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Thé aim of this presentatibn is to summarize the essentiél information
which was emerged from the last 10 years of "anticarcinogenesis' studies
with retinoids (vitamin A and its analogues). Several reviews oflthis topic
havé appeared recently (1-4). 'For the purpose of tﬁis conferéﬁce,'l Qill
limit this discussion to a review of experimental attempts to exploré and
deﬁonstrate antineoplastic effects of retinoids. To this end I wiil select
exemplary studies from the literature rather than attempt a comprehensive
review. The-chemistry, biochemistry and physiology of retinoids will not
bé discussed. Those interested in this subject may be referred to a recent
review by De Luca (5).

Retinoids are needed for the proper development and_maintenance of
muéousngmbranesand surface epithelia. For close to 50 vears evidence has
suggested that . the mucous membranes of vitamin A deficient.rats might -
develop cancer, aﬁd»indicatibﬁs'that vitamin A night inhibit carcinogenesis
have existed for oﬁer 30 years (for review see ref. 1). In the last 10 years
efforts to firmly establish the anticarcinogenic effects of natural and syn—-
thetic retinoids have gained great momentum. These investigétions can be
categorized according to the principal experimental approaches used.

1) In vitro studies: prevention or reversal of transformétion or
carcihogen indgced tissue changes; and inhibitioq of gréwth of neoplastic
cell lines. 2) In vivo studies: dinhibition of tumor induction, and growth
inhibition of established tumors.

" Before discussing some key éxamples of antineoplastic studies with -
retinoidé, it shoﬁld be méntionea that‘ﬁuch of:the.mosg fecént work hasAbeén
conducted with synthetic retinoids, becadse.it has becomelélear that the

natural retinoids have too-low a thérapeﬁtic_index, i.e. relative to the




intended therapeutic effect their toxicity is too high.i.For'this reasomn
extensive studies have been launched, concerned wi;h the search fof struc-
tural modifications of the retinoid molecule which wiil yieid fetinoids with
a higher therapeutic index than the natural retinoids. Modificatiéns of the
retinoid molecdle'ére Eeiﬁg atteméted either in the riﬁg portion, the side
chain or the terminal end (seé Figure 1). Examples of-useful structural
modifications of the retinoid molecule'which have either a modified ring )

or a modified terminal group are depicted in Figure 2.

In vitro studies of the anticarcinogenic effects of retinoids., Over the

last two decades a series of studies were conducted by Lasnitzki and.collab—
orétors using moﬁse prostéte in organ culture (e.g. 6, 7);-.Morelrecent1y
Chopra and his.colleagues have used tpe same system (e.g. 8, 9). These
studies have shown that natural, as well as a vériety of synthetic, retihoidg
with ring and polar group modifications have antimitotic and antihyperplastic
activity in prostate cultures exposed to chemical éarcinogens (3—methylcholan-
threne and N—methyl—N—nitro—N—nitfosoguanidine)° Thé retinoids were active.
in the culture medium either with the carcinogen éresent or'afferlthe-carcin—
ogen exposure. The methylketo cyclopentenyl and the l-methoxyethyl cyclopen-
tenyl analogues of B-retinoid acid were at least 50 times as effective as

the retinoic acid itself in reversing the carcinogen induced hyperplasia.
Recently it was reported (10) that a synthetic retinoid (Ro 11-1430, the 4-
methoxy-2,3,6-trimethylphenyl analog of retinoic acid ethyl amide) inhibits
oncogenic transforﬁation in vitro of 10T% cells exposed.to Y—rédiation and
that tﬁe natural retinoidsfretina1;.retiﬁal and.fetinylacetaté inhibit at
non-toxic concentratiéns the neoplastic tranéformation of 10T% cells by the

carcinogenic polycyclic hydrocarbon 3-methylcholanthrene (11);




Another type of in vitro study was carried out by Lotan and Nicolson (12)
and by Dion et al. (13) measuring the effects of retinoids on various growth
parameters of transformed and untransformed cell lines. Lotan and Nicolson

(12) found that retinoic acid (all-trans-B-retinoic acid, at 10—5 M concentra-

tion) and to a lesser extent retinyl acetate inhibited the growth of many

of the 31 cell lines that were tested. The tumor lines that were tested
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included lymphoma, myeloma, sarcoma, neuroblastoma, melanoma and carcinoma
cell lines from a variety of species. -Ihe degree of growth inhibition
varied considerably from cell line to cell line. In many of the tumor lines,
including two mammary carcinomas, growth was seyergly inhibited (>75% growth
inhibition).v Whether the differences in reépoﬁsiveness to retinoids can be

attributed to the presence, absence, or relative concentration of the appro-

priate intracellular binding protein, as suggested by some (14, 15), is still

.an open question. The other group of investigators showed that retinoic acid

increased density dependent growth control (16) and anchorage.depeﬁdent

growth (13), two biological markers commonly used to distinguish between
transformed and untransformed cells, in some but-not all transformed cells
which were tested (Table 1). The concentration of retinoic acid which restdredA
anchorage dependent growth (measuréed by a 50% inhibition of colony formation

BV

in methyl cellulose) of the mouse transformed fibroblast line L-929 was 2 x 10
as compared to 1 x 10—5M for fetinyl acetate. These investigatoré also found
that this effect was reversible when the retinoids were withdrawn from the
culture medium. Recently, it was also shown that retinoids can block pheno-
typic cell'frapsformation produced in vitro by éércomé growth‘factbré an.

" In summary, the in vitro studies haQe showﬁ-i)-ﬁhat’ﬁatﬁral and synthetic

retinoids can effectively inhibit carcinogen'induced‘hyperplasia metaplasia

and proliferation in prostate organ cultures. 2) That the transformation of



fibr&blast cultﬁres by chemical and physical transforming agents can be
inhibited; 3) that the growth of some .(but not of other) untransformed and
transformed cell lines can be inhibited; 4) that'the expression of some pheno—'
typic markers which are characteristic of transformed cells can be inhib—

ited and 5) that these effects can be much more readily achieved with some

of the less toxic synthetic retinoids. |

In vivo studies of the anticarcinogenic:effects of retinoids. The most

extensive Work on thé effects of retinoids on the induction of tumoré has been
carried out in the two-stage skin carcinogeneéis nodel. (In this mpael an
‘initiating dose of carcinogen, which by itself ié nontumorigenic, is applied;
this is follqwed by repeated applications of a promoting agent. The end
result is development of papiilomas and carcinomas. Neither the initiator
nor the promoter alone cause skin tumor formé.tion)° Such studies have been
carried out by Bollag and others fe.g. ref. 1). A typical_example of the
inhibition of skin cércinogenesis by synthetic retinoids, in this case by an
aromatic retinoic écid analog, is illustrated iﬁ Figures 3-5 (18). - After
initiation with a carcinogenic polycyclic hydrocarbon the promoter is applied
to the dorsal skin, twice weekly for the duration of the experiment. The
retipoid feeding (30 mg/kg body weight per day) commenced wiph the start of
promotion. The development of papillomas-and carcinomas was markedly inhibited
by tﬁe retinoid feeding.. Bollag aléo showed <l9) that established papillomas
and carcinomas could be treated with the same retinoid. By oral adﬁinistra—
tion of 5-40 mg/kg body weight for 2 weeks a 17-76% reduction in‘papilloma
size was achieved, while the tumors in untreated controls iﬁcfeased iﬁ size
by 23%. With administration of 400 mg/kg of body weight for 2 ﬁeeks, 9 out

of 11 carcinomas were reduced in size by 14-97%. .The carcinomaslin éonfrol

animals, in the meantime increased by 14-316%. The mechanism of this. inhibi-



tion and induced regression is not clear; Trigg.aﬁd Torhorst (20) in an

autora@iographic study, failed to discover any effect on cell proliferation
in retinoid induced regression of skin tumors. The prophylactic effects of
- retinoids in skin carcinogénesis have been further invéstigated by Boutwell
and his collaborators in a series of studies. As reported in a recent com-

munication (21) these investigators demonstrated that skin tumor formation

can be inhibited by topical application of a variety of retinoids. The retinoid

lwgs applied to the skin 1 hour prior to each appliéation of tﬁe promoter
(Figure 6). 1t was further shown (22, 23) thgt fhis inhibitory'effect
closély correlates with the ability of the same drugs'to inhibit the stimu-
laﬁioﬁ of orinthine decarboxylase (ODC) activity by the phorbol estér TPA,
(Fig. 7 and Table 2). Retinoids which do not inhiEitATPA—induced~stimulation
of ODC lack significant prophylactic effects in terms of papilloma formation.
The authors also found taht the retinoids do ng_ihterferé with tumor initi-
ation and do not inactivate initiafed éells. Thus in this tumoigenesis assay
the retinoid seems to inhibit only the action of the promoting agent.
Studies in othe; tﬁmor induction systems are less plentiful, less system-

atic and generally less dramatic. Moon et al. (24) and Grubbs et al. (25)

showed evidence for an inhibition of mammary tumor formation of rats (carcino-

gen DMBA) by retinylacetate and retinylmethyl ethet (Figure 8). Subsequently

the same group of investigators presented data suggesting that in the rat
mammary tumor sfstem retinoids inhibit the progression éf early neoplasfic
lesions to carcinoma and that continuous retinoid intake is required to
maintain the preventive effect (26). Inhibition‘of carcinogenésis in the
bladder of rats and mice has been achieved with administration of 13-cis
"retinoic acid (27-29) (Table 3). 1In all of these gXperimenté, sinée the

retinoid administration was started after the. carcinogen exposure it is most




likely that the retinoid interfered with whatever proéesses follow the
initiating éven;s. It must be noted that the endboint measured in allA‘
of these experiments is tumor incidence (or number'of tumors per animal).
at a predetermined point in time, and not survival.

' Attempts to inhibit the formation of intestinal ﬁract carcinomas induced
in rats by dimethylhydrazine (29) or by local appliéation of N-methyl-
N-nitrosourea to the colén have.been less successfult(BO). Niether retinyl
palmitate nor 13-cis-retinoic acid nor the trimethylmethoxy phenyl analog of
retinoic acid ethylamiﬁe (Rs 11-1430) inhibited the developmént of intestinal
tract cancers. The latter compound had been shown to inhibit the growth of
éome transplantable tumors (see Below); |

The inhibitioﬁ of_tumor»induction in thg respiratory tract of mice, rats
or hamstersAhas also not been convincihg. Despite fepeated at#empté, it
hés not been possible to consistently reproduce the earlier findings of"
Saffiotti and coliaborators (31); who reported a reduction of respirétory
tract tumor :incidence from 327 in controls tolllZ iﬁ hamsters treated‘with
retinyl palinitate (10,000 TU per week). The tumors were induced.by repeated
intértréchéal injections of benzo(a)pyrene adsorbed for ferric oxide particles.
In.l975 Smith et al. (32, 33) ﬁublished two independent sﬁudies,Aeach with
several:hundreds"df“hamsters, which failed to demonstrate any inhibition of
lung cancer induction by rétinyl acetate’ (weekly doses ranging from lOQ to
2400 up of retinyl acetate per week). The tumor inéidenge was between 60 aﬁd
80% in one stﬁdy and between 40 and 507 in the other study. Similar to
.Saffiotti.ét al., 1967 (see above) these workersxobsérved a significant
reduction of stomach papillomas in the retinyl acetate treated hamsters. .fhe
third stﬁdy conducted with:the same iung tumdr inducﬁidn system,was.discussed

by Sporn et ‘al. in a review article (3). In over 130 control hamsters the



tumor incidence was 10%; in hamsters receiving 3 mé of 13-cis-retinoic acid
the incidence was 1.3% (2 out of 152) and in 158 hamsters receiving 9 mg
of 13—cis—fetinoic acid no tumors Weré found in 158 hémstérs. The gombined
lung tumor incidence in the two treated groups was 0.6%. |
Sfudies'in our 1aboratory have not unéquivocallyAestablished the inhibi-
tion of lung tumor induction in rats (34-37) or in hamsteré (38) by retinyl
acetate, 13-cis-retinoic acid or Ro 11-1i430 (trimethylmethoxy phenyl analog
of reﬁinoic acid ethylamide). Hamsters treated witﬁ the latter compound (Table
4) éppeared to show a trend towards a somewhat reduced céncer-risk in 4 of 4
groups receiving Ro 11-1430. 1In contrasf 13-cis-retinoic acid,.probably‘
due to the toxicity encountered, resulted in an acceleration of death from
cancer. We did find, however, that the incidence of preneoplastic lung nodules
in rats as well as the incidence of lung cancers was signifiéantly higher in
rats maintained on a subnormal retinoid level than in rats receiving normal
or above normal ievels of retinoids (Table 5),(34—37). Tﬁis suggests an
increased susceptibility to theé induction of cancer in the respiratory tracts
of vitamin A deficient rats. | |
It is presently not clear why the data antherinﬁibition of luﬁg cancer
induction are so ambiguous or even contradictory, compared to the findings
with mammary gland, urinary bladder and skin tumor induction. One possibility
is that this is simply a reflection of the differences in reproducibility
and sensitivity of the different experimental models. We believe, however,
that tﬁe skiﬁ carcinogenesis studies may 1eéd to a poésible biological
- mechanism. The studies éarried out in Boutwell's laboratory (21-23) suggest
that one major mechanism of the inhibitory effects of retinoids on carcino-

genesis -is through inhibition of promotion. If this finding also has relevance



to the development oonther tumors, then one would expéct to find 1itﬁle'or
no inhibitory effect under those conditions where prémotion is not a major
factor. This is the case when "ﬁomplete" carcinogens are applied aﬁ
relatively high'doses and/or when no promoter (internal or external) exists
to "drive ﬁhe initiated cells to the point of‘tumor development. The cérciﬁo—
gen dosesiused in éome of the respiratory traét ﬁumors induction studies migh;
be "completely" carcinogenic and "natural"ipromotersAwhich appear to exisb_
in mammary tumorigenesis may be absent in respiratory tract'carcinogengsis.
Finally, numerous attemﬁts have been made to inﬁibit the growth of
estabiished tumors (or tumor lines) in vivo with administration of various
types of retinoids. Earlier attempts were in many cases di;appointing (for
review see 1). However, more recently several encouraging results have been
reported (see also 19) with retinyl palmitate, inhibiting the growtﬁ of a
transplantgﬁle murine melanoma (Table 6) (39) and of a tramsplantable
adenocarciﬁoma‘(éQ). 13-cis~retinoic acid and 3 synthetic aromatic retinoids
- (Ro 10-1670, Ro 10—9359, Ro 11-1430) were reportéd to inhibit growth and to
caﬁse regression of gstabiiéhed:chondrosarcomas in rats (Table 7) (41, 42).
It has been suggested that the:reason for thé differenées in the responsive-
ness of'various tumors and tuﬁor lines to retinoids may be-related:to the
presence or absence of cellplar retinal and/or retinoic écid binding pro-
teins (14, 15, 43). It has been repeatedly suggested that this type'of anti-
tumor. effect may be in part an immunological component since retinoids have
been shown to enhance humoral and cellular immune responSes'(fof discussion
sée 39’. However, the inhibitory effects on neoplasfic cell 1ineslig_vitfo
» (see above) suggest that a direct inhibiﬁioﬁ 6f tumor growth, by é yet ﬁnknown
mechanism, is likely to be a major:factbr in the inhibition of tumor growth

in vivo by retinoids.




‘In summary, the in vivo studies indicate that 1) tumor induction can

be effectively inhibited, at least in some tumor models, by natural and
synthetic retinoids; 2) that the effect may result from inhibition of the
promotion phase, i.e. the post initiation phase dﬁringlwhich the progression
of initiaﬁed célls to fully transform neoplastic cells occurs, due, at least
in some tumor models, to exogenous or endogenous pfomoters; 3) thatbsome
established primary tumors as well as transplanted tumors will at least
partially regress under intensive retinoid therapy; 4) that some of the‘
synthetic retinoids have a much higher therapeﬁtié index in préventioﬁ-or

therapy of cancers, than the natural vitamin A compounds.

SUMMARY AND CONCLUSION

With this brief and selective review, I have tried to highlight the
progress made in recent years in the search for‘fetinoids with anticarcinogenic
activity. There are many studies to be found in the literature which show.ho.
substantial effect of retinoids on carcinogenesis or tumor growth (for review
see 3). Some of these negative findings may be related to the.carcinogen dose
uéed,.the type of retinoid used, the dose, dose schedule(or mode of administration
of the retinoid., Others may indicate Fhat the particular type of tumor or
tumor system is, indeed, refrgctory to retinoids in generai or to those retinoids
tﬁat‘weré tested. A great gap sfill existé in our knowledge concerniﬂg fhe pharmako-
kinetics of most retinoids their availability to various normal and cancerous
tissueé, the role and existenée of transport and binding proteins, etc. There
are studies which indicate that under certain conditions, particularly condiﬁions
of topical application, some'retinoids-may'even enhance carcinogenesis (44-46).

If seems, ho&ever, indisputable'by now that some retinoids are efféétive
inhibitqfs of carcinogeﬁesié in some organ .systems and can even-inhibit,thé '
growth of somemestéblished~tumorsu While the mechanisms of these inhibipory

effects are presently not understood,'it does :seem clear that they are not
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mediated via the cytotoxic mechanisms typical of chemotherapeutic agents.
The hope ‘that retinoids might become an effective tool to halt the progression

of some neoplastic diseases, seems to be justified.
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TABLE 1 -

Sensitivity of seven transformed cell lines’
to inhibition of clone formation. (in methyl
cellulose) by retinoid acid as expressed by
the 50% clonal.inhibitory dose (CIDSo)f (From
Dion et al., Exp. Cell Res. 117, 17;71978).

- Cell .

- line Species Tissue source CIDS‘Oa
L929i4 Mouse ~ Connective 2.1 x 10f9
B16C3 Mouéé ‘ Melénoma-  1.2 x 10-8'
Hela - Humaﬂ : Cervicél 4.5 x 10_-7

' . carcinoma
AV, ' Human . Amnion" ;l.é x 107
SVA31 Mouse Connective 51.6 x 10_§ 
L132 Huﬁan ~ Lung 51,6 x 1070

.CHOl ﬁamster Ovary : >1.6 ﬁ 10--5
a

CIDSO,is expressed as retinoic acid molarity.



TABLE 2

Doses of retinoids that when administered topicélly, inhibit 50%
of TPA-induced mouse epidermal ODC activity

‘(Modifiéd.froﬁ-Vefma, A. K. et ai.j Cancer Res. 38:.793, 1978)

‘Median
dnhibitory
dose
Retinoid < . (nmoles)
DMECP analog of retinoic acid - - 0.09
B—Reéinoic acid . ' ; ',l;O;lZ
; 13—cis—Refina1 o ' .'Zr 0.14
‘g ‘a-Retinoic acid | o . o ‘ : f 0.20‘
ir)é 8-Fluoro-TMMP analog of mefhyl retinoate C : - 0.21
g % 13—cis—Re£inoic acid A | ' ) , 0.24
B 5,6-Dihydroretinoic acid - . 043
DACP anaiog‘of retinoic acid ' ' ;' 0054‘
llZ—Fluoro—TMMP analog of ethyl retinoate | ‘ ' . .~5.00.
llO—Fldo%o—TMM?.anélog of methyl retinoate - :’ 8.90 "
:§ {' : . TP analog .of retinoic acid S - .12.8
)i . TMMP analog of ethyl retinoéte . . .‘ o “14.0
= frimethfl;hiophepg-analog of retinoic acid - ' 16.4 '
’ TMMP thioc analog of retinoic acid - ‘ 3206‘
‘Lactone of retinoic écid A | ' | ' 60.0
; 10—F1uo:o;TMMP analog of 13-cis-methyl ret;noate o 139
2\4 Phenyl'analog of ethyi-retinoate : . 192-
% B TMHP analog-_of.e;t-:hyl ret'in,oéte : ‘ o | © 400
= TMMP analog of N-ethylretinamide ‘ o 400
Q"g 9—cis—lO—Fluor0*TMMP.ahalog:of’methyl retihoate'A _ 540
;3 a N—(Z-Hvdroxyethyl)retlnamlde o ' - 540
ég K'. .Furyl analog of rer1n01c acld . . _ 1&&5

l3—TrifonromethyleTMMP analog of .ethyl retinoate . NA

zNA not active
TPA, 12-0~ tetradecanoylphorbol ~13-acetate; ODC ornithine decarboxylase,

DMECP, dimethylmethoxyethylcyclopentenyl; DACP, dimethylacetylc clo ent s
'T'MMP ?f'Y"ImPf h?flmpf‘hnwvnhpzv'ly TN[HP rr?l,mpf'hv"hxrﬂrn\\ nk{n\r" y y p n eny:[,



TABLE 3

Effect of 13-cis~retinoic acid: incidence of bladder neoplasms in each treatment group'

(Modified from Becci, P. J. et al.; Cancer Research 38: 4463, 1978)

. . Transitional o
Dose of 13- Total bladder = and squamous Squamous = .-
Total cis-retinoic neoplasms2 cell carcinoma cell carcinoma
dose of acid " No. of . No. of . - No. of
‘No. of OH-BBN® (mg/kg No. of bladder No. of bladder No. of bladder
mice (mg) - diet) . mice areas - . mice areas - mice = areas’
246 - 90 None 9(38)P - 11(23) 8(33)  10(21) 6(25)  8(17)
19 90 . 200 1(5)¢ 13 0@ 0@? 0 0
22 140 .Nome  12(55)  16(36) 10(45) - 14(32) 6(27) - 9(20)
25 140 200 8(32)  9(18)C 7(28)  -8(16) 5(20)  6(12)
10  None  None 0 0 o 0 o - -0
10 None 200 0 0 0 "0 0 0

2pladder neoplasms included carcinomas and noninvasive transitional cell
papillomas. :

Numbers in parentheses, percentage.
cSignificantly different from respective'cpntrol; p<0.05.
d

Significant@yAdifferent from respective control; p<0.01.

€OH-BBN = N-butyl-N-(4-hydroxy butyl)nitrosamine.



TABLE 4

Relative risk of dying from tracheal tumors in groups treated with retinoids®

(Modified from Yarita; T. et al.; J. Natl. Cancer Inst., submitted, 1979)

No. of NMU Re.i'inoid concentration - Relative | a p
exposures 4 (per kg of diei) o sk ' -
8. 150 mg Rol1-1430 0.7 0,097
75 mg Ro11-1430 | . 0.8 . 0.347
128 mg 13-cis-retinoic acid - 1.71 - .0.223
20 150 mg Ro11-1430 0.0 - 0.393
23 150 mg Rol1~1430 0.84 . 0.353
172 mg ]3-E§—retinoic dcid . 2.01 o 0.043

2The retinoid-treated groups were compared with their respective placebo

control groups .

Hamsters were exposed 18-23 times 1% N-nitrdso-N—methyTurea“using a
tracheal exposure method. Ro 11-1430 is the 4-methoxy-2,3,6 trimethyl ;

phenyl analog of retﬁnbicAacid~ethy1 amide.



TABLE 5
Effect of ret1ny1 acetate (RA) on the 1nc1dence of squamous celT carcinomas in rats

‘ (Mod1f1ed from Netteshelm, P. et al., Env1ronmenta1 Heaith Perspectlves, in press, 1979)

- Cércinogeri (3 'meth')'rlchoianthreﬁe),idose_ '(mg)'

R - T Y0 YU SR OF.
RA/week - TBAZ  MsTS CTBA . MST  TBA . MST.  TBA - MST %
(wg) (%) (week) - (%) (week) (%) (week) (%) . (week) - CombinedS
17440 66 77 20 104 .9 - 10 10 1 24
1740 40 85 21, 100 10 105 0 12 16

17.4 93 70 65 & 27 01 23 103 . 48

2 Each of the 12 subgroups consists of 15—22 "effective” animals (233 rats fotcl) ;-3-='MCA- was administered -
lf.[ fhERAl. o . . . : o

b . . A N § . - . . L . '. . ’
- TBA, fumor-bearmg animals.  All tumors were invasive squamous carcinomas.
c . . '

= MST = mean survival time.

d For each RA level % TBA of ali carcinogen dose gfoups’ were combined; there were 7779 rats per RA level ,




TABLE 6

Comparison of the inhibition of tumor
dévelopment by varying doses of intra-
peritoneal ‘retinyl palmitate. The sig-
‘nificance of the differences was measured
by the chi-square test.” For the saline
(S) versus the A2 group P<,0l.  For the
saline versus the A3 group, P<.005.

Oﬁodlfled from Fellx, E. L. et . al.; Science 189: 886, '1975)

Dose of
retinyl No. of mice
palmitate with tumor/
(units/day No. of mice
. Group - x 5 days) inoculated
S : 4] ' 20/25
A - 2500  16/28
Az 4 -3500 9/22 -
A, 5000 . 4/17




TABLE 7

Inhlbltlon of Growth of a Chondrosarcoma in Flscher
Rats by Various Retinoids :

Two Week Studies

(MModified from Trown, P. W. et al.; Cancer Treatment Reports 60: 1647, 1976)

. % Inhibition 2 -
Daily Dose Ro 10-1670 Ro 10-9359 Ro 11-1430

mg/kg ip ip ip
80 91.4 - 94.6 -
40 63.8 78.6 83.8
20 Cos.1 13 T 77.8
10 63.1 73.5 61.1
5 40.5 36,3 33.5
2.5 3406 e 11.5

lDrugs were suspended in 0.17 carboxymethylcellulose
.- 1in water containing a trace of Triton X-100 by son-
+ - -~ dication and -administered daily, -Mon.-Fri., each week. e e
' Ro 10-1670 = all-trans-9-(4-methoxy-2,3,6~trimethyl-
phenyl)-3,7-dimethyl-2,4,6,8-nonatetraenoic acid;
Ro 10-9359 is its ethyl ester and Ro ll~1430 1is its
ethylanide., - - - - - - -« .

2Calculated using the .formula C-T + C x 100%Z whexre C =
the mean tumor weight for control animals ardd T =

the mean tumor weight for treated animals. Groups of-
8 animals were used for each experiment and the %
inhibitions for each experiment were averaged.
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' Figure 1

Components of the retinoid molecule. The structure shown is all-trans-f-retinoic

acid. (Modified from Sporn, M. B. et al.; Federation Proceedings 35: 1332, 1976)
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Figure 2

Modifications of the reinoid molecule which have significant biological activity.

The queétion marks under SIDE CHAIN indicate. the relative lack of progress in

thié area, (Modified from Sporn, M. B. et al.; Federation Proceedings 35: 1332, 1976)
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Maan Humbar of Paphiomas per Animal

©-+Controls : . ' "
a =Trealed /
" - . ) . S

A Figure 3
~Ro 10-9359 is an aromatic retinoic acid analog (30 mg/kg body welght, per day);
66 ﬁice per'g:oﬁp}b Mean'ﬁumber of papillomas pef'animal in controls [ (® ] and
- .RoA10—9359 tfeatéd mice [ [3,]}..ﬁ-= Mean nurmber of papillomas per,ahimal;,Ii; _.. $
iDays after firs;uéppliqéfién df*;atciﬁogehL_ (quifié& ffom'Bollag; W.;'Eurdp.

F. Cancer 11: 721, 1975)

MeanYolume of Papillomas per Animai
Viimm?)
© =Controls

400 A ~Treated o

o

&

e e 'Y
80 10 150 200 250 300 Tidays)

Figure & A
Ro 10~935§ is an aromatic retinoic acid analog (30 mg/kg body wéigﬁt, per ﬂny);
66 mice per group. Mean volume of papillémas per animal in cont;ols [ @& ] and
Ro'10—9359.treated mice [ A ].-.V'= Mean volume of‘bépillomas per animal (mm3);

T = Days after first application ofvcarcinogen. (Modified'from.nqllag, W.3; Europ. -

SR, MCasesh 0L R L 18 ’7'\)
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Figure'.S . | B . ‘ L __~
Ro 10-9359 is an aromatic retinoic acid analog (30 mg/ké_body Veight,:pef day);-' o
66 mice per- group. sIncidence of ‘calfci.nomas (.cumulétive‘ -'n'umber) in c'ontrols
Nl G)_] énd Ro 10-9359 ;Feated a%ée_[ JANEE S 'ﬁ-ﬁ Number 6f ca?cin;ﬁas;.T:=

Days after first apﬁliéétién.of:carcinogenm '(Modified from‘Bdllag; W.; Europ. . .

J. Cancer 11: 721, 1975).
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Figure 6

The effect of various retinoids on skin tumor promotion. . All mice wéré iﬁiﬁiated

and promoted ;‘ Retinoids vere applied lAhr'before each promotion witﬁAS nmol of"f~"
TPA. Doses for retinoids were 34 nmol for retinoic acid and 13-cis-retinoic acid

and 140 nmol for the TMMP analog of ethyl retinoate,.ﬁhe TMHPTanaiog of ethyl
retinoate, and the l3—'trifluorometh§l—T§ﬁ‘IP analog of ethyl retinoate. The control
mice (curvé 6) were pretrgated with acetone only. TMMP '=' trimethyimethoxyphenyl;,
iHHP - triéeth&lhydroxyﬁhaﬁyl. (Mééified‘frém Verma, A. K. et al., Cancer Research

39: 419, 1979)
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| Figure 7 RN .
The effgct of repeatéd applicatiéns of TPA on inauction of épidermal ODC activity
and its inhibition by rétinoi;c acid pretreatments, AMi-ce were initi.atedAwith”.
0.2 umol' of DMBA in O.é ml of acetone; 14 days later, mice were treated with
either 0.2 ml of acetoﬁe (®) or 1.7 nmol of retinoic acid () in 0..2 ml of
acetone 1 hr before treatment w:Lth 17 nmol of TPA on Days 1 gnd 4 of each 'Qeek.
Mice were killed 4.5 hr after TPA treatment, and ODC activity in soiuble epi&ermal
horﬁogena;es was determined. Each point is the mean * S“.E. (bars) of"t.:he detemiﬁa_
"tions carried out in 3 groupé of 3 mi';:e each. ODC activity wés not determined
beyond the 1lth applicatio.n of TPA because fhe m'ice~‘s,ta1_'ted Be.aring p.apillbinés.

‘(Modified from Veiﬁ‘na, A. K. et ai., Cancer Research 3_9": .4'19, '1979)'
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" Figure 8 ‘ '

—
. The effect of retinyl methyl ether and retinyl-acetatc on the time of appearance

of palpable mammary cancérs' that wexjé confirmed histol.o-g{i’cally._ An:tmals: wér:e

placed on the various retinoid diets 1 week after the intragastric insta"llatlon

of 5 mg DMBA. The rats were palpated for mammary tumors. twlce weekly for the

.duratlon of the e}’perlme’xt Diets fed (umoles of ret:mo:.d per kg of dlet) were:
@, placebo B , ret1nyl methyl ether, 380; ﬁ‘*“"'@, retlnyl methy] ether,
760; rﬁ‘-——-g& retinyl acetate, 380 A*»"*@retluyl ac,etate, 760. ' ‘ |

(‘40d1f1ed from Grubbs, C. J. et al.; Cancer Research 37: 599, 1977) -






