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This invention relates to a compound or group of compounds present in an active principle derived from plants of the species Euphorbia
Dpeplus, Euphorbia hirta and Euphorbia drummondit, and to pharmaceutical compositions comprising these compounds. Extracts from these
plants have been found to show selective cytotoxicity against several different cancer cell lines. The compounds are useful in effective -
treatment of cancers, particularly malignant melanomas and squamous cell carcinomas (SCCs). In a preferred embodiment of the invention,
the compound is selected from the group consisting of jatrophanes, pepluanes, paralianes and ingenanes, and pharmaceutically-acceptable
salts or esters thereof, and more particularly jatrophanes of Conformation II.




the past 10 years (Wessex Cancer Trust, 1996). |In the United States,
apprOX|nater 34,100 new cases were 25 expected, an increase of 4% per
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worl d, but early detection and w despread-pubkic health canpai gns and the
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have hel ped to reduce the 30 nu 1ﬁbgkﬁgﬁmbomgﬁﬁgggurrentIy af fect one
in 1,000 in the U K population, ' nmore than doubled in
the last 20 years (Inperial Cancer Research Fund, U K , 1997). One mllion

new cases of BCCs and SGEhlgrﬁneéﬁesbadfeqé&ghwrwS@&n auhaeosdsérbnpl%%7
conpared 35 to 600, go in 1990 and 400, 000 I n gbt onal gg
At rospheri ¢ ARATRQERAF| BReEeREALR f§’97’)" Jve /REH‘%H‘ dfeiye FF(?“P

t 0 suspect5t halami By nEluphbybiaceze,i mtidkaddi nshititcdeareinoplidntet ofl the
apply, despite el L0s! ¥EpRdRh:S et l, MGHAAELL Sheteaohal FPndpia
drummondii. Extracts from these plants have been found to
show selective cytotoxicity against several different
cancer cell lines. Compounds present in the sap of
10 Euphorbia spp. are useful in effective treatment of -
cancers, particularly malignant melanomas and squamous cell

carcinomas (SCCs).

Background of the Invention

-

i5 There is a strong association between exposure of
the skin to the ultraviolet light component of sunlight and
the development of skin cancers, such as malignant meélanoma
‘and the non-melanoma skin cancers, mainly basal cell
carcinomas (BCCs) and squamous cell carcinomas (SCCs). The

20 incidence of these cancers. has been rapidly increasing
world wide. 1In Britain, there were 4000 newly-diagnosed
cases of malignant melanoma in 1994, an 80% increase over
the past 10 years (Wessex Cancer Trust, 1996). 1In the
United States, approximately 34,100 new cases were

25 expected, an increase of 4% per year. Queensland,
Anstralia, has the highest incidence of melanoma in the
world, but early detection and widespread public health
campaigns and the promotion of the use of sunscreens and
reduction of ultraviolet exposure have helped to reduce the

30 number of deaths. BCCs currently affect one in 1,000 in
the U.K. population, and the incidence has more than
doubled in the last 20 vyears (Imperial Cancexr Research
‘Fund, U.K., 1997). One million new cases of BCCs and SCCs
are expected to.be diagnosed in the USA in 1997, compared

35 to 600,000 in 1990 and 400,000 in 1980 (National Oceanic
and Atmospheric Administration U.S.A., 1997). 1In
Australia, there is no reason to suspect that a similarly -



radiation, with the Queensland popul ati on being at the greatest risk. 5
Over 90% of all skin cancers occur on areas of the skin that have _been

regul arly eXYR¥P9%4 sunlight or other ultraviol et radiation, PGREAAPI#008SE
responsi bl e for burning the skin and associated with malignant nel anonas,

and U. V. A associated with premature skin_aging and the 10 devel opnent of
BCCs and SCCs (Wessex Cancer Trust, 1996). Chil dhood sun exposure has been
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renoval is by fGFeatestm¥dSkeonmon 20 treatnent for nalignant nel anonas,

BCCs and SGs. This can oles e fof m1df siictdpdasts@idon anhisdetéage,

CrYOoUTOETY, P St ISRl L SR, FUISLLa Lo S6S1 ' 3B
other ultraviolet radiation, with U.V.B. responsible for
burning the skin and associated with malignant melanomas,
and U.V.A. associated with premature skin aging and the

10 development of BCCs and SCCs (Wessex Cancer Trust, 1996).
Childhood sun exposure has been linked to the development
of malignant melanoma in younger adults. Other risk
factors include a genetic predisposition (fair complexion,
many skin moles), chemical pollution, over-exposure to

15 X-rays, and exposure to some drugs and pesticides.
Depletion of the ozone layer of the stratosphere'is
considered to contribute to long-term increases in skin
cancer. _

Surgical removal is by far the most common
20 treatment for malignant melanomas, BCCs and SCCs. This can
~ take the form of electrodesiccation and curettage,
cryosurgery, simple wide excision, micrographic surgery or
laser therapy. Other treatments, used when the cancers are
detected at a later stage of development, are external

25 radiation therapy, chemotherapy or to a lesser extent bio-

~ immunotherapy or photodynamic therapy. The choice of
treatment is dependent on the type and stage of the disease
and the age and health of the patient (National Cancer .
Institute, U.S.A., 1997).

30 All of the present treatments suffer from severe
limitations. The major concern is the poor recognition of
cancerous cells at the site of excision and the high
likelihood-of recurrence, necessitating follow—ub surgery
and treatment, with the risk of further disfigurement and

35 scarring. In one publication, the reported rates for
incompletely-excised BCCs was 30-67% (Sussman and Liggins,
1996) . Immune suppression associated with surgery may
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phot odynam ¢ t herapy. The choice of treatnent is dependent on the type and
stage of the disease and the age and health of the patient (National Cancer
Institute, U S A, 1997). 30 Al'ly3 Qf the present treatnents
suffer fromsevere limtations. The major concern is the poor recognition
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the risk of gmet AShRSES. PredBhenflBepPabtepbs thek@rgerdy hisgith as radiation
therapy and chemotherapy, alsc carry risks of immune
suppression and poor specificity. Immunotherapy and gene
therapy hold the greatest promise, but the rational
application of these is likely to be still decades  away.

10 When the tumour is past the stage amenable to
éurgery, the most common treatment for melanoma or
metastatic skin cancer of all types is chemotherapy, which
has been largely unsuccessful (Beljanski and Crochet, 1996)

In theory,” an ideal drug would be one that when

15 applied topically to an exposed melanoma, BCC or SCC,
selectively necrotises the tumour cells or induces them to
undergo apoptosis, -without causing damage to the ,
surrounding healthy skin cells. 1In practice, this has yet
to be achieved. The drugs cﬁrrently available are neither

20 selective nor penetrative. -

' The lay public is also enamoured of the concept
of topical chemotherapy. There have been many documented
“home remedies”. for skin cancer, which have had disastrous
Consequences, eg the use of boot polisﬁ'(Adele Green, :

25 Queensland Institute of Medical Researéh, pers. Comm.) The
major danger is the production of scar tissue, underneath
which the tumour cells continue to grow. An extract
derived from plants of the genus Solanum (kangaroo apple or
devil’s apple) and purportedly containing solasodine

30 glycosides has been available in Australia as a non-
prescription preparation treatment of sunspots and solar
keratoses, under the name “Curaderm”. However the
- preparation was shown in a small clinical trial against
BCCs to be ineffective, with 14/20 patients showing

35 persisting tumour on histological examination of tissue
from the treated site. In some cases, histological
examination of the site of treatment revealed malignant
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avai l abl e are neither 20 selective nor penetrative. The lay public is also
enarmour ed of thEreskPept 6f ?H&s?gltscﬁgnﬁ%%ﬁiﬁrweeshé@%ﬂge%ﬂ“m‘fcess
docurment ed "honpehiagedilaimed.or skin cancer, which have had disastrous
The sap of plants of the family Euphorbiaceae,
particularly the genus Euphorbia, has been used in the folk

10 medicine of many countries. The genus was named after an
‘early Greek physician in deference to its purported
medicinal properties {(Pearn, 1987). Only recently have
some of these claims been investigated scientifically. The

* genus is enormously diverse, ranging from small, low-

15 growing herbaceous plants to shrubs and trees. Nearly all
reports of activity of these plants and their extracts are
anecdotal or derived-frbm“t:aditional medicine, and the
nature of the prepafations used is frequently either
unknown or very poorly described. Activity has been

20 claimed against a huge variety of conditions, ranging from
warts, “excrescences”, calluses, “cheloid tumours”, corns,
whitlows or felons, “superfluous flesh” and the like, to a
variety of cancers (see, for exampie, Hartwell: Lloydia

| 1969 32 153). |

25 | As part of the s¢reening program for anti-cancer
activity carried out on 114,000 extracts from 35,000
terrestrial plant species carried out by the United States
National Cancer Institute, a number of species of Euphorbia
were tested. An agqueous suspension, an olive-oil

30 suspension, an alcohol extract and an acid extract were
screened for activity against the transplantable tumour
cell line sarcoma 37. Four species were tested. Of these,
Euphorbia peplus showed no activity in any of the extracts;
Euphorbia drummondii, Euphorbia pilulifera, and Euphorbia

35 resinifera showed weak activity of an acid extract, an
alcohol extract, and an oiive-oil suspension respectively
(Belkin and Fitzgerald, 1953). A review of the scientific



consequences, eg the use of boot polish (Adele Geen, 25 Qeensland
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grow. An extract derived fromplants of the genus Sol anum (kangaroo appl e
.or devil's apple) and purportedly containlng sol asodi ne 30 glycosides has
been available in Australia as a non- prescrTption preparation treatment of
sunspots and solar ker at ose under the name "Curaderm. However the
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treatnent, particularly with irrit
summarized in Table l. In particular the genus Euphorbia

is well known to produce tumour promoters such as phorbol
esters (Hecker, E.: “Cocarcinogens from Euphorbiaceae and
Thymeleaceae” in “Symposium on Pharmacognosy and

10 Phytochemistry” (Wagner et al, eds., Springer Verlag 1970
'147-165)) . |
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pl ant sap Swaxbéeedbs are still being used by the general publperfa@osbdess
treatment of sunspots or solar keratoses, with some success being clai ned.
The sap of plants of the fam |y Euphorbiaceae, particularly the genus
Euphor bi a, has been used in the folk 10 ne éaCI ne of many countries. The
genus was named after an early Greek physician in deference to its
purported nedicinal properties (Pearn, 1987). Only recently have sone of

t hese cl ai ns been i npesfrosted——St T E—geuS, 1 5] CIoT |
di verse, ranging from sja | ow 15 bacedqus pliants o shjubs
and trees. Nearly ajl [egports of acti s§ pllants pad ther
extracts are anecdotpl |pre derived from gl nmedi & nej, Mand|{the fature
of the preparations f is frequently nAWA=(or~ vef poprd y—~
described. Activity “%been 20 clai af a Big8 i'ety|of o
condi tions, ranging Mts "excre &L, Mafl Bes, AchelP &, =
tunours”, corns, whi felons, ' ’% 'glesh'g and f IRl 9 kef to a
: X ) . S et | H o~
vari ety of cancers (>@ gof exarrple & oydfgaw a3 Zlg 3
5 |m
0 LR
£ < > -
= ES] 0 b
i - Qs 1)
o = ) o
g o] — 33
3 g D~ - g
— S U e o Mo R o}
Ojunn g () o,
o] Do = e “W w
g 8 . %WHlen U B U e}
] S o< 4| © (o] L
D ~ 4| P - g ™~
[OT )| -~ O -4 1) o ™~
- g oSl Sl - 0
L on H Al O Of H ] SER )
Hil © © -~ | O -~ =] - A
of v ~ ol o b5 a 5
=l uw o g E| o Al &8 o " on
P 0 0O -4 Ol BE |- o e
vl 4 @ M 4l g gl M N 8w
e I o n Q8 ol L A 0
(13 -
e g o q
Q Q@ g -
« 0 o0 D Ko
[ 4 P oo -l i
O N - O (o]
v d O © o)
- 0 0 H
L] C = 0O v o i)
- U 0 - < ¢]
2 ~ 2 0 (o} o N 1]
= n o N o -
[4] .e [ C. o 19} 0 e S .
gl 2 8 ~ u*s @l 0 c | W X D
Al 8 4w O & Q| T o | 8 o =
Hl 0 b 4 g O > -~ - nd s
R~ ©8 O 0 L X{ u ~ Lol (] i
UL QO OO o g o
Pl o 2 8 @ B 9l & % % o = o
Hil= o>y D E X0 ] (] - 0| © —~
gl H gl |® |® |& w3 |&
gl 2 o O P M | U ~ ~ 2 0| =
3 2
S g :
o] 3 . -
0 g |= (A (9 |2
g g Q 0 N N
& 4 |5 |8 |& [& |8
2 218 |8 18 |& |5
o Q Q R 0 Wy <
2 DR
uj Q
of & T (% (8 |f |f |%
gl S 2wulg |8 18 (8 |8
2l 5 389 |9 |5.5 |3
0 1 BN QM ) N ol <




1969 32 153). 25 As part of the screening programfor
anti.-cancer Wowp#0899¢ carried out on 114,000 extracts from 35, @@4/au98/00656
terrestrial plant species carried out by the United States National Cancer
Institute, a nunber of species of Euphor bi a were tested. An aqueous
suspension, an olive-oil 30 suspension, 'ﬂl cohol extract and an acid
extract were screened for activity agai nst t he transpl ant abl e tunour cell
line sarcoma 37. Four species were tested. O these, Euphorbia peplus

showed no activity iffany ol {NE Extracers, i i —tgphor bi a
pilulifera, and Euphorbia 3% resinifera shdwed weak activityfof an acid
extract, an al cohol ¢xXgradt? and afgolive-oi | eysuspenss og réspecgivgly
(Bel kin and Fitzgerald, 1953). A tqyiew of the gtient§ffic= {5- and
medical literature of "bhe past; fiyelyears revealoed A di Mensi ty mef —gower f ul
active principles su¢ghs ag dig- oand tNetra-terpeae& f [ aYonoiisw|stefdl s and
proteins in this o 2|9 3 in §-| R -] B
> g o~ A n o n Y A vy —
— 0 o o 18] n o of -A
o ~ O ™~ = M g g 0N o) L ~
O ©f > O - =0 O 4a D <ln ow
Z :
b g H
> 9] o
o - 0,
e g o
8] [} Q 0
© E S0 =]
FER -
] — 4y IS
-ri © 0O 4 U O
o Q o @
(o] M o [ —
< o o g uldT
5 < g A 0 Of - )
N o U oA d| o -
o v - s u g - o
= n P 0 O W [
o Qo ©O 8 0 0} 49 o
N 5 g © E &4 Sl 0 0
£ |5 IV B I 5
g © o U o n o E| Y =
2
|
~ 'g r;'
. - o
[} o 0n @
2 |5 | 5% %4 |°
© > g8 u g D 5
& (4] g o FS o D
— g O 0 Q g o
Ut RS 3 'E ot ©
~ ~
. v @ . .
CR - I R S B
el
© S B O 0 om ol 8 g
i ~ un g & ME o= n
o] 4 > 0 | U 0] o -~ o
~ g H A D e
()] 0 O g: . - o ul o 0 4 =
| = N P o« a© o]~ —~ 0 ]
g 18382248 |38 |
= 8 alam o alg 2 £ S
L o] 0} i
3 5 . " %
5 |4 g 5 N a3
o o] (] e o)
e g N g X 5
< |8 S ] S S
L L s 3 Qo L
- - Al . . .
g g |f I .
g |8 ¢ d S g
|5 |3 S| &
&3] 3} i 5] R El




-9-

with 5 both positive

10 Phytochem stry"

~165)) .

-187

known to produce tunour pronoters
"Cocar ci nogens from Euphor bi aceae and

E. :

ewoydwAt s,32TYIng
ut A3Tunumit Tefnyiad TIT2ONIT)
(v66T) 'S 'Tewl ~ OT13Toeds-AgE SPONpPAIX jueTd sToym eTqroydng
(STSRTWOSO3STYOS
JO S10793A)
($66T) mumhamﬁh eraxeTRydUOTY _ : suspusards
T2 39 *a 'bBasqanp oSNTTOW JO UOTITYTYUT x93e71 erqroydng
86V-¢ SUIT 110
(966T) ewoutToIRd ASUPTY uewny . rruostod
Te 292 *0°'W ‘sdojeg| x03 oTX03014K0 ATaAT3d9TeS sauadIo]Tp - erqroydng
- uraxayl _ . SOPTSODATH
pa3TO SedusIDIDI | J0d 'I90Tn| ‘SpTOTeMTe ’T0IS3SOITS
pue (9L6T) Juapox ‘eunflse ’‘suIod .HoumuasmmM ‘apTsoxediy
JOTUD pue uoposM ‘gyIem I0F SSTPaUWSI }Tod ‘urysoxenb ¢ snrded erqxoydng

Springer Verlag 1970

esters (Hecker,

I n " Synmposi um on Phar macognosy and -
eds.

and many bioactive effects have been reported,
and adver sewad bpggbsy Nnot ed. These reports are sunmari zed i n TaptEabes/e0sse

particul ar the genus Euphorbia is well

genus,
such as phor bol
Thynel eaceae”

(Wagner et al,

(*quod) T o1qel




The nost intensively studied species of this group is Euphorbia pilulifera

L (synonynswoodmgode. L.; E. capitata Lam ), whose common nanpgeTiAlsdess
pi |l | -Bearing spurge, snake-weed, cat's hair, Queensland asthnma weed and 5

fl owery- headed spurge. The plant is widely distributed in tropical
countries, including India, and in NorthernjAustralia, including

Queensl and. According to the "Encycl opedia of Common Natural |ngredients
Used in Food, Drugs and Cosnetics" (Leung and Foster, 1996), the whaole 10
flowering or fruiting pl &ie mesisddtiensisreky seudiedssPprinpei pal tRifor

cough preparat iggﬁﬁp and gdpAdAshd | SRk IS e (EPhohimat BRNhidea L. ;
respiratory conditions such as asthma, bronchitis, cough nd _hayfever.,
Thi s reference FefAREatf Lo i\re "@'b‘?]% | SRR %?mEﬁpﬁgFngepﬂl&%i‘?’&aéW
15 be choline dfig-gd)i kirdile-atdal], aruk tdaia bt hepueanphands astimenweat lamde
Sugar s and Pesimeweyy HARERE SEAE s IR R fE I5 §iRE1E aetrlmlnd i
i nt er nedi at e i rexdpEicaintdmsityiss aronetudingi Fodidsi dsndaps Northermheen
reported to havg, GarolNogei @ Retdy i d¥edhs 1h58. (EXaRSraRdRBRRN1974;
Stavric and Stoltz, 1976).. ] )
_ “Encyclopeédia of Common Natural Ingredients Used in Food,
Drugs and Cosmetics” (Leung and Foster, 1996), the whole
10 flowering or fruiting plant is used in herbal remedies,
brincipally for cough preparations, and in traditional
medicine for treatment of respiratory conditions such as
asthma, bronchitis, coughs and hayfever. This reference
reports the active constituents of Euphorbia pilulifera to
15 be choline and shikimic acid, and that other compounds
present include triterpenes, sterols, flavonoids,
n-alkanes, phenolic acids, L-inositol, sugars and resins.
Of these components, shikimic acid is an essential
intermediate in the synthesis of aromatic amino acids, and
20 has been reported to have carcinogenic activity in mice
(Evans and Osman, 1974; Stavric and Stoltz, 1976).
Jatrophanes, ingehanes, and a tetracyclic diterpene
designated pepluane were identified in the sap of Euphorbia
-peplus by Jakupovic et al (1998a). The jatrophanes were
25 stated to have a different conformation from those of
previously-known jatrophanes. Jatrophanes are also stated
to belong to a group of non-irritant diterpenes, which
could have accounted to their being overlooked in previoué
studies. There is-no-disclosure or suggestion at all of
30 any biological activity of the jatrophanes or of the new
pepluane compound; nor is it suggested that any of these
' compounds might be useful for any pharmaceutical purpose.
A recent report describes selective cytotoxicity
of a number of tigliane diterpene esters from the latex of
35 Euphorbia poisonii, a highly-toxic plant found in Northern
Nigeria, which is used as a garden pesticide and reputed to
be used in homicides. One of these compounds has a '



Jat r ophanes, ingenanes, and a tetracyclic diterpene desi gnat ed pepl uane

were identi k@9omgded he sap of Euphorbi a peplus by Jakupovi c epcpiauved/Béess) .
The jatrophanes were 25 stated to have a different conformation fromthose

of previously-known jatrophanes. Jatrophanes are also stated to belong to a
~group of non-irritant diterpenes, which coug have accounted to their being
over|l ooked in previous studies. There is no disclosure or suggestion at al
of 30 any biological activity of the jatrophanes or_ of the new,pepl uan
conpound; nor |selecsiygesyeatexieitviyior £ éséu@éﬁpB&ﬁBEYnF@ﬁFlg€ éﬁﬁﬂ

for any pharmaceyfical 498rROSE- thah €LENDODCROMEsdBEeRtBeS thaheehate of
cytotoxicity of a nunber of _tigliane dhteiggﬁ esters fromthe latex of 35
t

Euphor bi a poi soRfriamyaigh(52teRecehl & ‘in Northern Nigeria, which
is used as a garden pestiDnde serheepof efatenbeappiicanibngl cTdwes Das of

these compounds hag.2s usa &f EuRbEBthYHiELhObIAhEL! UnkObkha iU ddLe

for a variety of purposes, including tumour therapy
(EP 330094), AIDS-related complex and AIDS (HU-20873950) and
increasing immunity and as an antifungoid agent for '
treatment of open wounds (DE-4102054).

10 _ Thus, while there are isolated reports of anti-
.cancer activity of various Euphorbia preparations (see
Fatope et al, 1996; Oksuz et al, 1996), not only are the
compounds present in at least one Euphorbia species
reported to be carcinogenic (Evans and Osman, 1974; Stavric

15 and Stolz, 1976; Hecker, 1970; 1977), but at least one
species has a skin-irritant and tumour-promoting effect
“(Gundidza et al, 1993), and another species reduces EBV-
specific cellular immunity in Burkitt’s lymphoma (Imai,
1994). '

20 To our knowledge, there has been no reliable or
reproducible report of the use of any extract from
Euphorbia species for the treatment of malignant melanoma
or SCCs. An anecdotal repoft of home treatment of a BCC’
with the latex of Euphorbia peplus (petty spurge or milk

25 weed) was the publication of Weedon, D. and Chick, J.,
entitled “Home treatment of basal cell carcinoma” (1876).

" The authors stated that medicinal propeties have been
claimed for the milky juice of this plant since the time .of
Galen, and it was widely used as a home remedy for corns,

30 warts, and asthma. At the turn of the century it was used

by some physicians in Sydney for the treatment of rodent

" ulcers. The author’s patient claimed to have treated
himself over many years for multipie BCCs.

' “The patient, a 54 year old male, had been seen

35 sporadically at the Royal Brisbane Hospital since 1971. On
one visit he was noted to have a clinical basal cell
carcinoma on the anterior part of his chest which was



line A-498 nore than 10,000 tinmes greater than that of adrianycin (Fatope
et al, 1996)wobswsseries of patent applications, Tamas has 5 pdraivesdossse
‘of Euphorbia hirta plants and extracts thereof for a variety of purposes,

i ncludi ng tunour therapy (EP 330094), AIDS-rel ated conplex and Al DS
(HU-208790) and increasing immunity and as gg antifungoid agent for
treatnent of open wounds (DE-4102054). 10 Thus, while there are
i solated reports of anti- cancer activity of various Euphorbia preparations
(see Fatope et abpfigmed bwshiopsyaPf soddny mmeaimen rakenLEeHpeRfdedge.

present in at |eggpk QBGsEUBRREDLABIRHL DI (Bt d e KSATEA0FREI atient
(Evans and Gsman, 1974; Stavric 15_and Stolz, 1976; Fbckqé 1?70; 1 77%,
but at |east on8PBpéeleshRasSap & iﬁHéAQééﬂﬁ-EﬁﬂﬂqﬁuﬁKﬁg%r ot FRY . 2 FR¥E:

*(Qundi dza et althel228h, berdmeneiyehempacias arellutesn ERVstsber f afteel whiah
munity in Burkitt.s l.ynph |l 994) . .20 r w edge,
t here has bégn Eéer%FﬁéﬁPesgg% éﬁ?g EE%bIéﬁwﬁ%ﬁtr%ﬁuﬁﬁkaégégg'%%ggéxgract
f rom Euphor bi a $peetmentor thiee patdsnte fgusedtia grethtusreswrghaally excise

the small area of residual scarring. Multiple sections
showed dermal scar tissue which contained a few chronic
inflammatory cells, but showed no evidence of residual
10 tumoux.”
. The authors stated that “this communication
should in no way be taken as a recommendation of the form
of therapy”. There are a few reports cautioning on the
corrosive nature of the sap, and minor eye damage that has
15 resulted from the home treatment of warts using Euphorbia
peplus (Eke, T., 1994). It appears likely that the effect
reported by Weedon and Chick resulted from the irritant
activity of the Euphorbia peplus sap, and that, as in the
case of the Solanum extract “Curaderm” reported by Francis
200 et al (1989), there is a high risk of residual tumour cells
surviving in or under the scar tissue that results from
-such treatment.
The inventor has now surprisingly found that sap
of plants from three different Euphorbia species, Euphorbia
25 peplus, Euphorbié hirta and Euphorbia drummondii,
specifically inhibits growth of three different human
tumour cell lines, including malignant melanoma. Moreover,
at very low concentrations, sap from Euphorbia peplus and
Euphorbia hirta induced differentiation of malignant
30 melanoma cells so that they adopted the morphological
appearance of normal melanocytes. At similar or even lower
concentrations an extract stimulated activation of the
- metallothionein gene promoter and expression of a reporter
géne in MM96L malignant melanoma cells. The results were
35 particularly striking, since the melanoma cell line which
was used is refractory to inhibition by all of the



or SCCs. An.anecdotal report of hone treatnment of a BCC with the | at ex of

Euphor bi a p¢yd bsoseeet ty spurge or mlk 25 weed) was the publ pepiaivosrosss
Weedori, D. and Chick, J., entitled "Hone treatnent of basal cell carcinomas
(1976). The authors stated that nedicinal propeties have been clainmed for
the mlky juice of this plant since the tim2of- * Galen, and it was w dely
used as a hone renedy for corns, 30 warts, and asthna. At the turn of the

century it was used by.so i Cl i n dney_f eqtr f
odentul cere. SPRYSRGIABAL: RSP ENE AR IR ro T i DR B cogped
many years for eghtingice iBCIMayhdré pad darsomshd 3886) ol d nal e, had been
seen 35 sporadically at. the Royal Brisbane Hospital since 1971. On one
visit he was noted to have a clinical basal cell carcinona on the anterior
part of his cheShm@aryhOfadhe Inventiomsnfjrned by biopsy of a tiny

speci men taksen fromone edgea fasetdagpekdt,erhahamviditt i psosides had

heal ed the patient

compound or compounds present in plants of the genus
Euphorbia, and in particular in sap of Euphorbia peplus,
Euphorbia hirta and/or Euphorbia drummondii, which:

(a) .is able to kill or inhibit the growth of

10 cancer cells, but does not significantly affect normal

'neonatal fibroblasts, or spontaneously transformed
keratinocytes;
(b) has activity which is not destroyed by
heating at 95% for 15 minutes;:
15 (c) has activity which is not destroyed by
treatment with acetone;
(d) has activity which can be extracted with
95% ethanol; and
(e) stimulates metallothionein gene activation.
20 Preferably, the compound(s) is able to inhibit
the growth of at least one cell line selected from the
group consisting of MM96L, MM229, MM220, MM237, MM2058,
B16, LIM1215, HeLa, AS549, MCF7, MCC1l6 and Colol6 as herein
defined. More preferably, the compound(s) is able to
25 inhibit growth of or to induce differentiation in MMS6L
cells. .

Even more preferably the compound is also able to
induce normal melanocytes to proliferate.

. Preferably, the compound is present in sap of
30 E. peplus or E. hirta.

It will be clearly understood that while the
invention is described in detail with reference to
compounds detected in sap or sap extracts, these compounds,
when present in or extracted from whole plants or parts

35 thereof, are still within the scope of the invention.

In a second aspect, the invention provides a

composition comprising an active compound as described



applied the sap of Euphorbia peplus every day for 5 days. The area becane
eryt hemat ousweanvd/o89san pustul ar, after which 5 the |esion sl oughefaebéoossh
his return 6 weeks after treatnment, the patient agreed to let us surgically
excise the small area of residual scarring. Miultiple sections showed dermal
scar tissue which contained a few chronic_gfyl ammatory cells, but showed no
evi dence of residual 10 tunour." The authors stated that "this

comuni cation should in no vvaé be taken_as a recomendation of the form of
therapy". There®8P¥ea FeIrFBEE Wathad PhaTMpcatira by 192} vePhat GREC &Pt RE
sap, and m nor @yeuéavnge that has 15 resulted fromthe hone treatnent of

warts using Euphorbia pep| ( T.,41994). It appears likely.thai the
effect reported by V\éedoﬁMﬁ% %E?gﬁr%’%m ?:5%? FPSRC{D‘%éfilrsrﬁg?gﬁ%%i%’F?’? bhre
t he Ezphor bi a pgpbtup semsishinghef, jasriophanessagemliudnes Sopanabianés aahd
"Curadernt igepoyhgdnbyeErancis 20 et al (1989), there is a high risk of
residual tunour cells surviving in or under the scar tissue that results
from such treatnent. The T#&%ERt BRehgasmpounsudsr issijafiserhansl tHatisap

preferably of Conformation II as defined by Jakupovic et al

(1998a). It will be clearly understood that the

substitutions observed in naturally-occurring jatrophane,
10 pepluane and paraliane skeletons are within the scope of -

‘the invention. These include the following substitutions

and analogues.

Compounds of this type have been found in a

variety of plants of the genus Euphobia (Jakupovic et al,

15 19984, b, c; Marco et al, 1998).



of plants fromthree different Euphorbia species, Euphorbia 25 peplus,
Euphor bi a hiyg so/g88¢k Euphor bi a drunmondi i, specifically inhibi peTaUesNIEsEf
three di fferent human tunmour cell lines, including malignant nel anona.

Mor eover, at very |ow concentrations, sap from Euphorbia peplus and
Euphorbia hirta induced differentiation of ;jalignant 30 nmelanoma cells so
that they adopted the norphol ogi cal appearance of nornal nel anocytes. At
simlar or even |ower concentrations an extract stinulated activation of
the netal | ot hi onei n gene pronoter and expression of a reporter gene in
MW6L mnal i gnant nel anoma cells. "The results were 35 particularly striking,
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conpound or conpounds present in plants of the genus Euphorbia, and in -
particul ar wo swmeef Euphorbi a pepl us, Euphorbia hirta and/ or PETpAUSSIS0656
drummondi i, which: (a) is able to kill or inhibit the gromh of 10 cancer
cells, but does not significantly affect normal neonatal fibroblasts, or
spont aneousl y transforned_keratinocytes;_(Q% _has activity which is not
destroyed by heating at 95% for 15 m nutes; ~15 (c) has
activity which is not destroyed by treatnment with acetone; (d) has
activity which can be extracted with 95% et hanol; and (e) stinul at es

nmet al | ot hi onei n gene activation. 20 Preferably, the conpound(s)
I's abl e to inhibitFEE=re=grertir—or—rgt one cell line selected fromthe
group consisting gf MW6L, Me29, | Mmp2d, 37, NW058, B16, LIML215, Hela,
A549, MCF7, MCCL16 Jand Col ql G ag here] n |def|fi ned. Rbre preferably, the
conpound(s) is ablje to 25]inhildit jgrpwtlh @f or t& induce differentiation in
MWB6L cel | s. A
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Even nore preferably the conpound is also able to i nduce normal nel anocytes
to prolifersisgo/dsosef erably, the conmpound is present in sap of pSfyaubs/ogmspl us
or E "hirta. It will be clearly understood that while the invention is
described in detail with reference to conpounds detected in sap or sap
extracts, these conpounds, when present in §g extracted fromwhole plants

or parts 35 thereof, are still within the scope of the invention. In a
second aspect, the invention provides a conposition conprising an active
conpound as descri bed - 13 - above, together with a

phar maceut i cal | y- sui t abl E¥qR mieFe dpref exehly. - KbeeCprePERabiy £ ecHAsbund
is selected frogggﬁmtﬁgcégb@§n§6§§1§giﬁ§ batrophanes, pepl uanes, paralianes
t he

and 5 i ngenanes. \Were conpound is a jatrophane, it is
5,8,9,10,14-pentaacetoxy-3-benzoyloxy-15-hydroxypepluane
5 (pepluane);
15-pentaacetoxy-9-nicotinoyloxy-l4-oxojatropha-6(1),11E-
diene (jatrophane 1);
2,5,7,9,1l4-hexaacetoxy-3-benzoyloxy-15-hydroxy-jatropha-
6{(17),11E-diene (jatrophane 2);

10 '2,5,l4-triacetoxy-3-benzoyloxy-8,15-dihydroxy-7-
isobutyroyloxy-9-nicotinoyloxyjatropha-6{17),11E-diene
(jatrophane 3);
2,5,9,14-tetraacetoxy-3-benzoyloxy-8, 15-dihydroxy-7-
isobutyroyloxyjatropha-6(17),11E-diene) (jatrophane 4);

15 2,5,7,14-tetraacetoxy~-3-benzoyloxy-8,15-dihydroxy-9-
nicotinoyloxyjatropha-6(17),11E-diene (jatrophane 5);
2,5,7,9,14-pentaacetoxy-3-benzoyloxy-8,15-
dihydroxyjatropha-6(17),11E-diene (jatrophane 6);
20-acetyl-ingenol-3-angelate; .

20 and pharmaceutically-acceptable salts or esters
thereof. .

In bnelpreferred embodiment of the invention, the
composition additionally comprises P-alanine betaine
hydrochloride or t-4-hydroxy-N,N-dimethyl proline.

25 In a third aspect, the invention provides a
method of treatment of a cancer, comprising the step of
administering an anti-cancer effective amount of a compound
of the invention to a mammal in need of such treatment.

Preferably, the cancer is a solid tumour. More

30 preferably, the cancer is selected from the group
consisting of malignant melanoma, other skin cancers
including Merkel cell carcinoma, squamous cell carcinoma
and basal cell carcinoma, lung cancer, colon cancer,
cervical cancer and breast cancer.

- 35 In a fourth aspect, the invention provides a
method of inhibiting proliferative activity of neoplastic
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preferably of Conformation Il as defined by Jakupovic et al (1998a). It
w il be clegigeogeder stood that the substitutions observed i NPCT/AU98/00656
natural |l y-occurring jatrophane, 10 pepluane and paraliane skel etons are
within the scope of the invention. These include the follow ng
substitutions and anal ogues. Conpounds of_tfys_type have been found in a
variety of plants of the genus Euphobia (Jakupovic et al, 15 1998a, b, c;
Marco et al, 1998). WD 99/ 08994

PCT/ AU98/ 00656 WO 99/ 08994

PCT/ AU98/ 00656 cells,lGomprising the step of exposing the cells to an

anti-proliferative amount of a compound of the invention.
'The cells may be treated either ex vivo or in vivo.
In a fifth aspect, the invention provides a
5 method of preventing or alleviating damage to skin, caused
by ultraviolet irradiation, ionizing radiation, microwave
radiation, exposure to ozone, or the like, comprising the
step of topically administering an effective amount of a
compound of the invention to a subject in need of such

10 ‘treatment. This aspect of the invention may be used in the
treatmeht of solar keratosis, skin damage occurring during
radiotherapy, and the like.

In a sixth aspect the invention provides a method
of stimulating proliferation of non-neoplastic cells

15 comprising the step of exposing the cells to a

- proliferation-inducing amount of a compound or a
composition of the invention. This is useful in inducing
regeneration of tissues and, because T-lymphocytes
proliferate in response to the compositions of the

20 invention, is useful in promoting the immune response to
disease states.

The mammal may be a human, or may be a domestic
or companion animal. While it is particularly contemplated
that the compounds of the invention are suitable for use in

25 nmedical treatment of humans, it is also applicable to
veterinary treatment, including treatment of companion
animals such as dogs and cats, and domestic animals such as
horses, cattle and sheep, or zoo animals such as felids,
canids, bovids, and ungulates.

30 The compounds and compositions of the invention
may be administered by any suitable route, and the person
skilled in the art will readily be able to determine the
most suitable route and dose for the condition to be
treated. Dosage will be at the discretion of the attendant

35 physician or veterinarian, and will depend on the nature
and state of the condition to be treated, the age and



Even nore preferably, the conmpound is selected fromthe group consisting
of : 5,8,9, 1ud.do/gaeex aacet oxy- 3- benzoyl oxy- 15- hydr oxypepl uane bctpaewpinesse) ;

- 15- pent aacet oxy- 9-ni coti noyl oxy- 14- oxoj at ropha-6(1), 11E- di ene (j atrophane

1), 2,5,7,9, 14- hexaacet oxy- 3- benzoyl oxy- 15- hydr oxy-j at r opha-

6(17), 11E- di ene (j atrophane 2); 10

2,5,14-triacet oxy- 3- benzoyl oxy- 8, 15- dlhydroxy 7-

|sobutyroyloxy 9-ni coti noyl oxyj atropha-6(17), 1| E-di ene (jatrophane 3);
2,5,9,14-tetraacet oxy- 3- benzoyl oxy- 8, 15- di hydr oxy- 7-
|sobutyroyloxngemephé stavy, bﬁEhéaéhh)O@J&h80§W$n®0© ‘tolpe treated, the

2,5, 7,14-tetraagghp yo§ Q&?ZHY%Q¥¥t§oﬁ5 QhEYQ59x£r%v1ous treatment which

nlcotlnoyloxyjatro (Jatrophane
2,5,7,9, 14- pentra%zeb%‘x? ]Beﬁéni‘éi?FBk?tSrf
di hydr oxyj at r opha- 6(17), 1meedceﬂflérabfoamaaene),; and other excipients,

sal ts of esterotht, B6Pen, 88,885, EPuFPea T ARBHTIIE AT e T AR O (e,
person skilled in the art will readily be able to determine
the most suitable formulation for each particular case. It
is contemplated that compounds of the invention may be
administered orally, topically, and/or by parenteral

10 ‘injection, including intravenous injection.

Methods and phafmaceutical carriers for
preparation of pharmaceutical compositions are well known
in the art, as set out in textbooks such as Remington’s
Pharmaceutical Sciences, 17th Edition, Mack Publishing

15 Company, Easton, Pennsylvania, USA. _ :

For the purposes of this specification it will be
clearly understood that the word “comprising” means
*including but not limited to”, and that the word
“comprises” has a corresponding meaning.

20
Brief Description of the Figures
Figure 1 shows the effect of E. peplus sap on -
metallothionein gene aétivation, measured by detecting the
activity of P-galactosidase using a chromogenic substrate.
25 Figure 2 shows the broliferation of MCF7 breast

cancer cells grown in microtitre wells in the presence of
E. peplus sap for 7 days (expressed as a percentage of
control wvalues). '
Figure 3 shows the absorbance profile at 195 nm,
30 following RP-HPLC sub-fractionation of an ethanol-soluble
extract of E. peplus sap.
Figure 4 shows the results of repeated RP-HPLC
chromatography of fraction 14 from Figure 3.
Figﬁre 5 shows the constant diode array spectrum
35 of the peak from Figure 4.



conposition additionally conprises f-al ani ne betai ne hydrochl oride or

t - 4- hydr oxyw) 99/a899t hyl proline. 25 In a third aspertAUIBI00656

i nvention provides a nethod of treatnent of a cancer, conprising the step
of adm nistering an anti-cancer effective anmobunt of a compound of the
invention to a manmal in need of such treatqygnt. Preferably, the cancer is
a solid tunour. More 30 preferably, the cancer is selected fromthe group
consi sting of malignant nelanoma, other skin cancers including Merkel cel

carci noma, squanous cell carcinoma and basal cell carcinoma, |ung qc’ézmcers
col on cancer, prostate caiBITe cRriReUs EBRcEPSHAFShHPL M BN MM36L

In a fourth aspgliandh® ¢&VEStWwOEhPFE¥EEesna 15EifHeeh MxdnpPlidili nCells are
proliferative actiyi cells, co

proLiferative actinid ol ogRlo8the orary Ll Sl GBS AL the ot P
i nvention. The oeidskebyrdre ArBat éddeysheC,®¢ Zilvalayrs i n vi va.

S Figure 7 shows the results of thin layer
chromatography of the ether-soluble fraction from Example 6
using chloroform:ethyl acetate (82:18) as the developing
solvent. _

Figure 8 shows the results of further

10 pufification by 2-dimensional TLC on silica gel, using
hexane:ethyl acetate (1:1) in the first dimension, and
toluene:acetone (9:1) in the second dimension.

A: Spots 34-45 were visualised on a UV light
box. Activities were scored towards MM96L at a 1 in 500

15 dilution (+++'= no effect, - = complete cell death, 4 =
100% reversion of cells to a dendritic appearance.

B: Spots 14-20 were visualised on a UV light
box. Activities were scored towards MM96L at a 1 in 500
dilution (+++ = no effect, - = complete cell death, 4 =

20 100% reversion of cells to a dendritic appearance.

' C: Spots 21-27 were visualised on a UV light
box. Activities were scored towards MM96L at a 1 in 500
dilution (+++ = no effect, - = complete cell death, 4 =
100% reversion of cells to a dendritic appearance.

25 Figure 9 shows results of ascending
chromatography of'crude sap on HPTLC using a _
toluene:acetone (9:1) solvent system. Opaque bands 1 -7 °
were visualised on a UV light box

Figure 10 shows results of ascending
30 chromatography of fraction 1 from Figure 9 on HPTLC using a
"hexane:ethyl acetate (4:1) solvent system. Bands A-G were
visualised on a UV light box. (Side strip stained with 0.1%
iodine in chloroform revealed Fraction G - inactive against
MMY6L) .

35 Figure 11 shows results of ascending

chromatography of fraction 1 from Figure 9 on HPTLC using a .



In a fifth aspect, the invention provides a 5 method of preventing or

~al levi ati ngyRpsdasoq © skin, caused by ultraviolet irradiatiOnpct/Rebgbitds
radi ati on, m crowave radlatlon exposure to ozone, or the like, conprising
the step of topically adn1n|ster|ng an effective amount of a conpound of
the invention to a subject in need of such 2 -treatnent. This aspect of
the invention nay be used in the treatnent of solar keratosis, skin damage
occurring during radi ot herapy, and the Iike In a sixth aspect the

i nvention provides a nethod of stinul gt proliferation oflyon QF%P'aSt'C
cel I's 15 conprhexaget RENELeBCEFRERPAESF g FH%VFEQ:§t§¥%¥
proliferation-igdsaangsadoont aolvaldéghpobost.or a conposition of .the

i nvention. This is useful dugi g r f SUES because
T-1 ynphocytes proliferat EF#'Q Jrrgsﬁ Qﬂo{'g ?ﬁg g%%%gg‘%t |°t(§3|ns%L of %Q%?O
invention, is usbrgmatngpﬁphwtPﬁgd@ﬁéhY%nﬁﬁbe¢E§@iﬂh4q Fradeane nrepased
The mammal @?y ??oﬂ Byqag, sa BﬁyEbgparQQE9§tHEﬂﬂ'Iéyﬂiﬂﬂﬂﬁbﬂﬁﬁdgﬂapwwlle

it is particularly conte he co und vent i are
SU|tabPe for usé zﬁ ergﬁ) USlng exane : ethyl @ (£ solvéne

system. 2Zones H and A-F were visualised on a UV light box,

acetate

extracted, and used for in vivo studies. .
Figure 13 shows the results of treatment of
10 -subcutaneous human melanoma MM96L xenografts in nude mice
with a partially purified fraction prepared as described in
Example 11. Arrows denote the position of topical
treatments for a tumour (right-hand side) and for normal
skin (top of back). There was no evidence of residual
15 tumour growth or lasting damage to the normal skin 32 days
.after the treatment regimen began, and 20 days after the
. first topical application.

DETAILED DESCRIPTION OF THE INVENTION
20 The invention will be described in detail by
reference only to the following non-limiting examples and

to the figures.

Example 1 Inhibitory-Activity of Euphorbia Sap Against
25 Tumour Cell Lines
The ability of sap of three Euphorbia species,
Euphorbia peplus, Euphorbia hirta and Euphorbia drummondii
to inhibit the growth of three different human tumour cell
lines was tested. The activity against normal skin

30 fibroblasts was tested as a control.

' The cell lines were maintained in RPMI medium
containing 5% foetal calf serum (FCS), and assays were
performed in the same medium.

Sap was collected from plants growing randomly on

35 cultivated soil on a farm at Palmwoods, in the Sunshine
Coast hinterland, South-East Queensland. The plant stem



25 nmedical treatnment of humans, it is also applicable to veterinary

treatment, iywelobgdsdeg treatnment of conpani on animals such as dcﬂ’:"l‘/ﬁﬁ?ﬁ/&ﬁgé’
and donestic aninmals such as horses, cattle and sheep, or zoo aninals such

as felids, canids, bovids, and ungul ates. 30 The conpounds and
conpositions of the invention may be adnigi§ ered by any suitable route,
and the person skilled in the art will readiTy be able to determ ne the
nost suitable route and dose for the condition to be treated. Dosage will
be at the discretion of the attendant 35 physician or veterinarian, and
wi || depend on siefaed uwas abdisfiyewathetewdahdi70i%orethansd ,t rewd sxbisserage

and - 18 - 9@%%0%5&%%5%0@%%. gkelne oS Waiee \ﬁ]%cx%%n;afyrﬁﬁtfé’l%éé‘é the

route of adm ni st : any EreV|ous t reatment ; ave been
admi ni stered. Thbligarkakexosagi| udhe, SaRdWashepldeatRdenmto 3 utd Hepehle
on the route ofppslgiNésééatiofugandubesi NtkR@sported at 4°C to Brisbane

5 and stored frozen at -20°C. Prior to use, the sap was
serially diluted five-fold up to 1. in 3125 into sterile
1.5 ml Eppendorf tubes using sterile MilliQ water. 10 pL
aligquots of each dilution were added to each two of
microtitre plate wells containing 100 pul of the cell lines.
10 ‘Assays were performed in duplicate.

After 5 days, cells were examined blind, for
inhibition of growth compared to control untreated cell
'samples. The results are summarized in Tables 3 to 6, in

: which the cell lines tested were
15 NFF normal skin fibroblasts )

MMS6L malignant melanoma, brain metastasis

HeLa cervical cancer

HACat spontaneously-transformed human

keratinocytes
20 and the scale is 0 = no.effect to 5 = complete
cell death

The dilution in the table heading refers to the
dilution of the sample before addition to the culture.
Thus, the dilution in the final culture is approximately

25 10~fold greater.



person skilled in the art will readily be able to determ ne the nost

sui t abl e f owggdomedgan for each particular case. It is contenplptedubiedsss
conpounds of the invention nay be admi nistered orally, topically, and/or by
parenteral 10 injection, including intravenous injection. Mthods and
pharmaceutical carriers for preparation ofégﬂarnaceutical conpositions are
well known in the art, as set out in textb $ such as Rem ngton's

Phar maceuti cal Sciences, 17th Edition, Mack Publishing 15 Conpany, Easton,
Pennsyl vani a, USA. For the purposes of this specification it will be

clearly understood that the word "conprising” neans Ut nrﬁ=
limted to", and that the word "conprises" has a cor megni ng. | 20
Brief Description of tﬁeatl ur gs xlgUre l]lshows the geplius| sap
on netal |l othionein genk aktijv&di of, hedsufed by det e Stifvi gy pf
P- gal act osi dase using f chrdnpideniic suljstfate. 25 buriec? shows
the proliferation of MCF7] brieagt _¢ancey| S¢lls grown e WEeltsS}in
t he presence of
n
N
o) o] Of ©
~
] ©}] ©O] O} ©
n
wmn (g}
™ —
o ~
~ - ] ©] ©| ©
] O O] ©f ©
n
Q o~
o)~ 12N
A o] o} o] © aad It Il B
o © o
0] —t £ ~
P (o) o o]
0 gl in o Elwv
© S ~ '] o] ~
=1 n| - o] o o} © —~ 0| A n| «| n| o
Q o
.g =
o wn <t wn
ol & G E S
e i mfﬁ
~ o =l A m
Sl o A ©] of o} © ] [ Al o o] o] ©
E"E E‘l—!
: 9 o
O n = wn
Z ol N
0 . o]
By ~ \o ~
<] -l ol o]l ol © %)) | ol ol o]l ©
= g
n
o ~
~ —
~ ~
] ©O] ©] O] © i <B] | ~H] ©
n wn
o~ o
. ~. ~
g\—l.—-qmooo gt-l‘—i<'<rmo
) 0 Al ©
5l 5] 2
~f El ~] E]
Al B ~ Al gl ~
Al 1l -l of n| @] © Al i | | nj nj ©
~ -~
- o
3| o 3| o
S| o 81 ©
o] Q] A ] Ol -A
:mgu ZSIUEJJ
~| - ~| L -
L) O N e} o Q) M SI T
-t ol ~| N1 T ~— Q1 =l N T
g ol | ©| © g Qf ol O ®
J o0 . 5 el el o
& | &) | 2 A RN




E. peplus sap for 7 days (expressed as a percentage of control values).
Figure 3 shg@sooiogeabsorbance profile at 195 nm 30 fol | ow ngcRRUdRGES6
sub-fractionation of an ethanol -sol ubl e extract of E. peplus sap. Figure 4
shows the results of repeated RP-HPLC chromat ography of fraction 14 from

Figure 3. Figure 5 shows the constant di odeyarray spectrum 35 of the peak
fromFigure 4. WO 99/ 08994

PCT/ AU98/ 00656 - 19 - Figure 6 shows the results of treatment of MWBGL
mel anonma cells with Fraction 15 from Exanpgelg 5Cells are stained with
anti body TRP-1, directed against the cygpskel®dorns A B: 4 days, C D 21 days

5 Figure 7 shows the results of thin |ayer chromatography of the
ether-soluble fraction from Fxangple 6 using. chlaorofaorm
(82:18) as the flagughani ng pilution
1/5 1/25 1/125 1/625 1/3125

E. peplus 5 3.5 3 1 1

E. hirta 5 5 5 5 0

E. drummondii |5 0 0 0 0

No addition 0 0 0 0 0

5 Table 6
HACat keratinocytes

Sample Dilution
1/5 1/25 17125 1/625 1/3125
E. peplus fa ' 0 0 0
E. hirta 5 0 0 0 0
E. drummondii 5 0 0 0 0
No addition 0 0 0 0 0

From these results it can be seen that:
10 . a) E. peplus was active against HeLa cells, '
and to a lesser extent against MM96L cells. .
b) E. hirta was active against MMO6L cells and
very strongly active against HelLa cells.
c) E. drummondii had a lesser effect againsp
15 MM96L than the other two samples, and inhibited Hela cells
" only at the highest concentration tested.
d) NFF normal fibroblasts were severely
affected at the 1/5 dilution, but only mildly affected at
the other dilutions. For example, at a dilution of 1/25,
20 -+ there was mild inhibition of NFF cells (rating 2), but
severe inhibition of MM96I cells (rating 4). At a dilution
of 1/125, no effect was observed against NFF cells (rating
0), but severe inhibition of MM96L cells (rating 4) was
observed for one sample, and milder inhibition (rating l).



solvent. Figure 8 shows the results of further 10 purification by

2-di mensi ong¥o 9968994 silica gel, using hexane:ethyl acetate (Pct)aussiovéss
first "di nension, and toluene:acetone (9:1) in the second dinension. A
Spots 34-45 were visualised on a UV |ight box. Activities were scored

towards MW6L at a 1 in 500 15 dilution (£+3,=_no effect, - = corrpl ete cell
death, d = 100% reversion of cells to a dendritic appearance. B: Spot s
14-20 were visualised on_a UV light box. Activities were s dto ﬁ§
MW6L at a 1 i nwhth Eh?utiPBﬁlf:ﬁw sapple) foc HACAL= ceddS) o g‘lu’fgi Cﬂgﬁ ed =

20 100% rever skghs98egLll ast eegraeaatatweawe@roaﬂm keratinbeotte ] -ware

were visualised o Ac S were _scored_towards MVB6L at
alin 500 dil u??g}ﬁ %ﬁﬁ{#’l@ﬁé 8Ef khe. hiy) efgnﬁp&cgnicglaltlgeath d = 100%
reversion of cells to a dendrnighccappentzatéon@sof E. peplus Eagur et shows

results of %sceggggg gargﬁakc’eaagaywag BL4E 54 190 P OB L1
t ol uene: acetone f vent syst Opaque b were visual i sed
on a W |ight bdgwever, at lower concentratlons (down to a dilution of

1/625), although no growth inhibition was observed, the
surviving cells were dendritic, and had the appearance of
normal melanocytes. Without wishing to be limited to any
10 proposed mechanism, it appears that E. peplus sap may
‘contain at least one agent which promotes differentiation,
rather than directly cytotoxic agents which damage DNA.

Example 2 Effect of Heat or Acetone Treatment on

15 Activity of Euphorbia Sap

The experiment'described in Example 1 was
repeated for E. peplus and E. hirta by a different person,
using different cell line preparations, different plant

. samples and a different rating scale.

20 The samples were either prepared as described in
Example 1, or were subjected to treatment with heat or
acetone. Undiluted extracts of plant sap were heated at
95°C for 15 minutes.. For the acetone treatment, 40 nl
extract was suspended in 400 pl acetone, and the tube

25 . shaken on a vortex mixer. Contents were centrifuged at
10,000 g for 3 minutes and the supernatant (acetone-soluble .
fraction) removed to a separate tube. Both the pellet and
supernatant were left in open tubes at room temperature in
the fume hood overnight with exhaust fan operating to

30 evaporate the residual acetone.

‘The results are shown in Tables 7 to 9, in which

. +++ indicates no effect, and - indicates 100% cell death.
:*C” indicates that the culture was contaminated. Using
"~ this rating scale the results were even more striking than

35 in Example 1, with strong inhibitory activity being '
observed up to a dilution of 1:3125. However, some growth
inhibition of NFF cells was seen in this experiment.



Figure 10 shows results of ascending 30 chromatography of fraction | from
Fi gure 9 orwepl&94si ng a hexane: ethyl acetate (4:1) sol vent BgFTiARI98/0&S56dS
A-G were visualised on a U/ light box. (Side strip stained with 0.1% i odi ne

in chloroformreveal ed Fraction G - inactive agai nst MW6L). 35
Figure 11 shows results of ascending chramigaraphy of fraction 1 from
Figure 9 on HPTLC using a. - 20 - hexane:ethyl acetate (4:1) solvent

system Band H was visualised on,a W |light box. Figure %% sﬂoms t he
results of ascending chr SRaEB§FapRftofAF aagfone et feoteBl Bofr aBEr oRhumour

prepared 5 frogreivieysapgon ficeparlat. vavith na¢ayene chrearinegtapmpsgPLC,
Mer ck) using hexane.._ ethyl .acetat.e (4:1) vent_syst es. H_and A-F
wer e vi sual i se@SGRVATHVWEPg ouﬁgi}Qnéh%uﬁéi#e%hdpﬁggﬁgg%?ggg 3Fv5%§tﬁaf§%.
Figure 13 showsft Be hdsudat s thoughestommtacfivity was also present in the
5 soluble fraction. This suggests that the compounds
responsible are not protein in nature, and that at least

one component may be a lipid.



10 subcut aneous human nel anoma MVB6L xenografts in nude mce with a
‘partially pwwo dd/e890f racti on prepared as descri bed in Exanpl e B&T/ARN98/00656
denoté the position of topical treatnents for a tunmour (right-hand side)
and for normal skin (top of back). There was no evidence of residual 15
tumour growth or |asting damage to the norggl skin 32 days after the
treatment regi men began, and 20 days aftér“the first topical application.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON 20 The invention will be
described in detail by reference only to the followi ng non-limting

exanples and to the figures. Exanple 1 | nhi bitory Activity of FEuphorbia
Sap Agai nst 25 ur] c41 T _Lijnes The abilijty of sap pf three
Euphor bi a speci es, Eupfpor s,{ Eyphorbj a hi fta and |Euphor bija
drunrnondii to inhibitfth r of{thHree dj fferent human tunoun cgll
lines was tested. The jct vit§l‘agcli ngt {normal skih 30 filbrfobl astjs+fas
tested as a control. The felf i des werle muilntai ned in RAM' nedi ynf
containing 5% foetal cflf seruﬂh (FCS), land alssays|were
un
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performed in the same nmedium Sap was collected fromplants grow ng

randonl y onwR99/08994t i vat ed soil on a farm at Pal mmoods, in t hBCEAUSBIO0SE6
Coast "hinterl and, Sout h- East Queensl and. The plant stem - 21 - surface
was briefly washed with 70% et hanol, and scissors washed in ethanol were
used to cut the stemand rel ease the m | ky2atex sap. The sap was col |l ected
into 10 m sterile plastic centrifuge tubes, transported at 4VC to Brisbane
5 and stored frozen at -20[err]C. Prior to use, the sap was serially
diluted five-fold up to 1 in 3125 into sterile 1.5 m Eppendorf tubes using

sterile MI1iQ water. O en T guonS Of [eacit i T utron were agdep to
each two of mcrotitre] pllaté 1§ cionjai nifg 100 [err] | |of the.¢el} Iines.
10 Assays were perforjped in pl{cate) Aftgr 5 days, celll s were|exgam ned
blind, for inhibition jpf |grd ¢onplardd to jcontrjol untrgated celll Fanples.
The results are summarlj zdd ifn—*fables| 3|to 6,1 in
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which the cell lines tested were 15 NFF normal skin
fibrobl asts woyB#n8994 mal i gnant nel anoma, brain netastasis HelapPCT/A698wio6ss!
cancer HACat = spontaneously- transforned human keratinocytes 20

and the scale is 0 = no effect to 5 = conplete cell death The dilution in
the table heading refers to the dilution ef28he sanple before addition to
the culture. Thus, the dilution in the final culture is approximtely 25

FOT! ASB 00656 22 | 225 o Izble 2

HeLa cells
Sample 1/5 1/25 1/128 1/625 1/3125
E. peplus + + +4++ 4+ 4+
E. hirta - +++ +4++ +++ +4+
E. hirta heat | + ++ 4+ +++ +++
acetone + bt +4 ot db4
soluble
E. peplus
acetone +++ +++ +++ +++ +4+
soluble |
E. hirta
acetone ppte ++ ' ++4 e+ +++ +++
E. peplus |
acetone ppte | =* +++ +++ +++ +4++
E. hirta
E. peplus - +++ ++ +++ +++
heat '

5 Example 3 Further Tests Using E. peplus

Since E. peplus is the most abundant of the three
plants tested in these studies, further experiments
utilised extracts from this species. This is not to be
taken to imply that activity is not present in the other

10 two species. | '

Example 2 was repeated, using MM229 and MM220
human malignant melanoma cells and B16 mouse malignant
melanoma cell lines, in addition to NFF and MM96L cells.
Assays were performed in duplicate, using addition of an

15 equivalent amount of water as a control, and dilutions of
the pellet and supernatant fractions after acetone

treatment from 1/20 to 1/12500. The results are summarised

in Table 10..



Table 5 Hela Cells Sanpl e Dilution 1/5 1/ 25 1/125 - 1/625

1/ 3125 E. payo %0894 5 3.5 3 1 1 E. hi r tPCT/AU98/00656
5 5 5 0O E. drummondii 5 0 0 0 0
No addition 0 0 0 0 05
Tabl e 6 HACat keratinocytes Sanple - 28 Lution
| 1/5 1/25 1/125 1/ 625 1/ 3125 E. peplus 4 O 0
0 O E hirta 5 o] 0 0 0 E. drunmondl
0 0 0 A - Ao [ - = W A Al Q Q
O Fromthese resultg it ean Ee segn tthat: RO. a) E. pepl us mas
active against HelLa celfl ;y apd {o llesser} et ent Bgdi nst (MWH6EL. ce}l 5. 1K)
E. hirta was active jagdi mst WMVPPL fcelll s and Mery sfrangly ag?ize ag%!nst
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C) B. drumondii had a | esser effect against 15 MWG6L than the other
two sanpl eswoegwbsdeahi bited HelLa cells only at the hi ghest conPeIVAUas/HaHS6
tested. d) NFF normal fibroblasts were severely affected at the 1/5

dilution, but only mldly affected at the other dilutions. For exanple, at-
a dilution of 1/25, 20 there was mld inhigption of NFF cells (rating 2),
but severe inhibition of MM6L cells (rating 4). At a dilution of 1/125

no effect was observed against NFF cells_(ratj 0) ut _severe_inhiRition
of MVB6L cells (rating 4&%5%‘%&%&6"?&“&nﬁﬂgﬁﬁppggaéﬂﬁ niPgErenple 2.
i nhibition (ratiAthge ldilutidd-ofii 1hiobetduplboathexanpis) noHaCfieade|drs NFF
whi ch could be ¢ | dey e tajiye:0t _no atd wer e
only inhibited ca"?ff%'e %‘Sh%%?ﬁ%%%%%ﬁ?r%‘E‘%‘%ﬁ%@?ﬂhﬁgﬁf@éﬁ&tﬁeﬁiﬁﬁykﬁ? of E.
pepl us sap, it cbssmeaded ThatmehanemaasedlsesRINLNLNGy asf these Sdiiutions

However, at gl owglq concenthaiiQRse (98 WAokRa® Mehhbedtels. Inhibition of
the other two human melanoma cell lines and of the mouse
melanoma cell line was also observed.

Similar results were obtained using Merkel cell
carcinoma (MCC 16) or squamous cell carcinoma (Colo 6)
10 cells. The results are shown in Table 1l.
- Dendritic cell morphology was displayed by
squamous cell carcinoma, even at 1 in 500,000 dilution.
This extreme potency of the crude extract was also evident
for Merkel cell inhibition, which was also still evident at
15 1 in 500,000 dilution.



1/625), although no growh inhibition was observed, the surviving cells
wer.e dendri Wac99/08984 had t he appearance of nornal nel anocyt es. PRE{ATI8(00656
wishing to be limted to any 10 proposed nmechanism it appears that E
pepl us sap may contain at | east one agent which pronotes differentiation,
rather than directly cytotoxic agents whith3Hamage DNA. Exanple 2 Effect

of Heat or Acetone Treatnment on 15 Activity of Euphorbia Sap
The experinent described in Exanple 1 was repeated for E. peplus and E.
hirta by a different per =S —gH—f=f=e ent cell |ine preparations,
different plant sanples [ ating scale. 20 The
sanpl es were either prepfre } in Exanple 1, or were-subjected
to treatnent with heat of & g jt ed extracts of plant sap were
heated at 950C for 15 m W@ps;| t he dcetone treatnent, 40 pl-extract
was suspended in 400 pl qce It ube 25 shaken on a vortex nmixer.
Contents were centrifuge 3 3 m nutes and the supernat ant
(acetone-sol ubl e factiof) [enpvg eparate tube. Both the pellet and
super nat ant were Ith i njlapgn § ul om tenperature in
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the funme hood overnight with exhaust fan operating to 30 evaporate the
resi dual acei@ysesoddrie results are shown in Tables 7 to 9, in waraUs/He656
i ndi cates no effect, and - indicates 100% cell death. :"C' indicates that
the culture was contam nated. Using this rating scale the results were even
nmore striking than 35 in Exanple 1, with strgng inhibitory activity being
observed up to a dilution of 1:3125. However, sonme growh inhibition of NFF
cells was seen in this experinent. -25 - Neither heat nor acetone
af fected the anExampheut actiEthgnal gExEraght b By PEPAME one treat ment,
nmost activity was found iQ $hespebrébarftibhClfachy ifioh@&E.caspis was
hirta, though sone actiyity was also present in the 5 smtlﬂﬁgfra i%ﬂi
Thi s suggests tﬁ%?J?%Ee%oﬁ%oﬁﬁ§§aF§§8§n¥F%$é25%3ﬁﬁﬂ?ﬁﬁ%ﬁ%ﬂ fH0L N attr & %hd
that at | east opgscospovedt frem bbeasbilpble fraction after extraction by

5 vacuum centrifugation, and the fraction was reconstituted

to its original volume in tissue culture medium (RPMI1640)
containing 5% foetal calf serum and antibiotics. The
pellet remaining after ethanol extraction was dried by
vacuum centrifugation and reconstituted to its original
10 volume in tissue culture medium as described above. The
.crude sap (C), the soluble fraction (S) and the pellet (P)
were tested as described above against NFF cells, the
melanoma cell lines MM96L, MM537, MM229 and MM2058, and
also against the colon cancer cell line LIM1215 and the
15 lung cancer cell line AS49. Assays were performed in
triplicate, and were assessed after four days culture .
following addition of the sample. The results are shown in
Table 12, in which + indicates normal appearance of cells,
++ indicates a possible increase in cell numbers, and -
20 indicates cell death.
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soluble E. hirta acetone ppte ++ ++ +++ E. pepl us

acet one pptwo 9908994  +++ +++ +++ +++ E. hirtectaupsiless
T4+t +++ +++ +++ heat 5 Exanple 3 Furt her

Tests Using E. peplus Since E. peplus is the nost abundant of the three
plants tested in these studies, further 4|nents utilised extracts from
this species. This is not to be t aken to |np y that activity is not present

in the other 10 two species. %ﬁﬁ?%a 2 was_ sgggtegﬂ?sﬁgpgnngggha? PQMQZO
Bn

human nal i gnant mel anona B8 X8 noma™ cel I ne
in addition t0dNFEhﬂﬂbﬁ@ﬂﬂﬁusméiperimemys meAgaparabr&Bd desesgpltheat@lo6L

usi ng addition of amnﬁdeﬁi?gﬁggfgﬁﬁq%¥5€%5§% gatek 3S o2 ¢aat LohmoudNdel1

di | uti ons of tlﬁ? Super nat a I oNns a ter acet gne treat nent
from1/20 to 1/152fG0.asTiwekleas ttherroxmakafibsgblast cell line NFF were

5 killed by the crude sap and by the soluble fraction
obtained by ethanol extraction at a dilution of 1/20. It
appeared that the majority of the activity partitioned to
the ethanol-soluble fraction. The lung cancer cell line
A459'appeared to be particularly susceptible, being

10 affected at a dilution of up to 1/2500 by both the crude
‘sap and by the soluble fraction.

Example 5 Reporter Assay for Gene Expression in
Transfected MM96L Malignant Melanoma Cell
15 Line

E. peplus sap in phosphate—buffered saline
diluent was added to wells containing MM96L cells -or the
breast cancer cell line MCF7 transfected with a comnstruct
consisting of the sheep metallothionein promoter, upstream

20 of a R-galactosidase reporter gene which had been
substituted for the metallothionein gene. The assay thus
becomes a measure of gene expression and in particular, of
potential transcription, translation and expression of the
metallothionein gene. Cells were treated with 4extract in

25 microtitre plates for 20 hr, 100 UM ZnSO; was added and the
plates incubated for a further 5 hr, énd the medium was
removed. R-galactosidase activity was then measured by
incubation of the cells for 1-2 h at 37°C with a
chromogenic substrate. This assay is used as a sensitive

30 test for transcriptional activation of genes;

The results are shown in Figure 1.

This shows that there was a marked stimulation of
metallothionein gene activation, as measured by increased
R-galactosidase reporter gene expression, which

35 surprisingly became more evident as the sample further was
diluted. The mechanism by which E. peplus sap mediates
this effect is not understood. Whereas known drugs



in Table 10. WO 99/ 08994 '

PCT/ AU98/ 00@H99/08994 30 - The results confirmthose obtained i RCExII98I00658.
At a dilution of 1/100 to 1/50 there was no effect on NFF cells, but :
significant inhibition of MKO6L cells was observed. The nel anoma cells
surviving at these dilutions 5 had the appgarance of nornal nel anocytes.
I nhibition of the other two human nel anoma cell |ines and of the nopuse

Ver kel cel | car SPREMBLEMERE1 SPRaP Y mRmsths T rie AT oY ey E ey
cell's. The resdemsnateaskowncireafiice ekbre@sidm t6% Hed | TeROPERT FFR /i th
di splayed by sayaupusseal! <6akehROMR: BV YE Hrdy,| Ne5WePPs dikiihbs an
inverse dose response. However, the results indicate that
5 this assay can be used to monitor purification of the
active agents(s) in E. peplus sap or the plant itself.

The metallothionein protein has antioxidant
activity, and is implicated in a protective role against
heavy metal-induced cancers. Activation of the

10 metallothionein proﬁoter occurred at concentrations of
'E..peplus sap too low to effect direct cell killing, except
for the extremely sensitive breast cancer cell line MCF7
(Figure 2). The change in appearance of MM96L melanoma
cells to the dendritic morphology of normal melanocytes at

15 these dilutions possibly implicates the metallothionein
gene in these effects.

Example 6 Subfractionation of Ethanol-Soluble Extract
The soluble fraction obtained by extraction with
20 95% ethanol, performed as in Example 4, was subjected to
isocratic reverse-phase high-performance liquid
chromatography (RP-HPLC).
' 100 pl of crude extract was dissolved in 1ml 95%
ethanol and periodically shaken at 4°C overnight. The
25 extract was centrifuged at 10,000 x g for 4 minutes, and

the supernatant was removéd and dried by vacuum
centrifugation. The solids were reconstituted in 100 pl
running buffer centrifuged briefly, and the soluble
. material applied to a Brownlee Agquapore RP-300 column (C8),
30 220 x 4 mm, with a 30 x 4 mmm RP-300 guard column.
The running buffer was acetonitrile:water 50:50
(V/V), and the flow rate was 0.75 ml/mn. Fractions were
collected at 0.5 min intervals, and the absorbance profile
at 195 mn was monitored. The absorbance profile is shown
35 in Figure 3.
Fractions were dried by vacuum centrifugation,
reconstituted in 500 Ml PBS, and assayed against MM96L



This extrene potency of the crude extract was al so evident for Merkel cel
i nhi bition, wihogpdgowps al so still evident at 15 1 in 500,000 HCriAti98M00656
-31- ° - 32 - Exanple 4 Et hanol Extract of E. peplus A fresh
preparation of sap fromE. peplus was subjected to extraction with 95%
aqueous et hanol. Ethanol was renoved fromtge soluble fraction after
extraction by 5 vacuum centrifugation, and the fraction was reconstituted

toits original volunme in, tissue culture nedium (RPM 640 jing 5%
foetal calf ser&®hfd@BR¢+bi bReoet %g°EBFPB? 1P MEPRENG s%%'et anol

extracti on was desedibydvabouen ceRtactigasi dd andZﬁe@ddsumﬁmﬂﬁﬁtQPmnkﬁte
original 10 vol ump [ n; L sseaskt, UEE1 TEIEUMAG AR R G piRMAn e but
cell death was not observed. The effect was much more
5 striking in the reporter assay, in which activity was still
observed at a dilution of 1/10,000 (ie. at a final
concentration in the culture of 1/100,000).
In addition to the foregoing results, the
inventor has found that following ultracentrifugation,

10 activity against MM96L cells is found both in the
‘supernatant and in the pellet, and that activity cannot be
removed by passing a sample through a molecular weight cut-
off membrane. In addition to the cell lines tested above,
proliferation of cells of the MCF7 breast cancer cell line

15 was inhibited by E. peplus sap at a final dilution of up to
1/100,000. Cell numbers were assessed using the

bicinchoninic acid reagent (Pierce). Results are shown in
Figure 2.
20 Example 7 Solvent fractionation

Further solvent fractionation of the crude latex
of E. peplus was effected by a series of solvents of
increasing polarity. To 1 ml crude latex was added 20 ml
diethyl ether in a centrifuge tube. The tube was shaken

25 and centrifuged at 5000g for 5 minutes to partition the
layers. The diethyl ether upper layer was removed and the
procedure repeated twice. The ether fractions were
combined, concentrated to dryness on a rotary evaporator .
and reconstituted in 1 ml DME for bioassay. In a similar

30 manner, the residue was extracted with ethyl acetate,
followed by methylene chloride. The initial ether extract
obtained the majority of the activity as measured by
decrease in cell numbers of MCF7 breast cancer cells and
reversion to a dendritic appearance. However, activity was

35 also demonstrated from the fractions derived from the ethyl
acetate and methylene chloride layers. No activity was



crude sap (C), the soluble fraction (S) and the pellet (P) were tested as

descri bed akywygy@@s4 nst NFF cells, the nelanoma cell |ines MVipglr/audshodss
MV29 and MWR058, and al so agai nst the col on cancer cell line LI MZ215 and
the 15 lung cancer cell line A549. Assays were perfornmed in triplicate, and

were assessed after four days culture fol|oy,ng addition of the sanple. The
results are shown in Table 12, in which + indicates nornal appearance of
cells, ++ indicates a possible increase in cell nunbers, ng?- 2‘:[0 i_ndi gat es
cel| death.  seeg in the 8inaliwatersal £918RL&N AAFUREMNE o THSHER - wi tHF
those of the prevdoussexpertimnhsiségatin ghblilewlidases the MWB6L cells had a
dendritic appearance. Al of the tunour cell



lines as well as the normal fibroblast cell line NFF were 5 killed by the
crude sap aRrglobdjodobg sol ubl e fraction obtained by ethanol ext pggiii8o0ésea
dilutiron of 1/20. It appeared that the majority of the activity partitioned
to the ethanol -soluble fraction. The lung cancer cell |ine A459 appeared to
be particularly susceptible, being 10 affeged at a dilution of up to

1/ 2500 by both the crude sap and by the soluble fraction. Exanple 5
Reporter Assay for Gene Expression in Transfected MW6L Ml ignant Ml anona
Cell 15 Line E. peplus sap in phosphate buffered saline.

di l uent was added t H-s—eont-at 0 MvB6t—cetts—or—tthebreasty cancer cell
line MCF7 transfect h a construct consisti ngalc:)f t he sheep
nmet al | ot hi onein pro er upstream 20} of a S-gal actosi dase regorter gene
whi ch had been subst|Qutgd for the netallothionein gene. The agsay thus
becomes a measure ofj@enp expression pnd in particular, of potgntial
transcription, trans l@.tl bn and exprespi on of+th netal | ot hioneijn gene.
Cells were treated wnhh lext ract #n €p + m-cr4ot #t ref #l attes! for +40 hr, 100 gM
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pl ates incubated for a further 5 hr, and the nmedi um was renoved.

9-gal act osiwem/08si vity was then rreasured by incubation of tREI/AEPS/@I6EEOr
1-2 h'at 371C with a chronpgenic substrate. This assay is used as a
sensitive 30 test for transcriptional activation of genes. The results are
shown in Figure 1. This shows that there_wgg a marked stimulation of
nmet-al | ot hi onei n gene activation, as neasured by increased 9-gal act osi dase
reporter gene expression, which 35 surprisingly becane npr.e eyvident t he
sanpl e further was dil ut@V HReNAEeRaAFSHVHFYWHRShaSSayed J& dgfaedhtt s

this effect 'Slﬂgéceaé%%ﬁoé r¥BeieasibRode rdcignt aaua&&lﬂﬂ@%onscruct
PCT/ AU98/ 00656

ecific_for inhj b on of hi,ston Y, y
denonstrat e |néﬁé%§%ﬁ€ ERr BL12; GRDGf F@BOFF@Q éﬁg q%%%ﬁ%?23%98$6¥é£
concentration @fiding, REgapapktosidabiebi t Then resvditse didwwvn ebpdiriele 14

However, t@? re%“'é%piggégatgstQabercentage of the control values of

infected, untreated cells.



5 this assay can be used to nonitor purification of the active agents(s) in
E. peplus sapoos/ntdae plant itself. The netal |l ot hi onei n protei RCEALI8/00656
antioxidant activity, and is inplicated in a protective role agai nst heavy
met al -i nduced cancers. Activation of the 10 netall othionein pronoter
occurred at concentrations of E. peplus sapt@oe low to effect direct cel
killing, except for the extrenely sensitive breast cancer cell |ine MCF7
(Figure 2). The change in appearance of MKO6L nel anoma cells to the
dendritic norphol ogy of normal nel anocytes at 15 these dilutions possibly
inplicates the netallothionein gene in these effects. Exanple 6
Subfractionation of Ethanol-Soluble Extract The sol uble fraction obtained

by extraction with 2 et hanol, performdgd as in Exanple 4, was
subj ected to isocrat er se- phase hi gh-pgrformance |iquid chromatography
(RP-HPLC). 100 pl ofjcrudg extract was dissdqlved in Im 95% et hanol and
periodically shaken fat Eirr]c overnight. The 25 extract was centrifuged
at 10,000 x g for 4 fnn s, and the superngtant was renoved and dried by
vacuum lese R 88
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centrifugation. The solids were reconstituted in 100 [err]l running buffer
centri f ugedwiroomisdes, and the soluble material applied to a BrP@IMAEES/00656
Aquapore RP-300 columm (C8), 30 220 x 4 nm with a 30 x 4 nm RP-300 guard
colum. The running buffer was acetonitrile:water 50:50 (V/V), and the flow
rate was 0.75 m/m. Fractions were collegtg# at 0.5 mn intervals, and the
absor bance profile at 195 nmm was nonitored. The absorbance profile is shown
35 in Figure 3. Fractions were dried by vacuum centrifugation,
reconstituted in 500 [err]l PBS, and assayed agai nst MVB6L - 36 - cells

and in the metall othi Onei'fhé Qpégﬁp&s'asﬁealﬁéddaser hed izhedee 1 adinidngr 15
to 28 all induced conplete r ver 6L cell,s ta endritic
appear ance, buttRF¢ TRER Y eBb@éﬁ%Wgen?ﬁeﬁﬁﬂﬂuﬁﬁaﬁﬁﬁﬁﬁuﬁgﬁﬁﬁ gSuch
striking in theascpbstete adeagetyhasbl thhabticwitsy omadustyiratenb sdrbeaside awith
dilution Of51/%ROPQQpéééhta$c€i$ie§lthan seen with these agents. The
lower promoter activity observed with the crude and the
diethylether extracts at higher concentrations probably
reflects cell killing effects against HeLa cells seen at
those concentrations. _ '
10 _ In a further solvent fractionation experiment,
.the crude sap was partitioned between methanol:water (17:3)
and n-hexane, a solvent partition expected on the basis of
previous reports to separate diterpenes (polar phase) from
the triterpenes (heptane phase) (Evans and Kinghorn 1977).
15 Unexpectedly, however, activity was detected in both
phases, suggesting that the active principles behave
‘anomalously in this system.
Another solvent fractionation approach was
suggested by the need to clarify samples prior to HPLC
20 analysis. The crude latex was mixed with ethanol to 70-95%
and shaken overnight at 4°C. The mixture was centrifuged
at 1,000 g for 10 min, and the supernatant was removed ahd
concentrated to approx one third the original volume of
crude sap. To the concentrate was added 100% acetonitrile
25 to 30-60%. The resulting white precipitate was removed by
centrifugation at 12,000 g for 10 minutes. -‘The supernatant
was enriched in macrocyclic diterpenes (jatrophanes and
pepluane), as determined by TLC and mass spectroscopy.
This observation points the way to a suitable large scale
30 process for enrichment of the active principles

Example 8 Further activity-guided subfractionation of
the ethanol-soluble extract
Fractions 14 and 15 from the HPLC
35 subfractionation described in Example 7 and Figure 3 were

further purified by repeated chromatography, selecting the
dominant symmetrical peak with constant diode array spectfa'



concentration in the culture of 1/100,000). In addition to the foregoing
results, thwoowod®dor has found that follow ng ultracentrifud@¥/4HI8/A0G56
activity against MW6L cells is found both in the supernatant and in the
pellet, and that activity cannot be renoved by passing a sanple through a
-nol ecul ar weight cut- off nenbrane. I'n addiggzan .to the cell lines tested
above, proliferation of cells of the MCF7 breast cancer cell |ine 15 was

i nhibited by E. peplus sap at final_ dilution of _u 0_1/100, 0Q0. _Cel
nunbers were as‘s%se%F%‘Ff@"? h‘g‘l b‘?ré‘?n%ﬂbn’r"?ﬁ‘tﬂéﬁi fo egﬁgﬁﬁnf’ﬁig c8FE shown
Resul ts are shown Figutesire and29) . BExopieitlyy of Stheeptiriifaetli dratritdons in
Further solvent_fractionation. € : I e d
by a series of PN éfgn%é);éaé?%ﬁ%%ﬁaﬁ%ﬁéégﬁgﬁl Eg?uggp}%? ea)?(xfc%agvtaps
added 20 m di etdnyfimeedrby nceltenesa¥uge tube. The tube was shaken 25 and

centrifugedgat 50009 for @,dN fUlEsrd® POrdUd | Hahde toyRMSeLThB1UCh YLy
et her upper layer was_renoved_and the procedure repeated_tw ce. The eEHer

fractions were SRR REFFRERICR oL ¥ rgFR sERBHRa 1 FoF AFYEEY Bpor S

were visualised as photomicrographs, using an antibody
coupling procedure. The first antibody, a mouse monoclonal
directed towards tyrosinase-related protein 1 (TRP-1), was

10 detected with a second antibody, sheep anti-mouse -
-alkaline phosphatase conjugate, using bromo-chloro-indolyl
phosphate and nitroblue tetrazolium (BCIP/NBT) as
developing substrates. After four days of incubation
(Figures 6A and 6B) there was a marked reduction in the

15 number of melanoma cells and a pronounced change in their
morphology. The cells had reverted to a long, spindly
(dendritic) appearance, characteristic of normal mature
melanocytes. All cells in the field appeared to have
adopted this altered morphology, which is surprising given

20 the heterogeneous nature of the MM96L cell population.
After 21 days of incubation, the treated cells were seen to
align somewhat parallel to one another in clusters, as
shown in Figures 6C and 6D,.a characteristic of normal,
mature melanocytes. Similar features have been observed

25 with all dendritic cell-inducing fractions from E. peplus,
including the crude sap{

Electrospray mass spectroscopic analyses for
fractions 14 and 15 indi&ated the presence of 2,5,7,14-
tetraacetoxy-3-benzoyloxy-8,15-dihydroxy-9-

30 nicotinoyloxyjatropha-6(17),11E-diene (jatrophane S,
Jakupovic et al, 1998a) with an m/z of 780 (calculated
779.315). Nuclear magnetic resonance (NMR) analysis, using
1D NMR, on fraction 14 gave down-field signals between 7
and 9.4 ppm which are consistent with a pyridine-like

35 moiety, as is present in the nicotinoate group at ring
position 9. Also, a trans double bond was evidenced by the
large coupling constant at 5-6 ppm, in agreement with the



and reconstituted in 1 m DVE for bioassay. In a simlar 30 manner, the
resj due waswexdwessdsed Wi th ethyl acetate, followed by nethyl eRETIINSODERS.
The initial ether extract obtained the mpjority of the activity as neasured
by decrease in cell nunbers of MCF7 breast cancer cells and reversion to a
dendritic appearance. However, activity wasg35-al so denonstrated fromthe
fractions derived fromthe ethyl acetate and nethylene chloride | ayers. No

fraction. The rbbul13 SREctammAPibls PoRiprg £pe J4r SRl Ll
structure. Also identified in fraction 14 by electrospray
in the negative ion mode was 2;5,7,9,14—pentaacéthy-3—
benzoyloxy-8,15-dihydroxy-jatropha-6(17),11E-diene

5 (jatrophane 6, Jakupovic et al, 1998a), with m/z 716
(calculated 716.304), 673 (M - ketene), 656 (M - AcOH).
Fraction 15'contained 2,3,5,7,15-pentaacetoxy-9-
nicotinoyloxy-l4-oxojatropha-6(17),11E-diene (jatrophane 1,
Jakupovic et al, 1998a) with m/z 597 (M - ketene - AcOH).

10 Thus, by spectroscopic analysis, the early-eluting
fractions at 7-7.5 minutes on HPLC with cell killing and
dendritic activity contained a mixture of jatrophanes 5, 6,
and 1. . This result is consistent with the behaviour of
HPLC fractions 14 and 15 when chromatographed on HPTLC,

15 using toluene:acetone 9:1 as the developing solvent. UV-

. positive spots did not move from the origin, Re¢ 0.0
(approx), in contrast to later-eluting fractions (eg
fractions 20-22, Re¢ 0.3-0.5). This indicates the
relatively polar behaviour of jatrophanes 5, 6, and 1, in

20 comparison to jatrophanes 3, 2 and 4, as demonstrated by
chromatography on HPTLC, using either toluene:acetone 9:1

" or hexane:ethyl acetate 4:1 as developing solvents. These
-results are similar to those obtained.by Jakupovic et al,
1998a, using petrol: methyl-tert-butyl ether (1l:1) as the

25 developing solvent, eg: jatrophane 5: Rf 0.04, jatrophane
6: R¢ 0.10 (3X), and jatrophane 1: R¢ 0.11. There was no
evidence in the mass spectroscopic data from the early HPLC
fractions of the presence of ingenane derivatives (see '
later), or other components reported from the literature

300 and presented in Table 1, in E. peplus crude extracts.

Example 9 Biological Activityv-Guided Purification of
Crude and Ether-Soluble Extracts on Thin
Layer Chromatography (TLC) and High
35 Performance Thin Layer Chromatography (HPTLC)
(a) The ether-soluble fraction, prepared as in
Example 7, was reconstituted in ethylene glycol dimethyl




- 39 - CW pronoter activity was assayed in HeLa cells infected with a
replicati onwdmég/esoent adenovirus construct, in which the El a PEVaAUS00656en
repl aced by the CXV promoter driving [err]-gal actosidase. The results,
shown in Table 14, 5 are expressed as a percentage of the control val ues
of infected, untreated cells. - 40 - - 444l - The results obtained are
qualitatively simlar to those seen with other differentiation-inducing

more potent actPOREY (e oven sRERmefus=bBe 8h FHeX 2horm, Hiden Yl °

activity observplavesh mbengruﬂkoauﬂormeedhgﬂ.hgbetthele dB2rdés ast tﬂnagher

concentrati ons 8&9&f&$¥ng solvent (Figure 7). The plate was viewed on a
UV light box and the UV positive bands were identified,

5 excised from the gel, eluted with DME, and tested for
inhibitory activity and morphology reversal against MM96L
melanoma cell line. By slicing the whole gel into UV and
non-UV absorbing fractions, it was demonstrated in
preliminary experiments that activity was associated with

10 the UV-absorbing bands. Staining the side strips of the
‘gel with 0.1% iodine in chloroform revealed other iodine
strongly positive bands. However, these were found to
possess negligible activity. UV-absorbing bands at Rf 0.0
(a), Rf 0.16-0.18 (Bl), Rf 0.22-0.24 (B2), Rf 0.73-0.80

15 (C), Rf 0.80-0.96 (D) were biologically active, with
observable -decrease in cell numbers and complete reversion

- to dendritic cell appearance at 1/5,000 dilution.

Zones Bl, C and D were further purified by
chromatography on silica gel 60 plates, using a two-

20 dimensional solvent system with hexane:ethyl acetate (1:1)

' in the first dimension and toluene:acetone (9:1) in the
second dimension (Figures 8A to 8C respectively). UV-
absorbing spots with inhibitory activity towards MMY96L of
greater than 30% of cell numbers and with complete

25 reversion to dendritic cell appearance at 1/500 dilution
are indicated on the figures.

The strongly UvV-absorbing spots 22 and 23 derived
from zone D (see Figure 8C) were excised from the gel,
eluted with DME and dried by vacuum centrifugation. Mass

30 spectroscopic analysis of fractions 22 and 23 revealed the
presence of 5,8,9,10,14-pentaacetoxy-3-benzoyloxy-15-
hydroxypepluane, m/z 639.5 [M - AcOH]*, ie pepluane.

' (b) Whole crude sap was chromatographed on 10 x
10 cm HPTLC silica gel 60 plates with concentrating zones

35 (Merck Cat No. 013748.1000), using toluene:acetone (9:1) ‘as
the developing solvent} as shown in Figure 9. The UV-
positive zones (1, Rf 0.14; 2, Rf 0.23; 3, Re 0.49; 4, R¢



reflects cell killing effects against HeLa cells seen at those

concent r at | wWos99/68694 - In a further solvent fractionat PGE/AU98/00656
experinment, the crude sap was partitioned between nethanol:water (17:3) and
n- hexane, a solvent partition expected on the basis of previous reports to
separate diterpenes (polar phase) fromthe &4si terpenes (heptane phase)
(BEvans and Ki nghorn 1977). 15 Unexpectedly, however, activity was detected

in both phases, esti . the acty pringcipl we in
this system An%tsslfig'? iblggnq‘rﬁ}r'ac ﬁo%atog'\ogﬁ 'aﬁ&cga-}ghe%a??ﬁsdge‘g%%}%?%%d
need to clarifyfsemptizs geloandoeHRLEI2@inhaPyEl ¢. diferhyrlyREhes ex ’gh%
mixed with et hapoled PodQ- Jazlands ebakagaauetidiolorAlas Uoschiihdl M be Wognd
centrifuged at 1, 0 g for 10 mn, _and’t he supernatant was [enpved and

concentrat ed tofzapFEbRnend: t Bi r - t ReaBRi §i WEF oy SRR~ HPSTIST he
concent r at eswascapdetnif0Yeaegt a8tivite 3hdl eell- 6 ¢erBimn asttivigy white

DL CCI P 21 Vsl DY Ed X, So01 LS8 20,800 12 000, el i Stonie
pepl uane), as delztesnesiby ReLanad:nmasbyipeceteseopyt:1) as the developing
solvent, yielding UV positive bands A, Re¢ 0.17; B, Rs 0.24;
C, Rg 0.42; D, Rf 0.48; E, R¢ . 0.52; F, R 0.58; G, Re¢ 0.62
10 (Figure 10) and H, R 0.02 (Figure 11). All fractions
'exéept G (iodine positive, see Figure 10) were active
against MM96L cells, in terms of cell growth inhibition and

reversion to complete dendritic morphology, at 1 in 5000
dilution. '

15 Mass spectroscopic analyses of fractions A-F (B
missing) and H are shown in Table 15, with a tentative
assignment of compounds from the known molecular mass ions
of the published constituents of E. peplus:



Thi s observation points the way to a suitable large scale 30 process for
enri chment ®O9%489%4cti ve principles Exanple 8 Furt her acti pCTAU9S00ESH
subfractionation of the ethanol -sol uble extract Fractions 14 and 15 from
the HPLC 35 subfractionation described in Exanple 7 and Figure 3 were
further purified by repeated chromatography46 sel ecting the dom nant

symmetrical peak with constant diode array spectra . - 42 - (eg. fractions
14 and 15; results for fraction 14 are sho In Figures 4 and 5). Activity
of the purified fractignsfin causfng reversifon of M6 tfo the dendritic

appearance was confirnmgd py celll pssay o? The {f eat ures of the
change to MWG6L cells &fter the apditi pn of jRract|ion 15 gre shown in Figure
6. Cells were visualisgd hs~phdt opftrogréphg,Qusi|ng an| arfti body coupli ng
procedure. The first a ti)dﬁy, a fise ronogl'Qnal| Qi rect gd towards
tyrosinase-rel ated profei i1 (TRP VRS | 5 .
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*, 691.4073 (50), 747.47 (8) (jatropha

[jatrophane 4, 638 - ketene + Na‘l,
[jatrophane 4, 638 - ketene + Na‘'l, 647

Table 15
[jatrophane 4 - 2AcOH + Na'], 691.4183 (49)

Mass spectroscopic analysis of HPTLC Ffactiohs
[Ca7H3607Na* (ingenol acetate)], 433.3799 (51), 579.2916
[pepluane -2AcOH]"*,691.4025 (23), 715.3686 (38)
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Fraction
A
B
C
D
B
F
H




10 detected with a second anti body, sheep anti-nouse - al kaline

phosphat ase wogg/es9d €, usi ng brono-chl oro-i ndolyl phosphate aBRGTAUIBHIESSe
tetrazolium (BCI P/ NBT) as devel opi ng substrates. After four days of

i ncubation (Figures 6A and 6B) there was a marked reduction in the 15
nunber of nelanoma cells and a pronounced. cfypnge in their norphol ogy. The
celis had reverted to a long, spindly (dendritic) appearance,

characteristic of nornal tgirg rr’g%ol%mﬁg% f%éxg}\%!_%ﬁhgongy_qlsd

appeared to haR® @d this a’I i'sYsurprising given
20 the heterogwda:mw\%pluém@f t he MMB6L cell popul ation. After 21 days of

i ncubat i on, rth&® IS 2%’597S§eﬁ4lﬂe§5aeataggeghabnaamw 15 one
anot her in cI u ers as shovvn I n 7qures 6C and 6D, a characteristic of

normal , mature hdreweyiatronhan§ k7 ehiBrdieR&ve been observed 25 with
all dendritgc ﬁrém gy £ rz,cs)p@stﬁ@aonxpepl-benzbyabugh—r&g1t5he crude

S et a7 L0 Ay 108 5534 LB LTI Reby 15
t etraacet oxy- 3- ﬁ)ermbylmaydﬂerié di hydr oxy-9- 30
ni cotinoyl oxyj a}a{ﬂ%ﬁiﬂéa 2156l @ne,y (£ 8L 9RRRRExY-3 -benzoyloxy-8, 15~
| dihydroxy-7-isobutyroyloxyjatropha-6(17),11E-diene)
10 '
Thus, mass spectroscopy'revealed a mixture of 20-
acetyl-ingenol-3-angelate (fraction A), pepluane (fractions
A, C & D) and jatrophanes 2 ffraction D) 3 (fractions C&H),
and 4 (fractions E & F). !H chemical shift data for
15 fraction H are shown in Table 16.

Table 16

'H Chemical Shift* Data for Fraction H

H Ppm Multiplicity
Indicative Jatrophane Ring Backbone Signals
la 2.816 brd
iB 2.056 d
3 5.918 d
4 3.731 brd
5 5.730 brd
7 5.390 d
8 (OH) 2.948 d
S 4.971 s
i1 6.145 d
12 5.640 dd
13 2.840 cm
14 5.110 s
15 (OH) 3.645 )
16 1.489 s
17 4.438 d




Jakupovic et al, 1998a) with an nfz of 780 (calculated .779.315). Nucl ear
magnetic reswmanesso4 NVR) anal ysis, using 1D NVR, on fraction i;éTgﬁ)gg,ooﬁsﬁ
down- fi el d signal s between 7 and 9.4 ppm which are consistent with a
pyridine-like 35 nviety, as is present in the nicotinoate group at ring
position 9. Also, a trans double bond was_eygdenced by the |arge coupling
constant at 5-6 ppm in agreenent with t he - 43 - 11, 12 internal double

.bond in the jatfropimaneg ring stpuctur Aso TdagntifTed T fractitonjld by
el ectrospray ir_Lhe_nzgaLLne_LL&andg;ﬂﬁéA?,5 1.9, 1A-nnn25aceLox¥_w
benzoylpxy-8,15-dihydrpay-jatrdpha 6@165211E—d|ene 5 (] alsr ophane 6,
kot onc) 656 ( W~ _AcCHRY. Fract fon 15 1c3R8n noal 2.2 5 7 1€ pent ascedoxy-o-
nicotinoyloxy-j4-ox01a200pha 6 17), 11E388ene (jlatrophanedl, Jakupoyic et
i yars. o' (Bt YT T T
9.290 brd
Onic 8.340 ddd
8.805 o brdd
7.390 brd
9.079 brd
Onic 8.202 ddd
8.767 brdd
7.327 brd
8.040 Apr’
OBz 7.403 . BB’
7.541 - C
1.972 = = aq
0iBu 0.912 d
0.449 d
0.450 d

* Chemical shifts are measured at 295K relative to
chloroform at 7.24 ppm. '

5 These assignments indicated the presence of a
jatrophane ring structure as determined from DQF-COSY,
NOESY and TOCSY two-dimensional spectra. The spectrum of
Fraction H was consistent with the presence of Jatrophane 3
in two diastereomeric conformations (considered most

10 1likely), a mixture of two or more similarly substituted
jatrophanes, or a new jatrophane with two nicotinate, one
benzoate, and an iso-butyrate moiety. The likely ring
confirmation was II, as per Jakupovic et al (1998a), with a
J4,5 of approximately 6 Hz and strong NOE’s between 5 and

15 8, and 4 and 7; with J7,8 and J8,9 practically zero - as
evidenced by total lack of cross peaks in the DQF COSY



fractions at 7-7.5 mnutes on HPLC with cell killing and dendritic activity
cont ai ned awd odiggbsy of | atrophanes 5, 6, and 1. This result i pcTasBbesat
wi th the behaviour of HPLC fractions 14 and 15 when chromat ographed on
HPTLC, 15 using toluene:acetone 9:1 as the devel oping solvent. UV-
positive spots did not nove fromthe originggRE 0. O (approx), in contrast
to later-eluting fractions (eg fractions 20-22, Rf 0.3-0.5). This

i ndicates the rel at,i.vely I QU LaLr : in 20
conparison to jsal?ercotprn 'esp@%eg‘ﬁ ,Rgssgé%%%%t ?gpggggfgcth?%%?g&%aphy on
HPTLC, using eiptesenas wheny cingenol 1ssruatiage: elf SaEPLA ¥a8 1 as

devel opi ng sol &S o /i8S &R Stthé SmAgRe 8] Mhha ahOallHewe tolletionst rated
Jakupovic et al, 1998a, usin

petrol: nethyl-tert-butyl. ether : as .t.he
25 _devel opi ng RASRht2CEH 1R 3SpHaRE WO 'O?U&fiej"%ﬂo aﬁ:é’"é’:]lege &elto
(3X), and jstrophane dt Ripd/il, dhdreompliefe eeveesden tot ke deskritic
spectroscopic data fromthe % acti,ons of the presence of
i ngenane derivé#ﬁﬁﬁ5?3§ﬁe?%fg% ¥ gﬁggiéérgééﬁgénents reported fromthe
literature 30 and presented in Table 1, in E. peplus crude extracts.

Exanpl e 9 Biglogial 1 g\ct | vipkey - {8l fgd Puri fi cation of
Fraction A was further purified by chromatography
10 on HPTLC using hexane:ethyl acetate (4:1) as the developing
‘'solvent. As an adjunct to absorbance on a UV light box, a

side strip was stained by spraying the gel with 70%
phosphoric acid in methanol, and development by heating the
gel with a hair drier revealed an intense blue band under

15 UV light, separable from the major UV absorbing band. The
unstained region equivalent to this band was excised,
eluted with ether and dried by vacuum centrifugation.
Approx. 1 mg of this material was accumulated from 4 ml

~ latex. The material was subjected to NMR analysis, and

20 subsequently bioassayed and demonstrated to be active in
terms of reversion to complete dendritic morphology at 1 in
5 x 10° dilution, representing a 1 ng/ml final
concentration. This material was identified by NMR as
Cy7H3607, 20-acetyl-ingenol-3-angelate as shown in Table 17.

25 This finding is consistent with the mass spectroscopic

evidence presented in Table 15.

30

35



Crude and Ether-Sol uble Extracts on Thin Layer Chronmatography (TLC) and

Hi gh 35 WO 99/08994 Perf ormance Thin Layer Chronatography p&AUES/06658
The ether-soluble fraction, prepared as in Exanple 7, was reconstituted in
et hyl ene gl ycol di net hyl - 44 - ether (DME) and chronat ographed on 20 x
20 cmsilica gel plates, using chlorofbrniegifpyl acetate (82:18) as the
devel opi ng solvent (Figure 7). The plate was viewed on a UV |light box and
the WV positive bands were identified, 5,Ie i S fromthe gel, eluted with
DME, and tested for inhibitory activity af@ﬁ%i@ﬁol ogy reversal against
MVB6L mel anoma cel MR dataBybtainedgonhbinhokévgelf ragtd oovAZndonshHopert
absorbing fractions, z'd-awﬁimq?ﬂ@ﬁ-%d-a&ﬁae&é ERG Y £XPSELERRESe t hat

activity was associated wth 10 tthe UV-absorbi ng bands. Staining the side

strips of the | with 0 1% iodine in chloroformrevealed other iaodin
strongly posi tjixge pands. However, thege3wgggsfound to
' H |ppm/multiplicity |# C Hz {PPM]
1 6.106 1 8 25933.898 | 206.2210
3 5.396 s 2 26 21513.854 {171.0737
5 3.875 d 3 21 21165.912 |} 168.3070
7 6.024 d 4 23 17626.074 }140.1589
8 4.076 5 17086.838 §135.8710
11 2.4783 m 6 6 17082.062 | 135.8330
12 2.222 ddd 7 16614.730 132.1169
12 | 1.743 ddd 8 7 16301.014 [129.6223
13 0.681 m 9 22 15976.620 |127.0428
14 0.936 m 10 10668.691 | 84.8352 .
16 1.033 s 11 3 10395.504 | 82.6629
17 1.062 s 12 9411.686 74.8398
18 0.952 4 13 10 9059.148 72.0365
19 1.785 brs 14 20 8404.062 66.8274
20 4.745 d 15 8 5481.686 43.5892
20' 14.467 d 16 |11 4841 .115 38.4955
23 6.153 qg 17 12 3911.906 31.1067
24 1.906 brs 18 ? 3735.577 29.7045
25 1.996 brdd 18 16 3585.756 28.5132
27 2.042 20 15 3018.427 24.0019
40H | 3.4308 21 13 2924.308 23.2535
50H | 3.514 4 22 14 2892.863 '23.0038S
23 27 2655.734 31.1179
24 24 2612.189 20.7716
25 18 2171.913 17.2706
26 25 2007.760 15.9653
27 19 1698.690 15.6546
28 17 1951.372 15.5169




possess negligible activity. UV-absorbing bands at Rf 0.0 (A), Rf 0.16-0.18
(Bl), Rf O.%6hwodded B2), Rf 0.73-0.80 15 (C), Rf 0.80-0.96 (DpChmanms/o06s6
b|olog|cally active, with observabl e-decrease in cell nunbers and conpl ete
reversion to dendritic cell appearance at 1/5,000 dilution. Zones Bl, C and
D were further purified by chromatography_ oy silica gel 60 plates, using a
two- 20 di nensional solvent systemw th hexane: ethyl acetate (1:1) in the

first dimension and tol uene: acetone (9: in thﬁ fﬁcond #gen5|on (Figures
8A to 8C respectively). URWEHRIr bf %R%EQF%M? RFHPEY ylﬁgFPQ%tg
towards MVB6L cindgglester fidmntlsd fmads C@bécﬂnarbefsthedamtﬁ.hityﬁ‘phé’dedZS
reversion to dendr. e 5 | 1t O on
the figures. Ti?eursjtfilb%af élltﬁ/q%sorlg@hg spo{y‘ gghgﬁd’f%g gg??\?égﬂg 5ghgne D
(see Figure 8C)fumom efzee@tm A, olmndheages, thaut bHigi LF DRE 5he enl¥dayive

vacuum centgi f ugaldOfbn Nasﬁa@@e§PejltéEP§§H&'1§s apakyghd Béphﬁaﬁbl e&& ais%nd
23 reveal ed the, presence of pent aacet oxy- 3- benzoyl oxy- 15-

hydr oxypepl uane-MRkiC Yhﬁed¥€%}ﬁn fropephg iR PB? mﬁﬁﬁIEPEF&HQS§&PlC

was chromat ogr apeL. Oﬂfﬂﬁsxls particularly true of fractions H as prepared

by TLC (jatrophane 3 Na® m/z 830; see also 1D NMR results
in Table 16) and fractions 13 and 14 as prepared by HPLC

10 (jatrophane S, m/z 779 and 1D NMR;'jatrophane 6, m/z 716;
jatfophane 1 or jatrophane 6 derivative, m/z 597.

Jakupovic et al (1998a) have proposed that the

paraliane class of compoundslare intermediates in the
pathway between jatrophanes and pepluane. Since anti-

15 cancer cell activity and dendritic cell reversal by both
jatrophanes and pepluane have been demonstrated in this
invention, it seems reasonable to conclude that the
paralianes will also exhibit these properties.

20 Example 11 Preparation of Material for the Mouse
Experiments by Preparative Thin Layer

Chromatography.
15 ml crude sap in 70% ethanol was extracted with

diethyl ether as described in Example 6. The extract was
25 concentrated by vacuum centrifugation and resuspended in
approx 5 ml DME. The DME extract was chromatographed on
preparative TLC plates. (Merck PLC, Silica gel 60, Cat no.
005745.1000) using hexane:ethyl acetate (4:1) as the
developing solvent. Zones corresponding to regions “H” and
30 “*A-F” as shown in Figure 12 were excised and combined,
eluted with ether/DME, and dried by vacuum centrifugation.
_ The extract was enriched in jatrophanes 2, 3 and 4,
.pepluane, and the ingenane acetate. The pellet was
" suspended in 95% ethanol and centrifuged at 10,000 g for 10
35 minutes. The supernatant (6.0 ml, 10 mg/ml) was
distributed into 0.2 ml aligquots and stored at -20°C. This
extract was assayed against MM96L melanoma cell line, and '



10 cm HPTLC silica gel 60 plates with concentrating zones 35 (Merck Cat No.
013748. 1000)wowsmspg4t ol uene: acetone (9:1) as the devel opi ng s@CTLAIIS/08656
shown in Figure 9. The UV- positive zones (1, Rf 0.14; 2, Rf 0.23; 3, Rf
0.49; 4, K - 45 - 0.54; 5, Rf 0.57; 6, Rf 0.63; and 7, Rf 0.73) were
excised fromthe gel and eluted with DVE /. ddethyl ether. The fractions
were tested agai nst MW6L as descri bed above, and fractions 1, 3, 4, 5 and

6 were denonstra edetfﬁfpioea‘f?@%%éﬁc e'v'uéﬁ'haéﬁa?? gCEbﬂ.t iﬁo?ﬂﬁo?ﬁ@bg still

reversion activity, separat €'y chromat ogr aphe
HPTLC pl ates usiewidentaras :1 eithyd ck ardd Wk iogn asthie HRRE RS E}é‘Fvent

yi el ding UV posi déé%%ﬁﬂﬂs the %rﬂié@a;g Rf‘h@ gﬁctrgctRfsoOpﬂ’%paDedenaQ 48;
E, Rf 0.52; F, i g 0) a 0.02 tk}ure

11) . Al fractl%%’-%p‘tnd?"r%%ﬁ’ tl ean edr FPSBEB 218y \%lpe i ve
agai nst MVB6E celddandre tafamatnd . cahhsgrpmdsrl obi bhhtieotniand Révedsivas to

conpl ete dendri tcilciurg) d.prhm 9¥m1 %léhIIQPIéPOPS4O tissue culture medium
containing 5% foetal calf serum for injection of 0.1-0.2
ml. The ethanol solution (10 mg/ml) was absorbed on a
cotton bud (0.2-0.4 ml) and used for topical application in

10 rmice.
Example 12 Inhibition of Growth of Subcutaneous Implants
of Tumour Cells
(a) Five 4 week old nude mice were injected

15 s.c. at 4 different sites with 0.1 ml of tissue culture
medium containing 2 x 10° MM96L human melanoma cells. The
‘three treated mice were injected on days 1, 2, 3, 5, 6, 7,
and 8 with 0.1 ml RPMI medium containing 5% foetal calf
‘serum and 20 pg ethanol -.extract. In addition, the treated

20 mice received up to four topical applications of approx
5-10 pl of 10 mg/ml ethanol extract or crude undiluted sap.
Two separate sites on each treated mouse received topical
treatment with either ethanol extract or crude sap. One:
mouse received topical treatment on days 12, 13 and 14, and

25 the other two treated mice received topical treatment on
days 15, 19, 20 and 22. Tumour volume was measured on day .
32.

Prior to the.topical applications, injection of
extract had no apparent effect on tumour volume. Following

30 topical application of ethanol extract there was an
overnight change in tumour appearance. The tumours became
greyish-black in colour, then developed a hard, lumpy black
appearance followed by scab formation. Tumours treated
with crude sap showed similar changes a day later. With

35 time, the overall effects of ethanol extract and crude sap
were similar, so measurements for the topically treated
lesions have been combined. On the mice given injection -



dilution. 15 Mass spectroscopi ¢ anal yses of fractions A-F (B
m ssing) angdbggsgeshown in Table 15, with a tentative assi gnreniauvBioo6ss
conmpounds from the known nol ecul ar mass ions - 46 - - 47 - pepl uane
5,8,9, 10, 14- pent aacet oxy- 3-benzoyl oxy- 15- hydr oxypepl uane j atrophane 2 =
2,5,7,9, 14- hexaacet oxy- 3- benzoyl oxy- 15- hydypxy-j atropha-6(17),11E-diene 5
j atrophane 3 = 2,5, 14-tri acet oxy- 3- benzoyl oxy- 8, 15-
di hydr oxy- 7-i sohut yroyl.oxy.- 9-ni cot i noyl.oxyjatropha- 6 ) - djse
Catophane. 4 —Phue’ Gopi8Hn ELSHGAI)| DL [ J8Ne 24 d) rodbedu®BY T6s
di hydr oxy- 7- i sdip«tOy.r20yl oxOriet twpher 6¢High H4d dbeer) treated with the
ethanol extract had completely disappeared, as shown in
Figure 13, and eight others were reduced to flat black
5 scabs. The other three treated tumours initially showed

similar colour changes and tumour regression, but had

regrown following cessation of topical treatment 10 days
before the measurements were taken.
(b) Six 4 week old C57 Black (C57Bl) mice were
10 injected with 0.1 ml of tissue culture medium containing
105.316 melanoma cancer cells at two sites on the
underbelly. The tumours were allowed to develop for
4 days, and then were subjected to a regimen of three
injections (20 pg ethanol extract in 0.1 ml RPMI medium
15 containing 5% foetal calf serum (days 1, 2 and 4) and
1 topical treatment (5-10 pl of 10 mg/ml ethanol extract on
day 4). 8 days after the first injection the areas of the
tumours were measured using é ruler. Treatment reduced the
size of the Bl6 melanoma tumours by 64% (p<0.05) on the
20 three treated mice by comparison with the size of tumours
on the three control mice.
The results are summarised in Table 18.



10 Thus, nmass spectroscopy reveal ed a m xture of 20-

acetyl -i ngewo sosasgel ate (fraction A), pepluane (fractions APCUAXIEN0656d

j atrophanes 2 (fraction D) 3 (fractions C&H), and 4 (fractions E & F). 1H
chem cal shift data for 15 fraction H are shown in Table 16. Table 16 'H

Chem cal Shift* Data for Fraction HH ppm
Multiplicity Indicative Jatrophane R ng Batkbone Si gnals I[err]
2.816 brd 1B 2. 056 d 3
5.918 d 4 3.731 brd 5
5. 730 : brd 7 ©5.390 d 8(OH)
2..948 d 4971 s 11 :
6. 145 df12 g 5. 640 dd 13
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14 5.110 s 15(OH) 3. 645 S
16 WO §9/689%4 s 17 4. 438 PCT/AU98/00656 d
- 48 - 17 4,788 d 18 ' 1. 052
s 19 1.152 s 20 1.353 d
Ester Substituent Signals 9.290 -bgg Onic 8. 340
ddd 8. 805 brdd 7.390 brd 9.079 brd Onic
8. 202 ddd 8. 767 brdd 7.327 . brd .
Example 13 Changes in Gene Expression Induced in a Human
Melanoma Cell Line (MM96L) by Purified
Extract '

Human melanoma cells of the MM96L cell line,

5 cultured in 150 cm? plates in RPMI 1640 medium containing
10% foetal calf serum, were incubated with purified extract
for 4 hr at 37°C in 5% CO;/air. Cells were washed with
phosphate buffered saline (PBS), scraped in PBS, pelleted,
résuspended in 1 ml PBS, pelleted and taken up in 300 nl

10 NP-40 lysis buffer, left on ice for 15 min, pelleted and
‘the supernatant treated with proteinase K and SDS at 37°C
for 15 min, extracted with phenol chloroform and the total

.RNA precipitated by ammonium acetate/ethanol at -20°C
overnight. The Promega mRNA isolation kit was used to

15 isolate mRNA, which was then reverse transcribed in the
presence of **P-labelled dCTP to generate cDNA. The latter
was hybridised on a Genome Systems human Gene Discovery
Array 1.2 (GDA) according to the manufacturer’s
instructions. The array was quantitated with a Molecular

20 Dynamics PhosphorImager, and analysed with ImageQant and
Excel software.

The ratio of duplicate spot volumes from treated
énd untreated cells was calculated, and used to define the
level of gene activation (ratio >1) or inhibition (<1).

25 Backgrounds were typically 500-1000 counts, but were not
subtracted; thus the stated ratios will tend to be
underestimates of the actual changes.

The array contained c¢DNA spots from over 18,000
unique sequences, so-called expressed sequence tags (ESTs},

‘30 of which approximately 3000 were from identifiable
expressed genes of human cells. Many EST sequences in the
human melanoma cells tested were either up- or down-
regulated by the extract treatment. Only changes based on
duplicates which had standard deviations <30% of the ratio

35 were considered to be biologically significant at this
stage. It should also be noted that a relatively short
treatment time of 4 hr was used in order to identify the



8. 040 AA" OBz 7.403 BB 7.541 C

1.972 WO 99/08994) Bu 0.912 d 0.449 PCT/AU98/00636
0. 450" d * Chemical shifts are neasured at 295K relative to
chloroformat 7.24 ppm 5 These assignnments indicated the

presence of a jatrophane ring structure as_ dggermned from DQF- COSY, NCESY
and TOCSY two-di nensional spectra. The spectrumof Fraction H was

consistent with the presence of Jatrophane 3 in two _di astereoneric
conformati ons (cowsltesedErdsnodd FFiEisa] Bargetar E05f thRo2gfPhpr eIt is

simlarly substifyter,] %é@pﬂ@f‘@ﬁerPrméljGﬁ%haﬁééﬁhaﬁegéhéhekpﬁeﬁsctahl nat e,
one benzoate, and an | so- but%rate noi et%r rlgg conflrngElontﬂas
11, as per JakugeRPEnENt | URGR9ERs P %.ﬁﬁsgoﬁfeapB? i Rarefy®
strong NCE' s bettagsn. 5 and 15 8, and 4 and 7; with J7,8 and J8,9

practically gero - as evi denett DY s ah And A%kaffe T 2351868k SoENchbe D

transcripts of some relevant known genes, considered to be
beneficial either directly or indirectly for the control of
cancer cells, are summarized in Table 19.
The changes in cell morphology observed 'in the
10 Examples can be expected to result from the major down-

. regulation of a number of proteins that bind to actin, a
major cytoskeletal protein. An increase in the retinol
binding protein may also be involved here, as well as in
induction of the differentiated phenotype through

15 increasing the intracellular level of retinoids.

' Repair of éurrent and future DNA damage induced
by solar UV irradiation may be enhanced by the observed
induction of XP repair proteins. In addition, the decrease
in GADD45 and ionising radiation resistance protein (DAP3)

20 may be useful in sensitising tumour tissue to radiotherapy.
The latter change is also notable because it is strongly
upregulated in MM96L cells by UVB, the cause of skin cancer
and melanoma. '

A number of molecules relevant to enhancing the

25 immune response were induced, particularly G-CSF. Some of
these, such as proteins of the major histocompatability
complex (MHC), are considered to be useful attributes for
immunotherapy, enhanciﬁg killer T-cell activity.

The changes most significant for control of cell

30 growth relate to the detected alterations of the G-protein
and PKC pathways, and enhancement of proteosome activity.

" Intracellular signalling is critical for many cell
processes, including proliferation and alterations in the
normal equilibrium of pathways and pathway interactions,

35 such as those mediated by Ras signalling,are likely to have
adverse consequences for the cell. The level of induction
of the proteosome component LAMP7-El was among the highest



- 49 - spectrum There were no signals consistent with the presence of any
i ngenol strwe egeeesThe sanple was retrieved fromthe nagnet, POTYAEBS/6l656ULOL
denonstrated potent activity against MW6L, evidenced by conplete cell 5
death at 20pg/m, and conplete reversion to a dendritic appearance at |ess
than 20 pg/m . Exanple 10 NMR anal ysi s Frggcti on A was further purifieéed by
chr-omat ography 10 on HPTLC usi ng hexane: ethyl acetate (4:1) as the

devel opi ng solvent. As an adjunct to absorbance on a UV Ii&ﬁ blig)x, a_si ge
Strip was st ai FeSnsy fo5r Avh Falife ife|thE (STPRIATARSpHRT WA Y PR FRPRSERSE,
and devel opmentbyrieeaiivia it gtle Wridcesdiaig lf iminy eveoteinanviat thee
bl ue band under .15 UV .l ight, separable fromthe major UV absorbi ng band.
The unst ai ned %%téﬂum to this band was excised, eluted with ether
and.dried by vacuum cent Onf dipst bevsisAmdT dhe Dene IXRYRSSinl ATERY v@ata,

aCCU”“'atEder@ﬂé4égmpounds of this invention are expected to have
activity:

1. In modulating gene expression in the G-
protein, PKC and Ras signalling pathways, in a manner that
leads to anticancer activity in vivo.

10 _ 2. In ameliorating damage from solar UV and
 like agents, by enhancing DNA repair and the immune
response, either in the target or effector cells.

3. As an adjuvant to radiotherapy or to
therapy with other DNA-damaging agents, on the basis of

15 down-regulation of protective proteins (GADD45 and DAP3).
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20- acetyl -i ngenol - 3-angel ate as shown in-<l#@d e 17. 25 This finding is

consistent with the nass spectroscopi ¢ evidence presented in Table 15. 30
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25 18 2171.913 17.2706 26 25 2007. 760 15. 9653 27 19

1698. 690 %o §120869428 17 1951. 372 15.5169 5 . - 51. - RE@EIBUKQ065the
absence of 20-acetyl-ingenol-3- angelate fromthe mass spectra of the
activity-guided purifications by HPLC, and in other TLC fractions apart
fromfraction A indicates that this is notgphe only active 5 fraction.

Rat her, jatrophanes 1-6 and pepluane are also inplicated by deduction from
the NVR and mass spectroscopi ¢ data Thg o.rtl u;ar%gigrg‘ Qf actions

H as prepared bExamele 3ty ophk sin

Tabl e 16) and fractions 13 andoldnag_grepared by HPLC 10 (Jatrophane 5,
mz 779 and | D NVR, Jatroggﬁggs Foﬁ“ﬁ %égSa#sﬁgggﬁa@%s ogkah%gepgg%apﬂie

derivative, niz 597. Jakupovic e ave proposed that the
Queensland Institute of Medical Research for a clinician -

5 .supervised trial of use of crude sap of E. peplus for

treatment of a facial solar keratosis in a human subject.
Crude extract obtained from Australian-grown
plants and stored in 50% glycerol for 2 weeks at -20°C was
applied with a cotton bud applicator to the surface of a
10 clinically diagnosed solar keratosis, approximately 5 mm in

‘diameter, on the left temple of the face of a male human
volunteer. Approximately 50 nl was delivered to the

surface. One day later, a second application was made to
the same site. After the first application, no reaction

15 was noted for 4-5 h, whereafter an inflammation reaction
occurred at the site and extended to an area of 80-100 mm
in diameter. One day later, there was localised swelling,
and blister formation at the site of application and on
localised patches distal to the area of application, as if

20 new premalignant sites were also targeted. After four days
following the first treatment, the swelling subsided and

~ scab formation was evident at the affected sites. After
fourteen déys, the scabs had sloughed off, leaving new skin
underneath. After six weeks, the treated areas still had a

25 pinkish tinge, but there was no sign of the original solar
keratosis. As a control, a 1 cm? patch of normal skin on
the forearm of the same volunteer was similarly treated.
There was localised mild inflammation, which disappeared
7-10 days after treatment.

30 The strong inflammatory reaction associated with
treatment of the solar keratosis could reflect recruitment
and proliferation of killer-T cells, as suggested by the
results for immune response obtained from the gene array
screen in Example 13, and the observation of in vitro

35 proliferation of T-cells by E. peplus crude sap in
Example 15 below. Enhancement of killer~T cell activity is
considered to be a key step in destruction of cancer cells



paral i ane class of conpounds are internediates in the pathway between

J at (ophanesw'z?gb,@gﬂ uane. Since anti- 15 cancer cell actiVvi tpcpadese06s6
dendritic cell reversal by both jatrophanes and pepl uane have been
denonstrated in this invention, it seens reasonable to conclude that the
paralianes will also exhibit these propertigs._20 Exanple 11

Preparation of Material for the Mouse Experinents by Preparative Thin Layer
Chr omat ogr aphy. 15 m crude sap in 70% et hanol _was extracted wth diethyl
ether as descriledthe DawpeesySteRecandtra¥thed® 53 e¥BhAEdAt F8€ed by vacuum
centrifugation gadhdesuspenaed L0taFRr 6F PréhaDiEnatiie lBhEonxt ddstalato

chromat ogr aphed on pre argtive TLC#p ateg?éh?rck PLC, Silica gel 60, Cat
no. 005745. 10005R®sFhg=hRkafErEtAGT HEERAPERF4: 1) as the devel oping

sol vent. Zones corresponding to regions "Hw and 30 "A-F" as shown in
Figure 12 were gxghsed a8 COpbIOED. o £l dhgde LY. ShACHLEME: aNErdEtednlly
vacuum cent ri f . e e T T atTopnanes. 2, 3 and 4,
pepl uane, and the ingenane actbtand TIR" nErom: T on NeERALIMEA208GYECHanol
and centrifuged at 10,000 g f@&1i10Numbers
12-0-tetradecanoylphorbol-13-acetate (TPA) is

essential for the culture of normal melanocytes in vitro,

10 since these cells grow very poorly without TPA. 1In a
'preliminary'experiment, E. peplus fractions were added to
medium without added TPA from the start of the experiment.
E..peplus fractions were added to fresh medium, and the
cell numbers scored compared to fresh media without

15 E. peplus fractions or TPA. Under this regimen, higher
numbers of melanocytes were obtained than with the
“control”cells grown in TPA-deficient medium.
Interestingly, the cells in the medium with E. peplus
fractions looked healthier than those cells grown in so-

20 called “standard” medium with TPA. Thus E. peplus-derived
compounds may provide a superior alternative to the use of
TPA as a tool in cell culture. _

' In a second experiment, normal melanocytes were
plated at 5000 cells per well, in RPMI 1640 medium '

25 containing 10% foetal calf serum, cholera toxin,
antibiotics, and TPA. After 24 hours, the medium was
removed from the cells by suction, and replaced with fresh
medium without added TPA, but with the additions as
specified. Cells were scored after a further 10 days of

30 incubation. The results are shown in Table 20. It is
evident that even at a 1 in 5,000,000 dilution a cell
proliferation effect was noted with crude and purified
fractions, in contrast to cell inhibitory effects observed
at these concentrations against cancer cell lines as shown

35 in earlier examples. In a separate test, in vitro
proliferation of T cells was also obtained following
treatment of T cells with crude E. peplus sap.



35 mnutes. The supernatant (6.0 m, 10 ng/m ) was distributed into 0.2
m al i quot swangb/gsber ed at -200C. This extract was assayed agaRCEHAUNIDESS
mel anoma cell line, and - 52 - showed high potency, with dendritic cel
nor phol ogy still evident at 1 in 5 x 106 dilution; this replicated the
potency of the crude sap. The extract so prgpared was enriched in

j atrophanes 2, 3 and 4, pepluane, and the 5 1ingenane acetate. Just prior
to injection, 20 i1l was dlluted to 1 m with RPM 1640 tissue culture

medi um cont ai ni ng 5% njection of 0.1-0.2 m . The
et hanol solution (1 a cotton bud (0.2-0.4 m) and
used for topical ap anple 12 I nhi bition of
G owt h of Subcutane 4 l1s (a) Five 4 week ol d nude
mce were injected lpeo - gites with 0.1 nl of tissue
culture St |+
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medi um containing 2 x 106 MMW6L hurman mel anoma cells. The three treated
mce were inyeowesydon days 1, 2, 3, 5 6, 7, and 8 with 0.1 nPCRRANMISNEES5 UM
containing 5% foetal calf serumand 20 [err]g ethanol extract. In addition,
the treated 20 mce received up to four topical applications of approx
5-10 [err]l of 10 nmg/mM ethanol extract or ggude undiluted sap. Two
separate sites on each treated nouse received topical treatnent with either

et hanol extract or crude sa g CE use r cei ed topical tr& ngg on days
12, 13 and 14, and 25 th&*BFRePOt noFBa{ B ARECYEES| 0BE s were

treatment on dayadhbedlfo Bﬁoamﬂei‘ateTbythu:a\mIm m::rr&aswepium sy, 32.
Prior to the toghgglaﬁgﬂklﬁg&lﬂg§e %Sggc%éga tié agt h%% 0 apparent

effect on tunou ow n |cat|on of et hano
extract there masoémfgvempghgg@mnéeru nomnduﬁedégeamrté@r e i s in

became greyissh- bliack 'EnCQh9Uﬁted§.EE!il é@ﬁé&%&%ﬁ whidaled r MR a¥iREK of

appear ance fol |l owed sca f or pgt Tumours treated wth crude sap
showed sinil ar Eﬁ§ﬁ§%sc§ 48y WPHLEr ! evP@Ha§§agFPN§' EREINAERY PUH QY s of
et hanol extract 1lamitequde sap were simlar, so neasurenents for the
topically treated a) multiplication of skin cells
(keratinocytes) for rapid wound healing in trauma cases and
10 after surgery, and in recovery from burns.
' b) multiplication of pancreatic islet cells
for implantation
c) multiplication of T-cells and other cells
of the immune system. It is interesting to note that the
15 expansion of action past the point of application in the
' human volunteer trial on treatment of solar keratosis may
be explained by a recruitment of natural killer-T cells to
the region of application.
d) regeneration of aged or necrotic tissue
20 from liver, kidney, colon, lung and eye.
e) multiplication of host tissue as an

alternative to organ transplantation

Example 16 Effect of betaines on malignant melanoma
25 MM96L cell numbers

Betaines of different types were solubilised in

sterile MilliQ™ water to a final concentration of 1 mg/ml,
and diluted into 0.1 ml tissue culture medium containing
5000 MM96L cells as described previously. Cells were

30 scored after 4 days incubation. The results are shown in
Table 21. '

Whereas most betaines tested had no effect on
cell numbers, R-alanine betaine hydrochloride (homobetaine)
depressed cell numbers at a final concentration of

35 20 pg/ml, and the cells had a dendritic appearance. t-4
' hydroxy N,N-dimethyl proline also inhibited cell numbers at
a final concentration of 20 ng/ml; however, the cell



| esi ons have been conbined. On the m ce given injection - 53 - plus

topi cal treaygughgeokunour vol une was reduced by 76% (p<0.2). POE/ANISDESS
whi ch-had been treated with the ethanol extract had conpl etely di sappeared,

as shown in Figure 13, and eight others were reduced to flat black 5 scabs.
The other three treated tumours initially_sggwed sinlar colour changes and
tunour regression, but had regrown foll ow ng cessation of topical treatnent

10 days before the neasurenents were taken. (b Si x, 4 week. ol d Z Bl ack
(C57B1) i ce wemerpholep¥ccbangech t@ Fhat of ﬁ@?@&"ﬁﬁ%&ﬁ% suﬁ"he

_‘f_ﬁnt ?i ning 105 Bi@lnlfm'i%aﬁ& o eRiIictielilss ualknionm .si tes on the underbel ly.
2 regimen of three ini ect Fones S0UBg0rRat oo f paer i ¥y e um
15 cont ai ni ng 5¥ytrecalordde Jhomobedaine) mayvakme 4 sdabkoficmulation
treatment (55 10ab%§1rt] le oA El.oﬁgylrﬂs ROl 22X 1 2Ge OPpurified active
principles, including ingenol, pepluane, and jatrophanes
1-6, either separately or in combination. This could be
used for topical application against premalignant skin
lesions at low dilutions of E. peplus principle(s), or
10 formulated as an anticancer drug with higher concentrations
of E. peplus principle(s). It has been suggested that
betaines per se are useful as anti-cancer agents; see for
- example U.S. Patent No. 5,545,667 by Wiersema et al.
Because of their surfactant properties, betaines
15 are widely used as formulation ingredients in cosmetics.
Due to their zwitterion properties, betaines could also
assist transport of other ingredients into the deeper
layers of the skin. A betaine to be used in a skin
cosmetic preparation along with very dilute extracts of E.
20 peplus sap or purified fractions derived therefrom, such as
jatrophanes, pepluane, paraliane, or ingenane, separately
or in combination, should desirably have complementary
propertiesQ Of all the betaines tested, including glycine
betaine, only R-alanine betaine hydrochloride (homobetaine)
25 had a phenotype reversal effect, albeit modest, as compared
to E. peplus sap and fractions.



day 4). 8 days after the first injection the areas of the tunours were
measur ed us'gﬁg 9?085 er. Treatment reduced the size of the Bl6pdphaofiiss

t unour-s by } P 05) on the 20 three treated mce by conparison with the
size of tumpurs on the three control mce. The results are summarised in
Tabl e 18. -54- - 55 - Exanple 13 ges in Gene Expression Induced
in a Human Mel anoma Cell Line (MW6L) by "Purlfied Extract Human nel anona
cells of the MW6L cell line, 5 cultured in 150 cnferr] plates in RPM 1640
medi um cont ai ni ng 10% foetal calf serum were incubated with purified
extract for 4 hr at 37[err]Cin 5% CO[err]/air. Cells were washed with
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phosphate buffered saline (PBS), scraped in PBS, pelleted, resuspended in 1
M PBS, pel L&) &saeyd taken up in 300 [err]l 10 NP-40 lysis pdaevesdoesd on
ice for 15 mn, pelleted and the supernatant treated with proteinase K and
SDS at 37[err]C for 15 min, extracted with phenol chloroformand the total
RNA preci pitated by amoni um acet at e/ et han g &l -200C overnight. The
Promega mRNA isolation kit was used to 15 “sol ate nRNA, which was then
reverse transcribed in the presence of 33P-1abelled dCTP to generat e cDNA.

The latter was hybridi sed on &ltGonidkie I8y anpparéntere Coe PRESOR cFhihtedyin
1.2 (GDA) accorgd , f <Sal i Th&seF 1 B¥a s
quantitated w tﬂl%gq\]/{)fe‘%ﬂlh%ar @%%ﬁ%‘gerk’ﬂ%%%#g%%%gz? a?]d%ﬁ‘gal sedSS\Amteh
| mageQant and Betdikdiamdite oHPses Phickap! FE AR sPREeTIFAMEE 9 r om
treated and untygai Qs GRIASE VEsSt Tot € UWhiad ash t @rglc 1688 t6 teéi ambbAtménuel of
gene activation (ratiq > r inhibition (<1). 25 Bagkagro .
typi cal |y 580- 1378 r?,%"t}?ﬂ‘g %&ﬁ%ﬁ?%é T St %E%ﬁ;m?ﬁﬁgwfﬁ%géggﬁéeﬁa}rgﬁpgs
will tend to beftuinlettsstdampesobfthdcimeentalve haogespt TAésaleagdcbnt thied

CONA spot's fromoyer: A8, 000

References cited herein are listed on the
10 following pages, and are incorporated herein by this

reference.



uni que sequences, so-called expressed sequence tags (ESTs), 30 of which

approxi matel y 3 were fromidentifiable expressed genes of FRkseE -
Many EST se&%@ﬁ%ﬁ 4 n the human mel anoma cells tested were either up- or

down- regul ated by the extract treatnent. Only changes based on duplicates
whi ch had standard deviations <30% of the ratio 35 were considered to be
biologically significant at this stage. 1T %hduld al so be noted that a
relatively short treatnent time of 4 hr was used in order to identify the

- 56 - earliestgpyghaigcritical targets for the agent. It is likely that
further, major THMAanNges in gene expression, dependent upon the primary
response, will occur after this tinme. 5 Results fromthe changes
in level of theréYparsskisanmd Gomehet] eYant known genes, considered to be

beneficial eithgr, di eCé%%PPf,if9§€e§ti¥4i911&§e control of cancer cells,

are summari zed Tn Tabl e
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30 growth relate to the detected alterations of the Gprotein and PKC

pat hways, a@@ spjsgsxcenent of proteosome activity. Intracell ul peraivegadssno
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conponent LAMP7-El1 was anong the hi ghest - 57 - found for any gene in

t he experi nent Liand Ywett cabe expected to greatly alter the processing of
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10 ' 2. In aneliorating danmage fron1so|ar'UV and |ike agents,
by enhanci ngydddeseepai r and the i nmune response, either in thecka0u8068¢

ef fector cells. 3. As an adjuvant to radiotherapy or to therapy with
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protective proteins (GADD45 and DAP3). - 70 =99 © WD 99/ 08994
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Et hics comm ttee approval was obtained fromthe Queensland Institute of
Medi cal ReswgymgbﬁLgmﬁ'perV| sed trial of use pETRAUILHIEEP
of E. "peplus for t r ealii®Sheet Ofs Bbef RGja@l; SOl ar keratosis in a human subject.
Crude extract obtained n-grown plants and stored in 50%

gl ycerol for 2 weeks a, ﬂ@FI [ ed h_a cotton bud applicator to
the surface of a 10 ¢ osed s ar keratosis, approxinmately 5
nmin dianeter, on the Ieft tenple of the face of a male human vol unteer.
Appr oxi mat el y [MSvas delivered to the surface. One day later, a second

appl | cation uas made Lo, el lredlher thNg1EES! RDRIEC Fleriy 1O

reaction 15 was noted for whereafter an | nfl ammati.on reactgg?
occurred at theEupherhia. esRendBIPRELAGUAREL 1B S8R PFO BWRHGFRAES US e

day.later, thergyMesrbosahised aﬂal/brngupmdrbau %Iz&ﬂnnfdardmtlmhmh:t he site
of appllcatlon and onlocllsed at.ches d| to the. a tion,
F )Slt J; a’f‘go g#’ggf-eaﬁl l%f"?’ert yt%a de

as if 20 ném/prenallgnan ays
followi ng the f¢an¢etreelhsntbuthdoeaehbtngignﬁfﬂﬁaﬁﬁ%xjaﬁﬁﬂ?ﬁ(nqnmabn was

evident at the alleclef pihESp146LE! bRUSHRARARSRs 1Y rabifFolivgh S! oughed

of f, | eaving new
keratinocytes;

{b) has activity which is not destroved by
10 heating at 95% for 15 minutes;

(c) has activity which is not destroyed by
treatment with acetone;
(4) has activity which can be extracted with
95% ethanol; and '
15 i . (e) stimulates metallothionein gene activation.
-2, A compound accordlng to Clalm 1, which is able to

inhibit the growth of at least one ‘cell line selected from
the group consisting of MM96L, MM229, MM220, MM537, MM2058,
HeLa, B16, LIM1215, AS549, MCF7, MCCl6 and Colol6, as herein

20. defined. '

3. A compound according to Claim 2, which is able to
inhibit growth of or to induce differentiation in MM96L
cells.

4, A compound according to any one of Claims 1 to 3,

25. which is also able to induce normal melanocytes and/or
T cells to proliferate.

5. A composition comprising a compound according to
any one of Claims 1 to 4, together with a pharmaceutically-
or cosmetically-acceptable carrier.

30 6. A composition according to Claim 5, in which the
compound is selected from the group consisting of
jatrophanes, pepluanes, paralianes and ingenanes, and

- pharmaceutically-acceptable salts or esters thereof.
7. A composition according to Claim 6, in which the

35 compound is a jatrophane of Conformation II.

8. A composition according to Claim 6 or Claim 7, in
which the compound is substituted as defined in Table 1.
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underneath. After  siX weeks, the treated areas still had a 25 pinkish
tinge, but wWoesswmsyms ﬂgs glggﬁameeﬁt@lawdi gi nal sol ar ker at osi s.pcAsa898%608%4 Ol ,

a 1 cn? patch of nor orearm of the sanme vol unteer was
simlarly treated. Thﬁim H“““H d mId i nfl ammati on, which di sappeared

7-10 days after treat

associated with treatnent of the sol ar kera osis could reflect

response obtai Med from t Recqmpesitisp sccoxding meamme or o f

strong mflarrmatory reaction

recruitnment
and proliferation of killer-T cells, as suggested by the results for

Jaigns 5

[ mmne

observation of g njy Qo35 tHY HodpRhdid Ak Felbkr@dd Seidh EEnhdapteip crude sap

in Exanple 15 bel ow. _Enhancenent of killer-T cell activity is considered
to be a key sté@ﬁﬁiﬁﬁéﬂﬂwﬂﬁﬂon of cancer cells - 61 - by the immune

system and nay s, ,10, Qpipint dae toxgegriderm dukyt 1 hdly df oxymeml igmant
| esions di sgjal to tlu si,te of original treatnent.

10

15

20

25

30

35

ne);
15—pentaacetoxy—9-nicotinoyloxy-14—oxojatropha—G(1),11E—
diene (jatrophane 1});
2,5,7,9,1l4-hexaacetoxy-3-benzoyloxy-15-hydroxy- jatropha—
6(17),11E-diene (jatrophane 2);
2,5,14—tr1acetoxy-3—benzoyloxy-S,15-dihydroxy—7-
isobutyroyloxy-9-nicotinoyloxyjatropha-6(17),11E-diene
{jatrophane 3);
2,5,9,1l4-tetraacetoxy-3-benzoyloxy-8, 15-dihydroxy-~7-
isobutyroyloxyjatropha-6(17),11E-diene) (jatrophane 4);
2,5,7,14-tetraacetoxy-3-benzoyloxy-8, 15-dihydroxy-9-
nicotinoyloxyjatropha-G(17),1lE—diene (jatrophane 5);
2,5,7,9,1l4-pentaacetoxy-3-benzoyloxy-8,15- |
dihydroxyjatropha-6(17),11E~-diene (jatrophane 6);

20-acetyl-ingenol-3-angelate;

and_pharmacéutically—acceptable salts or esters
thereof. '
10. A composition according to any one of Claims 5 to
9, in which the carrier comprises P-alanine betaine
hydrochloride or t-4-hydroxy-N,N-dimethyl proline.
11. A method of treatment of a cancer, comprising the
step of administering an anti-cancer effective amount of a
compound according to any one of Claims 1 to 4 or a
composition according to any one of Claims 5 to 10 to a
mammal in need of such treatment.
12. A method according to Claim 11, in which the
cancer is a solid tumour. '
13. A method according to Claim 11 or Claim 12, in
which the cancer is selected from the group consisting of
malignant melanoma, other skin cancers including Merkel
cell carcinoma, squamous cell carcinoma and basal cell
carcinoma, lung cancer, colon cancer, cervical cancer and
breast cancer.
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5 Exanple 15 Ef f ect—of —Crude Sap and Purified Fractions "A" and "HO

from TLC on %ﬂlg | an L rd4EdREr S T/AU98/0065
,12-'Otetradg(¥g1%oy %{uﬁrﬁmﬁi ﬁﬁﬁlﬁ%TP& is essential for tﬁg cu tl?reﬁof

nor mal el anocytes in vi these cells grow very poorly w thout

TPA. In a prelimnary peplug_fractions were added to nmedi um
w thout added TPA fromthe start of the e?p@ i rent. E. peplus fractions
were added to fresh nmedium and the cell nunbers scored conpared to fresh
medi a wi thout 1P4.E. peplasméthed i acsopdififAto bagewoniehicE EgEimh,1highel3,
nunbers of nel anocyt es r | ped t « W " .y I n
TPA- defi ci ent h%ﬁ?%n?slﬁgegg ??%%?ygotggaégkbgr%%siﬁgpﬁégﬁﬂﬁfﬁé%% @fe%23|us
fractions | ookctNAedamagingt agenthose cells grown in so- 20 called

"standard” mediyg with TRA pediwie & PEREHStY8E Yed1aF@meItidfe R DFDYY d8fa
superior alternative to, the iL_Jse of TPA,as a tgol in cell culture.

. Ih a
second expeSi meREOPARFRAF ReidfocGPERY hiStBIp thee $ERP S RITIPeRRefplls
in RPM 1640 nedbush2intiopiel Dfegativefl asbantcalff = eranpowid|@ceotrding, to

any one of Claims 1 to 4, or a composition according to any
one of Claims 5 to 10.
1s6. A method of stimulating proliferation of non-

10 neoplastic cells, comprising the step of exposing the cells
to a proliferation-inducing amount of a compound according
to any one of Claims 1 to 4 or a composition according to
any one of Claims 5 to 10.

17. A method of stimulating the activity and/or
15  inducing proliferation of T-cells, comprising the step of
- exposing the cells to an effective amount of a compound
"according to any one of Claims 1 to 4, or a composition
according to any one of Claims 5 to 10.

18 A method of alleviating disease conditions by
20  stimulating cells of the immune system, according to
~Claim 16.
19. A method of inducing neoplastic qells in

differentiate, comprising the step of exposing the cells to
an effective amount of a compound according to any one of
25 Claims 1 to 4, or a composition according to any one of
Claims 5 to 10.
20. A method according to any one of Claims 15 to 18,
in which the cells are treated in vivo.
21. A method according to any one of Claims 15 to 18,
30 - in which the cells are treated ex vivo.
22. .A method of preventing or alleviating damage to
skin caused by ultraviolet irradiation, ionizing radiation,
microwave radiation or exposure to ozone, comprising the
step of topically administering an effective amount of a
35 compound according to any one of Claims 1 to 4 or a
composition according to any one of Claims 5 to 10 to a
subject in need of such treatment.
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antibiotics, and TPA. After 24 hours, the nmediumwas renoved fromthe cells
by suction,wersdos®mpl aced with fresh medi umw t hout added TPApdivAuesidobsd he
additions as specified. Cells were scored after a further 10 days of 30

i ncubation. The results are shown in Table 20. It is evident that even at
alin 5,000,000 dilution a cell proliferagjon effect was noted with crude
and purified fractions, in contrast to cell inhibitory effects observed at
t hese concentrati ons agai nst cancer cell |ines as.shown 35 arlier
exanpl es. 1 n 23 separ at e® tRathod naGee¥rdipgorPf ELadMor 2of lT‘ @@Hch W& al so
obt ai ned foll ocgé_,ggg is solf3 ke§aa5glgqth nor mal el anocyt es and T-cells

were induced to proliferate racti o s fr pl,us sa ent may
have wi de appl¥%ation asAef“%@IX aécording' €6 E1a85P24; 33 wrid e

damage occurs during radiotherapy.
5 25. A method according to any one of Claims 11 to 24,
in which the mammal is a human.
26. Use of a compound according to any one of
Claims 1 to 4 in the treatment of cancer.
27. Use of a compound according to any one of

10 Claims 1 to 4 for preventing or alleviating damage to skin
caused by ultraviolet irradiation, ionizing radiation,
microwave radiation or exposure to ozone
28. Use of a composition according to any one of
Claims 5 to 10 in the treatment of cancer.

15 29. Use of a composition according to any one of
Claims 5 to 10 in preventing or alleviating damage to skin
caused by ultraviolet .irradiation, ionizing radiation,
microwave radiation or exposure to ozone
30. Use of a compound according to any one of

20 Claims 1 to 4, or a composition according to any one of
Claims 5 to 10 in the manufacture of a medicament for the
treatment of cancer.

31. Use of a compound according to any one of
Claims 1 to 4, or a composition according to any one of

25 Claims 5 to 10 in the manufacture of a medicament for
preventing or alleviating damage to skin caused by
ultraviolet irradiation, ionizing radiation, microwave
radiation or exposure to ozone.

32. Use of compound according to any one of Claims 1

30 to 4, or a'composition according to any one of Claims 5 to
10 in the manufacture of a medicament for inducing

proliferation of non-neoplastic cells. e
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prollferatlon agent for normal cells, either in vivo or in 5 vitro, in any
nmedi cal %;g,& o where regeneration of normal cells would bﬁcad\}é?ﬁtﬂaﬁéous

i ncl udi ng |mtedto a) mul tiplication of skin cells
(keratinocytes) for rapid wound healing i n/4h8m cases and 10 after
surgery, and in recovery fromburns. b) mul tiplication of pancreatic
islet cells for inplantation c) mul tiplication of T-cells and other

cells of the inmune system It is interesting to note that the 15
expansi on of action past the point of application in the human vol unteer
trial on treatment of solar keratosis may be expl ained by a recruitnent of
natural killer-T cells to the region of application. d) regeneration of
aged or necrotic tissue 20 fromliver, kidney, colon, lung and eye. e)
mul tiplication of host tissue as an alternative to organ transplantation
Exanpl e 16 Ef fect of betaines on malignant nel anoma 25

MWBG6L cell nunbers

Effect of Substance A on metallothionein gene
activation
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Cells were 30

ti ssuecENUbIERSs

into 0.1 n

and di | ut ed

concewig @lgseyz of 1 ng/ni,

Betaines of different types were solubilised in sterile MIIiQ7 water to a

final
medi um cont ai ni ng 5000 MW6L cells as descri bed previously.

scored after 4 days incubati on.

t-4 hydroxy

concentration
concentration

9- al ani ne bet ai ne

nunbers at a fi nal

and the cells had a dendritic appearance.

proline also inhibited cel

nunber s,

The resultad/aBke shown in Table 21. \Wereas
nunbers at a final

hydr ochl ori de (honobet ai ne) depressed cel

of 35 20 [err]g/m,

nost betai nes tested had no effect on cel
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principles, including ingenol, pepluane, and jatrophanes 1-6, either
separatel y Qb doRygsdndi nation. This could be used for topical appldiRslobése
agai nst premalignant skin |lesions at |ow3di3utions of E. peplus
principle(s), or 10 fornul ated as an anti cancer drug w th higher
concentrations of E. peplus principle(s). It has been suggested that
bet-ai nes per se are useful as anti-cancer agents; see for exanple U S
Pat ent No. 5,545,667 by Wersenma et al. Because of their surfactant
properties, betaines 15 are widely used as formulation ingredients in
cosnetics. Due to their zwitterion properties, betaines could al so assi st
transport of other ingredients into the deeper |ayers of the skin. A
betaine to be used in a skin cosnetic preparation along with very dilute
extracts of E. 20 peplussap or purified fractjong derived therefrom such
as j atrophanes, pepluane, paraliane, or ingenane,lseggrately or in

conbi nati on, shoul d desi rfabky -have-conpt enpnt-ary-peoperties. O all the

bet ai nes tested, includirg glycinelbetéine; only fgr&d >-al ani ne betai ne

hydrochl oride (honobetairle) 125 had ja phenotype| reyersal effect, albeit

nodest, as conpareqg,to E pqplu§ sap and fractﬁon .
O
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for theppmApOs/esssS6f
and are

|terations to the

fol |l ow ng pages,

various nodi fBéBions and a

be apparent to the person skilled in the art that
enbodi nents 5 and net hods descri bed herein may be made w thout departing

has been described in sone detail

It wll

66 -
whi | e the | fneslisesy

clarity and under st andi ng,

65 -
fromthe scope of the inventive concept disclosed in this specification.

References cited herein are listed on the 10
i ncorporated herein by this reference.
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present in plants of the genus Euphorbla 95 in particular in sap of
Euphor bi a pepl us, Euphorbia hirta and/or Euphorbia drumondii, which: 5
(a) is able to kill or inhibit the gromh of cancer cells, but does not
significantly affect normal neonatal fibroblasts, or spontaneously
transforned keratinocytes; (b) has activity mhlch i's not destroyed by 10

heating at 95[err]C for 15 m nutes;
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(c) has activity which is not destroyed by treatnment with acetone; (d)

has activit ?B can be extracted with 95@6ethano| and 15 (e)
sti'nul-at es P43t hi onei n gene activati on. A COWS&H&“%?E@B?S&I ng
to Claim1, which is able to inhibit theibgéﬁﬁh of at |east one cell line

sel ected fromthe group consisting of MW6L, NN229 MwR20, MWb37, MWRO058,-
Hel!a, B16, LI ML215, A549, MCF7, herein 20 deflned 3.
A conpound according to Cla|n12 : t gromh of or to
i nduce differentiation in MVW6L cq ound according to
any one of Clainms 1 to 3, 25 whi @ uce nor mal

nmel anocytes and/or T cells to pro conposi tion
conprising a conmpound according t 0 4, together with
a pharmaceutically- or cosneti cal 30 6. A
conposition according to Claimb5, Is selected from
the group consisting of
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< hexane:EtOAc 4:1.
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j atrophanes, pepl uanes, paralianes and angel oyl -substituted i ngenanes of
acetyl at ed | j ves thereof, and pharmaceutically-accept r
esters the?@%?#“%%‘ 7. A conposi ti,an 2 cording to Clgﬁéﬁgﬁgéﬁﬁﬂﬁich
t he conpound is a jatrophane of Cbnfornagﬁ5ﬁ ﬁl. - 72 - 8. A
conposition according to Claim6 or Claim?7, in which the conpound is
substituted as defined in Table 2. 9. A conposi tion according to any
one of Clainms 5to 8, in which the conpound is selected fromthe group 5
consisting of: 5,8,9, 10, 14- pent aacet oxy- 3- benzoyl oxy- 15- hydr oxypepl uane
(pepl uane); 15-pentaacet oxy-9-ni coti noyl oxy-14-oxoj atropha-6(1), 11E- di ene
(j atrophane 1); 10

2,5,7,9, 14- hexaacet oxy- 3- benzoyl oxy- 15- hydr oxy-j atropha- 6(17), 11E-di ene
(jatrophane 2); 2,5, 14-tri acet oxy- 3-benzoyl oxy- 8, 15-di hydr oxy- 7-
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I sobut yr oyl oxy-9-ni coti noyl oxyj atropha-6(17), 11E-di ene (j atrophane 3); 15
2,5,9, 14-t xy- 3- benzoyl oxy- 8, 15-di hydr oxy- 7-
isobutyroyﬁ%é??@@&gpha-G(17),11E—diene) | at rophane 4); PCT/AUS8/00656
2, 5,7, 14- t et r aacet oxy- 3- benzoyl oxy- 8, 151dih¥dr oxy- 9-

ni coti noyl oxyj atropha-6(17), 11 E-di ene (jatrophane 5);

2,5,7,9, 14- pent aacet oxy- 3- benzoyl oxy- 8, 15- 20

di hydr oxyj atropha-6(17), 1| E-di ene (jatrophane 6);

20- acetyl -i ngenol - 3-angel ate; and pharnaceuti cal |l y-acceptable salts or

esters thereof. 10. A conposition according to any one of Clains 5to
25 9, in which the carrier conprises P-al anine betai ne hydrochl oride or
t - 4- hydroxy- N, N-di met hyl proline. 11. A nmethod of treatnent of a

cancer, conprising the step of adm nistering an anti-cancer effective
anount of a conpound according to any one of Clains 1 to 4 or a 30
conposition according to any one of Clains 5 to 10 to-a manmal in need of
such treatnent. 12. A nmet hod according to aim11, in which the

cancer is asolid tunour.
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. one of Cainms 57t

R . 1
L] » *

"'i,3.- ‘A net-hod accor"di.'ng to datm1l or daim12, in 35 whi ¢ R t%gIAU%Ml)ggg
cancer is selected fromthe group’ consi sting of nallgnant mel an “Tﬂ?ﬁﬂmm
skin cahcers including Merkel cell carcinoma, squanous cell car ci noma and

basal cell * C L M S * - 73 -=cabéc+noma, |ung cancer, colon

' cancer, prostate cancer, cervical cancer and breast cancer. 14. A
met hod according to any Qﬁ@eﬂfm5}é$§§e§éréﬁl§3 tHEedomBoandasisugankected
radi ot herapy or to thera gl ng agent. 15. A et hod

of inhibiting pFBmeEhﬁtQF@uBcFPPF%ﬁtngnQ plastic cells, comprising the
step of exposing the cells to an anti-proliferative amount of a conpound

RN Bl "o 750, S Rk BpAOERRHE 28 A AR,

“non- neopl a&i c({pepleanedppri sing the step of exposing the ceIIs
15-pentaacetoxy-9-nicotinoyloxy-14-oxojatropha-6{1),11lE-
diene (jatrophane 1);
2,5,7,9,1l4-hexaacetoxy~3-benzoyloxy-15-hydroxy-jatropha-
6(17),11E-diene (jatrophane 2);

10 2,5,l4-triacetoxy-3-benzoyloxy-8,15-dihydroxy-7-
isobutyroyloxy-9-nicotinoyloxyjatropha-6(17),11E-diene
(jatrophane 3);
2,5,9,14-tetraacetoxy-3-benzoyloxy-8,15-dihydroxy-7-
isobutyroyloxyjatropha-6(17),11E-diene) (jatrophane 4);

15 2,5,7,l14-tetraacetoxy-3-benzoyloxy-8,15-dihydroxy-9-
nicotinoyloxyjatropha-6(17),11E-diene (jatrophane 5);
2,5,7,9,14-pentaacetoxy-3-benzoyloxy-8,15-
dihydroxyjatropha-6(17),11E-diene (jatrophane 6);
20-acetyl-ingenol-3-angelate;

20 and pharmaceutically-acceptable salts or esters
thereof. |

In one preferred embodiment of the invention, the
composition additionally comprises PB-alanine betaine
hydrochloride or t-4-hydroxy-N,N-dimethyl proline.

25 In a third aspect, the invention provides a
method of treatment of a cancer, comprising the step of
administering an anti-cancer effective amount of a compound
of the invention to a mammal in need of such treatment.

_ Preferably, the cancer is a solid tumour. More

30 preferably, the cancer is selected from the group
consisting of malignant melanoma, other skin cancers
including Merkel cell carcinoma, sguamous cell carcinoma
and basal c€ll carcinoma, lung cancer, colon cancer,
prostate cancer, cervical cancer and breast cancer.

35 In a fourth aspect, the invention provides a
method of inhibiting proliferative activity of neoplastic
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ta a proliferation-induciing amount of "a ‘conpound according to agg One%i%dunel999
Claims 1 to 4 or a conpositionh according to 15 any one of O ai 1% .
17. . " A method of stinulating the activity and/or i nduci ng
proliferation of T-cells, conprising the steflof exposing the cells to an
. effective anbunt of a conmpound according to any one of Clains 1 to 4, or a
~conposi tion 20 aecorMigsng to any one of Cainms 5 to 10. 18 - A net hod
.of alleviating disease conditions q¥ stinmulatjng cells of the imune

system accordinmg to O ai ft GPTRRHNA Presenteih RILHILS ki FR™F asti c
cells to 25 di f fRusivibie, amnrpm@m%iml@femoéapxa?s%ﬁpbbhbiéfbégmg,an
. effective anount 0 und_acc ing t one . o0 a.nms 1.to 4, or a
“conposi tion acco?%%‘grﬁlo anilr%‘?‘lea%?} Yol a}?zﬁgﬁgraﬁ%a 1&%‘?’1"111' Wlil'ﬁﬁt hod
“accordi ng toSany one of COf@ms 1% tabled tBGkill whi cimhitei vaihes gravth eaf ed
. in vivo. 21. a ' t : | o, n
canded & G dd&@sz Zr?o@né’l&?ﬁf%?%)gy g%féécﬁ n%@mafl.

~which the cells are treated ex vivo preventing or
“alleviating danfPnrafal fibroblasts, or spontaneously transformed

. ——
-~

keratinocytes;
(b) has activity which is not destroyed by_

10 heating at 95° for 15 minutes;

(c) has activity which is not destroyed by
treatment with acetone;

(d) has activity which can be extracted with
95% ethanol; and

15 . (e) stimulates metallothionein gene activation.
2. A compound according to Claim 1, which is able to
inhibit the growth of at least one cell line selected from
the group consisting of MM96L, MM229, MM220, MM537, MM2058,
HeLa, Blé, LIM1215, AS549, MCF7, MCClé6 and Cololé, as herein

20 defined.

3. A compound according to Claim 2, which is able to
inhibit Qrowth of or to induce differentiation in MM96L
cells.

4. A compound according to any one of Claims 1 to 3,

25 which is also able to induce normal melanocytes and/or
T cells to proliferate.

5. A composition comprising a compound according to
any one of Claims 1 to 4, together with a pharmaceutically-
or cosmetically-acceptable carrier.

30 6. A composition according to Claim 5, in which the
compound is selected from the group consisting of
jatrophanes, pepluanes, paralianes and angeloyl-substituted
ingenanes or acetylated derivatives thereof, and
pharmaceutically-acceptable salts or esters thereof.

35 7. A composition according to Claim 6, in which the
compound is a jatrophane of Conformation II.
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skin caused by-ultraviolet irradiattor, ionizing radiation, 35 - cEQWBY§ e 1999

radi ation or exposure to ozone, conprising the step of topically
admi.ni st'ering an effective amount of a compound according to any one of
Clainms 1 to 4 or a - 74 - conposition aeched+ng to any one of Clains 5

to 10 to a subject in need of such treatnent. 23. A met hod accordi ng

to Gaim22, in ghich the gdargmgsod | MRSIS 26 c1Aimey hod
agcbrding to Clé?g]%g, iné%ﬂ(ﬂ1t%i}%ﬁﬁé%ﬁ#ﬁ%cdﬁg d%r?%%,radi%fhera y._25.n
A nethod accor diE¢R e oomPopnd) ig ngulstibubed ag dpfénredhenndpbie s a

human. 26. 9Use of a xorgmpiEl e sbd@rd Dng o Civgy 0dnd Oof Gt Bh s 15t fo
4 in the treat t o ording to any

:Fone of Clains 110 f@ﬁTgﬁ25%%3?%%9%Vn%r§§v$%%%ﬁggggﬁggg E@gsﬁFﬂu aused by

‘ul traviol et Prraehrgisping opfzi ng radiati on,

: 5,8,9,10,14-pentaacetoxy-3-benzoyloxy-15-hydroxypepluane
(pepluane) ;
15-pentaacetoxy-9-nicotinoyloxy-14-oxojatropha-6(1),11E-
-diene (jatrophane 1); ‘

10 2,5,7,9,14-hexaacetoxy-3-benzoyloxy-15-hydroxy-jatropha-
6(17),11E-diene (jatrophane 2);
2,5,14-triacetoxy-3-benzoyloxy-8,15-dihydroxy-7-
isobutyroyloxy-9-nicotinoyloxyjatropha-6(17),11E-diene
(jatrophane 3);

15 2,5,9,14-tetraacetoxy-3-benzoyloxy-8,15-dihydroxy-7-
isobutyroyloxyjatropha-6(17),11E-diene) (jatrophane 4);
2,5,7,14-tetraacetoxy-3-benzoyloxy-8,15-dihydroxy-9-
nicotinoyloxyjatropha-6(17),11E-diene (jatrophane 5);
2,5,7,9,1l4-pentaacetoxy-3-benzoyloxy-8,15-

20 dihydroxyjatropha-6(17),11E-diene (jatrophane 6);
20-acetyl-ingenol-3-angelate;

and pharmaceutically-acceptable salts or esters
thereof.
10. A composition according to any one of Claimg 5 to

25 9, in which the carrier comprises BP-alanine betaine
hydrochloride or t-4-hydroxy-N,N-dimethyl proline.

11. A method of treatment of a cancer, comprising the
step of administering an anti-cancer effective amount of a
compound according to any one of Claims 1 to 4 or a

30 composition according to any one of Claims 5 to 10 to a
mammal in need of such treatment.

12. A method according to Claim 11, in which the
cancer is a ‘solid tumour.
13. A method according to Claim 11 or Claim 12, in

35 which the cancer is selected from the group consisting of
malignant melanoma, other skin cancers including Merkel
cell carcinoma, squamous cell carcinoma and basal cell
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m.crowave radiation or exposure to ozone 15 28. Use of a coﬁggghhn%qggg
accordlng to any one of Clains 5 to 10 in the treatnent of canc ;
Use. of a conposition according to any one of Cainms 5 to 10 in preventing
or aIIeV|at|ng damage to skin caused by ul+73vi-ol et irradiation, ionizing

“radiation, 20 mcrowave radi ation or exposure to ozone 30. Use of a
. conmpound aCCOfd'd&Q:delo?déy AP fcdd @B colidh bafterd, GYBMSILd WhAeSS] di ng
to any one of d aing 10 in the nanufacture of a nedi cament for the

. treatment of caﬁﬁ§V19?§ qucer and hreast £aiffound according to any one
.of Claims 1 to 44.0or a compn@thodnamafdimgttooaaﬂyo@medﬁ Qaaings 19t 13,

Ly e mnul act Wbt PUSURN M S e S ALY, RS O
“radiation or5 exPoRmOAMEGism REENE2. Use of conpound according to any

~one of daims 11550 4, OF & GRFPRH Ufoan&%qrtq'd@gﬁz%ﬂ%x%fa@ Q@T\;ﬁé df
- 10 in the nanufacture of, a ne |canent for, in UC|nq:proI|ferat|o
non- neopl astic astic cells, comprising the ep of exposing the cells

to an anti-proliferative amount of a compound according to
any one of Claims 1 to 4, or a compositign according to any
10 one of Claims 5 to 10.
16. A method of stimulating proliferation of non-
neoplastic cells, comprising the step of exposing the cells
to a proliferation-inducing amount of a compound according
to any one of Claims 1 to 4 or a composition according to
15 any one of Claims 5 to 10.
17. A method of stimulating the activity and/or
inducing proliferation of T-cells, comprising the step of
exposing the cells to an effective amount of a compound
according to any one of Claims 1 to 4, or a composition
20 according to any one of Claims S to 10.
18 A method of alleviating disease conditions by
stimulating cells of the immune system, according to
Claim 16.
- 19. A method of inducing neoplastic cells to
25 differentiate, comprising the step of exposing the cells to
an effective amount of a compound according to any one of
Claims 1 to 4, or a composition according to any one of
Claims 5 to 10.
20. A method according to any one of Claims 15 to 18,
30 in which the cells are treated in vivo.
21. A method according to any one of Claims 15 to 18,
in which the cells are treated ex vivo.
22. A method of preventing or alleviating damage to
skin caused by ultraviolet irradiation, ionizing radiation,
35 microwave radiation or exposure to ozone, comprising the
step of topically administering an effective amount of a
compound according to any one of Claims 1 to 4 or a
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composition according to any one of Claims 5 to 10 to a
subject in need of such treatment.

23. A method according to Claim 22, in which the
damage is solar keratosis.
24. A method according to Claim 22, in which the

damage occurs during radiotherapy.

25. A method according to any one of Claims 11 to 24,
in which the mammal is a human.

26. Use of a compound according to any one of

Claims 1 to 4 in the treatment of cancer.

27. Use of a compound according to any one of

Claims 1 to 4 for preventing or alleviating damage to skin
caused by ultraviolet irradiation, ionizing radiation,
microwave radiation or exposure to ozone

28. Use of a composition according to any one of
Claims 5 to 10 in the treatment of cancer.

29. Use of a composition according to any one of
Claims 5 to 10 in preventing or alleviating damage to skin
caused by ultraviolet irradiation, ionizing radiation,
microwave radiation or exposure to ozone

30. ’ Use of a compound according to any one of

Claims 1 to 4, or a composition according to any one of
Claims 5 to 10 in the manufacture of a medicament for the
treatment of cancer.

31. Use of a compound according to any one of

Claims 1 to 4, or a composition according to any one of

Claims 5 to 10 in the manufacture of a medicament for
preventing or alleviating damage to skin caused by
ultraviolet irradiation, ionizing radiation, microwave
radiation or exposure to ozone.

32. Use of compound according to any one of Claims 1
to 4, or a composition according to any one of Claims 5 to
10 in the manufacture of a medicament for inducing
proliferation of non-neoplastic cells.
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