NORDI HYDROGUAI ARTI C DERI VATI VES FOR USE | N TREATMENT OF TUMORS The
I nvention described and clained herein was nade in part under a grant from
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invention relates to the use of norditygyRgai aretic acid derivatives, in
particul ar -derivatives containing substituents of naturally occuring am no
acids, for the treatnment of tunors and viral infections. 2. Background

| nf ' Car cj | S | | ti ff b ' f
genct ¢ and epi JERgnEPCRes bR AEO TR e b Ot n pel i Bler® ¥
uncontf ol | Gftafetrom HeNElloRa mistidtédlof HeaKK! TheNes! Gdveshgient fayn! ver sal
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levels. Cgclin @aé}(qibgha_lhﬁ,\fﬁllagoﬁ owy rise through the Gl and S phases of
the cell cycle, peak during the & to M phase transition, and drop sharply
during 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

research lies in the development of a clinical treatment that is highly effective

in curtailment of tumor growth, non-toxic to the hdst, and is affordable for

most patients. Drugs that focus on the inhibition of targets that are unique to

dividing cells should be effective chemotherapeutic agents without the risk of

substantial side effects.

Cells pass through many checkpoints as they proceed through the cell

cycle. Cerain criteria must be met in order to pass each of these

checkpoints. In the G2/M transition, the most essential regulator is the cyclin-

dependent kinase CDC2. This kinase binds tightly to the regulatory protein

cyclin B, and this complex, also called the maturation promoting factor (MPF},

is responsible for stimulating a myriad of events that lead to the cell's entry

into early prophase (1). Not surprisingly, the loss or deactivation of either

component of the MPF will block cellular progression out of G2.

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

'cycle, peak during the G2 to M phase transition, and drop sharply during



mtosis (2). The CDC2 protein, on the other hand, is always present during
the cell cycle, although levels rise slightly in the |ast stages of the &
phase (3). The activity of the protein is dependent on the association with
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of . also induce cell cycle arrest in mammalian cell lines. The evidence presented
hereinbelow demons_trates that M4N is capable of inducing G2 arrest in
mammalian celis 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 epitheiial cells, resulting in afflictions ranging from
) benign paliilomae (warts) to cervical, penile and mouth cancer. The strong
C, association of these cancers with HPV and the widespread occurrence of
infection denotes the importance of developing an anti HPV therapy.
Most, if not all, viruses, including those replicatively active mutants, are
host dependent. They require the participation of certain celular factors for
supporting viral growth. Host cellular factors, unlike viral proteins, are not
under mutational pressure and are in general, structurally invariable. Thus,
compounds that block the usage of these celiular factors at different stages of
the viral life cycle are likely to be good candidates as mutation insensitive
antiviral drugs. Several studies using cellular factors as alternative targets for

the inhibition of HIV-1 have been reviewed (11).




the viral life cycle are likely to be good candi dates as nutation

I nsensitive antiviral drugs. Several studies using cellular factors as
alternative targets for the inhibition of H V-1 have been reviewed (11). 2.
Applicants reported earlier that 3 -0 -nethylated NDGA (i.e. Ml.4),
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Waen t he efiectivesn thetgantidl &f replioainnds linhibitigeref Sk tegilated
proviral transcription and transactivation (15). This study has since been
extended to the control of the growth of Herpes simplex virus (HSV-1 and
HSV-2) (16). Herpes simplex immediate early (IE) ICP4 gene is-essential for
HSV replication (17). Its promoter region possesses eight Sp1 consensus
binding sites (18), five of which are required for ICP4 gene expression. It thus
makes the ICP4 gene a good candidate for such testing. Applicants have
found that both 3-0-methyl NDGA (Mal. 4) and tetra-O-methyl NDGA (MsN)

C | ére effective transcriptional inhibitors for HSV ICP4 gene expression in Vero
cells via the biocking of Sp1 protein binding to the ICP4 promoter as shown
by the electrophoretic mobility shift assay (16).

When the anti-HSV activities of MyN and Mal. 4 were tested and
compared to that of acycloguanosine (acyclovir, ACV) in infected Vero celis,
Applicants observed that the ICso for M4N varied between 11.7 pM to 4uM for
10 passages of HSV-1 and 4 passages of HSV-2 without obvious uprising
trend for requirement of higher drug concentration. However, the ICso for
ACV increased from 7uM for the first viral passage to 444 pM for the tenth
passage of HSV-1 and to >88uM for the fourth passage of HSV-2 indicating

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



conpared to that of acycl oguanosine (acyclovir, ACV) in infected Vero cells,
Applicants observed that the ICSO for MAN varied between 11.7 p.Mto 41, M
for 10 passages of HSV-1 and 4 passages of HSV-2 wi thout obvious uprising

trend for ¢oauidRARRL while thaleledilt heaNSN(TALIRN,) FMEHEH reltgel o0 [ or

ACV incre fom7Mfor t i rst viral "pasSage tenth

passage ofst&isig-for M, tthe T30 b ACQK droppée B0tibldRNBANR tHe Vil -phdsagesat i ng

their rapid build-up of drug resistance against ACVin Vero cells. 3

Consequenth Yergigelle (18 SereMNis 3 mudatiorsnsensities giru@s th) carcinbibic8CV

rel ativel ; |, € t S.1. for ACV dropped 60 fold follow ng the
i S A N
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with 9600 expressed genes, Applicants found products of most Sp1 regulated
genes remained at similar levels, and not affected by the drug treatment of
cervical cancer cells C3 in culture (Figure 5). Even so, the relatively low
selective index of MyN certainly limits its use to the lowest effective
concentration if the drug must be used systemically. On the other hand,
human papilloma virus induces solid cervical and oral tumors initially through

C | the Sp1 regulated expression of HPV Eg/E7 genes (20). Applicants reasoned
' that if drug can be delivered in situ, and be kept only in the tumor area, the
drugs of high concentration may be used to effectively destroy the tumor with

little damage to the patients.

SUMMARY OF THE INVENTION
Accordingly, it is one object of the invention to provide compounds and
combositions for use in the treatment of cancerous and noncancerous tumors
in animals, particularly in mammals, and most particularly in humans.
According 1o this aspect of the invention, novel nordihydroguaiaretic acid |

derivatives are provided that inhibit tumor gfowth.



the Spl regul ated expression of HPV E6/E7.genes (20). Applicants reasoned
that if drug can be delivered in situ, and be kept only in the tunor area,
the drugs of high concentration may be used to effectively destroy the
tunor with |iBylro@hivdeovaataiis anid denvativesusmeantonmpmrids\E@NIieON
Accordin%%ﬁgjit IS one object of the invention to provide conpounds .and
conpositi P& use in the treatnent of cancerous and noncancerous tunors
in animals, particularly in mammals, no -Rgularly in humans.
According to this aspect of the inventjoh, ove” nor di hydr oguai aretic acid
derivatives are provid@q Qert~J_NQ| g oy, 4 By

nor di hydr oguai areti c acid yative conpounds of the structure
CH3 it - R R4 RI3 ere 31, R2 and R4 i ndependently represent -0H,
~-0OCH3, -Q(C=0O)CH3, or @n anfno aci-d residue, but are not each -CH

si mul t aneously. Am no acid substituents are intended to include, inter afle,
al ani ne, arginine, asparagi ne, aspartate, cysteine, glutamate, gluam ne, ci

glycine,. histidine, isoleucine, |eucine, |ysine, nethionine, phenylal anine,
pral i ne, wierehe Ry iz &eiand Ry ingepspdantly tapresemie-Ollat®6Hs, 5- hydr oxyl ysi ne,
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Particularly preferred conpounds for use according to the invention are MN
and 4N, alAnipe, arginitRwatpafgingaspariate; cysdeinef ghufarssteyigiuaraingt t he
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T proline, serine, threonine, tryptophan, tyrosine, valine, 5-hydroxylysine, 4-
hydroxyproline, thyroxine, 3-methylhistidine, e-N-methyllysine, £-N,N,N-
trimethyllysine, aminoadipic acid, {(—carboxyglutamic acid, phosphoserine,
phosphothreonine, phosphotyrosine, N-methylarginine, and N-acetyllysine.
Particularly preferred combounds for use according to the invention are
MsN and G4N, which are shown in Figure 1.

It is a further object of the invention to provide a method for treating
cancerous and noncancerous tumors by the use of these novel derivatives,
and by similar derivatives that were known in the art, but have not heretofore
been used for the treatment of tumors. The method should be especially
effective against rapidly 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, particutarly in an animal
cell, moré particularly in a mammalian cell, and most particularly in a human
cell.

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

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

that may or may not have undergone metastasis. The term "noncancerous



and by simlar derivatives that were known in the art, but have not
heretofore been used for the treatnent of tunors. The nethod shoul d be
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i nf ecti onpenile and head and neck cancers that are associated with HPV infection.
The‘method comprises local application of nordihydroguaiaretic acid
derivatives, in particular tetra-O-methyl nordihydroguaiaretic acid (MsN) and
tetraglycinal nordihydroguaiaretic acid {G4N), to cancerous and non-
cancerous HPV-induced tumors, '
It is yet another object of the invention to provide a method of inhibiting
viral replication and growth by the administration of the compounds of formula
} containing amino acid substituents. Preferred for use in this method are
C compounds in which the amino acid substituents Ry, Rz, R3 and R, are
identical.
It is contemplated that MyN, G4N and other derivatives will be
administered by local injection into the tumors, generally along with
phamaceutically acceptable diluents, excipients and carriers. In preferred
embodiments, MsN is injected into tumors in the form of a DMSO solution,
and GN is administered in PBS sofution. The use of G4N will compiement
the use of MyN, particularly in larger tumors (> 2 cm®), due to its water
solubility, which allows it to spread to a larger region of the fumor. Other

water-soluble and water-insoluble nordihydroguaiaretic acid derivatives can



The net hod conprises |ocal application of nordi hydroguai aretic acid
derivatives, in particular tetra-O nmethyl nordi hydroguai aretic acid (M4N)
and tetraglycinal nordi hydroguaiaretic acid (&4N), to cancerous and non-
cancerous HPV-induced tunors. It is yet another object of the invention to
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However, dosages of from 10 mg to 20 mg of either MyN alone or with similar
amounts of G4N per gram tumor weight at intervals froh daily to weekly or
less frequently may be mentioned for purposes of illustration. Administration
of 50 ui to 100 pl of MyN dissolved in DMSO at a concentration of 200 mg/mi,
either alone or in combination with G4N, is expected to be effective in many

‘cases for tumors of 1-1.5 cm®.

BRIEF DESCRIPTION OF THE DRAWINGS
C Figure 1. Structures of MsN and G4N

Figure 2A. HPV-16 LCR showing region of E¢/E; promoter (pPV16P87) and -
the binding site for Sp1 protein.

Figure2B. The effect of MuN on the E¢/E; promoter activity in C-33A cells.
(inhibition of E¢/E7 promoter driven luciferase gene transcription by different

concentration of MsN)

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



The amount of dosage, frequency of adm nistration, and | ength of treatnent
are dependent on the circunstances, primarily on the size and type.of tunor.
However, dosages of from 10 ng to 20 ng of either MAN alone or with simlar
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phot ographs (3A and 3B) indicate these cycles, the presence of (+) or
absence (-) of MAN in the growh nmedia, and two digests of a pGMI vector
used as sFigurgedher sinhbitoniphC3iCetbhGrewth B C) i ndicates the two expected
size products of the anplification, resulting fromthe alternate splicing
of the early viral RNA transcript. Figure 4A. Inhibition of C3 Cell Gowth
b N ¢ FiguwesdBB. Inhititior bDC3CelCEr&atd FRIomnhE thelRembugl dfiv,Nkenoval of

| Figures 5A-5B. Effect of MAN on gene expression in C3 cells as exam ned

by the CENE Assay anal ysis. 5A. GENE expressed in C3 cells after > 2 hours !

of DVBA t eal HEHA 683 ERED of MIN SRS ER5R38HH ih B S eefihs Bxahifta By?
the GENE Assay analysis. 5A. GENE expressed in C3 cells after > 2 hours
of DMSA treatment (C3 DMSOQO). 5B. GENE expressed in C3 cells after > 2
hours of MsN treatment using DMSO as solvent (C3 MN).

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

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

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

First column from the pénel presnts the large size of tumors from
mouse #4, 10, 12, following DMSO treatment (CON) as compared to the
relatively small drug treated {M4N or MsN/G4N) lesions from mouse #12, 10,
27 and 20(MyN). The subsequent photographs are examples of these tumors
examined at 100X magnification (A, B, C, DMSO treated, D untreated, E, F,
G, H. MsN or MN/G.N treated) mice (Table 1 and Table 2).
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hours of MN treat nent using -DMSO as solvent (C3 MAN) Fi gures 6A-6B. Visual
observations of tunor-bearing mce followwng MAN treatnent. 6A. Mce
bearing single tunors were treated with in situ injection of DMSO (#3) or

MAN (#7). | tlai Niact 4 é% nor s
grown in rmt?:s@hb%& 2%«.?@%‘?!8;&%%% }fﬁéﬁg?&% e r(ﬁ tehH%% @mﬁeﬁ' unor
from the sarmesense of ifeflectiiessnighddBDS, THEE-ABDS'JUABDS, [MWIA@DBQ‘])OQY
Ef fect of MAN and MAN AN on Tumor Growth in Mce Eirst columm from the

panel presnt@ngd Wetheapigsesiceof stfactive dsugs OhN Fi&4RY] and AQY ["HDV+ owi ng
DVBO treat ne Aéy( as conpared to the relatively small drug treated (MAN
or VAN (AN) ns from nouse #12, 10, 27 and 20(M4N). The subsequent

phot ographs are exanples of these tunors exam ned at 100X magni fication (A,
B,, C DWOtreated, D untreated, E, F, G H, MIN or MAN AN treated) mce
(Tabl e 1 andFiguabe &. YNLauges SrowthFrest h*eMammailian Cells.héaah &Hhce of

d HSV- t f d '
[ Fv- ABDS! GEMAes 3pa 00 ERbosis WergTeriet Ul el aealRlers 06 dr ugs
MAN [ HSV- h A t
Nbmal i an ca THe dbiMoer BPkeCleden of i a?—%i*l“%?%@&éw?"?!%m e ith "

di fferent comheatechascmw of Afmr\thréedamﬁt&anumbecef vable eskiswwerg coteted
initiation of perine i ndi c a 0., After .ree s the
nunber of vi %Og@él‘éerﬁ}ﬁ 5‘%8&&{ e&ﬂ'&? oi?)eDa*yi\ﬁ?r"&Y%e'F {I/HN’ 3

concent r at i Qpské SitH8 X §0F eeleper ﬁﬁék bnd gr nTe;#ér mcr@ﬁk%wowsé i méAacel I's
per flask and given either MAN I n 1% DVSO i n nedi a In nmedia
al ong (firstormédiMSRigejedidkioe (ﬁrslayedracnimnlg&bf Adtier 3t daysyioNethalboed cel | s

wer e 'gi ven fre 0 ann onl 9 O . D ' t of th

col s vero s MiN Tigafed BRISWET fnEidtesh Hebia ot ofbibaMSR AT © 1"

ﬂ‘gg?% - ThecalHile t%r@sﬁeﬂm&éblﬁ%éﬂé G0En Hesh reedinlift thd Bamelddmiittins
(second media change). The cells were counted daily and piotted versus the

time of treatment.

Figure 10. Cells Treated With MyN Arrest in G2/M. C3 cells (a), C33a
celis (b), CEM-T4 cells (c), and TC1 cells (d) were grown for three days in
“media containing either 1% DMSO or 1% DMSO with M¢N (MsN). The cells
were trypsinized, fixed with ethanol, stained with propidium iodide, and were
subsequently analyzed by flow cytommetry. The data is displayed as number
C of celis (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 40uM MsN Demonstrate G2 Cell
Structures. C3 cells were grown on coverslips for three days in media
containing either 1% DMSO (Control) or 1% DMSO with 40uM MsN (MsN).
Samples were fixed with ethanol and incubated with antibodies against a
{(green) and yorange) tubulin (a) or with the DAP] DNA stain (b). Cells were

examined by flourescence microscopy.



Figure 10. Cells Treated Wth MAN Arrest in QIM C3 cells (a), C33a cells
(b), CEMT4 cells (c), and TCl cells (d) were grown for three days in nedia
containing either 1% DMSO or 1 % DVSO with MAN (MAN). The cells were

trypsini zed. {1 Wi H}@ ' | L.di LrORM wer e
subsequent lnga{Jr‘laa y'zeéf%g owgk:r?g ?nrrpdredtbr%&.e\yﬁ% 'gé'?gblgéq& ‘g%ﬂa?g% cgg‘gnunber
of cells (Gebe ¥rowd forodifferarldradumerdf dime{rphiérenaread ind@irsy i etiRt ensity.
The indicated stages of the cell cycle are |abeled and correspond to the

relative eentainiag ehar 3¥npPMBSHD) &% 18e COBONwE 8P 190N (l)i Aftendhe y.

e el 1 5 ereed e Bl Brdiny PR R wEROBDRAE A Rt Beline i i ng i ¢ her
1 % DVBO ({@rsstem] blots (alXdpVivke phhbistield MMofhEdksing afit GhedRigirst xed wi th

et hanol and incubated with antibodies against a (green) and yorange)
tubul i n (afD&2 af cyciinhB wilkPiheDinme tnitrocelilosediller s Kipase assays (d by

by NN, COORUTIWC P IEIe) BRI PoHomned.dPLAMnaBIMy ORI REor tHber s ar6 | n
hours) in é’ﬁl‘?ﬂcﬁiieé‘r%‘bﬁligidﬂgb?iﬁﬁﬁ%ﬁén%iﬂ\@gﬁ.E?)I'Poén&tholQgﬁ?w The40 pM MAN

(M. After the speci’ times, total protein or tota was i1 sol ated
from t he ceddrsassidédaiorof thedtAGEgel is mgluded noehtsd! foekadieg.f Kimasd usi ng

ti bodi i nst N Lth th i 1 |1 ul filter.
i nase assayoedol 28a00R Dbl b Jedirals e RopReamed eoalaey.

| munopr eci pi t aNbARe bidts @) WeRAb&FoiRed ¥S thid] BNAXrasibatijiers Weidh v- 32P
ATP and histone H. The coonassie stain PACGE gel i1s included as

f the
cocfrro_l f oncubaigidreyerright vweith raggawpfimedfgpdmlelm Disarfod CRC2 osat ment s wer e
pekf or med tel v, rthern bl pts.(b re perfaorned._on t al  RNA
extracts. éﬁ%ﬁswa%?%&%ﬁgﬁ%?ﬁom&hﬁ%wmﬁ#) 5 a ﬁ‘?m 3. | abel ed
DNA for Ch§sedto techCDE2 washcAPDM&Necposed to filmfor three days. The sane
filter was wused to test CDC2 and GAPDH RNA. rtPCR anal ysis (c) was

perforned on tofBCRupalsis (g was\perfermedasn total RNA extracts with primers
hybridizing to regions within either HPV-16 E7 or GAPDH. Both primer pairs

were used in the same reactions, and the products were analyzed by agarose

gel electrophoresis.

Figure 13. Electrophoretic mobility shift assay (EMSA) of G4N interaction with
the HIV Sp1-binding sites (-87 to 49). (A) G;N inhibition of Sp1-167D binding
to P labeled HIV Sp1 DNA template. Lane 1, template alone; lane 2,
- template plus 0.1pg Sp1-167D; lanes 3-9, template incubated with increasing
C concentrations of G4N (0.25 to 1.75 mM prior to the addition of 0.1pg Sp1-
167D. (B) G4N displacement of Sp1-167D bound to HIV template. Lane 1,
template alone; lane 2, template pius 0.1pg Sp1-167D plus 100-fold excess of
unlabeled template; lane 3, template plus 0.1pg Sp1-167D; lanes 4-10,
Sp1/DNA complex challenged with increasing concentrations of G4N (0.25 to
1.75 mM); lane 11, template incubated in reaction buffer containing 1.75 mM
G4N. (C) Sp1-167D displacement of G;N bound to template. Lane 1, template
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'
| 1.2 mM G,N followed by challenge with increasing amounts of Sp1-167D
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hybridizing to regions within either HPV-16 E7 or GAPDH. Both priner pairs
were used in the sanme reactions, and the products were anal yzed by agarose
gel electrophoresis. Figure 13. Electrophoretic nobility shift assay (EMSA)

i bi 1 ontip” Sp0- 0306 a8 e I B RTS8 HBYILDT BIR donpi ate, Lane L
tenpl ate ah?ﬁﬁis_ﬂiﬁ@%p?l;—‘lSﬁmﬁ)ﬁh@bd?hﬁ!éx%aﬁﬁg?tﬁéﬁﬁé%@?eéﬁ&%% -9, tenplate

incubated with increasing concentrations o .25to0 1.75 mMprior to
t he addi ti imcredsiogqngespations pDG.NB)se®4N (&) spéacenefB) ef-Shel®i® bound to

HV tenpl ate. ,Lane tenpl ate alone; lane 2, tenplate plus 0.l Spl - 167D
bl us. 100-  B7r BRTE Ao HRNaBEr GRSy T Ee pihe s EoREseuTol B8 81 1pg

Spl - 167D; ~ rSeWt i j i
cgncentratt{a%ﬁg?% t@Nv?lg%%%égn%@Wane %gs%ﬂedr?r]p gk?g%?ﬁg 'gat ed in
reaction buffer containing 1.75 mM &AN. (C) Spl-167D di spl acenent of (4N

bound to tenplate, Lape.l, tenplate alone; |lanes 2-4, tenplate plu

i ncr easi ngh s8Nt Igﬁ%n 9%'7@? (etoogulates Hapsachvabon iy fos| é?%ﬁé,ﬁ-

tenpl ate i ncubated in reaction buffer containing 1.2 nM (AN fol | owed by
chal l enge with increasing amounts of Spl-167D 10 (0.075, 0.150, 0.300 pg),
| ane 8 recrigued 18 SV pifiitBtiot WitFpreisedte of GINNI16II 1701 DRkid MérRE Piikeg onpl ex

band intensities in response to mcreasigg concentrations of AN used in

(A N a- ﬁrwiﬂ(ﬂ B) 24 &rs. hauegstockof §/\Vienac 8 ﬁ@ngdérm?&?orfpn@vq)bpy@paty%'ém de
oxper i mont GETEWerE FEXiE it 2R 1 LG LRSI |58l el Re fiaide e | "

Tat - r equl agach wwelinsfdhtaes 86ivaesl! platdso v/ arius TobkefMdtions b ELN filkhm aSW

prog'gction with presence of G4AN. 107 174 x cells were nixed with a 24 hrs.
har vest stfRR$OYMaE SIREK wate prepdjed_RNEAMdeddp qanh pldhestadesignedcel |s were
resuspendgg

i ' Il of
three 96- V\e??i'rgll”glf'%s%arﬁ?géurgs %ﬁ%%&pg‘é{e ﬁ'(;aﬁ]‘ig l’lgé&ecélﬁ? % ggﬁ]%g&gff?g\?ﬁ ywemade0
st ock wer eprpteptive aratybisddesl grodection whs Ekeaged by esingaiifibd pET capsidl t ur e

supernatants were collected after four and eight days for vyiral
protein antigen capture ELISA as described in e€xperimental section.

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

) DETAILED DESCRIPTION OF THE INVENTION
C Experimental Methods
NDGA derivatives were synthesized chemically (15). Celiline C3is 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,
inois, U.S.A. ltis maintained and cultivated as described by Greenstone et
al (21) and Feltkamp et al. (22, 23). |

Synthesis of G4N:

Standard Procedure for the Preparation of meso — 1,4 — Bis[34 -
(dimethylaminoacetoxy) phenyl}- (2R,38) - dimethylbutane Hydrochioride Salt

11



production analysis. Viral production was assayed by a nodified p27 capsid
protein antigen capture ELI SA as described in experinental section. Figure
16. Inhibition of HV p24 antigen production in H9 cells by GAN. Inhibition
i n per cerfeltagly@ryldNP&EA. £ o acdishieromgthene (25kml)fsalutiethconrtainiage of two

dupl i cat |t f..G¢N treated and t |115.9, days following

viral T nIBALZE & 42 3bmoe el sRONY Hirtyiantnede 2 ecdi en 0

DESCRI PT i i f f

oynthes: Tajobie.0 el velt e DREPE2 Moy MK o) A DM P et ed

Ras tran$2&2ngd & 8lmmalnt Ociquiys Thle ieaistion ingixtureparas stireed Fyr 28 hMart i n Kast

f Loyol i it dical Ce , i , _lllinojs, U oLt

o e B AT oL B e PRk Fefe v o

Fel t k : i : ‘ th

Pr epar a1, Sajution’as E8hcertified b el prRsafe Aotopeagsnhol ) °

(2dR, Sﬁl) wad Wnﬁhh;ddlnd im?ﬂthdyttralmﬁbhdlasﬁanﬁahe sdlitioTeas dnibpdechwithNDGA, GlAN. To
i . t 5 ti t.ai ni N 12.8 9, 42.3 , 1.0

o v) S RIORENPICL(Ohe TR MRS LA RER RIS W digpived i HaGLAM M o added

DCC (52. 4 Geipitared fiRée apr&ﬁ%ééﬁﬁzﬁﬁﬁpa%éténé%%gv gggzg}t@bbgﬁqao equi v).

The reaction"m xture was stirre nder nirtro

t enper at miraol)Afst @ whiteesoligkintd786 yisldt PretonaddMR kpectesi weré lobtainkdionan was
concentrat ed under. redy ressure. Acetone (2 M), was t added into
t he reacMaéW"fll-’B'&"‘Qﬁcﬁﬁﬁg’"ga SRECEOMRIST BMB@%@P&@WO'@N@Q%@. The
wat er - so b Dyt Sy 0y 1 < {4t d tw ce at
Fom  empAr TP LR, AR IARAS SHEL s el Se3aMetiin BVEIER WAkET it

- sokid i n480%A00HZ) Spedtometdvibysymse of B, Qarsesalbent. n@drbon-43 chemieal Unity- 400

(400 MHz) spectroneter bg ﬁ of D20 solvent and TSP as internal standard.
Car bon- 18hiisrareseterenceg e thay I P wingieh (30.UPPML Uni ty- 400 (400 Miz)

spect onet er by use 'me %h@ﬁs?&%ﬁﬂed ﬁ%&‘?éhmlﬁ _chem’ cal

12



shifts are referenced to the TSP singlet (80.0 ppm. The synthesis is -
depicted in Schene 1. 12 Schene 1t ¢, t5 Oauz VT. feyi V7/_ QLJ
JV JOOO 2ra<. 13 Ceneral Procedure. Al reactions were carried out
in oven-dried glassware (120C) under an atnosphere of nitrogen, unless as
_indi cat dBchemeérini se.  Acetone, dichloromet hane, 1,4-dioxane, ethyl acetate,

hexanes, and tetrahydrofuran were purchased from Mallinckrodt Chem cal Co.
Acetone was dried with 4A nolgcul ar sieves and distilled. Dichloronethane, |
~ethyl acetate, and hexanes wege dried and distilled fromCaH2. 1,4 -Di oxane

and tetrahydrofuran were driej;i by distillation from sodi um and benzophenone
under an at nosphere of nitrod®em Nordi hydroguai aretic acid was purchased

“from Fl uka Chemical Co. N,N -Dicycl ohdgxyl carbodiin de (DCO),
4-di met hyl am nopyri di ne ( nor pt:osi ne, triethylam ne, and potassium

¥
G
*

bCC. DMAP
CHyCl,

OH
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carbonate were purchased from Merck Inc. 1-Brono-3-chloropropane, N, N c

-di net hyl gl yci ne, and net hyl phosphorodi chi ori date were purchased from

Al drich Chem cal Co. Analytical thin |ayer chromatography (TLC) was

per f or ned q%n pr ecqat ed glghes} (silica gel 60 F-254), purchased from Merck
'nc. Gas. chEsEIabErgsHue. A iegaionsare Garesonbin everdredigaaswasekar d 5890
Series Il } ol | .t - F0SS- | | hyl .silicone gum
capillary gﬁ%@g}e&&ﬂﬁ%ﬂ@%% cﬂlinﬁ%'geer{r?u@éés)s'%m%ésh@icgageggjtﬂ%\é/rgﬁi er gas and
the flow rAtetoms dictbrometising)t Atickdne, ety Scetbhe HestmBti g ti me tR was
measured under the followi ng conditions: injector tenperature 260C,

i sot her nal ted@nygiRofuramyearatpurehasatiromalalinckiastt Sherpica! G@ndAcetoneesas ut i on
nmass spect a e perfor . ett-Packar 890, Series |1

i nstr umntéf?‘%‘adﬁﬁbﬁ%%ﬁﬁ%\ﬁaﬁweeﬁ?’ﬁ@ﬁﬁ?@,@%ﬁ%@%&@ﬁ%ﬁw ect or
and a capidd PexahBs Wére! diey ass RREY Hdtn BaHEH DGR | 1 qui d

chromat ography (MPLC) were perforned at a flowrate of 120 nlJh by use of a

Jasco Mvddet@fydmiuran sveareghvied hipdistibation framesodin@ ared kenzpprenenial |
Reversed Phase Silica | C1 artigle,.size 0.035-0.070 , s ,purchased
From knaudilie) SbalhBeraerr BYogRa. Roj Bl aHatirunaroorap Ryl asedtar 1 i od
out by us eREEd it N C8; hod; ' 0. 063-0.200 mMm
70- 230 rreg{l&ksﬁr?%kgltli nfrar eg'ﬁj('\?uR)N s%gg?k)gg%égﬂﬁtgg@ﬁeegbgﬁ)h Bonem M chel son
Series FR-iRnstiadamimepyriding (EMAR)emouphalire, tegihytziner end gbtassiurd to t he
pol ystyrene 1601 cm 1 absqrption. sorption jntengities are recorded by the
3 Vol | outriDanBicvel PUREARed Bomhertine o raro o SR oRaTs: ShNAVR

S tra ' ' e wérg afé"%r%er by use
ofCDZO a\sﬂlagg(la\m?ygﬁ%' %ngﬁpf\!ﬂnﬂ Eg?%%@??%ﬁ%ﬁ%?c aci)péﬁ sodiumsalt as J
i nt ernal SldncghrGhergigalére.13 NVR spectra were obtained on a Varian Unity-400"

re . rof ey ST HEYE L RGO AN ek RO Ter TR Bl BBCAIE acid,

sodi um salglates (silica gel 60 F-254), purchased from Merck Inc. Gas chromatographic
analyses were performed on a Hewlett-Packard 5890 Series |l instrument
equipped with a 25-m cross-linked methyl! silicone gum capillary column (0.32
mm i.d.). Nitrogen gas was used as a carrier gas and the flow rate was kept
constant at 14.0 mL/min. The retention time g was measured under the
following conditions: injector temperature 260"0, isothermal column
temperature 280°C. Gas chromatography and low resolution mass spectral
analyses were performed on a Hewlett-Packard 5890 Series Il instrument
equipped with a Hewlett-Packard 5971A Mass Selective Detector and a

Q capillary HP-1 column. Separations by medium-pressure liguid
chromatography (MPLC) were performed at a flow rate of 120 mL/h by use of
a Jasco Model 880-PU intelligent HPLC pump. The MPLC packing materiai,
Reversed Phase Silica Ge! C18 (particle size 0.035-0.070 mm), was
purchased from Knauer Co. Purification by gravity column chromatography
was carried out by use of Merek Reagents Silica Gel 60 (particle size
0.063-0.200 mm, 70-230 mesh ASTM). |
Infrared (JR) spectra were measured on a Bomem Michelson Series

FT-IR spectrometer. The wave numbefs reported are referenced to the

poiystyréne 1601 cm~1 absorption. Absorption intensities are recorded by the
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singlet (6 0.0 ppm. Miltiplicities are recorded by the foll ow ng
abbreviations: s, singlet; d, doublet; t, triplet; g, quartet; m

mul tiplet; J. coupling constant (hertz). Hi gh-resolution mass spectra were
obt ai ned by means of a JEOL JMS-HXI 10 mass spectroneter.

meso- - | 4E!i§pmm(abbremﬂm% 18, straner vx peshemyw] weRk 3Brato MR dnecinae C

e e e v% VpcBnd e 8 ffo @@fi%%%ﬁs%%e% eyt of O

di chl or ongd Bap gﬁi é}gg (Fﬁgd 6.0 equiv) and
DVAP (5.176 v%né% mfﬂ@ﬁy'gﬁw ? ¢ reactlon mxwg \I/vas stirred for
24 h undestandard)@arb@h 1©NMR€sm;©tratvwre obthihed oh & Wariaheltyity 08 (100 t he
.reacti ond{F xture was filtered off, the resultant sol uti on was concentr at ed

under r ed¥éizd speetiometer by vssd of C260anE9ivaak Garbandlddeemicabshifis aresi due

“and th

vas i ssaryeneR Bl cefer BB PR NDE RIS e, B 8Bt Pt com.
tenper at uj I&a@(& ove pﬁn{)Z&nﬂt;(plmtre%fargﬁembH b’vySthé M@Wﬁngséﬁbréviaﬁoﬁg % yi el d:
1H NWR (D20, 400 (m 2 H 2

X CH) &, 39glek d, Jﬂﬂﬂbi@ Btnglra&s Giauatel, mzmﬁaitm*elﬂ)l cqummg(@&stant_ 13.2, 4.4

e 2 ety ey s bl ptn SERMne i nbins BB N 12

b 18 11 ASI2X140.173ss 4§eg@m59er59 125.79, 126.58, 131.63, 140.66, 142.47,
146.11, 167.84; IR (KBr) 3461 (br), 2963 (m, 1777 (s, C=O, 1620 (n), 1478

M (FAB) reese2l.4Bis(hy(direthylemnoacsioxyiphenyliaR, 3Simethylbuiane 852 (w) cm -1,

) HS SO Ak S oS . T (0
N g s g bt g 15

6.85: N. d7ctdgr0rnemfe@(‘?50aww wag ¢ddq¢e0§{§p¢5é’c4%se85ﬁ#amnw 64 eawve
substi t utd NORIAPYBS76Ng N SsFEHL 1.0 equiv). The reaction mixture was stimed

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

reaction mixture was filtered off, the resuitant solution was concentrated
under reduced pressure. Acetone (250 ml) was then added into the residue
" and the resultant solution was bubbled with excess HCI (g). The precipitaté
was dissolved in water and re-precipitated twice by use of acetone at room
ternperature 1o give 2 (28.97 g, 36.86 mmol) as a white solid in 87% yield: H
NMR (D20, 400 MHz) 5 0.78 (d, J=6.0 Hz, 6 H. 2 x CH3), 1.73 {m, 2 H. 2 x
C‘ CH), 2.38 (dd, J=13.2, 96 Hz, 2H. 2 x ArCH), 2.78 (dd, J = 13.2, 44 Hz, 2
H. 2 x ArCH), 3.03 (s, 24 H. 8 x CHzN), 4.53 (s, 8 H, 4 x CH2N), 7.22
(m, 4 H. 4 x ArH), 7.29 (d, J = 8.4 Hz, 2 H. 2 x ArH); °C NMR(D;0, 100 MHz)
6 18.11, 40.82, 41.73, 46.75, 59.58, 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
(m), 1377 (m), 1210 (m), 11086 (m), 961 (w), B52 (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 (1700), 44 (22); HRMS (FAB) of
(2 - 4 HC)) calcd for CasHsoN,Og 642.3628, found
642.3614; Anal. Caled for CaaHssN4OCls: C, 51.78; H. 6.90; N. 7.10; O.
16.23. Found: C, 51.70; H. 6.85; N. 7.05; O. 16.21.
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substituted am no acids, additional am no acid substituted conpounds of the
I nvention can be synthesized. Exanple 1 Effect of MAN and several other NDGA
derivatives of SPl-reqgulated HPV E6/E7 pronoter activity. The effect of MAN
and several other NDGA derivatives of SPl-regulated HPV E6/E7 pronoter
activity was ehavill bedappriespted thatdyamatable substidption ef otHETdN Adimetbdpends
upon DNA transfegtion of the HPV16 LCR (Pa onoter) fused to.the

| uci f er as%’qsé%ffﬁgeﬁm%@c'pﬁt%d%%@’@ém@ ati'ﬁl EBEQ'WF‘?ATPSWQHH% & & hods.

C33A i's 3nG8hivdF ntﬂgﬁg]?m gkieli ne (ATCC accession no. HIB-31) that does
not cont aPn any ?é\t egra eﬁ HP\e/ DNA, but has transcription factors necessary

for a robust expression of the HPV early gene pronoter. One day foll ow ng
DNA transéfé:tion various drug concentrations dissolved with the hel p of
di et hyl Bl Ye (DVMSO) were added to the cells. Thirty hours after drug

our s o T ast Y o Pararatt B RO Eefenbish B RETEERBRIIEY ) 2 ana

speci fi c FE} paoradterandtivityl y was determ ned (Luciferase Assay Systens,
Pronega, U.S. Pat. No. 5 283,179). As the MAN drug concentration was
i ncreased t he Eheéfiect of WeNrandiseverel other ND@Aesivatives Te resul ts (shown in

e ansor i pob SeORRb P B oM oY Was RO Ohg iR B B sy,
Exanpl e Z tepiirdert iThe abs&pa&fe id\Apsy MWNIE FahsTettiopvdiia e Vbt 6 e@RENt -

I nhi bition-of E6/E7 nmRNA synthesis followi ng MAN treatment was measured by
RT- PCR i f{Peeparaaier: iyged toibedrciiqrasarepartarpererinip £33fccells Bed wit h

Spant Ll ek O AR A ISR e, counted
in Fig. ZaccebsioRTnd?ERTBeS1)that Hoek Aot eshthimcdny egrated 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 dissclved with the help of dimethyl sulfoxide (DMSO) were
added to the cells. Thirty hours after drug treatment (so that the assay is
complete within the standard forty-eight hours for transient transfection
experiments), the cells were lysed and specific luciferase activity was
determinedf(Luciferase Assay'Systems, Promega, U.S. Pat. No. 5,283,179).
As the M;N drug concentration was increased the specific luciferase activity
‘decreased.
- The results (shown in Figure 2) demonstrate that MsN dramatically
Q reduces Sp1 regulated transcription initiation at the HPV Eg/E7 prbmoter in !

luciferase assay.

Example 2
Inhibition of E¢/E7 mMRNA synthesis following MsN treatment _

Inhibition of Es/E; mRNA synthesis following MyN treatment was
measured by RT-PCR in cervical cell line C;. Relative RT-PCR was
performed with quantities of totai cellular RNA standardized to the cell
numbers counted.  The RT-PCR product was analyzed on a 2% agarose gel.
The results are shown in Fig. 3. The RT-PCR results indicated that the
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16 anplified cDNAs of the expected size for E7 (321 bp) and E6 (204 bp) were
detected in the DVMSO treated cells as early as cycle 22 of anplification.
These sane products were barely detectable in the drug treated RNA extracts

foll 30 I f f d d d d
Lo o g LN T Thh e kb ik S o 2 o i Pacea e @
HPV16- C3 [

gr owt hnggak/tﬂé?r ea &9“%@\}%&9&%%5 grefrégg%#&% 9? m)l'}g@ ﬁé%ﬁ?hel i afecel S

(CG3 cel | syhesesanme pmﬂxcas wareensély Wettctdbie inehe drpgfreuted RN ter 24 hours,
1/2 of the vials were gi ven grow h nedi a contai ning 40p. MMN di ssol ved in

1% DVBO mﬁmrac?{srfé”@wmsrf'@mgwle amylijisatieft. oloramplified emmwage only 1%

et o oA T e gl P b B Bl B st e

growt h anpjp\tishegativeoC3BBaellling. t reated cells was markedly reduced in
conparison to the wuntreated control, while the fraction of viable cells

conpared to the total cell count renmined constant for both drug treated
and DVSO gnl ﬁ" qoat rol cells. 'This indicates that MAN dramatically reduces
cell divi Pl&He effect on C3 growt h follow ng renoval of MAN fromthe

medi um V\ﬁrﬂnﬁhéﬁ&t@mumm €8Il %%m MEVENRIeHtAAt a density of 104 cells
per vial. At tine= 3 of the vials were given growth nedi a suppl enent ed

with 40M MiN HP\&%DVBOBfOTmedrImmomingowaEplthelltafl cgilsémg:edjah wenedi a

v oo eSS oY ARG 16; SRlls R Y Anat od sithrifielar e ydigine’E ol Breo <
v»ﬁ: addedgive oMl fiedia %oﬁi‘anﬁ.hg @M EN%'ls%o\l\Fé wﬁmms@%rrﬁqheced W th
1 or e. e result

sane nedia adm nistered be own in Figure 4B,
i ndi cat e other halfoveretgiven grawth mgadia/\cdmtmmnglonlyn‘ti%aﬂ)m@ ndiheasedit$ n MAN

et o SBPLEodhh PR AN a2 5ub s dhealehoR AT Bt | O et e

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

The effect on C3 growth foilowing removal of M4N from the medium
was also examined. C3 cells were plated at a density of 10* celis per vial. At
time=0, 2/3 of the vials were given growth media supplemented with 40uM
C M.N in 1% DMSO. The remaining vials were given growth media containing

only 1% DMSO. After 73 hours, 1/2 of the vials that had received MsN in their
growth media were washed and media containing only 1% DMSO was added.
The other 2/3 of the cell vials were washed and replaced with the same media
administered before. The results, shown in Figure 4B, indicate that the rate
of cell growth was not notably increased in MyN treated sample following the
change to drug-free media, indicating that MuN continues to significantly

reduce cell division even after its removal from the extracellular environment.
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17 Exanple 4 Analysis of cellular gene expression in C3 cells before and
after 72 hrs of drug treatnent. CGene expression with 9600 gene arrays was
studied (Fig. 5). Five mcrograns each of poly A4 RNA from 72 hrs. MAN (40
m treat ed%éCB W\D and non-treated (C3 DVSO) was used in a pair of human
9600 gene FFAPIC ﬁybri di zation study according to the procedure described in

GCenom ‘cs %naivésl%%]f?@éh&%g@e%%g ;éﬁ fondh4e4 kﬁl{i&obﬁg a%zaf%?%r%do y a color

video canmera'wt mcro ens "an by a
Maci nt osh drugdeeatoeemtut er. Such detection via enzynme substrate reaction of
color-formng enzynes in ejther si nal e or dual-color node is reprodu0| bl e

and C ext r enel yOEBRSXRRESSIOPANitl 868 0eas yryseyasstudieth§oigi bt Aee cel | with

expr esfsregrpﬁéc%g%%)w&qb@%@éé MUE%@]@M}\IFI %J@:’Qa'ﬂ sted for

exani nat i Ghg nbﬁna@eﬂetzl © mmsﬁf\ﬁaé 058&4n & ud@ftmrhéh@%oofbé\@ Sag! format

are kept on ZI P disket Gene nanes and clone I D nunbers” are avail abl e for
obt ai ni ng hybmigigsatoinostesdyfancordingrte the ptdeadure descabed irr @ehoorcs Btpng a gr oup

f t t ed d ted 72 ft VAN
Ot oo a2 U The dh b EatEn Tep0E A G o P ERPIOAVIBED! i vi si o
and apopt %sanﬁera'iﬁnﬁraam%mss rﬁﬁx' AF we.gﬁn.wo%ﬁé %d%@@ée&gg %.r%@ft l'y

upregul ated in response to MAN. In addition to c cy ent nase '
CDC2 (ExarhﬁI%Bll!bmeﬂ-ﬁer eﬁanbl@ecﬂmnamym@ymbmmﬂepmndmt0fk| nase i nhibitor

iy T L e ORI N
C extremely sensitive (can detect <5 copies of transcript per cell with RNAs

from 107 cells).

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

Among a group of genes that are either up-regulated or
down-regulated 72 hrs after MyN treatment, the following are those
specifically related to cell division and apbptosis. Several other cell cycle

related genes are also greatly upregulated in response to MyN. In addition to

C cyclin-dependent kinase CDC2 (Example 11), for example:
Increase
Cyclin-dependent kinase inhibitor (100X)
Apoptosis (APO-1) antigen (100X)
Death Domain Three DRz (100X)
Ras-related protein RAP-1 (60X)
Human Map Kinase {40X)
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1.s The following cell cycle related genes are greatly downregul ated in
response to MAN. Treated Untreated Cyclin-dependent kinase 7 (5% 100%
Human cyt oki ne receptor (2% 100% Proliferating cell nuclear antigen, PCNA
(199 100% Human TNF-rel ated Apoptosis APO2 (3% 100% Cysteine protease
(7% 100% e sxicwing cel mycigoichrisd ganes ais gaéatlyr dowerdynlatedringespaaterent ,
Es/E7 | evel s found to be simlar with those in control cells while after
4.5 hrs, ‘Eé&ﬁ were no | onger detectable by RT-PCR (39). Gene expressions
with C 9600 gene arrays can be repeated w th Riasfegol at t hese
short-tinme treated cells (1 hour and 5 hours) mfegrder%%%rgpher pi n down
t he initi dyclioedenerderdfkirmdes7 of the drug. ExdBfflije 5 Tari@Cbng C3 tunor
growh in mce %I qcal injection of MAN Thirt ix C57h1-16 NCR nice were
inj ected WYRBLYIGHINSICERMOE  pet ween t he sh&é%iers on °backs of the

ice. T - : ' ; t o Wi t i . Dail
i et 1 on TElerding el RS B EBN TR ERPE N O ST i W En DB, Soomy
"GAN i n PB$jursbnNIF-rpladéd wipdptddie®tPON tunor ¢B®WM h in a@0%l s, as shown in

Tables 1 d 2, Fi 6 and 7. 19 Table 1. MAN and (AN Effeﬂct on G owt h of
Singl e Tu%f%e'ﬂﬁ\&r I3%%€ in Mce Mouse Treat méAt)Lesion180% (m) w. O

6 Day 24 Doy | AbSiHEL IS Pots SRR Sler e fobe fug Reathyell FY 05 0

leyel was found to be similar with those in control cells while after 4.5 hrs,

" E¢/E7 were no longer detectable by RT-PCR (39). Gene expressions with

C ) 8800 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.
Exampie &
Targeting C3 tumor growth in mice by |ocal 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
devéloped tumeors within 20 days. Daily injection (50 pi-100 pl of MsN or
MsN/G4N) (200 mg/ml M;N in DMSO, 200mg/ml G4N in PBS) showed
profound effect in tumor growthrin animals, as shown in Tables 1 and 2, Fig. 6
and 7.
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2 DVBO 4. 4x6x3.5 10x12x8 - 1.56 19.6 20.5 - 3 DMBO 0. 8x0.8x1 - 10.5x11x9 -
1.14 18.2 16.1 4 DMBO 2.8x3.8x2.5 - 18x11x9 - 2.9 17.6 - 20.2 Days 1-16 6
MAN - 9x8x5 - 0.2 - 19 19.2 - 7 MAN - 6x7x7 - - 0.1 18.2 - 20.4 11 MAN
1x1.3x1 9.5x10x9 - - 0 19.5 - 20.2 14 MAN 3.8x3.8x3.5 8x9x6 - 0 4 - 17 17.6
- 15 MAN 4 - 9x6 17.2
1778 QTR 54 Mg apEGanEHeks ot Br N@h%ﬂ%‘ing&@ Bevelorsd 7 15 wan
GAN 3x2. 8% ©Mieex5 - - 1.0"" 18.8 - 21.1 19 NMAN GAN - 5x5x5- 0.2 - 18.2
19.9 - 21 MAN GAN 1.8x1.8x1.8 9x10x5 - 0.2 - 17.3 19.2 - 22 MAN GAN - 7x7x5
- - 017.9 - 19.5 27 MAN GAN 2.5x5x2.5 9x6x6 - 20 - 20.7 20 28 MAN GAN
2.8x2.3x2.8 5x5x4 - 0. 17 18.1 19.8 N2 8 5 0.2
18.8 - 19 MU yeEE L cile fo esﬂi’r"sdz%‘g’"‘l}(gken N’t ?ﬁ%" 24 i "‘?8’%”
cont ai ned m#stly nedepedc cglls as also found ih Ile@mris} frjom nouse 6, 7,
11, 14, 15, 17,] 19, nagsh 128, 18a,(1FI 9.pep77) - o%haer 2 DYyersE mygzhesmaqaslaa,lﬁf bam
mouse #ll-anpd-#22+F 'Sf“,:' REEfLHgFeatreRtg 7 Jufors- tound—HnA ecnnw. BRYSe
#1, 2, 3, 4 ‘conk ai nBYSE owi 1Pt s (F g. 5’5 X Experi mental |PEfedutes: 236
C57b1- 16NCR m ce were injectjed with 5 X 105C3 cell s/ nouse. § I njections were
100 L made subciut anegisd Y betiges § Nexakoul ders|amgthe — | 195 205 —
3 DMSO 0.8x0.8x1 -~ 105x11x8 | — 1.14 18.2 - 16.1
4 DMSO 2.8x3.8x2.5 — 18x11x8 - 2.9 176 —_ 20.2
( Days 1-16
6 M4N — 9x8x5 —_ 0.2 — 19 192 —
7 MsN —_ 6X7x7 — —_ 01 |18.2 — 20.4
11 MiN 1x1.3x1  9.5x10x9  — —_ 0 {195 — 202
14 MsN 3.8x3.8x3.5 Bx9x6 « — 0.4 — 17 176 —
15 M.N —_ Sx4x4 ~ — 0.1 — [ 189 200 —
16 M:N 2.8x2.8x2.8 9xbx4  — 0 — [17.2 176 —
C- 17 M,N 2.3x2.3x2.3 6x6x4  ~— 02> — [173 — —
Days Days
1-10 8-17
18 MsN G4N 3Ix2.8x3 Bx7x5 — — 1.0 | 18.8 —_— 21.1
19 MaN G.N —_ 5x5x5  — 0.2 — {182 199 —
21 MaN GuN 1.8x1.8x1.8 9x10x5 —_ 0.2 _ 17.3 192 —
22 MsN GuN — TXTxS —_ —_ 0 17.9 — 185
27 MJN GuN 2.5x5x2.5 9xbx6 —_ — 1.8 {1 20 —_ 20.7




backs of the mce. Cells were suspended in |lowsalt HBSS and suspension
uniformty was nmai ntai ned by gentle vortexing. 24 m ce devel oped tunors.
Their |l esion sizes were neasured by dial caliper. These m ce were shaved,
wei ght  ant—treatment—begun—Pay—H—Four—mee—were—sequestpred-as—controls.
Control mce regeived 50L DMSO injected intratdunorally daily. Experinental
mce (10) r&8ei VMINSO LGHUN | dBssHi2Bedxdd DVBO ([200iFy/ my Amg.addi tibénal 10
m ce received N treatment; for 8 days followgd by AN treatnents (50 |aL,
200ng/ L i n _PBS aily_f I nj ections viere nmade to|several regions
of tunmor. M%e yhgst hePt ed ’f%s’gtshé& ©Gr netaghame prifé 1 &8-Bnj ecti o621
Table 2. MAN and AN Effect on Gowh of Treated Lesions in Mce Carrying
Mul ti pl e Tunors Mouse Treatnent Period Lesion Size (rm) W. O Excised
.Lesion (g) Body wt. (g) Days 1-16 Day 1 Day 7 Treated* Not Treated" Day 1
Day 24 9 MAN 1. 3x5x0 X9%8,.0, 2 20.2 17.9 10 MAN 2. 3x2.5x2.3

9. ¥x10x9 0.1 2.9 17. SD%Q"Y%"WF%&%’E‘Q. 5x2.5 8x9x6 0.11 1.82 17.8 20.0
Days Days 1-9 10-18 C 20 MAN (AN 1.8x1.8x1.8 9x10x5 0.1 0.2 17 20.2 24 MAN
AN - 7x9x6 0 1.7 17.2 20.8 26 MAN (AN 5x3.3x2.5 7x7x7 0.2 1.9 19.3 20.6
Drug in DVBO was i nj éctakendon &ayl16to the tunor regions " From adj acent
tunors deprived of drug Table 3. Toxicity Studies of GANin Mce Goup # of
Route Treatnent Days of Mortality Mce per day Injection 1 187.5ng/ kg 3

Subcut aneous 2X+6| B&idn chnidiRBE/MGstly MeRBHE BBRPHS alsh HuPd3n lesions from
mouse 6, 7, 11, 14, 15, 17, 19, 21, 28, 19 (Fig. 6,7). There were no lesions
C left in mouse #11 and #22 following drug freatments. Tumors found in control

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

Experimental Procedures:

36 C57bl-16NCR mice were injected with 5 X 10° C3 cells/mouse.
Injections were 100 pl. made subcutaneously between the shoulders on the
backs of the mice. Cells were suspended in low-salt HBSS and suspension

: uniformity was maintained by gentle vortexing.

24 mice developed tumors. Their lesion sizes were measured by dial
caliper. These mice were shaved, weight and treatment begun (Day 1). Four
mice were sequestered as controls. Control mice received 50ul DMSO

C injected intratumorally daily. Experimental mice (10) received 50 pl MN
dissolved in DMSO (200mg/mL). An additional 10 mice received MsN
treatments 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

anesthetized with ether or metaphane prior to injection.
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3 750ng/ kg 4 Subcutaneous 1X 6 1/4 4 375ng/ kg 2 1V 2X 6 0/2 C57BL-16NCR
female mce fromNCI were used in this experinment. Tetraglycinal NDGA (AN
was freshly made everyday in PBS in - concentrations of 75mg/m . Injections
of 0.05mL for group 1, 0.1 m for groups 2 and 4, and 0.2nl for group 3 per
treat nenTabky 2. radeMiNrarad GeNiBHeof of Grbvwiysf TRHIEH EIbhs! ingre seven

days. Body weights were determ ned before and after six days of injection.
No significant wei dheriyHhiuadtiple Tustersrved during the experinental period.
Al'l treated mce, controls (nouse nunbers 1-4) and experinmental mce (nouse
nunbers 6,7,9, 10, 11, 12, 14, 15, 16,17 MAN nunbers 18-22, 24, 26-29 MN AN
exhi bi t etosye!|| TregimelbReist MENESoDSize @HMPN [SVE CFENRER LEBER ()Y Hod) wCal)i Per .
Sonme m ce §xperi enced m | d {bl eeding due to Jinjection. The trdatnent regi nen
and results wdre as followg: Day 10: Mce veighed again. Al |mce exhibited
growth up to tjwo geenki6 Dgypayd: No t Penf ngrirestedidbiot Degtedd: |Abdy i c®ahpave
rai sed skig—bgt—to ydrf AL i

nouse (#7) has
14: Injection
di ed due t10 o\
#17 cracked w
| esi on exci sed
(#6, 14, 15,126) ,

split open t
vol une rai sed
erdosmg,of  an
th the "drig

and wei ghed.

t hr eMsMUN G/

f e (]
ArUGH h

Day 16:

ot "
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to 100 L. Day 1

esixhes? 8/ barib I
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Four

|K.5x@ 585 ed 8xAx6e

shd

5: One MAN treated
g.g{he skimp @t the
wng. It was disse
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(#0971 21, 28)1.8nd or

1
§.2§k' n °6 one I”fﬂﬁ' cat q?
"dri ed- out E';tum)r" ell ou '.9 Day

nouse (#17)
\esion gshye of
cted, and

ce

elt®nt r ok0.pDUSE

(#2) wereeutt

aqj)g)/gd, I§Hy§:

u.

EcCtedamd—wer ghe

B, +
nRerar 1rirtyg - CUiTtt

L -
oT mroc

(#1, 3,4) were|examm ned_  non-invasively and|were carrying tung
Tupor sizes frhom2ontrdP-Thifce were measureg by dial caliper.
The skin ab the Nigsi on SiN ¢g.6xfi.synaise oS gndo.#12 (MAN.2 r eat g

rs. C Day 21:
Observati on:
d 47 20.2

24 MgN GuN 7x9x6 1.7 17.2 20.8

26 M.N G4N 5x3.3x2.5 TX7X7 0.2 1.9 18.3 20.6

* Drug in DMSOQO was injected directly to the tumor regions
** From adjacent tumors deprived of drug
Table 3. Toxicity Studies of G4N in Micé

# of
Mice

Group Route Treatment Days of Mortality

per day injection

2X
1X
X
2X

0/3
0/3
1/4
0/2

187.5mg/kg Subcutaneous
375mg/kg
750mg/kg

375mg/kg

Subcutaneous
Subcutaneous
v

AW ON
N W oW
D & O

C57BL-16NCR female mice from NCI were used in this experiment.
Tetraglycinal NDGA (G4N) was freshly made everyday in PBS in
concentrations of 76mg/ml. Injections of 0.05mi for group 1, 0.1mil for groups

2 and 4, and 0.2ml for group 3 per treatment were made for a period of 6
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regions) cracked with the "dried-out tunor" show ng. Day 24: Mouse #7 skin
recovered conpletely. The experinent was termnated on this date. All
remai ning mce, MIN treated (#7,9,10,11,12) and MN N treated

(#18, 20, 24, 26, 29) were euthani zed, dissected, exam ned and weighed. The

effects olichNENBREMdNAIeR <63 hldE_Fk %dﬂM\b oAts h@TB din
Tables 1 ar?g/gz a?% Figures 5 and86 s%'ogvtss tﬁ? é‘ré%énﬁ %ﬁrgn C3,

cel | gr owendiafiarisie dexs WimgctmmgNe S'gmﬁ!cm'** viightanherrggs wetegbbservédf our

exci sed t rmrs f t he cor{@I up was 1.48 g while weights of 23 | esions
from mvaN £HE38d eﬁ’ﬁﬁ’ SN ted were 0.142 and 0.51 g respectively.
Drug treated | esions consi sted mai nly of dried out necrotic cells (Fig. 6).
Tunmors fromthe control group appeared honbgenous and contained actively
growi ng cel | s. Alidbdated mlmewsontne!sc(m@sefrﬂmbexsm-@ahdrexpermmhn'm mce
carrying nmultiple turmréﬁi9 ;g@thl S I njected into one of the

tunors. THBOHSE MGPEES; 1Jn1 %31%16 Gﬁﬁ‘g@' RHANbErY 182 4wd4. 26-28at of MAN
treated | ﬁ?!\ﬂ@SNx’@?g%gé&e s?v%@n%} e tspgeﬁ'tllahﬁ HGESioR Qﬁz@sr\@gtle h@dem ng MIN GAN

II’leCtIOI’l-- tunors was 1 | e that of

the drug tizbabiiper. eSoumsmvmeméner@eﬁOﬂn@bleﬂmmga@aatwjgd:ﬂomhanges of all
m ce dur| ng the entire experinental period appeared insignificant (Table 1
and 2). gRTeAtEant [goimernabd resmly wariaDialiowsehi cl e- treated or untreated

tunors rom ogy .

exam nat | 587 Hhe o aBedieidfics 0ol 20 CTRRIGRA Giovur i WARAFIE P |

4% f or mal ﬁelyyme i n Nogphthentsuhbdeed sal i ne. The fixed tissue was then
ghydrated through a serles of graded al cohols and xyl ene and_enbedded in

af fi n. OBMe Par af AMIGeRRe Hisrdkskindid to nery @B‘@fwmraﬁa Jhgiskéy for
m cr 05 CoPYr 36 W%E%Houfsg Zggag%p%fr ealmwcﬁgiég oGB&WEd that

the control tumprs were un nt an nuedto
tumor” fell out.
Day 14: Injection volume raised to 100 pL.
Day 15: One MsN treated mouse (#17) died due to overdose of
anesthesia/handling. The skin at the lesion site of #17 cracked with the

- “dried-out turnor” showing. It was dissected, and lesion excised and weighed.

Day 16: Four more MyN treated mice (#6,14,15,16), three MyN/G;N |
treated mice (#19,21,28) and one control mouse (#2) were euthanized,
dissected and weighed. Remaining control mice (#1,3,4) were examined
non-invasively and were carrying tumors.

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

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

The effects of MyN and MyN/GsN on C3 tumor growth in mice are
summarized in Tables 1 and 2 and Figures 5 and 6. Table 1 shows the drug
effect on C3.cell growth in mice carrying single tumors. The average weight

of four excised tumors of the control group was 1.48 g while weights of
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grow. They show the hi gh nucl ear/cytoplasmc ratio, pleonorphi-c nuclear ¢
changes, high mtotic figures, spindle |like sarcoma shape, and infiltration
into the surrounding tissue characteristic of cancer cells. In contrast,

t hose tunors receiving MAN treatnment discontinued growth shortly after

i el o, rrigeB ol RPEREN P ot (3 e B AR 0%k oni gher
”Hgnlflcatﬁéyibpcﬁﬂél { ayrdg 17688 1EH16HS DRGSR MBIIABTBHLA B AN IO Gslss.  Thi S

heal i ng effect Ieads to the sheddi ng of ese ecease t unor m t he
area. The §ageB)y ebumoss fiom ﬁ@mmﬁ@!@r&ﬂ%@&ht&dela:bmgbnaasw@h the MAN

treat nent al gne. ver, Ssi.nce N ter-soluble, it can spread to a

| arger ar e%Prﬁf“ MQE%HQW% f@%'e\;\?égﬁé’éttgﬁ C)t’H%leﬁG@NOW{é tymed with 24
MAN syner | t e Sizes
(. .y grggamﬁ?ﬁarﬂnlcg%n% @fuﬁ%ﬁé f@ﬁE glgttﬂlc?fétplﬁkl Utgﬁg%gim%&teloa]b%f ection

i n Qui nea qneofthe trngrsMiThevaserdgeontight etiuntiedtelitbimidrowad 115Vg Wwhile

replicatio i nfectjons in_quinea pigs. Quinea pig skin was pinched
with needlt B@t Qﬁgrwwtfdéﬁﬁﬁﬂéw%ﬂq% §t§'ﬁl|afé55t15‘1?)wﬁéﬁlqb givednf ect each

i cked
i et 1 on T PE WIS ARCER e ebadd i B e BF NP R BB e i o
wer e puncrgadmsmaethdteifyhewmgmtreaﬁseubbidmem&@onﬂ?\m1aﬁgas were infected with

H5V-1 (HSV-C, _g;_l re supernatant, or isolated HSV in saline, HSV-SC). The
other four area Y weipbtehanags of algvioscdunng theeantneRrRarinaentsl

I nfection it 'ﬁﬂf&é DS2, ACV and MAN (4N) in 60
ng/ m of Iﬁ\%%d gﬁé% 'Pgig 0 g:én pﬁﬁ%rhe ‘infected region of an area, five
tiges per day for six days. ABDS, and ABDS2 were included as negative

rols. The p otr'ngkagh in Figure 8 was taken at day 6 and shows the extent
of HSV-1 repli n the absence of drugs (HSV-C, HSV-SC), in the

presence of Drug treated (MyN) 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 bufiered saline. The fixed tissue was then
dehydrated through a series of graded alcohols and xylene and embedded in
paraffin. The paraffin tissue blocks were thin sectioned and stained for
microscopy with hematoxylin and eosin. Histopathology studies showed that
the control tumors were unaffected by DMSO treatment and continued to
grow. They show the high nuclear/cytoplasmic ratio, pleomorphic nuclear

C changes, high mitotic figures, spindie 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 demonsirate significant necrosis and are
no longer viable. There is a small amount of drug precipitate visible at higher
magnification, and focal areas show chronic inflammation and fibrosis. This
healing effect leads to the shedding of these deceased tumor cells from the
area. The same resuits are seen with MsN/GsN treatment as with the MN
treatment alone. However, since G4N is water-soluble, it can spread to a

targer area of the tumor than M;N. It is expected that G4sN when used with
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I neffective drugs (HSV-ABDS1, HSV-ABDS2) and in the presence of effective
drugs (HSV-MAN and HSV-ACV). It can be seen that six |arge confluent
blisters were devel oped in areas treated by HSV-C, HSV-SC, HSV-ABDS1,

HSV- ABDS2, while no blisters were observed in infected areas foll owm ng MAN
(4N) and MGN eyrergistiselly nGhebe cusreradteglive in hating/Mdbincenoblaagk si8Y (repl i cati on
wer e obt ai gec% irgw_'g Bi S del system as shown by the di sappearance of the
skin | esi §HB%h By % /sheddi ng of the virus 4 days after the drug
treatnment. Initial animal studies also showed MAN to be non-toxic to mce
at concentrations as high as 300ng/ kg when given intraperitoneally, and as
“high as 3Exampl&d when given either subcutaneously or by IV (Table 3) (6).

25 Exanple 8 MAN for Cinical Treatment using in situ Injection
Adni ni st r EflEShobMaPan 51 \ed Pinilntegtion b ainga BIGr ug del i very route

_ " VA Oy St . odeoetY g
a1 s excend nie, U Mgh e AEHAESRYRE mibbl or e T AICERAY I st "
vol une of infbetichdin quihed ipids. | Sufredsid skt wasipRfdHed with needRris 4fd achi eve

effective dosage of the drug. In the nouse study described in Exanple 5,
above, daliSV-lrjuppresyionwasoapplied topwally toinfeetveach prcked area. sMaN cient to

ctudi os. offeEreneBEpaE Rt Brbked oy ed S 1RSI RELI AL A 8 ENEO T or
treati ng gageases (24). The results were not conclusive (25). However, since

tens of ml-li-ons of people have been safely tested with |arge anmounts of
DVBO wor | dwi de Sihatass pfdearedihacksiirneka griteannsoveliecrunched siafilehas a

vehicle fof | i I ot A b d (26). 2)
e nj cct iR Y AERHF ekBlel NBR8 e raeltl WHE HR T 0SVeG PultBBn! ¢ and
concent r ag@pernatdrteot isoldated HS in 8alihe] ¢ESVIST). ETHE btHdrdo0F Sfddsalvere/syst em
t hus whol e body toxici té I s _avoided. In addition, since enough drug renains

wi t hi n t haleglsd with HSYrpfe skifiees ninvtasnefterdniaationd30njl eftesdn of drug is
compounds (ABDS,, ABDS,, ACV and MgN {4N) in 60 mg/mi of DMSO were |
applied to each punched infected region of an area, five times per day for six
days. ABDS, and ABDS; were included as negative controls. The
photograph in Figure 8 was taken at day 6 and shows the extent of HSV-1
~ replication in the absence of drugs (HSV-C, HSV-SC), in the presence of '
ineffective drugs (HSV-ABDS,, HSV-ABDS;) and in the presence of effective
" drugs (HSV-M;N and HSV-ACV). It can be seen that six large confluent
blisters were developed in areas treated by HSV-C, HSV-SC, HSV-ABDS,,
C HSV-ABDS,, while no blisters were observed in infected areas following MsN
(4N) and ACV treatments.
Clearcut resulis that MsN can block HSV replication were obtained in
this model system as shown by the disappearance of the skin lesions and by
no shedding of the virus 4 days after the drug treatment. Initial animal studies
also showed MuN to be non-toxic to mice at concentrations as high as
300mg/kg when given intraperitoneally, and as high as 375 mg/kg when given
either subcutaneously or by IV (Table 3) (6).
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unnecessary after relatively few treatnents. In the nouse study of Exanple
5, tunor cells continued to die even after discontinuation of MAN

i njections. Thus when drug is directly targeted, tunor size becones the
determning factor for the required anount of drug to be adm ni stered. The
di fferenceE)((: be Wﬁen whol e body wei ghts of a human vs. a nouse becones

i rrel evant="4'"H”'%¢ Re nouse tunor studies, 20 ng/ day for 10 days were nore

t han suffmyer;értgm,%um@mggﬁtm%S,]',j,lﬁf@ctﬁjppul d be no reason to use a
hi gher dosage than this for treating a human tunor of conparable size

(1-1.5 cm . ThAdthtsdnadtonroédﬂﬁédtrbet!y irdd& turnoss aeealy delivegnroutéri al s.
Exanple 9 MAN Treat nmen

research dif® Wﬁsﬁﬁﬂ‘?ﬁi dig "E"%g‘fe qacé\?%ﬁ%lﬁ%s CﬁH\’E %gﬁplgﬁgoagpgﬁégm%ﬂ revi ous
R g

transcri ptioturneTdfi thehynuatsohsticn mémi feal nijact&mim ovideg td Behieve
antiproliferative effect t?‘fec!\m n a nunber of different cell lines. Low
BITHar éﬂ

concent r at§ &RV RRRAISGF! ithe SgiseEntiudrdescriped & fxaRiSl y been

can'be. oi (AENES dRRAMBYcn of SEATHE 0B s Suebaidays ¥35 SuieiR e ada ¢ on
of a hydr@@Im,blecelgrsw;ptmmoi\@ﬁ&mﬁﬁ)mucbnm%aélmeaj&méév@éi pregidiaCA

derivative MAN were tested on cultures of the HPV-16/ras transforned C3 cell
li ne (29) studigsta theese ﬁvé!aigeudmlagearﬁ@@mlrlb(tpa;rtraaqmnt)adf PYISQHoDI t

lif d di
D Cer 72 WSHECERHEERE ¥4, b FELUR LERPAN Colftldsgle P  EB8an S s °t b ee
dagf at tméﬁgomﬁm@mtsr@ftpewme hheermeéhes"af@mté@tleaamltremueeﬂn@walofto the count
the initiation of treatnment (day nore nodest reduction in .

C

cel | gr okMSkawaslswargda the pﬁéwramémmg?%&sa@ulﬁﬂée gele@Ad some cel |
deat h d

effect o VERNTS 0, AERLAENEP WtiEoy SHAT vAIBAR bl B0 Bs28'(aBy.C1 1T erative

2) By injection in situ, a majority of the drug reStdue remains insoluble and
concentrated in the fumor areas, and does not enter the circulatory system,
thus whole body toxicity is avoided. In addition, since enough drug remains
within the tumor to suppress its growth, continued injection of drug is
unnecessary after relatively few treatments. In the mouse study of Example
5, tumor cells continued to die even after discontinuation of MyN injections.
Thus when drug is directly targeted, tumor size becomes the determining
factor for the required amount of drug to be administered. The difference

C between whole body weights of a human vs. a mouse becomes irrelevant, in
the mouse tumor studies, 20 mg/day for 10 days were more than sufficient to
eliminate tumors. There should be no reason to use a higher dosage than
this for treating a human tumor of comparable size (1-1.5 cm3). This should

reduce the risk considerably in human trials.

Example 9
MsN Treatment of Cells Blocks Cellular Proliferation

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

cell cycle genes also contain essential Sp1 promoters and MsN may therefore
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to the drug's ability to deactivate the Spl-dependent HPV-16 E6/ E7 oncogene
pronmoter, as simlar growh inhibition was observed in the HPV-16
transfornmed TC-1 cell |ine whose E6/ E7 oncogenes are under control of a

-Spl d t.ret | ral t 30 Fi 9d). I.n addition, wt h
o S SRRt MR R R e e e
cel | | neadBfbilibi BN bt RENEh BHiinBERor FrbIRRSl ke oc! | |1 ne

(31), was a treatment w't n the tour cell lines that

wer e treat edncihtrbtidie (10pN) ofteargareat torap80Ad, RDGA) havermetiishebésnh wer e
viable until the concentration of MIN exceeded_a "threshol d* val ue (60pM
for C3 cel BBOWRdpNNOEEe apeptosisein pangpalian callsodd).t ABisceliemcBaweyel. ons t he

er cent age Vi & . LRI I e ti . arrested
el Lo s nEah R Iy E ey ABLRRS Thef Rl it Yd i bE Rl Adtton " (o
The C3 cel bgaeyurbphide grr\@qu tORDEDS €28 wrbaﬁﬁFHmMﬁtgrof@h@NDGAys of
treatnent with 40pM MAN (Figure 9e). 27 Exa e 10 Cells Treated Wth MAN

Arrest in deripativeMohbwere tegied er cabbreshefdhetVdé/ias transdewaediGhcaluN cease
proliferatjon et r I n_viabl e.. _anal ysi f cellular ontent and
fl uor escenhﬁe (%g)ah‘? E?rgﬂngiiﬁ%gppmgg PB%&?@@'%@%@UE?@&O %@t erm ne the
poi nt i n tpeolFetdtioncFiduRe\is! eThd eelerdspomanestt to IMeN| segxngopdsiva MAN for 72
hours denonstrated 1ncreaséd. Gl M DNA content relative to the controls

(Fi gur e 10aftgy 72Tairs @yst thedangeeofasnsentiationdiont 484e 60ridvh tAfterdbreend CEMI4

i st i nut shekeA e eoriERlohR ol Ppibe? o Kol 1ophies AR i BdHCET, 1,

a t@bul i n Aptrem)tiztint of tredient (d4yed) Figeg)e Alsestetriodéeistiredotien irheelbt at us of
t he~centrosones in the C3 cell line followng 72 hours MN treatnment. As

shown i n FEQWE was gbsepedatlewes spreerationy af taedade apd sognerell dapth cat ed
but still |acated dehir28S5hs gpé'ﬁér it%nt@@m{aucl eus of the cell. Since
urtng

cent rosones separ a%]!gag ear Fy prophase, It can be concl uded
The antiproliferative effect of MyN on the C3 cell line is not solely due

to the drug’s ability to deactivate the Sp1-dependent HPV-16 E6/E7
oncogene promoter, as similar growth inhibition was observed in the HPV-16
transformed TC-1 cell line whose E6/E7 oncogenes are under control of a
non-Sp1 dependent retroviral promoter (30) (Figure 9d). In addition, growth
of the C33a cell line (Figure 9¢), an HPV-negative human cervical cancer cell
line, and the CEM-T4 line (Figure 9b), a human leukemia cell line (31), was
also blocked by treatment with MsN. In the four cell lines that were treated

C with the drug, nearly all (>95%) of the arrested cells were viable until the
concentration of M:N exceeded a “threshold” value (60pM for C3 cells, 40uM
for TC—‘1 cells, etc.). Above these concentrations the percentage of viable
cells decreases precipitously. Interestingly, arrested celis maintained 595%
viability even after prolonged exposure to the drug. The C3 cells exhibited no
increase in cell death after eight days of treatment with 40pM MyN (Figure
9e). -
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that these cells have not begun mtosis. In contrast, the gamm tubulin
staining of the control cells has the diffuse pattern characteristic of Gl
or S phase (32). A lack of chromatin condensation in the MIN treated cells
was al so oﬁserv&d Lth DAPI staining (Figure 12b), additional evidence that
the cells RAGERIG ved forward.out of & phase (33). Exanple 11 ¢

Production GE!!QQQ%aitéd'Wﬁh%ﬁﬁ%rﬁ(‘%ﬁﬂ%@b%%ce progression of cells out

of & is dependent on the produc F, the status of its protein

conponents was e@mueitwasredidblistledsthat teld gdateidt Witk AN dddde PrilfEiatienous
cells were grown for 24 or 72 hours in nedia containing either MAN in 1%
DVSO, or 1o%aivemainsiebleTapalysms|of cefiulas DNACosten arghiib@geegnetount s of

total cell r i ed b sf.er Ohtli A Jmar k

reduct on 16 A RLTRE G SR ARt BRSSP rRhs A © FBSihen wi en
MAN (Fi gur ecyblaivheriewhy eells lagreet Tolfs xsdded 18, M, NebET2 AduRydsironefrir@ and
repr obi ng the sanme nenbrane, were found to be wunchanged. These results

i ndi cat e t HaeleasedeE2/MdINARR relativetthdhacostols &iguret103-Rl ¥he response

to p53 sin ' as _been shown that overexpressj on p53 . eads to a
. decrease ﬁﬁoéﬁlgﬁ"ﬁ"\% %?R?’gg?s. W&%éFEP?Fﬁm%?ﬁ fied g@ﬁ?ﬁ&%f"n?ﬁem west ern
anal ysi's, Giéhkigusteofanticells ¥ hvasGeINMDNALRMidnt, 72 hours of MAIN treat ment
(Figure 12a). These experiments support the view that the dru acts by

i nhibiting the pinoedearitedisiouish imBerean an armest ineSalariawpitotic lodss of

activity of_#t . [+ Rreyi studi eg demppstrating the ability of MAN
to bl ock sﬁ*‘%’é’ﬁ%&@%s&?‘r@ﬁ”?ﬁ?@?ﬁB{'?a’nt“gﬁﬁaé’&%t’ M’e%ﬁé'tslegﬁoof CDC2 nmRNA
Ie\r/Q_s as letgRfiFePie sARaS] he deditrdsiensie R $aE3 ekl fTREZoIVIhGI 72 hdilifiss i S

co stent with the finding that the cyclin B protein, whose gene does not

requi re SpMiNtreatmenty fiscsawnin Figuse ddacthe eentirramaes pPhbbhstiemiede the CDC2
Cubst ant i ARy AE S afed B SABEutnol do Sak it in R BRULH e L b1 o
anal ysi s walpesiheermht@somes 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 (32). A lack of chromatin condensation in the M;N treated cells was

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

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

Example 11
C Production of CDC2 is Inhibited by 40pM N;N

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

not likely a response to p53 since it has been shown that overekpression of
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RNA harvested fromC3 cells treated with 40pM MAN for 5 to 72 hours. As
shown in Figure 12b, the anpbunt of CDC2 nRNA is reduced after only 24 hours
treatment. with MAN and nearly elimnated after 72 hours. Production of the

non- Spd  equl aad-hous BkeapEa HEERIFITRS 085 UBAGAT: HTINA reboRdbNte

control, and’its levels were not effect by 40pM MAN. e use o
cell line al hastemszralysiddCOGHENasemctivity fvas eindhgteddy 72 hohes ofddblni sm of

MAN nedi ated cell c¢ e arrest since other Spl- depepdent gene, pronoters are
oo Tkl v esimeft figni 20y Theea FoatBRDS Supmod Pesar eI exnni nod

n 3 cell ;. NS CL L Db QR Spl
epondent PO TEOETE RS S pRid RFiond HEL002 prbRR el 2088 o Ca
cel I's treat edcliwityhofieMIMFN for 5 to 72 hours denonstrated a clear

reduction in the |l evels of the E7 transcript (Figure _12c). PDH was again
used as an i nt er nAUrgyRVices studighdenagpdratingr ?EgJHHy of %“ﬁ@\ﬁéﬁkﬁﬁﬂe

unaffected b - T I Vi Lt Ldence
that | MIN r edbgberfehr G TS crgtbiy Subgedt B I LEDEL PR Bue s 2705
| nhi'bi tion oposyibleBimedhagishtforthe Wdeyeds\oi 0DT LetotdihbiThig is SndisteAnal ysi s.
Spl famly proteins induce bends toward the major groove of DNA u

bi ndi ng ( 36) Witlrike finging thaj dhe gyelin B Rsptqifhéwlgp%e gere dpas ngt f%ﬂ@nggglf‘é’ f or

t he bindi ng; n%j ﬁ W ' @gwp lanal 29
anal ysi s, i t't%ébﬁsﬁmﬁgédr :{ ﬁaé?i ! mAiéa oeggié? d(];jerl vg [ vé@d%,
coul d form agenelhas taangdsential 8p1iteb in its guoedte, issubztamtigliyreguosd i  To
det ermi ne whet her,. (AN can serve as a S 1 bl ocker as well as a Spi

[

di splacer, weusrlityorlftestiis Byraiiesis, ﬂ%@%’éﬁ%r@“@fﬁiﬁ ‘é’§siﬂ$ri°ﬁ@%lﬁr%ence or
beence. of iy o hi ; . bi ndi
go?rgir"r:\eo? SﬁN oﬁa e%%‘%ﬁggﬁfﬁbﬁ%%gf%é%ng ei%g*n?\dngeﬁ\ﬁ}%dﬁ]?%rh tggfs DAg brnding
concentr at i osisownfin Gidlrectab, the atnourt W QRO2\WhwRNAIE Pedadrsd bitdr BN 24 t he

orocel s apl PagecyestmeriuhBou arary Bbbbia b RaT At S ROLdR o
the presenceygfnénlspi9gulated housekeeping gene GAPDH was used as an RNA
loading control, and its levels were not effected by 40uM MN.
The use of the C3 cell line allows us an additional control for analysis
-of the mechanism of MyuN mediated cell cycie amrest since other Sp1-
dependent gene promoters are also likely to be inhibited by MsN treatment.
This possibility was examined in C3 cells by analyzing the effect of MsN on
transcription from the Sp1 dependent HPV-16 E6B/E7 promoter. tPCR
(; analysis of RNA isolated from C3 cells treated with 40pM M4N for Sto 72
' hours demonstrated a clear reduction in the levels of the E7 transcript (Figure
12¢). GAPDH was again used as an internal control in this experiment, and
its levels were unaffected by drug treatment. These resuits provide additional

evidence that MsN reduces the transcripts of Sp1 regulated promoters.

Exampie 12

Inhibition of Sp1-Binding Activity by GN in a Gel Mobility-Shift Analysis.
Sp1 family proteins induce bends toward the major groove of DNA upon
binding (36). The zinc finger domain of the Sp1 protein is responsible for the
binding of the GC Box seguence 5. GGGGCGGGG-3'. From computational
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excess of BSA protein. In the displacenment study, the reconbi nant SP1-167D
was first allowed to bind DNA, (AN was then added at the second step of the
i ncubation. The GAN and Spl -167D concentrations and, the incubation and gel

o 00 e oL e bRl M TP S o
keep DNA frg%’“d rff aG&thpR t‘!&rﬁﬁle§%thl§7c§ﬁ 8@ Sﬁéﬁc ek R fér%SVQNfb bi ndi ng

dormai n of one was tested, GAN appeare e nore e cilent in
di spl acenemiet@rfmmbewbethm CSiNLcartnaer\Jazl ax kiSw Botkér esmalral a@pio t he

h , h lity-shift | F 13, A B, D We
P o eh Simihen WaREHOrTEH SRIaENSet Telsrrpon U piesdn 106 Pesserasbr | [h
t hi t ud f f bl hed
by the. o AtsEfick Mt baing aePHonhity SR Bl Usils' Bk ORALIRGIE" | ° e

t enpl at e walentdialdfSye orvtestingdeithe bladkisipexiéibentaliifirest codcentdativage
dependent |ncrease of the band intepsities of the Spl-1670/ DNA conplex (Fig

6C, Lanes 6f €)4N Wﬁf%ﬁfﬁtﬁgc'#bﬁgeél“ﬁm E’e'ﬁ@ﬁf’e%p“@fw B}egﬁﬁi%b‘ﬂffﬁrf&hz‘%e

pronoter ATty Co PGB8 heftriied rBFavpBAY ST erign ek ey © "
deri vat | vesyRAexll dedSaid imb e IdiGddiort NRA irbitiedsregénde bAG! 1S

viral promoters including HV, CP4 of HSV, E61E7 gene of HPV (37, ?é 39).
Ve furt her exeessaf BEA prteiredn aaﬂ d@plade@waratsmd\_.artbacecmblmt(SPHHG?Pr onot er

Tevel of 1t ReSivet Biebal o ISERA A i R BRI ARERER AR IS e

barel.y det gedubaiionl TheaS,NIndSSpTe7D cdiehti@biohs dhdOthdicebtieh@dge | n SEAP
expressi on when Cos cells were cotransfect ed with the COW pronoter driven

Tat gene (8% elestrophvagsis conditions warteadentical irohody stﬁeeHevpemquelrmt er

of GaN "o coBluRc 6 ShaEitt 8 3tin e, B-FEvhS fofie to bB AR ependont -

fashi on (Fkebp ONA)rofAInRYfEERILWHRISEE-167D protein. When only the DNA
binding domain of Sp1 alone was tested, G,N appeared to be more efficient
in displacement of the bound Sp1 than blocking Sp1 from binding to the
enhancer, as shown by the gel mobility-shift analysis (Figure 13, A,B,D). We
have also examined whether the bound G4N 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

C- , dependent increase of the band intensities of the Sp1-167D/DNA complex
' (Fig 6C, Lanes 6,7) indicating the displacement of G4N by Sp1-167D from the

template.

Example 13

Inhibition of Sp1 Regulated Tat-Transactivation of HIV Promoter Activity
by G4N. As reported previously, methylated NDGA derivatives can block Sp1
binding to the enhancer sites of a variety of viral promoters including HIV,
ICP4 of HSV, E6/E7 gene of HPV (37,38,39). We further tested the GsN
effect on the Tat-transactivation of HIV promoter activity in Cos cells by the
SEAP assay as previously described. Basal Ievel. of the HIV LTR driven SEAP



| C50 val ue of 36 pMfor GAN was conparable to that of 3-0-nmethyl NDGA,
Mal .4 (1C50 25 NM and sonmewhat higher than that of tetra-nethyl NDGA, MN
(IC51) 11 NM. The differences perhaps are due to the chem cal nature of

the test compounds affecting the dru t ake  t h el.l's. Exanp 14

I nhi bi tion SFPEFRF'EN AP pﬁe\y?cius,b:r T?dh“&thir‘F?_ Sﬂ’edjéa?tteéﬁﬁéiﬁﬂ%_i%ﬁftﬂ&NﬁBEﬁ h
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to conplete their replication. Both rely on host transcription factors for
their provicodlansfesied with thenGM\Sprbnpbtay sriger diat geher(d8V e Suoh Takcdrigxpr essi on

In these two viruses sh?ri nﬂ an g:mst I dentical node of transcription
regul at i on. lignsaghyalon gt theHbf Li ki prgmater pahly was pradeusivshrendode ani nal

nodel for t [ t 4 i t-udi npar ed
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HO cells. Cealahghetivatioixirca does-deiperdbhi fashigsFigwe 4. AN avageeatuel so
exam ned. For SIV inhibition study, 107 174 X Mcells were m xed with

high titer $emcvalge of3GneM fep&.biwes gempesablede thailefs3-Srmethd NG@Shed twi ce

A1 quoted | P b UCH A2 IMEHRY RolbSua MR R el avran MNEERR 21 one o
the (AN sol M4NECHereuVBdehé differeht@Speihapcenarfie & vekchitical haues e '
separately and each to six wells in a colum of one 96 well plate. Culture

super nant anthe {gst comepoundseaiiestingthesiiug upigke tothe ¢gilBection. (P.!.) and
fresh nmedi um-'contai ning appropriate concentrations of the drug were added
to the culture follow ng supernatant = collections. Viral production was
assgyed by gxapfhléited p27 core antigen capture ELISA as shown (Figure 15).
There was no SIV production detected using AN in concentrations above 5

NM At AN berbidienafi B¥s1 sadod)\2 1P rogucteinineelifeeiteresiby GreBotl (Fi g.
e L R S A e I T s
| ess) showetb eomiptetecthelrfreplicion. Batifeg bachdst ransciplioefdorsafor dedier m ned
by the MIT acsay. $r41)s ripti entral role for s ession in these
proviral transcriptions. Sp1 plays a central role for such expr
two viruses sharing an almost identical mode of transcription regulation. In
anticipation of using SIV infected rhesus monkeys as animal model for testing
“the antiviral effect of G4N, we have studied and compared the G4N effect in
inhibition of SIV in 174 x CEM celis with that of HIV in HS cells. Cellular
“toxicities of G4N in these two cell lines were also examined. For SIV inhibition
study, 107 174 x CEM cells were mixed with high titer stock of SIVmac 239 at
«C. 37°C for two hours and then washed twice with cold PBS buffer to remove the
' unabsorbed virus, Cell suspension was aliquoted into each weli of three 96
well plates. Various concentrations of the G4N solutions were made from
freshly prepared stock and aliquoted separately and each to six wells in a
column of one 96 well plate. Culture supernantants were collected every four
days post infection. (P.1.) and fresh medium containing appropriate
concentrations of the drug were added to the culture following supernatant
collections. Viral production was assayed by a modified p27 core antigen
capture ELISA as shown (Figure 15). There was no SIV production detected
using G4N in concentrations above 5 pM. At G4N concentrations below 2.5

M, SHV production was detected (Fig. 15) in culture supemahtants from 4th
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A simlar experinment was also carried out for the study of inhibition of
HV-1 by GANin HO cells. The H9 cells were subcultured at 1 x 105/ m and
were infected with an AZT resistant strain of H V-1 (HIV—1 RTMF). (AN in
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0733 RB Rt R4 R 2 CH3 wherein R, R2, R3 and R4 are identical and represent
an am no acid residue or substituent or salt of the am no acid residue
conprising the steps of: (a) conbi ning NDGA and an N, N-di met hyl derivative
of the amno acid residue or substituent or salt of the am no acid residue;
and (b) addi ng hydrogen chloride; wherein these steps are performed under
conditions to produce a chloride salt of a derivative of NDGA. 2. The

met hod of aim1l, wherein the step of conbi ning NDGA and an N, N-di net hyl
derivativel®MShe amino acid residue or substituent or salt of the anino
acid residue is perforned in a dichloromethane solution. 3. The nethod of
claim 2, wherein the am no acid residue or substituent or salt of the am no
aci d residue isl-sel etmeghadradwynthesiziranghleridessalf of agopoundloftierfermuda gi ni ne, C
asparagi ne, aspartate, cysteine, glutamate, glutam ne, glycine, histidine,

i sol euci ne, |eucine, |ysine, nethioning, phenyl al ani ne, proline, serine,

t hreoni ne, tryptophan, i I e, 5-hydroxylysine, 4-hydroxyproline,
t hyr oxi ne, Shnet', hi et hyl l ysine, s-N, N, N-trinethyllysine,

am noadi pi c -aéi ] ackd, phosphoserine, phosphot hreoni ne,
phosphot yr osi ne et hylcgg,gi ni ne, and N- acetyllysine. 4. The nethod of
claim2, wherein e amno-acid residue is glycine. 38 5. The nethod of
claim1l1, further conprising, before step (b), the step of: adding

di cycl ohexyl car bodii m de (DCC) and 4-di net hyl am nopyridine (DVAP) to the

di CPI or ﬁmﬂmm Rs,oRyfRi;agdR@afedﬂ&ﬂti&al{&g)&@éﬂrﬁ@nﬂﬁnﬂxﬁﬁfacigéesfﬁlﬂe of@ibeedentf cl ﬁi m
1, further c Lsing, before ste ,.the step of adding acetone to the
sol uti on. oy_sﬁ%ﬁwﬂwc&re ‘s'e\‘??ﬁ prisfiedhestapsHe step of combi ni ng NDGA and
an-N, N- dinetfy) depbntdling/DEIA AdiGnaTNIGnRHyHd&REMISE (RE afitBSEidt uent or

salt of the ] ) ] )
residue or substituent or salt of the amino acid residue; and

(b)  adding hydrogen chloride; 7
wherein these steps are performed under conditions to produce a chloride salt of a
derivative of NDGA.

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

residue is performed in a dichloromethane solution.

3. The method of claim 2, wherein the amino acid residue or substituent or
salt of the amino acid residue is selected from the group consisting of: alanine, arginine,
C/: asparagine, aspartate, cysteine, glutamate, glutamine, glycine, histidine, isoleucine,
leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan,
tyrosine, valine, 5-hydroxylysine, 4-hydroxyproline, thyroxine, 3-methylhistidine, e-N-
methyllysine, £-N,N,N-trimethyllysine, aminoadipic acid, y-carboxyglutamic acid,
phosphoserine, phosphothreonine, phosphotyfosine, N-methylarginine, and N-

acetyllysine.

4. The method of claim 2, wherein the amino acid residue is glycine.
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am no acid residue is performed by conbining themin a dichloronethane
solution. 8. The nethod of claim1, further conprising, after step (a) and
before step (b), the step of adding dicycl ohexyl carbodiimde (DCC) and 4-
di met hyl am nopyri dine (DVAP) to the solution. 39

5. The method of claim 1, further comprising, before step (b), the step of: adding
dicyclohexylcarbodiimide (DCC) and 4-dimethylaminopyridine (DMAP) to
the dichloromethane solution to form a reaction mixture.

6. The method of claim 1, further comprising, before step (b), the step of adding
acetone to the solution.

7. The method of claim 1, wherein the step of combining NDGA and an N, N-
dimethyl derivative of the amino acid residue or substituent or salt of the
amino acid residue is performed by combining them in a dichloromethane
solution.

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

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