS1, HSV-ABDS2, while no blisters were

observed i nabseneecef@Nbyths gebmobilitrghifhanabwis usigs ey thedWNBrhindingnt s.

d t | ts t N b SV L.i ' tained in thi
model syst onPER ST B SR i 8 orkint R bR, aferr BoReBRBAAS 4 by no-
sheddi ng of of BEN Veré! Sirst inbabse@ it - el DNA 8ohEBRdingd Riffdrdbr 3(ani mal

studi es al so showed MAN to be non-toxic to mce at concentrations as high

as 300nif kgmin 230 ENA hindingedomain e& récpmbinsat 8pl pioggin £Sp13FE7INY/ kg when
given 30 ei %vgg ﬁeﬂ%ﬁg& 2 xﬁglft)la}/edo Yor ggdi{ignél E%%% iﬁ)the(pGrLs'engg of a large
- excess of BSA protein. In the displacement study, the recombinant SP1-167D
* was first allowed to bind DNA, G4N was then added at the second step of the
incubation. The G4N and Spl-167D concentrations and, the incubation and

15  gel electrophoresis conditions were identical in both stadies (experimental
section). As shown in Figure 13, in either case, G4N was found to be able
keep DNA from interacting with Sp1-167D protein. When only the DNA
binding domain of Sp! alone was tested, G4N appeared to be more efficient

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

20  enhancer, as shown by the gel mobility-shift analysis (Figure 13, A,B,D). We
have also examined whether the bound GsN can be replaced by Sp1-167D.

In this study, the inhibition of Sp1-167D binding by G¢N 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

25  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
30 Inhibition of Spl Regulated Tat-Transactivation of HIV Promoter Activity

by G4N.
As reported previously, methylated NDGA derivatives can block Spl
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MD 02/ 089795 PCTI US02/ 14374 Exanple 8 MAN for Cinical Treatnent using in
“situ knjection Administration of MAN directly into tunors as a drug delivery
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since enoughofodtedidthe OMVbomidié: driVER"Ta} Gert (BRISERA Taf.&mgefe oWt h,

continued injection of drug I's Gnnecessary a relative W treat ments.
| n t he nousdraasactiyatén mmﬁmr L’H@p&mdtmﬁvﬂy&hﬂaspmwﬁusmmwmao ee even after

di sconti nuat j n of ciions n,drug, is.d.rec t ar get ed,
tumor size SRV ﬁrhfmqﬁamefog WP&PS%%-\D@%‘%# unt Jof dF ug
Lo be ady n'tf)inc Goridi fidst opacen ARINEEINAALE APkl Glcs of a human

a nouse ones Irrel evant es, 20 ng/ day for
10 days wer dewaéuetdsdéB‘ﬁpstfbr&NMastmm@&ablatmﬂMbéB{(mmwthleID@Ae shoul d be no

reason to use a hj etha for tr atln t unor of
conpar abl e 2'142194 w 8& "g&) anG-pRIIEw, 2‘%1?}&6“ than that o tetra-%eﬁnyl W
MN (ICsp 11 pM). The differences perhaps are due to the chemical nature of
the test compounds affecting the drug uptake to the cells.
15

33



reduce the risk considerably in human trials. Exanple 9 30 MAN Treat nent , of
Cells Blocks Cellular Proliferation Qur previous research on MAN indi cated '
that it could inhibit viral transcription by deactivation of Sp 1 ’
- dependewoO pr/e8902%er s. Many manmmal i an 28 | WD 02/ 089795 PCROIAEHA48344 cel
cycle genes also contain essential Sp | pronoters and MAN may therefore

bl ock their transcription. This hypothesis was tested by exam ning the
antiprolifegati % gf fect of MAN on a nunber of different cell lines. Low
concentrations]¥ 6 [N of the parent conpound, ND GA, have previously been 5
shown to i nhhitdtiapoepSDEil amd BIVahPeldueatiorc®l Cal Cakhres BRiGNef f ect, however,

can be circunvented by bl ocking one of the catechal, oxygens or the addition

of a hydrophilicBg 1 pnfEX grorpiroviryess dhatirpgpireptagrationrmiohe NDGA
derivative %@%‘g%\%frﬁe {oeét%ﬁﬁetggtﬁhlr;}éepﬂéa%n%?ﬁa%lﬁﬁa\’ﬁéé§%ﬁ&gb§§&?Jc ged C3 cell

line (26) t rmne the concentrati’on require o inhibit 10

prolifersati for thdn proktralanscriptione eSp1spligspeditralvedie forGudl Bkprewbsmiing di vi si on
after 72 hours over, the range of concentration from40 to 60 pM Affer three

days at thethesebrroemtseashang anpmestadmticameds ekiramspapticaresdlaBends t he count
at the 101t ofiod ofERBISTY Hheeb At ¥hdbus lofiels asaniRESpIBA 93 edifpduct L on | 1

cell grow Seérve OWEr “concen 1'ONS 0 g afd sone cell

death 15 wife an€i@italadffeeDOOGIN, ¢ hoRsnli QPARY confifedie [GYIN ittt in
antiproliferative effect of MAN on the C3 cell line is not solely due to

the drug's Hibitieyof ST\ EREM X GEM eells vgth that gEHEY, deHP aeBs-Cellglacs/ E7 oncogene
pr onot e a 1: ]3] 1ol bitd S r i . BRV-.

t ransf ogomadﬁ’f‘i‘}-lﬂv'll:4 %fre(l}‘g\E Yﬁ])gsev\tﬁ;é chhyg)? %y‘é@en%lgog%%ga\éﬁgdr g% b ggg rlrﬁ'(lgz)lt))lrtllgs lr§ol of a
study, 107 174 x CEM cells were mixed with high titer stock of STVmac 239 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
15  freshly prepared stock and aliquoted separately and each to six wellsin a
column of one 96 well plate. Culture supermantants were collected every four
days post infection. (P.1.) and fresh medium containing appropriate
concentrations of the drug were added to the culture following supematant
collections. Viral production was assayed by a modified p27 core antigen
20  capture ELISA as shown (Figure 15). There was no SIV production detected
using G4N in concentrations above 5 CIM. At G4N concentrations below 2?5
CIM, STV production was detected (Fig. 15) in culture supernatants from 4t
and 8™ days post infected cultures as compared to viral production in the
absence of the drug. G4N (250 uM or less) showed no toxic effect on uninfected
25 174 x CEM cells, as determined by the MTT assay (34).
A similar experiment was also carried out for the study of inhibition of
HIV-1
by G4N in H9 cells. The H9 cells were subcultured at 1 x 10°/ml and were
infected with an AZT resistant strain of HIV-1(HIV-1RTMF). G4N in different
30  concentrations was added two hours after infection. Fresh medium change
was made every four days. Cell growth in the presence of G4N was monitored

carefully during the nine-day experimental peried. Viral production was
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20 non- Spl dependent retroviral pronoter(27) (Figure 9d). In addition,
‘growth of the C33a cell line (Figure 9c), an BPV-negative human cervi cal
cancer cell line, and the CEMT4 line (Figure 9b), a human | eukem a cell

i ne (28) wavagoseddsso bl ocked by treatnment with MAN. | n thepdpuso2e@sts | 1 nes
that were treated wth the drug, nearly all (>951/10) of the arrested cells
were viable until the 25 concentration of Nf 4N exceeded a "t hreshoW val ue

60 AM f C3 | , 40 AM f TC, | ls, ) LAD t
((:oncent r g{ i d‘}ﬁacyt%ﬂé%’ é&é‘é’ﬁfea?j’é‘%%? GQH%IP&QIE@‘?&%%&W)‘ é%&%fgvlgﬁ,égﬁiet ously.
I nt eresti ngl ypnc@fifabish o G@éll\dscdi‘ﬁ’ﬁ_llﬁg%‘ égﬁﬁglet?(?m r%’ﬁlﬁ:laﬁbﬁ inaevan, Ahter

prol onged exposure to tr81e rag. s exhibited no 1ncrease in cell
deat h after I€lsghf 12@yisCM G4Nefat thennhibition of BIIFM RENIE wagfovad. Bguige) . 29 WO
- 02/ 089795 PCJ/ US02/ 14374 Exanple 10 Cells Treated Wth MAN Arrest in &
Phase Once i'f'%%as established that cells treated with MAN cease

.pfO'ifer%tiowasyoeaetéc%mé{bﬂe@qge - a/ﬁbée@wﬁﬁutﬁé%g%e% nt and

fluorescence 5 exam nation o structures were used to determ ne the

poi nt in the(anébélowdpdldMphere the cells arrest. Cells exposed to MAN for 72
hours denonstrated increased G2/ M DNA content relative to the controls
(Figure I 0a-d). The nobst extrene responses were seen fromthe C3 and CEMI4
cell lines, in which >90% of the cells show G2/ M DNA content. 10 In order to
di stinguish petyaensan arrest in G2 or a mtotic block, antibodies against
a tubulin (green}?1 and 'y tubulin (red) were used to determ ne the status of

t he centrosopnes i C3 cell line faollowng 72 hour MAN treatnent. As
shown in Fi gﬁ&%ﬁtf NQ&%‘W@%W YOHES e\#zfiz?eﬁ?le%%@?’%éélﬂ s are duplicated
but still |ocated next to each other in the nucleus of the

10  Materials and methods

Cell Culture. C3 cells were grown as monolayers in Iscove’s Modified
Dulbecco’s Medium (GIBCO BRL) supplemented with 5% fetal bovine serum
(GIBCO BRL) and maintained in a humid incubator at 37°C in a 5% CO,
environment.

15 M_N Treatment. C3 cells (5x10°) were seeded in 150-mm plates and
allowed to attach to the plates. Twenty-four hours after seeding, cultures were
washed twice with PBS and treated with MyN dissolved in 1% DMSO mixed with
the growth medium.

——

Cell extracts and immunoblotting. Cells were lysed in lysis buffer _

20  containing 50 mM HEPES pH 7,250 mM NaCl, 0.1% (v/v) Nonidet P-40, 10%
glycerol, ImM DTT, and 50 ul/ml protease inhibitor cocktail (Sigma). Protein
concentration of the extract was determined by the Bradford assay (Bio-Rad
Laboratories), and then 50 ug of protein was separated by SDS-PAGE and
electrotransferred to nitroceliulose membrane (ECL). Membranes were incubated

25  with primary antibodies against Survivin (Santa Cruz Biotechnology) and caspase-
3 (Santa Cruz Biotechnology). Blots were then incubated with anti-rabbit biotin-
conjugated secondary antibody and then with Avidx-AP™ streptavidin-alkaline
phosphatase, and detected with CSPD® substrate (Tropix).

RT-PCR anaiysis. mRNA was isolated by the guanidinium thiocyanate and

30  phenol method from the cultured cells as described in Molecular Cloning (40). A

343-base pair RT-PCR product was generated by using the survivin-sense
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15 cell. Since centrosones separate during early prophase, it can be
concluded that these cells have not begun mtosis. In contrast, the ganm
tubulin staining of the control cells has the diffuse pattern
characteristic of GL or S phase (29). A lack of chromatin condensation in
the MAN treated cells was al so observed with DAPI staining (Figure 12b),
addi tional evidence that the 20 cells have not noved forward out of & phase
(30). Exanple 11 Production of CDC2 is Inhibited by 40 M MAN Si nce

progression of cells out gf & is dependent on the production of 25 the
MPF, the shganysleptidg premenr HGGATCORFAMGETRCAAS. ipegCiramBtheel | s treated

with 40 - r Qi ] . _growmn for 24 or 72 hours in nedia
cont ai ni %&%Neméﬁ%% ofﬁ%&ﬁ%lﬁ%ggm}gﬁ ?% DMSO al one. The cells were

har vest ed CGOGT AGUET TAEHIAGECHC TICIAAA CECI3UIGAPINH eérse andettesanal yzed by
western bl atting, I re | in the amount of CDC2 was observed 30
after 72 HBWP@?Q@%@&EW?éAEEF%%@%. However, |evels of cyclin B,
det ect od ByCATGRECTCTANTCACBATHMY Wk REIR JERRRIAIE38-MRE Palr RYNd 1O be

unchanged. These results Indicate that, under these conditions, the arrest
i s 30 WO BCRO8oM8SaRCTantsh mMRN A aliquets werekdatubatedrie 2 uhsaction pERrsi nce it has

been shown that qverexpressio p53_ 1 s.to.a decrease in cyclin B (31,
35y Cone PRIBAIEN T A HUATB TS PRASESE 78 € ABCD P AHIP USRS PUBY] nase
activity ywasscRplidH rRadtRA With MV'@Pr%nﬁEeQW% c-DNeRbIRRANLLs Oblatidl velela) . These
experinments s_updq‘gnrt the view that the drug 5 acts by inhibiting the
product i oamplifiedundenbe PeFoeanditions SHICHOTY seponds| HE fof 55 sasonds;, and of t he MPF.
Qur pregvi | oy t Lo | o bl ock Spl-
depen&gnt 9\2)"?‘; %F lll?’#lg?ltse g(l‘?l pt%%g‘st%g%éé}?s?oggh%ﬁe}éen&g?% NRNA | evel s as a
electrophoresis on a 1.8% agarose gel containing ethidium bromide and
photographed under UV. The bands were quantitated by Scion Image and the signal
intensities of the survivin PCR reaction products were normalized to those of the
GAPDH PCR products to generate a survivin gene down-regulation graph.
15 To determine whether the Spl-regulated survivin gene expression in C3 cells
is reduced by M4N treatment, we treated the cells with 40 uM MyN for 24 hours and
72 hours. As shown in Figure 17, treatment of cells with MyN resulted in a significant
decrease in survivin gene expression in a time-dependent manner. Treatment with 40
p2d MyN for 24 hours and 72 hours resulted in 65% and 80% reduction in survivin
20  expression, respectively. Untreated cells did not show any reduction in survivin gene
expression.

Survivin protein was also shown by immunoblotting to be downregulated by

72 hours of M4N treatment. This downregulation was dosage-dependent (Figure 18).

25  Example 16

Induction of Apoptosis with M4N treatment
Because our data showed that M4N resulted in survivin mRNA and protein

reduction, we investigated whether this reduction induces apoptosis since survivin has
anti-apoptosis function. As shown by immunoblotting of caspase-3 (Figure 19),

30  treatment of MyN for 72 hours resulted in caspase-3 activation. This activation
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possi bl e mechani smfor the decrease of CDC2 protein. This is consistent 10
with the finding that the cyclin B protein, whose gene does not require Spl
for its expression, is produced at nornmal |evels while the CDC2 protein,
whose gene has two essential Spl sites in its pronoter, is substantially
reduced i WO opaAISty. To test this hypothesis, northern blRET/HIRINM3T4S was
performed on RNA harvested fromC3 cells treated with 40 pM MUN for 5 to 72
hours. As 15 shown in Figure 12b, the amount of CDC2 nRNA is reduced after

only 24 ho ' - el [ 11- 3 2 hours.

Pr oducti on tﬁf(ﬁll(ﬁ hggﬁn%‘r%{%ﬁ&%s@gt ?ﬁl é\# g‘%%%ﬁ@%@%gﬂueh%g %%%gﬁ@%w%és used as an
RNA | oadi ng trearzdtwieh M,Bnd its levels were not effected by 40 M MAN. The use
of the C3 cell line allows us an additional control for analysis 20 of the

_ mechani sm of MAN nedi ated cell cycle arrest since other Sp 1- dependent gene

pronoters are also likely to be inhibited by MAN treatnent. Thi.s
possibility was examned in C3 cells by analyzing the effect of MAN on

transcription fromthe Sp 1 dependent HPV-16 E6/E7 pronoter. rtPCR analysis

of RNA isolated fromC3 cells treated with 40 MMIN for 5 to 72 25 hours
denonstrated a clear reduction in the levels of the E7 transcript (Figure
12c). GAPDH was again used as an internal control in this experinent, and
its levels were unaffected by drug treatnent. These results provide

addi tional evidence that MAN reduces the transcripts of Spl regul ated
pronoters. 30 Exanple 12 Fnhibition of Spl-Binding Activity by AN in a Ge
Mobi lity-Shift Analysis. Spl famly proteins induce bends toward the najor
groove of DNA upon 31 WD 02/089795 PCT/ US02/ 14374 binding (33). The zinc
finger domain of the Spi protein is responsible for the binding of the GC
Box sequence 5'-GEGEECGEGG 3'. From conput ati onal
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analysis, it was determ ned that AN, the am noester derivative of NDGA, .
could forma stable conplex with such a sequence in the major groove. Top 5
determ ne whet her (AN can serve as an Spl bl ocker as well as an Spl

di spl acerwowenopemws or med Spl / enhancer interaction studies ipct/euprsgmence or
absence of (AN by the gel nobility shift analysis using only the DNB bi ndi ng
domain of Sp I for testing. In the bl ocking experinent, different
concentrations of (AN were first incubated with 32P-1abelled DNA in the

bi nding buffer for 30 10 m n at 25C. DNA bi ndi ng domai n of reconbi nant 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,

t he reconbi nant SPI-167D was first allowed to bind DNA, (AN was then added
at the secobRafaétmpes oficd hereini are lifted below foheort>éhicanel aiipare hé®Byconcent r at i ons
and, the_incubation_and 15 gel el ectrophoresis conditions were identical in
both st udli e@@%é"ﬁﬂ%ﬁﬁ?fﬁem%ecti on). As shown in Figure 13, in either case,

AN was fourd a : | y gt @&-2%67D pr ot ei n.
When only tE'e ng’ﬁjﬂggﬁ%l n oekgﬁlérg%%gﬁ&gg@tﬂé@tde}ﬁ "appeared to
be nore effici &fture)344d50p508 €1890). of t he bound Spl than bl ocking Spl from
bi nding to the_20 enhancer,..as shown_ by the gel npbility-shift analysis

(Figure 13, 4, ﬁ?‘éﬁs.F-‘@@dIP@v@e‘é{P%F&@ﬁ#ﬁ&a g{He? ¢ EZMund N can be
| d by S | i : " a1 =Y - Of1: -167D bi ndi b
GIN was 111 st dXEfins s Clahofif BY Dt UEp Brodk s Eradl 270, 21 00,2,

and 5). 1pWhen t MakeAdidaoUel] 66 2ppi42@90)s chal | enged with addi ti onal
Spl - 167D, we_ observed a dosage 25 dependent increase of the band intensities

of the Spl - 157Ba8R Sofpll &yoleRagylation of thrdduman pdeZbreailhaEMBE di spl acenent
oL i oy SoL S5ielaprApeotiat o, Bxarple 13 0, 1h bition of S
4. Morgan, D.O., Principles of CDK Regulation. Nature, 374, 131-
134.(1995.)
15 5. Murray, A.VV., Creative Blocks: Cell-cycle Checkpoints and Feedback
Controls. Nature, 359, 599-604 (1992).
6. Kao, G.D., M. W.G., and R.J. Muschel, p34(Cdc2) Kinase Activity Is
Excluded From the Nucleus During the Radiation-induced G(2) Arrest
in HeLa Cells. J. Biol. Chem., 274, 34779-34784 (1999).

20 7. Hwuy,J. R, Tseng, W. N, Gnabre, J., Giza, P. and Huang, R. C. C. Antiviral
Activities of Methylated Nordihyd roguaiaretic Acids (I) Synthesis, Structure
Identification and Inhibition of Tat Regulated HIV Transactivation. J. Med.
Chem. 41:2994-3000(1998).

8. Gnabre, J. N, Brady, J. N., Clanton, D. J., Ito, Y., Dittmer, J., Bates, R.

25 B. and Huang, R. C. Inhibition of Human Immunodeficiency

Virus Type 1 Transcription and Replication by DNA
Sequence-Selected Plant Lignans. Proc. Natl. Acad Sci U.S.A. 92,
11239 (1995).

9. Chen, H., et al., Antiviral Activities of Methylated Nordihydroguaiaretic

30 Acids. 2. Targeting Herpes Simplex Virus Replication by the Mutation

Insensitive Transcription Inhibitor Tetra-O-Methyl-NDGA. Joumal of
Medicinal Chemistry, 41, 3001-3007 (1998).
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by GAN. As reported previously, nethylated NDGA derivatives can block Spl 32
‘WD 02/.089795 PCT/ US02/ 14374 binding to the enhancer sites of a variety of
viral promoters including HV, |1CP4 of HSV, E6/E7 gene of PIPV (8, 9, 10).
Ve furtheWw®ezos9dss he AN effect on the Tat-transacti vati BaTas0244¥74r onot er
activity in Cos cells by the SEAP assay as previously described. Basal

| evel of the HIV LTR driven SEAP. 5 expression was previously found to be

barely det ec C?r%lcﬁhﬁb‘inoJQPﬁﬁm 5@“@ (rﬂ%sdT ecl &, NCrease in SEAP

expressi on Wer e cotran pronoter driven
Tat gene (8) S:hq:lnesiam hjrrNotdmydidgaaaﬁmhlAm Phant Dignth BetivMived R pr onot er

activity was previq wn_t S regulated (7, 8). In the presence
.of AN, we obse‘?‘l?;té‘ﬂrai ‘E‘vi% @f%—ﬁz@oﬁb transactivation in a dose-dependent

fashion (Figy ) ,ﬁg : . M for AN was
conpar abl e to 2&)% 134 gkgné?ﬁy?&wa&o%% %ﬁ%#gg‘gégégﬁﬂ)s and sonmewhat

_hi gher than th&bl‘ﬁfhlﬂlﬁ‘bﬁ&fm Hy IANDEAl RedVBB 144G5Q452 (1997).The differences
perhaps are due_to the chem cal nature_of the test conmpounds affecting the

drug upt ake ¥ @II*?@T%@I} Ns ltog ¥, 3d2.00 20 15808.05. EFPUEdsalausel Exanpl e 14
I nhi bition of %H@'rﬁdlgiwf\fx %O%BQH&&TH S?ldouﬁék‘bﬁi‘[% by AN. Both H V-1
at e

and SIV are retroviruses require |n egration Int host genone to

conpl ete their Clepattipby, J. m@nﬂegymgwess transcription factors 5 for
their proviral transcr :}'\Etlons ays a central rol e for such expression
}a%ﬁ

in these twoldi Opaes, bbb HwpgaR- ReBnBuers, Jnlodealdsr, $5 anscri pti on
regulatign. In yrajcomson, M. E. and McClure, K. 1. (1995) Characterization of

Anti-HIV Lignans from Larrea Tridentata Tetrahedron 51, 12203,

- 14. Honess, R. W, and Roizman, B. (1988) Regulation of Herpes Virus
Macromolecular Synthesis. 1. Cascade Regulation of Synthesis of Three
Groups of Viral Proteins. J. Virol. 1974. 14, 8.

15 15, Courey, A. ], and Tjian. R. (1988) Analysis of Spl in vivo Reveals
Multiple Transcﬁption‘ Domains. Including a Novel Glutamine-rich
Activation Motif. Cell 55, 887.
16. Some of the Spl-regulated cellular genes: Sartorelli, V.; Webster, K.

A.; Kedes, L. Muscle-specif-c expresison of the cardiac alpha-actin

20 gene requires myoD 1, CarG-hox binding factor and Spl. Gene Dev.

' 1990, 4, 1811. Dailey, i., Roberts, S. B.; Heintz, N. Purification of the

histone H4 gene-specific transcription factors, H4TF-1 and H4TF-2.
Gene Dev. 1988, 2, 1700. Means, A. L.; Farnham, P. J. Transcription
initiation form the dihydrogolate reductase promoter is positioned by

25 HIP-1 binding at the initiation site. Mel. Cell Biol. 1990, 10, 653.
Abravaya, K.; Phillips, B.; Morimoto, R. 1. Heat shock-induced
mteraction so heat shock transcription factor and human hsp70
promoter examined by in vive footprinting. Mel. Cell Biol. 1991, 11,
586. Leask, A.; Rosenberg, M.; Vassar, R.; Fuchs, E. Regulation fo a

30 human epidermal keratin gene: Sequences and nuclear factors involve
din keratinocyte-specific transcription. Gene Dev. 1990, 4, 1985.
Desj ardins, E.; Hay, N. Repeated CT elements bound by zinc finger
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anticipation of using SIV infected rhesus nonkeys as ani mal nodel for
testing the antiviral effect of GAN, we have studi ed and conpared the (AN
effect in inhibition of SIVin 174 x CEMcells with that of HV in HO
cells. CeWQUR28897® toxicities of AN in these two cell |inRETAHBIRI4AT4SO
exam ned. For SIV inhibition study, 107 174 x CEMcells were m xed with
high titer stock of SIVmac 239 at 37C for two hours and then washed tw ce

with cold PBS Q,?‘%r VAN . ensi on was
al i quoted int o%iﬁsﬁﬁﬁgﬁéﬁ?@eﬁggwﬁ %ﬁg]tﬁeég&%ertlg@én%gﬁgent rations of
t he GAN sol uti omsymwer enymsienfotanMeb Jelld3ibl. y 993, 63a52H0. Sanclezald al | quot ed

separately and ea to six wells in a columm of one 96 well plate. Culture
supemant ant s vve]?’é%g%l}slleé)ﬁ@@névr@r@ Gaoperatign by stepdreguipteEY i on. (P.1.) and

[resh edi um contaLAl AeARNE B0 Ahe SpPARRRLEAULEORoPloyl Bufifug ver e added

to the culture oW ng ernatan colTectrons. Viral uction was
assayed py a nofpdprewdirpddeptor genanlk BisinCREm CEAMSUL R0, B A @naigirpwn (Fi gure
15). There was no SIV production_detected using N in_concentrations above

5 COM A GN cBrivehtioataingmD. del Goprtols S. & undpux, s dliBopsratads det ect ed
(Fig. 15) in cukf Eégc%g&\%lrg‘gﬁtégﬁfghﬁéﬁmf&iﬁﬂ HRding site 92 Sl | nf ect ed

cul tures as conpar onin sence o he drug. (AN

(250 M or | ess) trafsemptomforinptbtichdranhe @ondptomiota! MbL2BeNBiok CEM cel |'s, as
determ ned by the MIT assay (34). A simlar experinment was al so carried out
for the study ol93%haPpl&lilon of HV-1 by GANin H9 cells. The H9 cells were

bcul t yg ed -t 195/ i nf ' jstant strain of
rve (e Rt Y BRG & afimdl SR, ENYOSREEE o honr  ©
after infectionHuEraﬁﬁ'%Fﬂbﬂimm&mgﬂsmseﬂaaﬁc&ie@uyaﬁs@mvadaus. Cel | growth

in the presence of AN was nonitored  carefully during the nine-day
experi ment al pefid Brangforryation Benstionshimiias tgkhose of Adenovirus E/A. Cell

53, 539-547.
18. Greenstone, H.L. Nieland, J.D., DeVisser, K.E., DeBruijn, M.L.,
15 Kimbauer, R, Roden, R.B., Lowy, D.R., Kast, W.M. and Schiller, J.T.
(1998) Chimeric Papillomavirus Virus-Like particles Elicit Antitumor
Immunity Against the E7 Oncoprotein in an HPV16 Tumor Model.
PNAS 95, 1800-1805.
19. Feltkamp, M.C., Vreugdenhil, G.R., Vierboom, M.P., Ras, E., Van der
20 Burg, S.H., Schegget, J. Ter, Melief, C.J.M. and Kast, W.M. (1995)CTL
Raised Against a Subdominant Epitope Offered as a Synthetic Peptide

Eradicate Human Papilionavirus Type 16-induced Tumors. European
Journal of Immunology 25, 2638-2642.
20. Feltkamp, M.C., Smits, H.L., Vierboom, M.P., Minaar, R.P., B.M.
25 Drijfthout, I.W., Schegget, J., Melief, C. and Kast, W.M. (1993)
Vaccination with Cytotoxic T Lymphocyte Epitope-Containing Peptide
Protects Against a Tumor Induced by Human Papillomavirus Type 16-
Transformed Cells. Eur. J. Immunol. 23, 2242-2249,
21. Jacob, S. W, and Herschler (1986) Pharmacology of DMSO. Academic
30 Press, Inc.
22. Jack, C., and Torre, de 1a (1983) Biological Actions and Medical
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WO Q2/ 089795 PCT/ US02114374 assayed by a p24 core antigen capture ELISA. As
‘ shown, (Figure 16), GAN concentration of 80 CIMconpletely inhibited HV
teplication in HO cells. An [Csa of 12 pMCIM (AN for the inhibition of

H V-1 RTMwowzosboasnd. Again, there 5 was no detectabl e t orR€T/USO2/ 14574
uninfected H9 cells within the range of the assay (and bel ow 250 AM.
Exanpl e 15 Effect of MAN Treatnent on Survivin Gene Expression in C3 Cells

10 Materials an ods I e, r r . | ayers in
o couer s bdi 1R ‘%1%88%@5%‘61@@3@(%%%@8&%&%‘8 S SicBEe s NBY 5% ot al
bovi ne serum (@BEPIBRL) and naintained in a hunmid incubator at 37Cin a 5%
CO2 environnent. 15 MAN Treat nent. cells (5x106) were seeded in'150-mm

c3
. plates and 28} | TRiEaRaCoS -t M@Ke%gh-%%m@feié%ardmweh&-@m) Ihsethyl af t er
di ng, | , ] .Lh. P i {h MAN di | ved
Sesu e ol S o LSEIRY AOU AT P o 0 ol v

_Cell's wese | ysedcat $oyail52paBfer 20 containing 50 mM HEPES pH 7, 250 nM Nadl ,

0.1% (v/v) Nonidet P-40, 10% glycerol, 1nM DTT, and 50 Id/m protease
i nhi bi tor c@éktRBiswal, § Hnet)al., Plusateione Qxadetiontand Miserberdridle extract was

determ ned by t adf.ord Bi di.. L ral okl es), . and .t hen 50 of

protein was gepﬁ@%ﬁ%@%@%ﬁ@{sﬁgfﬁg)rdd%}’(ﬁgg?aééfg{l%g?@dm? ceﬁli trocell gl ose
merbrane (ECL) . AYplsiie $.ip¥akeerabs-derdiat F5. 12 ClsPThaesly Santssbpdi es agai nst
Survivin (Santa uz Bi otechnol ogy) and caspase- 3 (Santa uz

Bi ot echnol ogy) . 8Bi(3#0).ere then incubated with anti-rabbit biotin-
conj ugatgd sReogdaty R B AWelbl The ekl O¥ NSKFRYASHAAGRS Ay n-al kal i ne
and Related Lignans on Formyltetrahydrofolate Synthetase and
- Carbodylesterase. Biochim. Biophys. Acta, 788, 167-180 (1984).
29. Feltkamp, M.C.W., et al., Vaccination With Cytotoxic T Lymphocyte
Epitope-containing Peptide Protects Against a Tumor Induced by Human
15 Papillomavirus Type 16-Transfromed Cells. Eur. J. Immunol., 23, 2242-2249
(1993).
27. Lin, K., et al., Treatment of Established Tumors With a Novel Vaccine
That Enhances Major Histocompatiblity Class II Presentation of Tumor
Antigen. Cancer Res, 56, 21-26.(1996.)
20 28. Foley, G.E,, et al., Continuous Culture of Human Lymphoblasts From
Peripheral Blood of a Child With Acute Leukemia. Cancer, 18, 522-
529(1965).
29, Shiebel, E., Gamma-Tubulin Complexes: Binding to the Centrosome,
Regulation and Microtubule Nucleation. Current Opinion Cellular Biology,
25 12, 113-118(2000).
30. Marsden, M.P.F., Laemmli, UK., Metaphase Chromosome Structure:
Evidence for a Radial Loop Model. Cell, 17, 849-858 (1979).
31. Taylor, W.R,, et al., Mechanisms of 02 Arrest in Response to
Qverexpression of p53. Molecular Biology of the Cell, 10, 3607-3622 (1999).
30 32. Innocente, S.A., et al, p53 Regulates a G2 Checkpoint Through Cyclin
B1. Proc. Natl. Acad. Sci USA, 96, 2147-2152(1999).
33. Sjottem, E.; Anderson, C.; Johansen, T. Structural and Functional
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phosphat ase, and detected with CSPD(r) substrate (Tropix). RT-PCR analysigs.
MRNA was isol ated by the guanidi niumthiocyanate and 30 phenol nethod from °
the cultured cells as described in Mlecular Coning (40). A 343-base pair -
RT- PCR prwduniseves generated by using the survivin-sense 3pcpiukeonet eoti de
priner 5' - GCATCGCCACCTTCAAGAACTGECCC-3' and the survivin- anti sense

ol i gonucl eotide prinmer 5 - CGGEGTAGICTTTGCAGICTCTTCAAACTC-3'. GAPDH sense and

STCATOAGRECT TOREAPRE! SN BB THE TG GEE Sowi Damerplion Faders . po

product as a coubl ®ie., dENAoaLI0Y w bs7ywere i ncubated in 20 Al reaction buffer
containing 1 U or rRNAsin and eat 75 Cfor 5 mnutes foll owed by

reverse transd/ption reaction with MWLV (Pronmega). The c-DNA products

obt ai ned we i fie der the P ndi tjons: 55C for 55 seconds, 60C
for 55 seco %‘gs\@e& 8W16)§2 ?e&rklgme ﬁ%ecgﬁ‘f GB%P&F@S‘ %}T\%IPCR products were
separatef by & RN NGES SubiB-Fortha i A437 T8RN A#hfel ng et hi dium
brom de and pho('fsgltgraphe((j3 under UWV. The bands wer e q%}g&%l tated by Scion

| mage and the ﬁﬁﬁﬂ‘&d Arppiicetisi toi lighedfiux Beresning of ByntReiR arehbatfural pr oduct s were

normal i zed to t t DH PCR ro r a survivin gene
down-regul ati o ¥°r1‘§[%§)%g %gmfdﬂﬂ@ggﬁ% %géh ated survivin
gene expressi ong70 g6y s is reduced by MAN treatnent, we treated the
cells with 40 g n_;g @@1@ b24 hours and 72 hours. As shovvn in Figure 17,

treat nent o035. cd]aLE andt AltIiND: @5 Wrdrscriptional aviatysisf ofdamian stedivimageaei n sur vi vi n
gene expression in a tige-dependent ner. Treatment with 40 p2d MAN for
24 hours’ and 7F*REFFETr ¢30FRCEH r} :ﬁ‘ﬂ'@g%gﬁﬁagwgyreducti on in survivin 20
expr essi on, 3¢ espegt e rg%,], %ﬁﬁ@ny reduction in
survivin ge'?lée S]%xgrégg){%lﬁ ugvﬁi&?g?agé‘ég@ogtdim {s%tc))p own by i nmmunobl otting
t o be downr equl Gharakctlmization of Locus and Transcriptional Requirements of Basal and
Cell Cycle-dependent Expression. Cancer Res. 59,3143-3151 (1999).
37. O’Connor, D.S. et al., Proc. Natl. Acad. Sci. (US) 97,13103-13107 (2000).
15 38. Grossman, D. et al., Proc. Natl. Acad. Sci. (US) 98,635-640(2001).
39. Studzinski, G.P. (ed.}, Apoptosis, A Practical Approach (1999), page 10.

40. Sambrook and Russell, Molecular Cloning, 3™ ed.(2001).
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7 2 hours of MAN treatnment. This downregul ati on was dosage- dependent (Fi gure
18). 25 Exanple 16 Induction of Apoptosis with MAN treatnent Because our
data showed that MAN resulted in survivin nmRNA and protein reduction, we
ir-nvesti gated whet her this reduction i.nduces apoptosis since survivin has
anti-apoptosis function. As shown by inmunobl otting of caspase-3 (Figure
19), 30 treatnent of MAN for 7 2 hours resulted in caspase-3 activation.
This activation 36 WD 112/089795 PCT/ US02/ 14374 woul d be expected to result
in an increase in an increase in apoptosis in cells treated with MAN. 37 WD
02/ 08979 /éf%%ﬁ 3 hted herein are |isted bel ow for
convenieﬁ%@ggg aré*ﬁ%?éﬁ@‘i%§%$%§g§¥gﬂ by reference. 1.Nurse, P., Universal
Control Nechani phirRegutiedlicompEiten farfreMuihatenorNaidplgrmaeenticd03- 508 (1990) .
2. Fang, F. and J.W Newport, Evidence That the :S and &-M 10Transitions
Are Cont Fompesition comprsingan effsgtive WB’t‘@i‘)Eé CPWPPP%G%L@EB@% yotes. Cell, 66,
731-742(1991). 3. Dalton, S.;; Cell Cycle Regulation of the Human cdc2 Gene.
The EMBO Journal, 11, 1797-1804.(1992.) 4. Mrgan, D. O, Principles of CDK
Regul ation. Nature, 374, 131- 134.(1995.) 155. Murray, A W., Creative

Bl ocks: Cell-cycl e Checkpoints Feedback 6. Controls. Nature, 359, 599-604
(1992). Kao, G D., M w G §E: schel, p34(Cdc2) Kinase Activity Is

wherein Ry, Rz, R, and R4 independently represent —OH, -OCH3, -O(C=0)CHj, or an
unsubstituted or substituted amino acid residue or salt thereof, but are not each -OH

simultaneously; wherein the effective amount is any amount greater than 0 uM.

2. The pharmaceutical composition of claim 1, wherein said tumor is present in a
mammal, |

3. The pharmaceutical composition of ¢claim 2, wherein said tumor is malignant.

4, The pharmaceutical composition of claim 2, wherein said tumor is benign.

5. The pharmaceutical composition of claim 2, wherein said tumor is selected from

the group consisting of papilloma, teratoma and adenoma.

6. The pharmaceutical composition of claim 2, wherein said tumor is a solid tumor.
7. The pharmaceutical ¢composition of ¢laim 2, wherein said mammal is a human,
8. The pharmaceutical composition of claim 2, wherein said tumor is derived from

transformed cells.
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Excl uded From the Nucl eus During the Radiation-induced (2) Arrest 207.in
‘HeLa Cells. J. Biol. Chem, 274, 34779-34784 (1999). Hw, J. R, Tseng, W
N., Gnabre, J., Gza, P. and Huang, R C. C. Antiviral Activities of

Met hyl at ed Nordi hyd roguai aretic Acids (I) Synthesis, Structure

I dentification and Inhibition of Tat Regulated H V Transactivation. J. Med.
Chem 41:2994-3000(1998). 8.Gnabre, J. N, Brady, J. N, danton, D J.,
lto, Y., Dittner, J., Bates, R 25B. and Huang, R C. Inhibition of Human

| mmunodeficiency Virus Type 1 Transcription and Replication by DNA
Sequence- Sel ected Plant Lignans. Proc. Natl. Acad Sci U S. A 92, 11239
(1995). 9.Chen, H, et al., Antiviral Activities of Mthylated

Nor di hyd®? ogua"ll'htv pharma%wlc&kmmp@ﬂtwaloée]@lmé whaepiassas) seppekndis us Repl i cati on

by the I\/U aI n sensi. Tr ans nhi bit O Met hyl - NDGA.
Jour nal ‘#E‘ﬁPg&H rﬁ\{i 'y"“%%’?m% ‘i“‘é‘géifxflﬁﬁﬁgﬁr.“%ﬁv\o 02/ 089795

PCT/ U502/ 14374 10. Craigo, J., et al., Inhibition of Human Papil | omavirus
Type 16 Gene Expression by Nordi hydrogual aretic Acid Pl ant Lignan
Derivati V@s. Thepharimaatutivel@mpmhitiod bf clbém Igwheei0Rid &ripierBabagirikt isM ni

Revi ew. Cel | ul ar ors as Alternative Targets for inhibition of HV- 1.
Ant i vi r afimgthy] S‘é@mﬁéa -1452 (1997). 12. Gnabre, J. N., Ito, Y., M. Y.
and Huang, R C (1996) Isolation of Anti-H V-1 Lignans from Larrea
Tridentate by Counter-Current Chronmatography. J. Chromatogr. A 719, 353.
1013. Gnabr e, T8e phhrmakkiaitgl cdﬁlpo@ition%f&ﬂsalm@ viereilsuidh sompoundl is tefiat@er , S.

Mal conson, M E. and McCure, K J. (1995) Chﬁl C?Ct erizati o of
methyl nordihydroguaiaretic acid or tetraglycmyl nordihydroguaiaretic aci

- 12. A pharmaceutical compositiop for suppressing Spl regulated promoter activity in
a cell comprising tetra-O-methyl nordihydroguaiaretic acid (M4N); wherein the
concentration of MsN is a number greater than 0 uM.

13.  The pharmaceutical composition of claim 12, wherein the MyN concentration is
selected from the group consisting of: at least about 10 uM, at least about 20 M, at least
about 30 uM, at least about 40 pM, at least about S0 pM'and at least about 60 uM.

14. A pharmaceutical composition for suppressing Spl regulated promoter agtiﬁty in
a cell comprising tetra-glycinyl NDGA (G4N), wherein the concentration of G4N isa
number greater than 0 uM. '

15.  The pharmaceutical composition of claim 14, wherein the G4N concentration is
selected from the group consisting of: at least 20 pM, at least 40 pM, at least 60 pM, at
least 80 uM and at least 100 pM.

16.  The pharmaceutical composition of claim 14, wherein the G4N concentration is
sclected from the group consisting of: at least about 0.25 mM, at least about 0.5 mM, at
least about 0.75 mM, at least about 1.0 mM, at least about 1.25 mM, at least about 1.5
mM, and at Jeast about 1.75 mM.

44



Anti.-HV Lignans fromLarrea Tridentate Tetrahedron 51, 12203. 14. Honess,
R W, and Roizman, B. (1988) Regul ation of Herpes Virus Macronol ecul ar
Synthesis. 1. Cascade Regul ation of Synthesis of Three G oups of Viral
Proteins. J. Virol. 1974. 14, 8. 1515. Courey, A J., and Tjian. R (1988)
Anal ysis of Spl in vivo Reveals Miltiple Transcription Domains. Including a
Novel G utam ne-rich 16. Activation Motif. Cell 55, 887. Sone of the

Spl -regul ated cel lular genes: Sartorelli, V.; Wbster, K 20A ; Kedes, L.
Muscl e- speci f-c expresison of the cardiac al pha-actin gene requires nyoD1,

Car G- hoxiDi ndA@gaﬁﬁ&b@ﬁcaiiE)&n fitior 3@ Suppeassing WdHor ¢kl pkdirh cobairisiy, 1 .,

Roberts, S. B.; Heintz, urification of the histone H4 gene-specific

transcr |tptra-@°rm‘cﬁryﬂ nnﬁ;hﬂdﬂqgmmrﬁmcmm whaeincthpeunceno@®n of MAYB3®  Means,
Far ham P. tﬁ scr| ption initiation formthe di hydrogol ate
reductas@nbeﬁr%qaé? o tloned by HIP-1 binding at the initiation site.

Mel. Cell Biol. 1990, 10 653. Abravaya, K.; Phillips, B.; Mrinoto, R I.
Heat shock-induced interacti on so heat shock transcri ption factor and human
hsp70 Opt%not Ehe ghammacadichlycompoyitive of datnpd 7,whenein thétanc@dtatioBiobMN1IS91, 11,

i ST T MU T YO
ker at . di ns,
o ORGESSISE i LD Kl S0 DR 38 500 o210

PCTI USO2d4:8 7d np, @t Bastabooni(r o, ttleasabismit 90 My rethdrae leattisbeutal@DipMt i es of the
two principal huyman cnyc pronoter. Mel. Cell Biol. 1993, 13, 5710.
Sanchez, H B.; Yieh, i., Gsborne, T. F. Cooperation by sterol regulatory

19.  The pharmaceutical composition of claim 17, wherein the MyN is formulated for

exposing the tumor cell for a number of hours greater than 0.

20,  The pharmaceutical composition of claim 19, wherein the number of hours is
selected from the group consisting of at least about 24 hr, at least about 48 hr, and at Jeast
about 70 hr.

21, The pharmaceutical composition of claim 19, wherein the number of hours is at
least 72.

22.  The pharmaceutical composition of claim 1, wherein the concentration of the
compound is selected from the group consisting of: at least 20 uM, at least 40 M, at
least 60 pM, at least 80 uM and at least 100 uM.

23.  The pharmaceutical composition of ¢laim 1, whergin the concentration of
compound is selected from the group consisting of at least about 10 uM, at least about 20
uM, at least about 30 uM, at least about 40 uM, at least about 50 pM, at least about. 60
uM, at least about 70 uM, at least about 80 uM, at least about 90 uM, and at least about
100 uM.

24. A pharmaceutical composition for inhibiting expression of a Spl-regulated eukaryotic
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el ement binding proteins and Spl in sterol regulation of |lowdensity 5
lipoprotein receptor gene. J. Biol. Chem 1995, 270, 1161. Lenmigre, F. P.;
Lafontaine, D. A ; Courtois, S. J.; Durviaux, S. M; Rousseau, G G Spl
can displace GHF-1 fromits distal binding si te and stinulate transcription
form growt h hornone gene pronoter. Mdld Cell. Biol. 1990, 10, 1811. 10 17.
Phel ps, W C Yee, C. L., Munger, K and Howley, P. M (1988) The Human

Papillo T forrratlon
Funct i oneend PR B8 sohob SR RAENEN BRad BHOAR o B UBREP

G eenst Oélﬁanﬂ‘hﬁg aNnB{ ka0 ¢l of Sp Dreguleed %lﬁe&xpr&sﬁm wheBinlibe inhibitdr. is a15 Ki mbauer ,
R, Roden Lowy, D. R, Kast, and Schiller, J.T. (1998) Chineric

Papi | | ondarivative vf NDSA. ke partl cles Elicit Antitunor I mmuni ty Against the
E7 Oncoprotein in an HPV 16 Tunor Model. PNAS 95, 1800-1805. 19. Feltkanp,
MC., Vreugdenhil G R, Vierboom MP., Ras, E., Van der 20 Burg, S.H

Schegget ps Jrhe @Jl cmgpdm%n @‘Pﬂml@?ﬁf whY M tHe S obdibted BBASRA Agal nst a

Subdom nant E tope fere Synt heti’'c Peptide  Eradi cate Human

Papi | | onpsesentsn a®glpe 16-i nduced Tunors, European Journal of | munol ogy 25,
2638-2642. 20. Feltkanp, MC, Smts, HL., Vierboom MP., Mnaar, R P.,
BM 25 Drijfhout, J.W, Schegget, J., Melief, C and Kast, WM (1993)

vacci nat g@grw}mpﬁaé&g{é%mcsm obHIRBOQY x},fzﬁ%ﬁefe&ﬁ hal M AgnRegdi de Protects

Agai nst uman Papi Il omavirus Type 16- Transformed Cells.
Eur. J. Inmmunol. 23, 2242-2249. 21. Jacob, S. W and Herschler (1986)

Phar macol 0 Academ c.. 30 Press, Inc.

%c phannaceutlca(i comiposition of claim 26, whercm the animal cell is a mammalian

cell.

28. The pharmaceutical composition of claim 27, wherein the mamrnalian ce)l is a human
cell,

29. A pharmaceutical composition for stimulating apoptosis in a cell expressing survivin
comprising an inhibitor of survivin expression, wherein the inhibitor is a derivative of
NDGA.

30. The pharmaceutical composition for claim 29, wherein the cell is an animal cell:

31. The pharmaceutical composition for claim 30, wherein the animal cell is a

mammalian cell.

32. The pharmaceutical composition of claim 31, wherein the mammalian cell is a human

cell.

33. The pharmaceutical composition of ¢claim 25, wherein the cell is a rapidly dividing
cell.

34. The pharmaceutical composition of claim 33, wherein the rapidly dividing cell is a
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22. Jack, C., and Torre, de la (1983) Biological Actions and Medical 40 WO
02/ 089795 PCT[ US02/ 14374 Applications of Diniethyl Sulfoxide. New York
Acadeny of Sciences, New York, N.Y. 23. Spruance, S. L., MKeough. M B.
and Cardinal, J. R (1983) D nethyl Sulfoxide as a vehicle for topical
antiviral chenotherapy.-Ann. N Y. 5 Acad. Sci 411, 28-33. 24. Biswal, S S,
et al., dutathione Oxidation and Mtochondrial Depolarization as

Mechani sns. _of Tdi hydr oguai areti ¢ Acid-induced Apoptosis in

Li poxygeﬁ”'&‘&gr-%? icient F15.12 Cells. Toxicol. Sci., 53, 77- 83.(2000.) 10
25. Schegg, K M and WJ. Welch, The Effect of Nordi hydroguaiaretic Acid
and Rel ated Lignans on Fornyltetrahydrofol ate Synthetase an

Car body| éé-t'ﬁ‘ﬁagﬂlmﬁeuwﬁﬁl grmppspen el clagm 2, wigesin }Gﬁeweﬂ‘(elfgé‘ﬂ?%zg. Fel t kanp,
MCW, et al., \{ﬁcciln,ati on Wth Cytotaxic T Lynphocyte Epitope-containing
Pepti de BPBPRET & "AGA st a Tumor Induced by Human 15 Papill omavirus Type
16-Transfromed Cells. Eur. J. Imunol., 23, 2242-2249 (1993). 27. Lin, K,
et al., Treatnent of EstablishedJlunpgs Wth a Novel Vaccine That Enhances
Maj or Hi stoconpatiblity CtEs. U Eendation of Tunor Antigen. Cancer Res,
5 6, 21-26.(1996 2 8. ] o

Lynphobl ast sl BrM6od E)ff a Child Wth Acute Leukem a. Cancer,
18, 522- 529( 186 29. C%‘i ebel, E., Ganma- Tubulin Conpl exes: Binding to the
Cent r osone, B;"Regutat i on afd Nficrotubul e Nucl eation. Current Qpi ni-on

Cel I ul ar Bi ol ogy,

et al., Continuous Culture of Human

wherein Ry, Rs, R3, and R4 independently represent —~OH, -OCHs, -O(C=0)CHj, or an

amino acid residue, or a salt thereof, but are not each --OH simultaneously.

36. The pharmacentical composition of claim 35, wherein the NDGA derivative is tetra-
O-methyl NDGA.

37. The pharmaceutical composition of claim 35, wherein the NDGA derivative is meso-

1,4-Bis[3,4-(dimethylaminoaceotoxy)phenyl]-(2R,3S)-dimethylbutane hydrochloride.

38. The pharmaceutical composition of claim 24, wherein the Spl-regulated eukaryotic
gene is selected from the group consisting of: cyclin-dependent kinase 7, cde 2 kinaée,
human cytokine receptor, proliferating cell nuclear antigen, human TNF-related apdptosis

APQ,, cysteine protease and survivin.

39. The pharmaceutical composition of claim 24, wherein the Sp1-regulated eukaryotic

gene is survivin.

40. The pharmaceutical composition of claim 29, wherein the derivative of NDGA

comprises a formula:
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25 12,113-118(2000). 30. Marsden, MP.F., Laernmi, U K, Mtaphase
Chronosone Structure: Evidence for a Radial Loop Mdel. Cell, 17, 849-8 5 8
(1979). 31. Taylor, WR, et al., Mechanisns of 02 Arrest in Response to
Over expression of p53. Ml ecular Biology of the Cell, 10, 3607-3622 (1999).
30 32. Jnnocente, S. A, et al., p53 Regulates a & Checkpoint Through Cyclin
B 1. Proc. Natl. Acad. Sci USA, 96, 2147-2152(1999). 33. Sjottem E. ;
Anderson, C.; Johansen, T. Structural and Functional 41 WD 02/ 089795

PCT/ US02114374 Anal yses of DNA Bending Induced by Sp 1 Famly Transcription
Factors. J. Ml . Bio., 1 ' 81997). 37. 34. Wislow, OS.; Kiser,
R; Fine, D.L.; ¢r, R H; 5 Boyd, MR New

Sol ubl e- Foftytry ] Bpathic Effects: Application to

Hi gh-Fl ux Scr ¢ ynt hetic and Natural Products for AIDS-Antiviral
Activity. X, S S ., 81(8), 557-586 (1989). 35. Li, F. and
Altieri, D.C, Transcriptional analysis of human survivin gene 10
expression. Biochem J. 344, 305-311(1999). 36. Li, F. and Altieri, D C.,
The Cancer Apoptosis Survivin gene: Characterization of Locus and
Transcriptional Requirenments of Basal and Cell Cycl e-dependent Expression.
Cancer ReBereiaR 324 R3LBAR( HA0NdedRy refeSONNQH, -OCSI,, €H(CAHO)CHEY 8€an Nat | .
Acad. Sci. (US) 97_,153103-1310 2000). 15 38. Gossman, D. et al., Proc.
Nat | . Acamino 8cid regid®) 008 sgBtherot rbare)not ggh - girnwimeousty.p. (ed. ),
Apoptosis, A Practical Approach (1999), page 10. 40. Sanbrook and Russell,
Mol ecul ar d oning, 3rd ed.(2001).

41. The pharmaceutical composition of claim 39, wherein the NDGA derivative is tetra-
O-methyl NDGA. ‘

42. The pharmaceutical composition of claim 39, wherein the NDGA derivative is meso-
1,4-Bis[3,4-(dimethylaminoaceotoxy)phenyl]-(2R,3S)-dimethylbutane hydrochloride.

43, A pharmaceutical composition for arresting cell growth comprising an inhibitor of
expression of a Spl-rcgulated gene, wherein the Spl-regulated gene is necessary for cell
division; wherein the inhibitor is a derivative of NDGA.,

44, The pharmaceutical composition of claim 43, wherein the Spl-regulated gene is,
selected from the group consisting of: cyclin-dependent kinase 7, cdc 2 kinase, human
cytokine receptor, proliferating cell nuclear antigen, human TNF-related apoptosis APO;,

and cysteine proiease.

45. The pharmaceutical composition of claim 43, wherein the derivative of NDGA

comprises a fermula:
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42 Clainms for D visional Application (Singapore) 1. A pharnmaceuti cal
.conposition for treating a tunor, said pharmaceutical conposition
conprising an effective anobunt of a conpound of formula wherein RlL, R2, R3,
and R4 independently represent --OH, -OCH3, -Q(C=0 CH3, or an unsubstituted
or substituted am no acid residue or salt thereof, but are not each -0OH
si mul taneousl y; wherein the effective anount is any anount greater than 0 W
2. The pharmaceutical composition of claiml1l, wherein said tunor is present
in a mnmual. 3. The pharmaceutical conposition of claim?2, wherein said
tunmor is malignant. 4. Phas e ¥4 cal conposition of claim2, wherein
said tunor is benign. piceuti cal conposition of claim2, wherein
said tunor ¥ ulp, ‘consi sting of papillom, teratona and
adenoma. 6. T d conposition of claim2, wherein said tunor is
a solid tunmp~ The PWarmaceutical conposition of claim2, wherein said
mammal 1s a ‘human. 8. The pharmaceutical conposition of claim2, wherein
said tunor is derived fromtransfornmed cells. 43 9. The pharnaceuti cal
conposition of claim2, wherein said conmpound is admnistered along with at
| east one pharmaceutically excipient or carrier. 10. The pharnaceuti cal
conposi ti |8 i i e Lk i
i mot 1 ST R B g Rt S B G 5B, wher i n
sai d conpoimdadid rdskhuz por0r saitehdrydf, butrack hotdrcywOibsimmitenamaoslst. or t etragl yci nyl
nor di hydroguai aretic acid. 12. A pharmaceutical conposition for suppressing
Spl regul ated pronoter activity in a cell conprising tetra-0-nethyl
nor di hydr,eoval i i . i pet : i of : NGN, i s a
ey Bl Alaphh eyl od8Mion PR 85, iftreifi MPRDIIARLAIOL is'YERS

O-methy] NDGA.

—~a—

47. The pharmaceutical composition of claim 45, wherein the NDGA derivative is meso-

1,4-Bis[3,4-(dimethylaminoaceotoxy)phenyl}-(2R,35)-dimethylbutane hydrochloride.

48. A pharmaceutical composition for inhibiting HPV replication in a cell comprising an
inhibitor that inhibits binding of Spl to a promoter of HPV,

49. The pharmaceutical composition of claim 48, wherein the inhibitor is a derivative of
NDGA. -

50. The pharmaceutical composition of claim 49, wherein the NDGA derivative

comprises a formula:

wherein Ry, Rz, Ry, and Ry independently represent —OH, -OCHj, -O(C=0)CHs, oran
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13. The pharnmaceutical conposition of claim1l2, wherein the MAN
concentration is selected fromthe group consisting of: at |east about 10
p.M at |east about 20 p.M ‘at |east about 3 0 4M at |east about 40 p.M
at | east about 50 M and at |east-about 60 M 14. A pharnaceuti cal
conposition for suppressing Sp 1 regulated pronoter activity in a cell
conprising tetra-glyci nyI NDGA ((AN), wherein the concentration of AN is a
nunber g tiqal y.0n of claim 14,
wherein %Iﬁﬁltoéiﬁ%giﬁgg lljcglr?re?;gem@ ect e%éﬁf r%% Pﬁ@%l?%% consi sting of, at
| east 20 M at | east 40 M at least 60 M at |least 80 Mand at | east 100 M

16. The ghar maceut i cal conposition, of claim-14, wherein the (AN
concent r ati 1o phermacentical sempesition MlclamAfs Wheredn step Afcefactiag thepremotsbout 0. 25

a1 cast SEbYC AR s b i ecorist Bl PR e Y fpe Ehlpofites BEBPVINMIhe; 25T,

44 17. Ajmpsforeceut i cal combosi tion for suppressing tunor cell growth
cotnprising, tetra-O nmethyl nordi bydroguaiaretic acid (MIN), wherein the
concentration of MAN is a nunber great er than O .iM 18. The pharnaceuti cal

it | 7, wh t i, MIN | ected f
The’or ouoc snh%{rﬁ%%‘u‘éfﬂg?mﬁée St 550826 Sher T AN promels s98H ot | cact

about 30 fln }.(ﬁ%s&) Sy omMbtefbf E ﬁﬁiﬁ rgﬁgggf PR, AM at |east about 60 pM
at | east aboutg 7 All\l/l at Ofgﬂgst aboutéa80p at Ioeast about 90 AM and at

| east about 100 M 19. The phar ITB.CEUtI cal conposition of claim17, wherein

b SRR SRRk P R B B YRS (1Tl e
number of_r Eyﬁ(ﬁlé&nprﬁggﬁﬁlﬁgﬂ{ ?L]TVWAQB@ teQgsi sting of at |east about 24

hr, at st about 48 hr, an east about 70 hr. 21. The pharnaceuti cal
corTT)ole on of claim19, wherein the nunber of hours is at

54. The pharmaceutical composition of claim 50, wherein the inhibitor is tetra-O-methyl
NDGA. '

55. The pharmaceutical composition of claim 50, wherein the inhibitor is meso-1,4-
Bis[3,4-(dimethylaminoaceotoxy)phenyl]-(2R,38)-dimethylbutane hydrochloride.

56. A pharmaceutical composition for inhibiting HPV transcription in a cell comprising
an inhibitor of binding of Spl to an HPV promoter.

57. The pharmacentical composition claim 56, wherein the inhibitor is a derivative of
NDGA.

58, The pharmaceutical composition of claim 57, wherein the NDGA derivative

comprises a formula:
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| east 72. 22. The pharmaceutical conposition of claim1l, wherein the
concentration of the conpound is selected fromthe group consisting of, at
least 20 M at least 40 M at Ileast 60 AM at |east 80 Mand at |east 100
AM 23. The pharmaceutical conposition of claim1, wherein the concentration
of conmpound is selected fromthe group consisting of at |east about 10 M
at | east about 20 pM at |east about 30 AM at |east about 40 .M at | east
about 50 M at |east about. 60 AM at |east about 70 p.M at |east about 80
AM at |east about 90 M and at |east about 100 M 24. A pharnaceuti cal
conposi twhétein®,, RpRHhid Rgirdsperdaniorprsentt —BH,~O€H:| €+ AKar yodri ¢ 45 gene,
wherein the Spl-regul ated eukaryotic gene co ises a Spl-regul ated
pronoteramm@@ﬁﬁrfﬁﬁg oahsalhmerzﬁ0¥chutawensbe@h-;&jmraml@@e@@ expr essi on,
wherein the inhibitor is a derivative of NDGA. 25. The pharnaceuti cal
conposition of claim24, wherein the Sp 1-regulated gene is' present in a
celI. 2659 T BM&E@@tﬁiﬂb&ﬁbomém% Yheeirpfha NG A Wak &ive it figracel | is an
ani mal cell. f he pharnaceutical conposition of claim26, wherein the

ani mal c@fmethsnaDﬁémml ian cell. 28. The pharnaceutical conposition of
claim 27, wherein the mammalian cell is a human cell. 29. A pharnmaceuti cal
conposition for stimulating apoptosis in a cell expressing survivin

conpri si gg ﬁ@ﬁh&%é&bﬁﬂal eémg tvdnvafruﬁmp:rsem&mm @éﬁ\lahb@ls' Bobi 401 s a
derivative of phar maceuti ¢al conposition for ai m’29,

wher ei n stéS,ééﬂﬂrnaﬂsylmnamamﬁdxymﬂiehyl] BZK,SS)Fﬁmqbllrgdbmtamrelmdrmﬂombrrpom tion for
claim3 0, wherein the animal cell is a mmmlian cell.

61. The pharmaceutical composition of claim 56, wherein the step of contacting the HPV
promoter with the inhibitor comprises contacting the cell comprising the HPV with the
inhibitor.

62. A pharmaceutical composition for treatruent of HPV infection in a subject in need of

such treatment comprising an inhibitor of HPV replication or transcription.

63. The pharmacetical composition of claim 62, wherein the inhibitor of HPV
replication is a derivative of NDGA.
64. The pharmaceutical composition of claim 63, wherein the NDGA derivative

comprises a formula;

wherein Ry, Rz, Ry, and R4 independently represent ~OH, -OCHj, -O(C=0)CH;, or an

amino acid residue, or a salt thereof, but are not each --OH simultaneously.
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32. The pharnmaceutical conposition of claim31l, wherein the mammalian cell

is a human cell. 33. The pharnmaceutical conposition of claim25, wherein
the cell is arapidly dividing cell. 34. The pharnaceutical conposition of
claim 33, wherein the rapidly dividing cell is a 46 cancer cell. 3 5. The

pharmaceutical conposition of claim?24, wherein the derivative of NDGA
conprises a fornula: wherein Rl, R2, R3, and R4 independently represent -COH,

OGS, -84 %%ﬂi{gnaceﬁtiél‘corg%as T@Sﬁaﬁﬁ@, OEreirPihe NISGA iR tenllau_t are not

each --OH si neously. armaceut i cal conposition of claim 35,
wher ei n OheethAGAD@.i vative is tetra- O-nethyl NDGA. 37. The pharnaceuti cal
conposition of claim35, wherein the NDGA derivative i s neso-

1, 4-Bi s[ 3, 4- (di net hyl am noaceot oxy) phenyl ] - (2R, 3 S)-di net hyl but ane

hydr ochl g iqde. H@s&%ﬂ i 1 CEATRA, it | Al 4. ein the
Sp 1 - reg%ljg?gg%gﬁafgg?@cg P@Iﬁ gene ?fg&lél%]l ect egicﬁ%rgn@g‘ﬁgcrégt%ﬁ%&%%gi ng of,
cycl i n- depeBidRM-(dkinedyaminodstoRy Jphags (2R I8)ndmetylvkinadrytdackipride.,
proliferating cell nuclear antigen, human TNF-rel ated apoptosis APQO?,
cystei ne protease and survivin. 39. The pharnmaceutical conposition of claim

24, wherein,the_Spl-reqgul ated.euka tic ene i s.suwvivin,. 4 The

ohar mcet Aahambisai FaRb St KR RO wndf i SRt dint® of Noca
conpri segffetive hfehat ofbf 1R comBbund et thBfermidd R4 1 ndependent |y represent
-OH, -OCH3, - C=OCH3, or an amno acid residue, or a salt thereof, but

are not each --OH simultaneously. 41. The pharmaceuti cal conposition of
claim39, wherein the NDGA derivative is tetra-

e I,

wherein Ry, R, R3, and Ry independently représcnt ~OH, -OCHj, -0(C=0)CHs, or an
unsubstituted or substituted amino acid residue or salt thereof, but are not each -OH’

simultaneously.

68. The pharmaceutical comﬁosiﬁon of claim 67, wherein the unsubstituted or substituted
amino acid residue is selected from the group consisting of alanine, arginine, asparagine,
aspartate, cysteine, glutamaté, glutamine, glycine, hisﬁdi;le, isoleucine, leucine, lysi;ne,
methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine, valine, S-
hydroxylysine, 4-hydrexyproline, thyroxine, 3-methylhistidine, e-N-methyllysine, -
N.N,N-trimethyllysine, aminoadipic acid, y-carboxyglutamic acid, phosphoserine,

phosphothreonine, phosphotyrosine, N-methylarginine, and N-acetyllysine.
69. The pharmaceutical composition of claim 67, wherein the animal is a mammal.

70. The pharmaceutical composition of claim 67, wherein the animal is a human.
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O nmet hyl NDGA. 42. The pharnmaceutical conposition of claim39, wherein the
NDGA derivative is nmeso- 1,4-Bis(3;4-(dinmethylam noaceot oxy) phenyl h- (2R, 3

S) - di met hyl but ane hydrochl oride. 43, A pharmaceutical conposition for
arresting cell growth conprising an inhibitor bf expression of a

Spl-regul ated gene, wherein the Spl-regul ated gene is necessary for cell

di vision; wherein the inhibitor is a derivative of NDGA. 44. The
pharmaceutical conposition of claim43, wherein the Sp | -regul ated gene is,
sel ect edy1f TR LhAGABERIA] EMRSsBionnd R Y CivhéereRieRe Bdenta HydnrBRride. cdc 2

ki nase, human® cytoki ne receptor, proliferating cell nuclear antigen, human
TNF-rel at ed apoptosis APQ2, and cystei ne protease. 45. The pharnaceuti cal
conposi tjon, of ,claim43 wherein the.derivative,of NDGA..c rises a

For i a: T4 DRSS TORIOR AT 8 n DGR PP PP BHE RO Oy - OCHas
- C=0 1 i,&4qresi due, or a salt thereof, but are not each
--OH sinmu tgﬁ%%@gﬁ%%%@ﬁgaghar maceuti cal conposition of claim45, wherein
the NDGA derivative is tetra- O-nethyl NDGA. 47. The pharnmaceuti cal
conposition of claim45, wherein the N erivative i s neso- 4-Bis[3,4
_(di met h{3- AE PEBRRASEHHSR) &?f@h%ﬂlt}qr{(ig?%m%% W %@PBH@H@%&&%@F&YF de. 48. A
phar maceut | pasil.tign for inhibiting HPV replication in a cell

conpri Sifg}%&iféﬁhmﬁﬁ I c|utc1;)'allr:l{a'ﬁ hat inhibits binding of Spl to a pronoter of HPV.
49. The pharmaceutical conposition of claim48, wherein the inhibitor is a
derivative of NDGA. 50, The pharnmaceutical conposition of_ claim49, wherein
t he NDCr A-déweipharnarsuticad spmpesidon,ofqhaim i 3a Nirihse cepposing tefe: Oresthydng R4

independg&ah&dfoeg%ﬁ&?ﬂtacﬁ OH, -OCH3, -0(C=0)CH3, or an 49

=

- 75. The pharmaceutical composition of claim 67, wherein the compound is formulated
for administration along with at Jeast one pharmaceutically acceptable excipient or

carner,

76. The pharmaceutical composition of claim 75, wherein the excipient or carrier is

dimethylsulfoxide.

77. The pharmaceutical composition of claim 75, wherein the excipient or carrier is

phosphate buffered saline.

78. The pharmaceutical composition of claim 67, wherein the tumor is selected from the

group consisting of a cancerous tumor and a non-cancerous turor.

79. The pharmaceutical composition of claim 67, wherein the tumor is cervical tumor, an

oral tumor, a peuile tumor, of a head and neck tumor.

80. The pharmacecutical composition of claim 67, wherein the compound is formulated

for injection into the tumor on a daily basis for a certain period of time.
81. The pharmaceutical composition of claim 67, wherzin the compound is formulated
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amno acid residue, or a salt thereof, but are not each --OH sinultaneously.
'51. The pharnaceutical conposition of claim48, wherein step of contacting
the pronoter of HPV with the inhibitor conprises contacting the cell that
conprises the I-TV with the inhibitor. 52. The pharmaceuti cal conposition
of claim51, wherein the HPV pronoter is selected fromthe group consisting
of promoter of E6 and pronoter of E7. 53. The phainna.ceutical conposition
of cl ai nfof gajestttprifionthé fdndrivideRiyt fob B cotailipMiod efitith€at i on conpri ses inhibition
of HPV nRNA synthesis. 54. The pharmaceutical conposition of claimb50,
wherein the inhibitor is tetra-0--nmethyl NDGA, 55. The pharnaceuti cal
conposi t | of ,clai m 50, wherein the.in bltor s meso- | 4- _

B s 3. 4 bA R BRI SRS SSh Bk 51 Pein & <SRRG el

hydr ochl Rfr'adﬁmu?t@atwﬁa@H@bﬁ@éﬁ‘sﬁrﬁQ@hﬂém Eérog}aﬁﬁﬁmbf‘ﬁ’c@hi' ng HPV
transcription in a cell conprising 7an inhrbitor of binding of Spl to an HPV
pronmoter. 57. The pharnmaceutical conposition claimb56, wherein the inhibitor

is a der 58....The. phar uti.c CONMpo on qf c¢laimb57,
wherei n Bhel sttty combosinar Jud &7, paiin e SRR bRl Ra. and
R4 mdepgﬂqgjgéﬁdﬁ 15?‘00611@%@’1‘6&‘0% tG %’iﬁr -Q(C=OCH3, or an amno acid

resi due, a salt thereof ot each --OH sinultaneously. 59. The

phar rraceutl cal conposition of claim58, vvherel n the NDGA derivative is

tetra- O- . The ,phar paceu | conposition, of cl m, 58,
wher ei n R%%L&;edgwrgwg icemppsion oyclaim 7 w erem% compound?sformﬁated

Bi s 3, 4- ¢4li; @E&%{l@mrﬁg%ﬁﬁggﬂg %Hﬁ%‘éﬂ[ (2R 3 S5)-di met hyl but ane

hydr ochl ori arnaceut 1 cal” conposition of claimb56, wherein the
step of contacting the HPV pronoter with the inhibitor conprises contacting
t he cell r|5|n the HPV with t . . ,

- g e pharm cecha] composition OP 5a1m 67, wherein the compound 1s formulated

for injection into the tumor for 9 days.

86. A pharmacentical composition of inhibiting growth of rapidly proliferating cells
containing cyclin dependent kinase CDC2, comprising at least one compound of the

formula:

wherein Ry, Rz, R, and R4 independently represent -OH, -OCHs, -O(C=0)CHa, or an
unsubstituted or substituted amino acid residue or salt thereof, but are not each -OH

simultaneously.

87. The pharmaceutical composition of claim 86, Wherein the unsubstituted or substituted
amino acid residue or substituted amino acid residue is selected from the group consisting

of alanine, arginine, asparagine, aspartate, cysteine, glutamate, glutarsine, glycine,
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inhibitor. 62. A pharmaceutical conposition for treatnent of HPV infection
-in a subject in need of such treatnment conprising an inhibitor of IIPV
replication or transcription. 63. The pharnaceutical conposition of claim
62, wherein the inhibitor of HPV  replication is a derivative of NDGA. 64,
The pharnaceutical conposition of claim63, wherein the NDGA derivative
conprises a fornula: wherein Rl, Rz, R3, and R4 independently represent -COH,

- OCH3, h@!tféme%@lé%’cm@rleaélne Qfﬂxﬁ@nft@thdmh@%ﬂh@ﬂﬁala&he%rﬁﬁﬂlé séhief eof , but are
not each --OH sinultaneously. 51 65. The phar maceuti cal conposi, ti on of claim

64, \Ahenhrennmh,efrﬂlmfhadeWyrQﬁales velines S-hydroay y@mn;eﬁt»hydrommlmea giyropies, 3
B e B hRehy N PSR CO LTI, SRR Ko ane . © |
hydrochl gpd lu%uc%clﬂhﬁﬂcﬁgcﬁétdé&%%ﬁﬂg;@dﬂﬁ@?ﬁ@b@f@ﬁ{e‘ Ng tunor in an

ani mal , conp |S|ng an at [east one conpound of the

f or mul amwhgkammnﬁg andPRPacd¥@llysimed R4 i ndependently represent--0H, - OCH3,

. COCH3, or an unsubstituted or substituted am no acid residue or salt
thereof, but are not each -OH  sinultaneously. 68. The pharnaceutical

conposi tssOFth}hﬂggceﬁtﬁzlc S ét@l%uﬂ%%“@ﬁérhﬁn%@?alﬁrs a:wafcrchltoua@d ani no

aci d residue ected fr n1the group consisting of alanine, arginine,
aspar agi ne, aspartate cystelne glutanate gl ut anae, egC|ne hlstldlne
i sol euci ne IeUC|ne flne n|2|e pheq%salanlne rolj serine,

t hr eoni - The F@kﬂ‘iﬁwc WIBB‘PSH#P“ im0, yhe £ompaynis teiray dr oxypr ol i ne,
t hyr oxi NQeth I@&HM@QJ@%M&%‘P%M g@-N-methyllysine, NN, N-tr| nmet hyl | ysi ne, ar

i noadi piCc a oxyglutam c acid, phosphoserine, phosphot hreoni ne,
phosphot yrosi ne, N-methyl arginine, and N-acetyllysine_ 69, The
phar maceut i cal conposition of ¢laim67, wherein the animpl is fl manmmal .

90. The pharmaceutical composmon of claim 86, whcrem the compound 1s tetraglycinyl

nordihydroguataretic acid,

91. The pharmaceutical composition of claim 90, additionally comprising tetra-O-methyl

nordihydroguaiaretic acid.

. 92. The pharmaceutical composition of claim 86, wherein the compound is formulated
for administration along with at least one pharmaceutically acceptable excipient or
carrier. | )

93. The pharmaceutical composition of claim 92, wherein the excipient or carrier is

dimethylsulfoxide.

94. The pharmaceutical composition of claim 92, wherein the excipient or carrier is .
phosphate buffered saline.
95. A pharmaceutical composition for inhibiting Spl regulated promoter activity in a

proliferating cell comprising at least one compound of the formula:
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70. The pharmaceutical conposition of claim67, wherein the animal is a

“human. 52 71. The pharnaceutical conposition of claim®67, wherein the salt

is a hydrochloride. 72. The pharnaceutical conposition of claim®67, wherein

the conmraupsbed Slairas SigBporeBilivionalossfilierdrpguai ar eti ¢ acid. 73. The

phar maceuti cal conposition of claim67, wherein the conmpound is

tetraglycinyl nordihydro guaiaretic acid. 74. The pharnaceuti cal

conposition of claim73, further conprising tetra-0-nethyl"’

nor di hydroguai aretic acid. 75. JIhe pharmaceutical conposition of claimé67,
5Hn fdr adninistration along with at | east

géent or carrier. 76. The

one phar mageut i es
phar maceut.i ¢a ' , Wherein the excipient or carrier is
di et hyl sul f g 77. dhe pharmaceutical conposition of claim75, wherein

t he excipi@nt or~carrier 1s phosphate buffered saline. 78. The

phar maceuti cal conposition of claim®67, wherein the tunor is selected from
the group consisting of a cancerous tunor and a non-cancerous tunor. 79.
The pharwheemiR;¢ R, RO BROR, iideperdentty Ripfeséit.~OM e DETH), IME=0)TBY;, bsarcer vi cal
tunor, an oral tunor, a penile tunor, or a head and neck tunor, 80. The
phar mac eamine aridgesigeson subsiitated emanaadd residhe ce st thersof biperamat easht-0FHhul at ed
for injectiﬁn i nt,0 gheﬂﬁg r on a daily basis for a certain period of tine.
81. The %W% Wﬁfgﬂy1ggﬁiézﬂgosition of claim67, wherein the conpound is
formul ated 53 for injection into the tunor weekly for a certain period of
time. 82. The pharmaceutical conposition of claim67, wherein the conpound

i s for mittiepharmeceutidal apmposiion for upreguldtse thefexpression of areelt eyclorelmgpdoer gram
tunmor wei ght

ge%e in a cell, wherein the cell cycle related gene is selected from the group consisting of:
cyclin-dependent kinase inhibitor, apoptosis antigen APO-1, death domain three DR3,
ras-related protein RAP-1, and human Map Kinase, comprising at least one compoufld of

the formula:

wherein Ry, Ry, Ry, and Ry independently represent ~OH, -OCH, -O(C=0)CHj, or an
unsubstituted or substituted amino acid residue or salt thereof, but are not each -OH

simultaneously.

97. A pharmaceutical composition for down-regulating the expression of a cell cycle
related gene in a cell, wherein the cell cycle related gene is selected from the group
consisting of cyclin-dependent kinase 7, cytokine receptor, proliferating cell nuclear;
antigen PCNA, TNF-related apoptosis APO,, and cysteine protease, comprising a

compound of the formula:
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83. The pharnmaceutical conposition of claim67, wherein the conmpound is
formulated for injection into the tunor for up to 10 days. 84_ The

‘phar maceuti cal conposition of claim®67, wherein the conpound is fornul ated
for injection into the tunor for up to 16 days. 85. The pharnaceuti cal
conposi Prepvsed cleined $mgaporaRangom! tApplicesiqpound is fornulated for injection
into the tunor for 9 days. 86. A pharnmaceutical conposition of inhibiting
grow h of rapidly proliferating cells containing cyclin dependent kinase
CDC2, conprising at |east one conmpound of the fornula: wherein RlL, R2, Ra,
and R4 independently represent -OH -OCH3, -Q(C=0)CH3, or an unsubstituted
or substituted amno acid residye or salt thereof, but are not each -CH

si mul taneously. 87, The pfa@y sah conp03|t|on of claim 86, wherein the
unsubstltuted or sub t|tu ed |{q p acid residue or substituted amno acid
residue istsee he-group c¢8psSisting of a.lanine, arginine.

aspar agi ne, steine, glutamate, glutarnine, glycine, 54

hi stidi ne, Rj g uci ne, |ysine, methi.onine, phenylal anine, proline,
serine, threonine, tryptophan, tyrosine, valine, 5-hydroxylysine,

4- hydroxyproline, thyroxine, 3- nethylhistidine, s Nnethyllysine, e

N, N, N-trinethylysine, am noadi pic acid, 'y- carboxyglutam c acid,
phosphoseri ne, phosphot hr eoni ne, phosphotyrosi ne, N nethyl argini ne, and

N-acet yldnsEAR,, R R TR H@b@a@ﬁebﬂﬂﬁ@bmﬁ}aﬁn@ﬂ LOQH3%(€E®)0H§60I serein the
salt is a hydrochforide. he pharnhaceutical conposition of c|aim 86,
wher ei n mhebwongbmbswuwémnd)amMSm omeatlﬁthhgedfd@uaneamuach -8 d. 90, The
phar maceut i cal nposition of claim86, wherein the conpound is
tetraglf@?ﬂ@?w° 'di hydroguai aretic acid, 91. The pharnaceutical conposition
of claim90, additionally conprising tetra-0-nethyl

98. A pharmaceutical composition for inhibiting cyclin-dependent kinase CDC2 activity

in a cell comprising an effective amount of a compound of the formula:

wherein Ry, Ry, Ra, and Ry4 independently represent —OH, -OCH,, -O(C=0)CHas, or an
unsubstituted or substituted amino acid residue or salt thefeof, but are not each -OH

simultaneously.

99. A pharmaceutical composition for treeting tumor in an animal comprising an

effective amount of at least one compound, wherein the compound has the formula:
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nor di hydroguai aretic acid. 92. The pharmaceutical conposition of claim 86,
-wherein the conpound is fornmulated for adm nistration along with at | east
one pharmaceutically acceptable excipient or carrier. 93. The '

phar maceuti cal conposition~of tclaim 92, "wherein the excipient or carrier is
di met hyl sul f oxi de. 94. The pharmaceutical conposition of claim92, wherein
the excipient or carrier is, phosphate buffered saline. 95. A °

phar maceut i cal conp03|t|on for inhibiting Spi regul ated pronoter activity in
a proliferating cell co ieast one conpound of the fornula: 55
Proposed cl ai ns Si ngapore plication wherein R, R2,. R3, and R4.
i ndependentd ¥ re §XC;C»CII3 or an anino acid resi due
or substitutled galt thereof, but are not each: -OH

si mul t aneousl 1. 96. A pharnaceutlcal conposition for

up-regul atitig t € expression of a cell cycle related gene in a cell,
wherein the cell cycle related gene is selected fromthe group consisting
of :  cyclin-dependent kinase inhibitor, apoptosis antigen APO 1, death
dormain three DR3, ras-related protein RAP-1, and hunan th Ki nase,

conprising at |east_one conpound of the fornula mhereln R2, R3, and R4

i ndepend®heteip RefreeBeand Roindependantly rapresent)-&H3, -Q¢¢ QJT@[%E': iof ghed or

substi tut ac e e -
sinmultan %&?@%Qg?r S‘X’%Bﬁlggdn%ggugf l(‘:ia 1511 n%o%‘ﬁ&i’%ﬁ %‘f‘t%ﬂoﬂﬁ%ﬁa%hgﬁ@tl ng the
expressi gfnMfanéus®! Whensed ﬁldé@h%cssﬁ;bnqef&nium@ﬁehﬂ jectiier ein the cell cycle
rel ated gene is sef ected from the group consisting of cyclin-dependent

kinase 7, cytokine receptor, proliferati ng cell nuclear anti gen PCNA,
TNF-rel atl&si ;f‘ Bﬁgmggéu 1c. F::%%ﬁpo%{%mn%& treatmg rrrlgrtmeaaﬁeahlm 4 Ipifihg an

effective amount of at least one compound formulated for systemic delivery to the .

subject, wherein the compound has the formula

wherein Ry, Ry, R, and R4 mdependently represent —OH, -OCH;, -O(C=0)CHj, orfan
unsubstituted or substituted amino acid residue or salt thereof, but are not each -OH

simultaneously.

101. A pharmaceutical composition for treating tumor in an animal comprising an

effective amount of at least one corupound, wherein the compound has the formula: ‘
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compound of the formula: 56 Proposed clains Singapore Divisional Application
wherein Rl, R2, R3, and. R4 independently represent --0OH, -0OCH3, -0(C=0)CHS,
or an wunsubstituted or substituted am no acid residue or salt thereof, but
are not "each -OH sinultaneously. 98. A pharnaceutical conposition for
irdlibiting cyclin-dependent kinase CDC2 activity in a cell conprising an
effective amount of a conpound of the formula: wherein R, R2, R3, and R4

i ndependently represent -OH -OCH3, -Q(C=0)CH3, or an unsubstituted or
substituted am no acid regjdue_ex .h% t hereof, but are not each -OH

si mul taneously. 99. A pharfacp gal conp05|t|on for treating tunor in an
ani mal comr ’ 3 upt -of at | east one conpound, wherein the
conpound ha$ 57 wher ei n R, R2, R3, and R4 independently
represent - O A3, -CHL=O CH3, or an unsubstltuted or substituted am no
acid residu@ or salt thereof, but are not each -OH sinultaneously, wherein
said conposition is fornulated for injection 100. A pharnaceuti cal
conposition for treating tunor in an aninmal conprising an effective anount
of at |east one conpound fornulated for systemc delivery to the subject,

wh t t he, f a. wh R2 , d R4
ndependUHETi Hio BraSuiid Ricat deeisabant (prseyt emansgpatied GraCRBeer ut ed or
substi t U&rﬁlﬂo%@d@%?ﬁé & sfag%h&e@f Qe he HORERRA orq}ﬁ%ul?s’tiﬁn&?émﬁﬁ%@id' CH

si mul t aneousl'y arnmacéutrcal conposition for treating tunor in an
ani mal cresidne msalgpc‘a:d froe:i fregroueccasisting ofxﬂamhe Iae@ﬁme,cmgmginpcaspahawmﬂ ein the
conmpound has the formula: 58 erein ap R4 are |d%r111 i cal and
repr esentysine, 8 'gqtf:,tg;p% EYGine st lgfa 1so'leucme eucine, lysine, methionine,

phenylalanine, proline, serine, threonine, tryptophan, tyrosine, valine, 5-hydroxylysine, 4-
hydroxyproline, myroxiné, 3-methythistidine, e.-'N—methyllysine, e-N,N,N-
trimethyllysine, aminoadipic acid, y-carboxyglutamic acid, phosphoserine,
phosphothreonine, phosphotyrosine, N-methylarginine, and N-acetyllysine.

102. The pharmaceutical composition of claim 101, wherein the compound is z salt..

103. The pharmaceutical composition of claim 102, wherein the salt is a hydrochloride.

104. The pharmaceutical composition of ¢laim 101, wherein the compound is formulated

for injection.

105. The pharmaceutical coniposition of claim 101, wherein the compound is formulated

for injection into the tumor of the animal.
106. The pharmaceutical composition of claim 101, wherein the animal is a human.

107. The pharmaceutical composition of claim 101, wherein the compound is formulated

for administration more than once.

108. The pharmaceutical composition of claim 101, wherein the compound is formulated
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amno acid residue or salt thereof, wherein the substituted or unsubstituted
-amno acid residue is selected fromthe group consisting of alanine,

ai gi ni ne, asparagi ne, aspartate, cysteine, glutamate, glutam ne, glycine,

hi stidine, isoleucine, |eucine, |ysine, -nethionine, phenylalanine, praline,
serine, threonine, tryptophan, tyrosine, valine, 5-hydroxylysiie, 4-

hydr oxyprol i ne, thyroxine, 3-nethylhistidine, .-Nnethyllysine, s-N N N
trimet hY{]olrﬁéﬂni}ﬁstm%@ihraQﬁ ki aCoePBintherind GRtiRRXY Yl Ut am ¢ aci d, phosphoseri ne,
phosphot hr eoni ne, phosphotyrosine, N-r' ethylarginine, and N acetyllysine.
102. The pharnaceutical conposition of claim 101, wherein the conmpound is a

lt.. 1 h h tical, iLti ] al 102 i It i
S s TSN TRCH el commosiLl 4D Sl cholmate: aheribe salt I
the conpgyndm) %tfﬂfoﬁlbln@é Qﬂ%ifo%pkf@éiﬁgkﬁ&[‘oférﬂé- The pharmaceuti cal

conposition o al m 101, ereint conpound is fornmulated for injection
into the tunor of the animal. 106. The pharnmaceutical conposition of claim

101, wherein_the animal is a hyman._ 107. The_ pharpaceuti cal, ¢conmposition of
ol 2l m 1031 0-iFhe PBRACHI b ABRRRA S TedaiTA Oy BSOS SOTPRHRGKIS SITGRRFHbr o t han

once 108F°art gﬁi@g@@qg%m}pﬁkF&g@gﬁ&éégfﬁg}%@cI aim 101, wherein the conpound

is formu adm-ni's Or a certain period of time. 109.
The pharnaceutical conposition of claim 101, wherein fbe conpound is
formulated for adm nistration once daily for a certain period of tinme. |

10, The phhrisesaoomound ade mBHacRreqt 2imediomenifs e weamentasapound | s

f orm dat I nLsteati . a certaj L time. | 11,
Use of a%%&?%gﬁr@m%ﬁmgg ?ﬁ%ﬁ%’%@& Lﬁr/eéég?heacoﬁgj Fggﬁ%sgt?&:f@ir% treat ment of
a tunougtradghuwahiceiulur vi ving i s expressed, wherein the conmpound has the

following structural fornula: where-in R, RL R3, and R4 independently
represent -OH, -OCH3, -QC=O CH3, or an

wherein Ry, Ry, R;, and R4 independently represent —OH, -OCHj, -O(C=0)CHj, or an
amino acid residue, but are not each ~OH simultaneously.

e

112. Use according to claim 111 wherein said tumour is malignant or benign tumour.

113. Use according to ¢laim 111, wherein the treatment induces, or increases the rate of,

apoptosis in the tumour cells.

114, Use of a compound for the rﬁanufactx;re of a medicament for the induction of

apoptosis, wherein the compound has the following structural formula:
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am no acid residue, but are not each -CH sinultaneously. 112. Use according
-to claim 111 wherein said tunour is a malignant or berdgn tunour 113. Use
acrording to claiml 11, wherein the tT eatinent induces, or increases the
rate of, apoptosis in the tunour rc)l5. 114. Use of a conpound for the
manuf acture ofa nmedi canment for the induction of apoptosis, wherein the
conpound has the follow ng structural formuW 60 wherein RL, R2, R3, and R4
i ndependent|ly represent -OH -OCH3, -Q(C= O CH3, or an amino acid residue,
but are not each -OH sinultaneoygly. {415. Use according to claim 114

"wherein said induction ompo I% for treatnment of a tunour. 116. A

X J R3, and R4 i ndependently represent -COH,

ci d l?‘ae5|due but are not each -COH,
si mul t aneousl| y usesMM the treatnent of a tunour in which survivin is
expressed. LA orrpouna for use according to claim 116 wherein said
tumour is a malignant or benign tumour. 118. A conpound for use according

to claim 117 or 118, wherein the treatnent induce eases the rate
of , apop?&srein Ry FBhBSst“E}(ijrézdﬁn‘%,e@F‘ll‘?nﬂii@reS&n’c lg‘éHbf'S o MI’& %% Proposed

clainms S 1 nR,,R2 R3, and 1
i ndependg% y&ﬁ‘grgg\sﬂ%ﬁ‘{“?g%ﬁlﬁgw hgh M%%aé am no aci d residue,

but are not each -OH sinultaneously, for use in |nduct| on of apoptosis.
120. A conpound for_use according.to claim 119 wherein jnduction of
apopt osi 419.sUpepaccordies ﬁ@gmﬁ}ﬂw eindaiddpduction of apoptosis is for treatment of a

tumour.

116. A compound of formula:

ar

wherein Ry, Ry, Ra, and Ry independently represent -OH, -OCHj, -O(C=0)CH,, or an
amino acid residue, but are not each ~OH, simultaneously, for use in the treatment of' a

tumour in which survivin is expressed.

117. A compound for use according to claim 116 wherein said tumour is a malignant or

benign tumour.

118. A compound for use according to claim 117 or 118, wherein the treatment induces,

or increases the rate of, apoptosis in the tumour cells.

119. A compound of formula:
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121. A conpound for use according to any one of clains 119 and 120 wherein
'the conpound is a solid. 122. A conpound for use according to any one of
clainms 119 and 120 wherein the conpound is in solution. 62

Proposed claims Singapore Divisional Application

wherein Ry, Rz, Rs, and Ry independently represent —-OH, -OCHj, -O(C=0)CH;, or an
amino acid residue, but are not each -OH simultaneously, for use in induction of

apoptosis.

120. A compound for use according to claim 119 wherein induction of apoptosis is for
the treatment of cancer.

121, A compound for use according to any one of claims 119 and 120 wherein the -

compound is a solid.

122. A compound for use according to any one of claims 119 and 120 wherein the

compound is in solution.
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