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ABSTRACT

Skin tumq‘rs can be induced by the sequential application .'of a subthreshold dose '
of a carcinogen (initiation phase), followed by repletitiVe tl‘“'eat'ment with a weak or non-
earcino'genic tumor promoter. There is a very good dose-respbns_e relationship be-
| tween the induction of he nu:nber of papillornae pe:t mouse at early times (10 to 20
weeks) by either tumor initiator_s and pro'mioters and the-final carcinoma incidence ,
after a longer latency (20 to 50 weeks) inSEN.CAR rnlice. This syst_ern'not only can be
,usedt'o determine the- tumor initiating and promoting acti\}ities of a compound but Aif
the egent is gi\ten repeatedly by itself one can also determlne if 1t is a complete car—
~ cinogen, i. e., if ith oth tumor initiating and -promotmg act1ii1ty With the ex-
ception of a few pure ‘mmor initiators there is in general a good qualitative and quanti-
tative correlation De*xveen the ability of a. polycychc aromatic hydrocarbon (PAH) to
'act. ' as a complete carc’nocren and to act as a tumor initiator in mouse skin. In add1-
tion, if the agent is given concurrently with a known cqrnplete ‘carci'npgen or a turnor
initiator one can also detennine if the agent has co -carcindgenie oi' co-tumor initiating _
3 _acﬁvity or even possibly ant_icar_cinegeni‘c activity. Likewise, if the agent 1s given con-
currentl;t'with a knnwn turno-rl promoter one can determine 1f the agent has co -prornoting
or anti-pronmoting aclivit?y. o

There is a good correlation between the turnor-initiatmg activities of PAH and A
'.the1r ablhties to bind cova.lently to DNA In addition various 1nh1b1tors of PAH tumor
_ '-i‘nitiation show a strong corxelatien with their abilities to inhibit the binding of the PAH
to DNA and their anti-tumor initiating activities.l There is also a good corre1éﬁon be-

tween the promoting abilities of phorbil esters to promote tumors and their abilities to
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‘ induce ornithine decarbéxyldse (ODC); cell proliférétibn and dark basél keratinocyfes,
However, - wﬁen'other nonpromoting hyperplastic ageﬁ.ts are us}ed only dark cell in-
dﬁcﬁon correlates, Certain polyamines and. piostaglandins .can' enhance phorbél ester
. tumor promotion. Anti -inflammatory steroids, retinoids and protease i"nhibitors are
potent iﬁhibitors of tumor promotion, They inhibit tumor promotion by either in-
hibiting the 12-0 -tetradecanoylphorbol-‘lS-acetate l(TPA)' induced cell proliferation,
ODC and/or dark basal ?-erétinocytes; Certain iveak promoters ‘suc;h' és m,ezerein
-which mimic‘s-TPA in many biochemical and morphological effects are potent se?:g’md

step promoters in a two-stage promotion regimen,

INTRODUCTION

‘ Currént information su‘ggests that chemicél carcinogeneéié is'a multistep process
with one of the best studied models in thig regard :being the two-stage éarc':inogenesié ‘
‘System using mouse skin, Tablé lAéum'rna.'rizeAs sor;'le aspects of cal;cinog,e_nesis in ex-
‘périmental animals and in man, | Skin fux_nors can be induéed by the sequeqtial appli-
cation of a subthreshold dose of a carcinogen (initiation phase) followed .bY repetitive
treatment with a noncarcinogenic tumor p-l;omc;ter, The initiation pﬁase r‘equirés only
. a single épplicatioﬁ of éithe'r a Airect or indirect carcihogen at a subthreshold dose
and is essentially irreversible, whi}'elthe pfbrnotio-n phase is broughtlabout by .lrepetitiAv'e
t;re'atments after ihitiatibn and ié initially réversible, Jater becoming ir’reversibie.

This system not only can be used to determine the turﬂor initiating and promc;ting
activities of a compound but if the aéent is given repea;tedly by itself‘on'e cén also de;er-

mine if it is a complete carcinogen, i.e., if it has both tumor initiating and promoting
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“activity. In addition, if the agent is given concurrently with a known complete carcino-

gen or a tumor initiator one can also determine if the agent has co-carcinogenic or co-

tumor initiating activity or even possibly anti-carcinogenic activity. Likewise, if the

agent is given concurrently with a known tumor promoter one can determine if the

agent has co-promoting or anti-promoting activity. Furthermore, like most carcino-

genesis systems, skin carcinogens may have additive or éynergistic effects. This sy-

" stem has proﬁded an important model for not only studying carcinogenesis and for bio-

assaying carcinogeric agents but also for the study of modifiers of carcinogenesis,

Recently, the generality of the two-stage system or multistage carcinogenesis-has been

shown to exist in a number of systems besides the skin such as the liver, bladder,

.colon,.esophagus, stomach, mammary, diaplaée’ntal as well as cells in culture (1), -

Whenever a known skin carcinogen has been approp;iately tested, it has shqwn |
skin tumor initiating acﬁvity A(2-16). In a two -;stage mouse skin system, initiation is .
the only stage that requirés the presénce of the cércinogen, énd the measured carcino-
genic potency of a chemical reﬂects"its capaéity for turnoAr initiation. The results in

Table 2 show that there is both a good qualitative and quantitative correlation between

the complete carcinogenic and tumor initiating activities of several chemical carcino-

gens in mouse skin, This is true when one considers the number of papillomas per
mouse at early times (10 to 20 weeks) or the final carcinoma incidence after tumor
initiation.

It is possible that a carcinogen lacking promoting ability would not be detected

‘when tested as a complete carcinogen, = In this regard, however, we have found a

_number of chemical compounds that have tumor initiating activity but either Jack or




_ have Very weeik complete car'cinogenie activity (4,9-11,14). These ”pz}lre"l skin
“tumor initjato_rs are listed in Table 3, |
There is a good dos_e-res'pon's_e relationsh:ip' of many carcinogens used as t{umo.r

initiators in the two-stege earcinogeneeis ey_e‘tem uSing SENCAR 'mice‘. This is il-
lustrated in Te,ble 4. A good dose response relationship exists for 7, 12-d-ir1"1ethy1'-.
benZ e)amhraeene (DMBA) and b.errzo(a)pyrenei(BP) to.'i‘niti‘até skin turﬁors in SENC,'ARA
mice. As can be seesn a good correlation exists betweeﬁ the number of oapillomae per
ﬁouse at 15 weeks and the final carcinoma incidehce at 50 w‘eeks}. The percent'of mice

with papillomas has also a reasonable correlation but the dose response is Very narrow

The dose -response a_b111ty of 12 O—tetradecanoylphorbol 13-acetate (T PA) to pro- - |

mote tumors after D\/IbA initiation is shown in Table S. As was the case for tumor
- - initiation, there is also a V"eryl good dose-response relationship for tumor promotiori
\Vlren consid_e‘riog eiihe_r the nurnber of papillorrr_as ple'r mouse Vat 1}45 weeks or toe per- |
cent of mice with squamws cell carcinomas _at 50 weeks, Similar resuits have been
reported using Charles River CD-1 mice (5, 8) or ICR/Ha Svﬁss rnicev (17, 18).

‘The SENCAR mouse was derived from crossing Cherles River CD-1 mice with
N skm tumor sensitive mice (originaily derived from Rocklend- mice) endi 'selecting for _
,A_sensitivity to bM-BA-T?A two-state c'arcinogenesis for 8 g'eneretiohs s,tertinngith the

1
treatment were selected for each breeding. The SENCAR mice are between 10 and 20

F, cross (2)., The mice developing the earliest and most papillomas after DMBA-TPA

times more seunsitive to DMBA tumor initiation than the CD-1 mice, whereas the SENCAR
" mice a,re only between 3 and 5 t1mes more sens1t1ve to BP tumor 1mt1at10n than the CD o

mice (unpubllshed results),



Tumor Initiation

The ltumor initiation phase appear.s to be-an irreversible step which probably
involves a somatic cell mutation as evidenced by a godd ;orrelation'between the car-
cinoge‘:aicity of m‘any‘ chemical carcinogens and tﬁeif rﬁﬁtagenic activities (19, 20).
Most ‘cumo_r..in;i_fdating ageﬁts either generate or are ﬁetaboliédly convelftéd' to electro-
phﬂ_c .reactants,‘ which bind covalently to cellular DNA and othe.r' macroﬁolecﬂes (A21).<
The Millers have proposed a significant genei'al théory td explain thé initial event in |
chemical carcino genesié’ which stateé that all chémical carcinogens that are not
e,lectrophilic reactants must be cénverted metabolically into a 'chemicaily'reactive'
électrqpfﬁli; fdrm which then Ijeacts with some critical macromolecule to initiate
the carcinogenic proc"ess (21),

Previous studive's have.demonstrated a good correlation between the carcino-
genicity of several polycfclic éromatié hydrocarbons (l;AHS) .arvldl their' ability to .bind ‘
covalently to DNA (22, 23). ' Tabié 6 summarizes our data wh‘ichl shows the siron'g' N T-6
correlation between the covalent binding of PAH to DNA and their tumor in_itia»ting‘
activities. |

In order to help us better understand the mechanism of PAH carcinogenesis, we
‘have béen st_ﬁdying many édmpounds with the capacityito inhibit PAHtumor initigtion.
Table 7 summarizes Various'potenf inhibitors of skin tumor initialion in rpice. ‘In - T-7
most of our stuciies We have used PAH.c.a_r‘cinogens which must be metabolized by the
miXed-function oxidases to active ‘fi:)'rm(As) before they are car'qinogenic. ‘Some of the
flavones and antioxidants appear to iﬁhibit carcinogenesis by inhibiting the metabolisﬁ

of the carcinogen to its ultimate carcinogenic form (7, 24-27). 5, 6-Benzoflavone and




quercetin have bé_en_ found to be inhibitory to 'skm, iung and fnaxﬁmary carcinogenesis
whereas 7, 8~be'ﬁzoﬂavone i‘nhibifS' gkin carcinogenesis by some polycyclic hydro- ‘
carbéns and enhances carcinogenesis by others (7, 27,—28). The éntioxidénts", buty -
lated hydroxjam‘sole (BHA)_and but'ylated' h&droxytolugn'e (BI—IT ), are widely used as
food preservadves and have been shown to i‘nhibi.tA skin, lung,” mammary, forest;)ma'ch,
colon ‘and liver c_aﬁcer in experimental animals induced by a wide rangé of chemic'als"‘
(27). Similar in"tﬁbitory ieéu.lts héve been notéd for éelenium and vitamins C and E
.(27), The'nopcércinogenic polyc;f;:lié hydiocarbons g‘r_ld the environmental cdnfami- ,
- : nants appear to inhibir skin carcinogenesis by inducing thé metabqiism of thé car- |
~ cinogen to detoidﬁed products, thereby dec;éasirig the binding of the ‘PAH-to DNA
(29 -33). T his is epitomized ‘by'the envi;onmental ccntarﬁinants 2,3,7, 8-£etrachloro- '
dibenzo-p-dioxin (TCDD) and pochhlorobipheny_ls (PCB) which are extremAelyi pot'entA
induceré of polycyclic hydrdcarbon carcinogeﬁ rrietgbolisrﬁ. and potent inhibiﬁors of
their carcinogen effect (32-34), Althbugh T CDD is one of the most toxlé égehts khowﬁ,,'
its iﬁmbitbry effeét on'polycyclic': hYdrocaIEon carci'nogénésis is at ﬁqnto:dc dos.efleVels.
4Sulfur mustard inhibits tumor iniﬁation by actu'all_? killing th.e initiated (;elis (35).
The polyinosinic: polycytidylic acid (Poly I: C) and the anti-inflammatory steroids appear
to inhibit tumor initiation by_sldwing dov'v‘n carcinogen metébolism by their anti ;growth
'effe‘ct (36, 37A)..‘. Some of the agents listed in T able.7 have been shéwn to inhiﬁit carcino-
gehesis in a number of tissues and by a vériety of chémical carcinogens indicat'i‘ng“ théy
may bé tfséful agents in the Chemoprévention of cancer in man (28). In ge'nergl, the
inhibitors of skin tumor initiation shown in Table 7.ir_1hibit by either 1) alteration of

the metabolism of the carcinogen (decreased activation and/or increased detoxification),
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2) scavenging of attive molecular species of carcinogens to prevent tﬁeir reachi’ﬁg ;he ‘
critical target site(s) in tﬁe cells, or 3) competitive inﬁibition. In all cases this leads- '
to a decrease in covalent bi‘ndi'ng to critical targets such as DNA. Table 8 reveals é '
gobd cor_relgtion between the ability of a numbe'r.of corhpounds to inhibit fumori-
genesis and their ability to inhibit the b;ndi'n'g of the PAH to DNA.

Tumor Promotion

‘ In addition to causing inﬂammatioﬁ and epidérmal hyperplasia, the phorboi ester
tumoxr promoters have been shown to have _sevéral othe; fflorpholog'ical an_d biochemical -
eﬁ.ectélon the skin. These réSponses to phorbol .este_lf tum'oi: prombters are summarized
inT ablAe 9. Of all the observed phorbol ester related éffects on the skin, the induction )

of §pidermal cell proliferation, ornithine decarboxylase (ODC) and dark baéai(_ keratino-

cytes appeai to correlate the best (38-41, 46). -

It is difficult to determine which of the many phorbol ester tumor promoter related

. responses are essential components of the promotion process. There is a good cor-
relation between the promoting abilities of a series. of phorbol esters and'their'ability
to stimulate epidermal hyperplasia (38); however, the correlation fails if one looks at

nonphorboi ester hyperplastic agents (54). Later O'Brien et al. (46) reported an ex-

. cellent correlation between the tumor promoting abi]i-ty of various compounds (phorbol _

' A."ésters as- Weli as nonphorboi ester compounds) ‘and their a.bi]ity'to induce'ODC actifrity. ‘
"~ . in fnouse skin. HoWeVér, mezerein a-. di_terpene similar to TPA but with weak prom;)ting
éctivifcy was found to induce ODC cor‘np_arable to that of.’fPA (55).‘, Raick found that
| phorbol ester tumoxr pfomotei's induced the appearance of .'l'd'ark basal cells"” in the

~ epidermis, whereas ethylphenylpropidlaté, a 'non-promotihg epidermai hyperplasic -

agent, did not (39, 56). In addition, wounding induced a few dark cells but seemed to

T
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correlate V\‘/Aith its ability to be a weak promoter (40, 4l,i .56). In addition_.' a iérge num -
bér of these dark cells are found in pépiHOma's ;and céfcinomas (40 41). Sléga_'el__aL
reporteé that TPA induced about 3 to 5 times.the numbef of dark cells as mezerein
which was the first major difference found between these compoundé -

Various modifiers of the tumor promotion process have been very useful i our

h
~t

‘ understanding of the mechanism(s) of tumor'promotion. Table 10 summarizes the T-10
poteni inhibitors of skin fumor prorﬁotion in miée by phorbol éstei‘ tufnor promoters..
The anti-inflammatory stéroid, ﬂuqcinolone acetonide, waé fo'und to be an ejctrerﬁely

- potent inhibitor of phorbel ester tumbr promcv;tion.in mouse skin (5‘8).; Repeated appli;-
cationé' of as little as 0.01 ug almost completély counteract th¢ skin tumorigeneéis.
Fluocinolone acétogide also 'effectiirely _couﬁtéracté the tumor promoter i'ﬁduced cel~

. lular proliferation. Certain retiﬁoids have also been found to,bé potent inhibitoré of
mouse skin tumor 'pron‘mtlonA( 59). In additién, Spor:n and coworkers have foﬁnd that
certa.in. retinoids are potent inhibitors of luﬁg, mammary, bladder and colon._c':arcinp'-
genesis (60). 'Venﬁa and coworkers (59) have shown that certain retinoids are .potent
inhibitors of phorbqi ester i:nduc'ed epidermal ODC acﬁvity. -This}Aplus their éffect on
epitheh‘al differentiation appears to be related to their anti-carcinogenic effe;t._ We
have recently found that a comi;)ination of fluocinoloné acetopide and retinoids produces '
an 'inhibitbfy effect on sldn tumof'promotion greater than that pfoduced by each
sepérately (61). Troll and Belman (62') have fouﬁd that ‘protease‘ inhibitqrs ,} ‘cA:ycliA'c
nucleoﬁdes, dimethylsulfoxide (DMSO) and butyrate élso inhibit mouse skin tumor
p.romotio.n_by phorbol estefs. Schinitsky and coworkers (63) reéorted the inhibitory

effect of Bacillus Calmette-Guerin (BCG) vaccination on skin tumor promotion.
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. Multistage Promotion

Because of thé maﬁ;} similarﬁ:«‘.és in ﬁorpholégical and biochefnicall reéponsés
inauced by TPA and mezerein, we felt that mezerein, althéugh a weak promoter,
would be a good candidate as a compound té be used in the second st;ep of a tW§ -step
| promotion protocol as originally repértéd by Boutwell (2).. His results showed that
promotion could be divided into two steps, conversion and prépagation (2). After |
- DMBA initiation, the conversion stép was accoxﬁplished by a 1'imited number of croton
oil tieaﬁnents which, with no further treafment, bnly producéd a féw tumors ahd the
'vpropagaiion step was acg:émplished by repeated treal_:ment “}it.h turpentine,"a non-

) promoting hyperplasic agent (2). The tl:mree»step protoéol (inifiatio'n;lconve'rsion-
. prop'agation) produced a significant tumor. response but less than thét; observed_- when -
croton oil x%fas givéri for the cornpiete promotion step ( 2); Hd\véver, receﬁt resulfs
suggest that nonpromoting hyberplaSt‘tc agents such qs turpentine, e-thylphenylprol-
piolate (EPP) and acetic ac‘id-when given fepetitively after a few‘ treatments with TPA
Weré not ébie to complete the promotion process as reported by B_odfwell (4‘O{ 54, 56). A
. In fact, Raick reported that turpentiﬁe and 'EPP gave fewer tumors'in a fhree-stage
system than when DMBA was only followed by the limited TPA t:eauneﬁf (40, 56) ,
‘ Simiiar results were reported by Slagé' et al. (54) using acetic géid as a second step
prqrnotef. | | | |
Our results on the use of mezerein as a second stége promoter a;t'e shown in
Table ll._ Asvillustrated TPA is about 50 times more abtive as a promoter than
~mezerein. When 2 ug of TPA are giver:l‘ twice weekly for only 2 weeks after DMBA
initiation, very few tumors are induced compared to twice weekly‘treaﬁnents'for 12

~ -weeks. However, when mezerein is given at a dose of either 1,2 or 4 ug twice weekly

- T-11
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after the limited TPA treatment, it induced asigniﬁcant tum.or response in a doSe;
dependent manner. ".fhe ability of mezerein to act as a potent second stage promoter
was repeated in six separate experirnents (57,64). Also, shown in Table 11, is the
ineffectiveness of EPP as a complete promoter'and as a second stage‘promoter.
As shown in Table.lz, we have recently found that the protease inhioitor. tosyl o v' T-;Z
phenvlalanine chloromethyl ketone (TPCK) can selectxvely 1nh1b1t step one of pro- |
motion, ﬂuocinolone aceton_ide can effectively inhibit both step one and two of the
prom .uon whereas retinoic acid specifically 1nh1b1ts step two (64).

Since the only mzajor morphological or biochemical difference between the ef -
fects of TPA and mezerein on the s_kin 1s the ability of TPA to induce a larg,e number

of dark basal keratinocytes (40, 41), we were interested in determining the effects

- of various inhibitors. of promotion on the appearance of these dark cells. We reasoned

that vif‘ these dark ceils are critical in the first stage of promotion and if FA and TPCK
are potent inhibitors of stagel and RA of stage II, then FA and TPCK should counteract

the appearance of_ the_se cells,v whereas RA should not. This was, in fact, what we

_found (64). ‘As hypothesized, FA and TPCK were found to effectively counteract the

appearance of the dark cells 1nduced by TPA, whereas RA had no effect.

Since TPCK was found to be a potent inhibitor of stage I of promot10n But not
of stage II‘and since TPCK counteracted the TPA-induced increase in the dark basal '
keratmocytes we were mterested in determtmng the effect of TPCK on TPA-mduced

ODC activity. Slaga and coworkers reported (64) that TPCK had very little effect on

T PAf and mezerein -induced epidermal ODC activity; this was even evident at a re-

latively high TPCK dose level (20 ug).
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The anti-inﬂam'm atory steroid, FA,‘ not only counteracted' the.applearance of
dark cells induced by TPA but also suﬁpréssed_the‘hy_p‘erplasia jnduced by TPA. fn
_facf, the s\ms from FA plus TPA treated mice appeared as untreated skin, | This 1s
in agreement with our previouél;freported observations on the inhibitory effect of FA
.. on TPA induced in.ﬂmmation, -ﬁyperpllaéia and leA s‘yntheéis (58). TPCK apf)earéd
to have only a sligh inhibitory effect on TPA induced inﬂémmat;ion a_nd hyperplasié
(64). |

it -'is a_lso of interest to point o‘u.t thataltkilough.-RA ir_lhi_bited.Stage‘I’I of brorr’xot:ion, o
'it had no inhibitory effect on the TPA or m_eze'rein i‘nduéé(}l hy;iex;plasia; HoweVe;, -
‘certain retinoids have been found to be poterllé inhibitors of TPA and mezerein i‘nddced
epidermal ODC -acﬁ'rity (59). | T his‘déta:suggest that the induction of ef)idermal ODC
activity followed by in‘cv_;eésed polyamines may be important in stage II of pI;(.)mOtZ;lOD.'. o
In this regard FA and TPCK have either ﬁo eﬁect or only a slight inhibitory effect on
TPA or mezérein— induced ODC aétivify. (64, 65). i"A' does, howev-'er, siénificaﬁtly de- -
crease the TPA induced spermidine levels in_ the epidermis (65). This plus FA's in-
hibitory etfeét on TPA induced hype.r,plasia may be responsible for its inhibiforﬁr ef--

- fect on stagevII proﬁxotion. | | |

| Thé data presented frorﬁ fhis 1aborétor$r' suggest fhét at least fwo stages are
important in the prbmotion process, both of whiéh can obviously be i)x;oduced by fe-
- . peated TPA treatment after tumor initiation. We béli.eve that 4onezof the ‘im;l)drtant-
events in the first stage involves the induction of dark baéai keratinoéytes. ;The fact
that mezefein is a §otent second stage promoter, but only é weak complete prér_notér
With muéh less ability to,indu.ce dgrk cells than TPA 'e;nd that. FA and 'TPCK i_nbibit

" stage I of promotion and inhibit the induction of dark cells by TPA whereas RA does
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not, suggest that the dark cells are important in stage I of promotion (Figure 1).

These dark basal keratinocytes are slightly increased by wounding which correlates

with its weak promoting ability but not by EPP, which is a very weakly hypérplastié

agent (39-41, 36). In addition, a large number of these dark cells are found in

~ papiliomas and carcinomas (40, 41). These dark cells may be primitive stem cells

since we have found {unpublished results), as have others (_40, 41); that they noxr-
mally occur in large numbers in embryonic and newborn skin but are only present
in.very small numbers in adult skin. As stated earlier we féel that the induction of
ODC activ_*ity folléwed by increased po'lya.m‘inesl and increased cellular proliferation

are important events in stage Il of promotion. Figure 1 depicts the various stages,

the important events in each stage and where the various inhibitors are effective.

By seeking to divicde the carcinogenic process into as many natural stages as pqssibie'

and ﬁnding speciﬁc inhibitors of each stage, we will have a greater opportunity of
understanding the important events in carcinogenesis' as‘well as possibly securing

a rational and effective basis for the prevention of cancer,
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TABLE 1

CARCINOGENESIS IN MAN AND EXPERIMENTAL ANIMALS

14-‘Ccmplete‘Carcinogenesis
2. ‘Cocarcinogeneéis
3, Tumor Initiation
L Tumor Promotion

5. Additive and Synergistic Effects of Carcinogens, Tumor
Initiators and Tumor Promoters - :

6. Co—initiating and Co-promoting Agents
7. Anti-carcinogenesis

8. Anti-initiating and Anti—promotiﬁg,Agents'



TABLE 2

Comparison of complete carcincgenesis
PSR . . a
and tumor initiation in mouse skin

.Relative'potencyb

‘Comp1e£e~ .7 . Tumor

_ Carcinogenesis - Initiation

Compound E (Carcinomas) (Papillomas)
DMBA : : - 100 o 100
MC A . so ¢ 50
e - 0. ‘.  30,
2-QHBP SR 30 T
TBrite-12MeBA o 20 | 20
‘B?—7,8—oxide 20 ‘ .20
DB(a,h)A - 20 < " 20
B R . 5%5. | 5
DB{a,c)A ! ‘ :‘~ .0‘ f‘_ C. | 3
'_pyreﬁe‘ - B ) S0 . o -0
BP 4,5—oxide B E .o h 3 0.
Anthracene- h 0 “ . 0

- S : e ‘

This is a summary of over 100 compounds which shows that
an excellent qualltatlve and quantative correlation ex1sts
between compléte carcinogenesis and tumor 1n1t1at10n in

" mouse skin.

bRelative potency was detefmihed‘from dose-response data.
DMBA was given a maximum value of 100.
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TABLE 3.

Agents that are possibly pure tumor .initiators

Skin Tumor _‘ : ' - Relativea
Initiators _ e ‘Potency.
. B?-7,8-diol-9;lo-epo§ide ~ 25
DG - | o 15
BA—B,A—diolfl,Z—déoxide | 2
BA | ' : 0.5
DB(a,c)A ' | ‘ 0.2
Chrysene ._ B o ' '.' 0.1
Urethan o i- 0.1

Zpelative potency was determined from dose-
response data. DMBA was givea a maximum
value of 100. :




"TABLE 4

DOSE RESPONSE STUDIES ON THE ABILITY OF DMBA AND BPTO INVTIATL:
SKIN TUMORS IN SENCAR MICE &

. "The mice were treated one week after initiation with twice weekly applications of 5 ug of TPA

Initiator Dose I 6f papillomas - % of mice “ % of mice
(nmoles) per mouse with papillomas . with carcinomas
at 15 weeks at 15 weeks at 50 weeks
DMBA 100 22 100 100
DMBA 1Q 6.8 100 40
" DMBA 1 3.2 93 2
DMBA 0.1 05 | 20‘ 5
BP 200 7.5 100 55
 B_P  100 3.2 78 30
BP 50 . 1.4 60

18

2 Data shown in this table is from T.. J. Slaga, L. L. Triplett and S. Nesnow, '"Comparison

.of complete carcinogenesis and tumor initiation in mouse skin", Submitted for publication,

L



Table 5.

Dose-response studies on the ability of TPA to promote tumors after DMBA inltiation

The mice were Initiated with 10 nmoles of DMBA and.promoted one week later with varilous dose
levels of TPA :

Time to first il of papilllomas -
dose - papilloma ©per mouse » with papillonas with carcinomas
Prometer - (ug) (wks) . . at 15 wecks | at 15 wecks ' at 50 weeks
TPA 10 8 . 3.0 100 V)
TPA 5 6 12 100 46
TPA o2 6.5 100 - R 45
TPA o1 8 3.6 80 25

TPA- 01 1 SR 0.4 s » 8

8¢
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TABLE 6
Correlation of polycycllc aromatic hydrocarbons (PAHS)
abilities to covalently bind to epldermal DNA
with their tumor initiating activities?
Relative
Relative ability tumor

to covalently bind dnitiating

PAls ' to epidermal DNA activity€
DMBA ‘ ©10.0 10.0
MC o 6.5 . 6.0
BP 33 ‘ 2.0
DB3(a,h)A : 1.7 : . 1.5
DB(a;c)A , : 0.8 A - 0.2

2DMBA was given a value of 10 since it géve thé.maximum response
in binding, ability to inhibit epidermal DNA synthesis and to

initiate tumors in a two-stage system of tumorigenesis. All the
other PAHs are expressed as values relative to DMBA's response.

b"he relative abilities of various PAHs to cbvalently bind to
epidermal DNA are based on dose-response binding studies. See
references 7, 23 and 29 for details of actual binding levels.

®The relative tumor initiating activities are based on dose-
response studies in Charles River CD—l mice. See references
7, 8 and 29 for details.—. ..
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TABLE 7

INHIBITORS OF TUMOR INITIATION

nts Eutylated hydroxytoluene (BHT), butylated

nisole (BHA) and seleniuam

—=

Fizvones: 7,8-benzoflavone, 5,6-benzoflavone and quercetin

Vitamins: A, C and E .
Certain noncarcinogenic polycyclic aromatic hydrocarbons:
dibenz(a,c)anthracene, benz(a)anthracene, benzo(a)pyrene

and pyrene

Environmental ceontaminants: 2,3,7,8-tetrachlorodibenzo-
p—dioxin (TCDD) znd polychlorobiphenyls (PCB)

Sulfur mustard

Polyriboinosinic—polyribocytidylic acid (Poly I;C) -

Anti-inflammatory steroid

30t

- m e+ A ——————



TABLE 8

Correlation of various compounds to inhibit tumor initiation by
DMBA with theixz aD’ljtlDS to 1nh1b1t covalent blndLng .of DMBA-
to epidermal DuaAZ

Relative ability Relative ability
to inhibit DMBA © to inhibit DMBA
o -tumor initiation _ binding to
‘Inhibitors - by at least 50% by at least 507%
TCOD ©'100.0 . - 100.0
DB(a,c)A - 10.0 . .- 1s.0
7,8-BF _ o 5.0 - 8.0
B(e)P o500 - 3.0
BHA o 0.2 . o0a
BHT - 2 0.1 04
Vitamin C : 0.1 . . . 0.1

2TCDD was given a value of 100 since it gave the greatest
inhibition of tumor initiation and DMBA binding to epidermal
DNA. For example, TCDD at a 1 ug dose level almost completely
inhibited DMBA tumorigenesis and DMBA binding to DNA. All R
the other compounds are expressed as values relative to TCDD's
response. For example, BHA at a 1000 ug dose level inhibited
DMBA tumor initiation and binding by at least 50%. See '
references 24- 26‘&29 -34 for details. : : :
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TABL E9

MORPHOLOGICAL AND BIOCHEMICAL RESPONSES OF MOUSE SKIW TO

PHOQBOL hSTuR TUHOR PROMOTERS

Responses "References
Induction of infla-matidn and hyperplasié- 2,5
Induction. of dark cells o | | 39—41.
Induction of morphological changes in adult skin resembllng ©39-41
papillomas and carcinoma cells ' L
An initial increase in keratinization followed,by‘a'decrease 39‘
Increase in DNA, RNA and prdtein synthésis 42
Inérease.in phcsﬁhplipid sjnﬁhesis- 43
Incfease in ﬁistona synthesis and pﬁosphorflation 44 45
increase in ornithine decafboxylase act1v1ty followed 46 -
by increase in polyamines :
Decrease in'histidaseAactivity - Q7
Induction of émbryonic‘prateins invaduit skin> 48
‘Increase in protease dctivity. 49
Decrease in.the_isdprotereﬁol stimulation of CAMP 50
Decreése response of Glréhalone in adult skin" 51 -
Increase in proteln klnaée act1v1ty '
abe .
. Increase in prostaglandin synthesis' . . . . T 52,53

2M. Mamrack, S. M. Fischer and .T. J. Slaga (manuscript in preparation).
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"TABLE 10

INHIRITORS OF PHORBOL ESTER .SKIN TUMOR PROMOTION

Apnti-inflspmatory steroids: cortisol, dexamethasone and
fluocinoion= acetonide ‘ '

Vitamin A derivatives

Combinaticn of retinoids and anti-inflammatory agénts

Protease inhibitors: Tosyl lysine chloromethyl ketone, (TLCK);
Tosyl arginine methyl ester, (TAME); Tosyl phenylalanine’
chloromethyl ketone;” (TPCK); antipain and leupeptin

Cyclic nucliscticdes

Dimethylsulfoxide (DMSO) )

Butyrate

Bacillus Calmette-Guerin (BCG)
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TABLE 11

“TWO-STAGE TUMOR PROMOTION AFTER DMBA INITIATION

The mice were initiated with 10 nmole of DMBA and followed one week later by twice weekly applice cations of 2 ug of TPA
for 2 weeks, Starting on the third week of promotion the mice received either twice weekly applicat iom of various dose
levels of mezerein, EPP or only acetone, &

~ Exp. No. ' - Treatment Protocol _ , - Tumor Respounse
. % of mice
, o - 21 weeks ' _ ey bap/mouse  with tumors

1 wk 2X/wk for 20 wks

1., DMBA——> TPA > 8.2 100

- DMBAHI% TPA 2X/wk for ;'Z‘wks acétone 2X/wk for 18 wks a | ‘ .0 g

3. DMBA—I—WL mezerein 2 ug‘ 2X./ wk :for 20 wks > 0 | 0 0

4,  DMBA L"E» mézeréin 4 ug | 2X/wk for 20 wks _ > 0.2 18

5. DMBAil"l‘a Tpa ZX/Wk fox 2 vks me%erei'n.l, ug ZXLVE for 18 ks 2.1 60

6. DMB A Lﬂli TPA 2X/wk fo-r 2 wks mezerein 2 ug 2X/wk for 18 wks L0 9 0
7. _. DMBA—l——lsa TPA 2w for 2 ks 4m;azcrem 4 Qg 2X /wk for 18 ws 7.1 100
.8-.: | DMBA 'l-Wk7 acet;me ?X/Wk for 2 wks meéerem 4 Aug ZX/Wk for 18:“}1(5 | > 0.1 _ | 10

9. DMBA—l——V—V—lga EPP (14 m g) XLk for 20 wks_ : : " , 01 10
10.  pmBalYK 1 ‘k TPA 2X/wk for 2 wks I-EPP (14 m | 2 2X /wk fér 18 wks E N | 0.9 o 19

- 296% or greater of the mice were ailve at the end of the expenmental penod T ﬁe maximum percent standard deviation

for the expenments was 16%. » :
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TABLE12 B .

THE EFFECTS OF RA FA AND TPCK ON TWO -STAGE PROMOTION AFTER DMBA. .'IN.I'.']."I/\"J."ION

The mice were 1n1t1ated with 10 nmoles of DMBA and followed one week later by twice we el\ly applications of 2 ug of TPA for 2
weeks (stage I). Starting on the third week of promotion the mice received twice weekly applications of 2 ug of mezexein (stage
II). In some experiments FA, RA or TPCK were given simultanecously with either stage I or [I, t -

. , o Tumor Response
Exp. o _ . o # of %

No. - _ o : - Treatment Protocol - L - papillomas  of mice
- 21 weeks _ : . per mouse Ww/tumors
1 DMBA-LYK, py ZX/Wk for 2 wks _ >0 0
P DMBAi—w—kaaceto o 2X/wk for 2 wks mezerein 2X/wk for 18 wks i - - 0 ‘ _—
3' lDMBA 1wk .'TPA 2X/wk for 2 wks o erein ‘2X/Wk ,for‘ 18 wks =~ L - iy . o)
4. DMBA]‘—WI-(» TPA + FA(l ug) ZX/Wk for_ 2 wks V.m'ezerei-n' ZX/WE fox 13 wks — . 0 0 |
5 DMBA—l—WE-. TPA +FA(0.1u 2X/wk for 2 wks’ teperein 2X/Wk for 18 wks - | '. e - 04 A' 2'6
6 DMBA 1 wk TPA ZX/wk for 2 wks - . mezerein + FA (1 ug) 2X/wk- for» 18 wks _ | 'v . 0‘_ . . v
7 pusa LY Tpa + RA (10 ug) 2w for 2 WK, mezerein /WK fori8wks - 1 - . 40 . 88
8‘ | .DMBA 1 wk ’I"PA 2X/wk for 2 wks . mezerein + RA (10 ug) 2X/wk for 18 wks , 0.8 - a4
o DmBAL Wk> TPA Jr-‘TPCK (10 ug) 2X/wk for 2 wks m,ezeréin' 2X/wk for 18 wks 10 40
BT DMBA 1—“’15, Tpa ZX/uk for 2 wks mezerein + TPCK (10 ug) 2K/ ¥k for 18 wis - > 3.8 87

98% or greater of the m1ce were alive at the end of the experlmental period, T he maximum percent standard deviation for the
expenments was 14%.




Figure 1 - A diagram of the various stages of skin carcinogenesis showiug the im-

poﬁa;t events in stage I and II of promotion and where FA, RA and TPCK inhibit
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