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The hdstochemistry of the ultraviclet tumour in the mouse
kas not been pbuliahed by any other sorker. It is shown that the
apdndle oell twmours zre, iz {aob, sureinosss. histochemicel and
microseopical evidence iz presented ithat these tumours may be dus
0 clopes of cells kowing wndergone & rmbatiorn. Thoy lese
engymeatic sharacteristiss of normsl epidermiz, yot retain in en
ephenced mgnner those of an aobtively metebelising $issus. This
songept of engymaiic dediflorentictiorn has not rscieved wile
o the subject of fwsour biclosy.

=

4% 5 i o B - 2 I, TOE. g -
the bletesbemisiry of bhumen skin csncer

it ic shown thet collagen degeneragtion is & simple ageing process,
prehably noesutusted by treplecl cendifions and lelrared redistion.

In ippondix 3 en entirely pew histochemisal method for
demonstreting lipoprotoins in Ifresh tissue, smd apdvo and
ddswldphide groups in fixed tizsue 1s reported, for the most pert
unpublished. Yhis is the cobalt-UTT-hyirogquinene reastion.
Verdous szporiments o demopsirale itc gpeeifiolly sre described
end Giscussed, In the fingl section of Appendix 5 the sdsptatien
of this hictochemicel resolion o quentiiciive sstimntion of
denvdrogenase reeetions in tissue seetione is proposed. This
gould heve wide gpplisation in ostimebing celiular metsbolio

potivity.



1, THE FFIDEWIOLOGY OF SKIN CANCER,

1.1 Introduction and historieal review,

Canecer of the skin is o widespread dissase in Austrelis,
ond in the $ronicsl regions reaches very high proportions, It is
& sericus sroblem in ‘weensland, vwhere it must be considered in
reletion to the sdsptadility of white populsiions seliling in the
tropica,

hin hiegh fresuvensy of the diseese has been recognisecd to
be due to sxeessive exposure $o solar ullravioclet radiation for many

vears. In the earlier pert of the gentury Loth Jermatologists end
aztholorists have commented on this in privete and hospital psrectice
{cez. Wolesworth, 3923, 1927; iwhig, 1932, However, sport from
ocesaional papers In She literaiure suen 2 thess, the probien never
reccived much attention, as the disease wasz considered to be rslative-
ly trivizl provided treatment wes sificiently ctrried out, furing
the second Jecade of this century the question of white man's 2bility
40 live ond work croduciively in northerm fustralis was under aore
sctive investigation, @s the rate of Jevelcpment of northern fustralis
wes less than that of the vhole Commonwealth, ‘the fustralian
Institude of Tronicsl Hedieine waz the centres of shysiolspioal
research in Worth “ueenslaond from 1913 te 1920 under the Directorship
of . L Breini, Suring this period sxtensive studies were made %o
see if there was sny serious or rermanent physiologicsl impeirment
that might supgest Shat white people should sot expeet Lo be sble to
settle satisfeetorily in the tropies., Although the results were nob

s elsborate »s they would be powadsys, it ic significant that Breinl

{1921} ond Preinl end Young {1919} stressed thet no climatological



feators could be regorded as so sovere that, given the right
sdontaticns in housing snd clothing, white people should not be able
to sepulate the north,

These suthors made no mention of skin canger being a
serious disease, =lthoush previously Preinl (1911} hed written e
poser on kerelosis wpd ckin cencer, In this, the lesions described
were evidendly in & lote stage of premeligmency or esrly malignent
degemeration, olthough they wewrs =11 celled ksratosis. Tt is
possible that he #id not use the same dingmostic criteria szs are used
nowadays, e usde the surorising stabement that kevutosis herdly
sver cceurs cmong She eoastal popuiaztion, but that it is common in
thae dry ports, If there iz any tvuth in this, ihere may well have
heen o ashift in ineidence pattern of soler skin lecsiocns in the past
forty veers, Diseussions I have had with long established practit-
jorers in MNorih Cusensiend hovs, however, indicated thet advanced

skin cancer wes much more commonly seen then nowadays.

Sinee ihe first observations of ¥indlay in 1928 thab uliree-
violet radiation could cause malignant fumours in experimental znimels,
the way hes been oper for correlatinmg exverimental and epidemiological
researeh in 2 penner that is perhaps more sabisfactory than in meny
other fields of tumour psthology.

The resuirements for coupsretive epidemiology are vether
stringent, oz population charscteristics very from cme country to
another., IS is nceessary that incidence and prevalence rates should

orly be compered in properiy defined snd similer sopulations, The

gpideniclogiesl stedy cresented in this thesis represents the fivst
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attemnt o gother systematic incidence figures for skin cancer in
sustraliin, Ovorseas ihe only comprrable study is thai of Auerdach
{1961), who =nelysed the dsta for skin caneer given Wy the Cancer
Yorbvidity Seriss {1950=2) of the Matiomal Cancer Institute. He
csloulated Irncidence rates for ten large citiss in the V.5,A,, and
found het the figurs doubled for every 3:‘;&8‘ the city was neover the
Bouator, fuerbach's {1 1961) peper will be discussed in more detaldl
: later secticn,.

5180 in the United States, Hachonald {19%9) compered the

incidence rotes Por skin camcer between Anglo Amevicans ir Connecticut

ond Bl Pase, Torss, ond fovr lesions on pertisular parts of the hody

petween Anglo sné Latin Lmericens st £l Faso, In Africa, Cohen

{3952 hove estimeted the ineidence of suin camory in the white
sopuletion on the basis of the pumbers of cases treated at &
radiction therany depsrimerts of the Johannesburg group of hospitals,
They observe that their dete is almost certsiniy incomplebe, ut
ayrive 2% o figure of £,05 per 10,000 cer annum {my celeulsation from
sheir dszta).

T4 must be vcointsd out, however, thet comparisons between

..... A4 eo uud,Oﬁ, a2

the of 1ife, There

is no poloured lohour in Ausiralis, and no peason to supposS: thet

the ponulaiion of & MNorth ‘neensland city is in meny respects similar
3n pacial constitution or hebits to that of the white populaticn of
& lorge hmeriean inlend city.

That ultrevioled radistion ig & cause of skin cancer is

supporied by studies showing that sountry dwellers are more prone



wl&,w

to smg

cuire the disease than city dwellers {reviewed by Blum, 1955
and the snatomical distributiorn of the lesiocns has been shown

reneatedly to show o mavked preference for the exposed surf'aces

4-

{2eps £1iison, 1957; Belisario, 1953; Werd, 1952)

P

X =

rrevious attempts %o sguate the incidence of skin cancer
with climstologiesl fectops hzve sleoo beesn made with death rates
in populations znalysed according to cceupstion,

Thus, in the ¥nited Stales and Csnads, »’s»-w};:aerlﬁ {1543)

5

found a sorrelation beblween increasing skin caneer moptality =nd

spoportion of the populstion engeged in farming, for slates with a

mean fnmusl %

merature beiween 42 snd 52 degress, In Englend end

wales, Atkin st el (1949) hove showm that more sgricultural workers

TR ST

i

T o ol il . B3 i misetVas At s wmeleara . mnd e I Y
GIg of SE4n Cangey aén DI eliinia G 4.:"-@.";:, AL Gave ba&ﬁu.g..‘f.-u

indices of the numbers in certein groups reruirsd to produce one

03 = & 2 s § ’ o e o e .
death, Tt takes three tines os

53

vany professlonel workers as
sgriculbturel werkers o produce me death. Conpzd sud 13311 (1939)

showed en excess (1,09 1 1) of chserved to supected deaths frem shkin

« =

[y

cancer ip {ermers in the Srivish Isles, & srealer excesg {3.17 ¢ 1}
smonps% labourers, but & much gresier excess {3 : 1) smongsi civil

enginsayrs and sUrveyors.

Althoush wovbality figurss ere a {airly good pulde o the
ineidense of nmajlor and {atel foyas of soneer {Lrmitore undé DOll, 195
19571, it iz guite certein that from skin cancer they can only be
mislea@ing. Gven acuemous cell esneer is of a reletively low
nalignancy, mné consileration of lactors releted to death from this

cond@ition introduces com:lications thal cannot be assessed
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{0SPITAL DATA,

241, Outline of the survey bused on ' ueensland Radium Institute records.

The nlen to be afopted shen desipgning an epidemiological
survey Jgpends on the somplexity of the (iseass md its manifesia-
tions, the verisbility of the populatien, the smount of documented
informaticn sboub the copulation evailable mnd the resources of the

investigator, For genorasl sidance in suwrvey mothods Yates'
&5 ) e

. B nv o — - s AT e
Sempling ¥eth md Surveys”™ (1953 was conpulied,

s was suitshle for the sroject,

. ST W &an  un "3 e
“he npoblen was Lo eablinats

trivial condition that vecurs and wecurs with & remerkably high
frecueney in o white sopulation exposed to a tropical elimeve., To
setimate sorbidity figures is o difficuit task for sest discases
imless the condition is notifisble, as thers is vsually no systematiec
collection of seses, »nd paticats may de treated either in privete
proctice or hospital. IHovever, in "ucenslend the diffieuvlty is

overcome os ohin gonesr sabiente ere referred to and treated by the

e

“ueenslond Redium Institute, in the lerge mejority of coses.

2,

. L .
sbout the populations

The inToysabion vhich is =

o

under study includes the ape ds

of %ime of living
in fuetredis, orizinel nationslity in the cese of immigreente, and
s 5

cecupation, The gepsus Figures Fulfil wmost of these requirements,

There sre points which ore of interest in the incidence of

!

skdn sencer thoet cenmot e investigaited by anslysis of ery existing

data, so the epifemiolorical stady was carried cud in two verts.

Pivat the incidence rotos were ocloulsbted frow the veeords of the

(;)



neenslond "zdium Institute and, seeondly, the prevelenece of skin
leziong in relsticn to certaln ghyeiesl characierdstics wes
estinated in o semple iype gensus, conductef in selected well

Gofingd mysl coouunities and resorted in 2 lator acetion,

I . T T . .. o 3 ' - o 8 G T U a1 — §
essential that the investigebor should be fanilisy with every siage

of %the collection of ithe data, the ponditicns under whiech the
popuietions live snd work end the relisgbility of the souree material.

inder the "Health ‘cbs fzendment det of 19LE" {he neermsiand #sdium

e a7, - -, oty o . e, & d A 2 3 . 2% < 3 g
for the whole of the Itute. Thiz 1t dogs fron the Veln Cenbre in

2 —— red . 2 P, 2 T P I, v L s, A - ¥, T3 . o | i 5N
towng of rybopoush, Pundadberg, Nonkhasmoton, Hsockey, Tommoville and
’ oy e e 0 g D A gt Al F LY il 8% : - &
feirns. “he sractical result of Phis iz thet there is very 1itils
Iy - - AR -2 T, - R % 7N &% 4 e Eyis
;'L‘ELL"JR"L& DRCIOTNACYENY wWiNO (Fato bals, the

e 2 & A o . ¢ 4 -y . o 8 o =
;;r:;iez‘ence IO Traegynent I 8XLn CENEer L8 OVeIWASIMINELY

of wadictheropy, ehich is due, smongstv other things, o the grest

iremueney of the dis Derpatolopical sgecislists pluy only =

restricted sort in this, wnd ihe yadictheranisls sre ofbern consulted

P A i Hewsse Bpo o lia e ol i Beoa® e B g wesdt e pysead e e Y it ag
gven if the treateert of cholee iz notl nrimerily radiothsrspeuiic,

For reasons which will be *lseusgsd below, the incidence

somasy wore saleulated fopr Bplsbane, Rocihemoton,

Towmeville ond Saivns,  To wet further ‘nformation 2bout the

reference rate of sabienis to the Instituts, dis-
eussions were held =ith 11 the generel praciitioners mnd the sreciale

e

igts who would be soncernsd in Rockhamuion, Tomwmsville snd Cailrns,

7ith & lew exceptions, it was the custor of the rractitioners to

B



recommend radlotherany for their cases of skin sancer and more

serious hyporkeratosis., They aven
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pan be Gone 1z this reszect 2ad no statistiss worth repording
everntuated.

Lnother fooSor in thot the Instiftule dees nol uss ony form

syate

hemazelves without

first having been seen by 2 privale praectitioner, Trn addition, it

@

certain

ponault the

3.% ‘.
et donce vould bBe that based on the

he reporded an minimum

Both cevis of the spidemiclepgiesl atudy have heen published

rakes in the British Journsl of Ceneer {Csrmichael and

42, Collection of ihe data,

e srovide srainst undue Tluctuaiion in the numbers of

casss in cech agze group in the ssmoles it waes felt that only Sub-centre
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cities with lorge populations should be studied. A preliminzry
study was cerried ocut in Brisbane o test the method of analysis
znd to glve 2 puide as to whet aipht be expected in the major
systematic study.

This firet abudy consisted of an analysis of all the
seblents vhe cresented for trsatment for the firvet fime in the
veer 1958, The results wers essentially the same szs Tor the lester

i

somples, so they will not be congidered ot sresent and sre glven in

¥orvhorough, Bunfoberg snd Hocksy were not included in

the survey bessuse their populations fell helew 20,000 in the 1954

gengus

soles of gboud 1,000 resords were tokea Irom the Hain

B
Centre ond the three Sub-centres glven in Taeble 2,1, The records
af the Cveenzlind Radium Instiiute are kept ziphabeticallyr, sens-
rately froa the mein hospitsl records, and the claessificuztion snd
filing systems sre similer in esch pleoce. /s most cuces recelve
rediotherspy for skin gancer and meny for hyperkeratosis, the nature
of tne lesion ond it: exoct site ove clcarly stated in ‘the notss and
ingtructicns %¢ the techoicisn eperating the Yeroy asparatus. In
exzot vecord of eash patient is thus svailable.

i systematic saweling method of the records wes used, The
Tirst vecord in caeh sample was ehosen on & random basis znd there-

after every nith. record ves inclunded in the sample, Thess semules

were token in 1953, so that the decemnizl period 1943 ~ 1957 formed
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e convenient nericd of observstion of the patients, ‘s Tates
(1953, page 29) soinbs out, systemztic semples of this nature sre
not strietly rendom, but they are unbiased provided the factor n
33 not so large that some leilers of the alphubet have no chance
of being represented. The vecords that comenced 'rior %o lst
Jogmery 1048 were not used as 4% was thought desirebdle that =
periecd of adiustment sheuld be ollowed sfter the nolicy of the
2adivm Tnotitete for the counbry srees was delincaied, after its
inecorporation in 1945, If an th, record commenced cutside the
sempling perdod it wes izmored, and the next record sterting within
the correct dates was substituted.
Fhe semples ss originally collected contained records of

atients wvherever they lived; but sn soelysis of the ¢ atienis from

districts outside the metropolitan mnd Sube-centre cities showed

that probobly the numbers wore noat

sz great as they should have been,
ig 1% was not possible %o collect enllatersl information from &il
the smoiler counbry itowms, ~coriicusd lerly those Loy afield, it was

decided to restrict the snalysis besed on %he hospital records Yo

fhe main cities served dirsetly by the verious gentres of the

s 3
2
fok

Tnatitude. The possibility of including the nearer ipd lerger cf

2

the cutlying tovme wos explored, 2nd enquiries were wede at
copdonvele, Nareehs, fiherton, Herbsrion snd Inpisfeil in the Cairng
district, =nd ot Charters Towers and AyT in the Townsville disirict.
Hovever, for s nuaker of vessons, in cluding bice in recial 2isiri-
sution, it wac considerec that studies in %the rural sreas would be

more satisfoctory in the samnle Gype censuses resorted leter,
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Ze3, Tabulation and clagsificotion of the dnta,

The information in sazch pebient's reeord was copied cut
in detail, coded ond transferred fc Hollerith 80 column punch cards.

These were then soried snd slsesified zecording io ape, sex and

A

address of patient, ond type, site ond date o

%,

T}
3

Tesionz, The

[£:]

presenge ond sboenee of each type of lesion ig plven by the symbolsz
in the following closziflicsation:

£ = Presenge of basal sell corcinoma

2 = Abgence of basal cell sareirose,

0 = Presenece of sguamous cell osyeinoms

b =~ Ahgenge of sguamous cell esreinome.

&

G = PFresenge of lyperkeratosis

o = Absange of hyperkerabosis,

gy s Y L m a il enmr Brpen o P N Ak
igation of lesiocn Yypes end srme ere given in

A

Tables 7.7 to 2,5, ond the lesion types sve summoprised in Teble 2.5.

0y

fdp ponesr and maligent pelisnowms hove nod b

i ineinded

because surgery clizims a greater properticn of cases.
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TABLE 2
Glassificstion of lesion fypes in guincuenniszl age srouws.

Ceirng meles, celrms Femalea,

b
DR

Age &be | aBel #b0 § Ale iho § @Be § 6bC [ ANoj ABC ¢ aBO

Under 20 ? w i - - w4 - = - o - & e - -

20 - 24 1| w] 3] 3§« = 55 w | = gl el i«

25 - 59 1| -f{s5)«}2}-1]a2 gt 2t} 2] -~

30 w 3 7l-j22j-]ai-t2| aafsi{-]| 6l-]2l-
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TABLE 2!6
Summary of lesion olasaifiestion.
Hale, Female,
Fd ~ “ % '- e — JP— e
{The figures in brackels are percentages)
S 3 ' RS 2 e 4T LS = I AR =
nxdsbone Rt “ Jogkhanpt
Abe i 4
[P%
&
0}
TOTAL | 320 298 316 229 PHY 251 180
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oke Galeulation of the incidence rates,

Tricl of soverzl models for. finding e straisht line
tranaforration of the incidence rates wes msde, end ihis hes been
discussed in the published work by Carmichecl =nd Zilverstone {1961).
The most serviceable meihod proved %o be the logistic transformation 5
fitting log (7/2) versus log {age}. The systen of weights used was

proportions? %o the oripinel sesmpling data,

The asctuel rates were ¢xleulatad from the frastion:

Jlumber of new euses ir esch Sspempiel are eroup
Fumber of smseepitidle persons in corresponding group

The denominator of this fractiom is imscorbtant, becouse
vith a common dissase, the ircidencs rate wuld de underesiinztcd
if the toltel population was token to be the populstion at risk,

i museentible nerson is one who hos not oreviously suffored from

gkin capger, The stens in the caleulation of the rales ore os

follows:
tet W, = pumber of new gzses in semple In ags group k in
,1

10 yesr pericd, snd g be the voising faotor.
Then & th, = sctual number of new cages per yeer,
Let ¥, = pumher «f versens in ape growp %k, and
= &

P " b iy e
‘-'.‘.‘: ) F‘ r—}iﬁgk’ and
2 1Dpk s Then

#

2
4

P £y ¥ aveases B & 4F 5
«k fl + £¢E T esracaw ﬁ}: 11 ,._11‘:{9 .«n&
G =1«B

pio o

e is therefore the proportion of suscestibles in are group k, and

the snnual age speeifie incidence rate is therefore

z ﬂp.k/{'}:
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L8 =n example of the computation, the ealoulation of
the ineidense rates for basel cell enceinoma in the Rockhampton

aales i given, the eclumns beinpg computed from the left,

fge ¥ e'v N » £ es

25 3 0,78 2675 2200291 002910 002910
35 6 1,56 2702 L0570 05770 008680
45 2L 62 2509 L0024,387 025870 033550
55 13 338 1978 001708 LO270%0 050630
5 27 702 1450 2004851 L8410 099040
I 28 728 31 «009958 099580 198620

P Q »/0 Y =log ?/7 ¢ 3  log x(=log age)

«001L55 .99851-5 001457 0.,16345 13979
#005795 005828 0.7‘952 15407
021115 .916885 022570 1.65521
+Q42090 +957910 043939 1 a.zss 1,74036
074835 925165 080888 1,902 1.81291
+ 148830 +551170 174853 2.24298 1,87506

From these figures sro computed:
£ = 101, £7Y = 172,76999, £WiY = 309,001957, &£%X = 177,21021
and 2"'\'12 = 312,41299, These values sre then substituted into the
normal equations, end the regression constant and coefficlent
oalculated.

j_wx"’) (07 = 1.8
(£w) (£72°) = ( £ox)’

The fisted values, denoted by ciroumflex scoents, wre then
celeulated fron the equation to the line
y = & + bx, which in this case is
¥ = =5,23005 + 3.95570x



0.29989 «00299 200158
0,87795 L0755 LQOTHS
02051

1,30968
105443 05513 <0437
1,54182 JOBTh2 08039
2410727 «15392 «13350
Thnqmﬁwb/tumfmd,mnth the mrithmete
jeoal meon ape of oach decermicl group, The £it4ed volue of the
inoidence rats © oon then be computed, for somparison vith the

observed value (r = p/Qa

174 £ (= %) r

#15823 L0031 #0029
. 00085 400058
08790 00176 «00254,
7192 .00320 L0178
L6085 «00LET 00523
<0527 «0070% 01169

he incidence rates have been calomlated for (1) the
petients who presented with basel cell corcinems nlone, and (2)
the total cases less those who hod hyperkeratosis enly. The
first shows the incidence curve in & homopencous @sngor FICAID,
wherens the second is osleulated from larger musbers and might be
mﬁhﬂdmamﬂm&ngm totsl effect of more sericus
soler lesions, These rates @e #Aven in Tobles 2.7 and 2,8, and
the mean valuen, stand-rdised on the Rookhampton population, in
Tables 2,10 and 2,11. The slope parameters for the gtralght line
logistie sranafomations ore given in Table 2.9, The greater
range of velues for the rogression coeifielents of the first growp
of curves may be atiributed to sampling yoriation, though they ore
‘ numedmundsnlmofh. The muvers of those with squemous



TABLE 2,7

Anmual incideree rates, obaerved and fitted,
of bassl cell carginoma per 10,000 susceptible pepulation.

leen ape of friabe T oekhamp ton Tomnaville ndeng

degennial - ,

age group r| ¥ r 7 r % s LE
25 3 2 R 51 & 5] &
5 hi 6 6l 9 mf 13 | ujae
55 Wil ] ;) 18 sl 3 | sl
55 2 | 2% 1wl = al e 2 | 38
65 41 1 W0 a2 53 66 | LI 26 ton
& 69 | 60 117 o 129 | ike 19 L7y

Eenslen,

25 1 1 2 2 g & 34 3
35 L - 5 % 12 Kl 51 7
U5 91 8 9 iv | a7 21l
55 6§16 | 15 | 16 2% | 97 20 15
65 | 27 2 5 @ 1 38 27 |28
s 70 | 43 L 57 a4 52 5% 156
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TABLE 2

Slope puremcters for the linecr equations
of the logistie {transformstion versus log age.

{1} Besal cell coreinoms slone:
Bale Eezsle
Brisbene 415 539
iogithanp ton 3.96 393
Temsville 467 3450
Lelrme 3.9C Ze

£12) 3zsal gell snd squamous cell ecarginoma

BT e R AT

[ 1]

Erisbane fre B 5026
fookhemnton 31 Be36
agyillie 5«.,1’“? }-em.g“




TABLE 2,10

Weighted standordised meen fitted incidence rajes
for hasel cell careinoma
per 10,000 suseeptible population,

Tk‘e&}

Brisbene { ioekhampton | Towmpsville | Cairns
6.9 21.7 b0 ds oS
Femgle.
oz b e ] 1.0 17.9
gatio | 2 1 0.8 | 2.63 1.53
i |
TABLE 2,11
aighted stendnrdised mesn fitied incidence rates
for basal cell snd squamous cell ssrolnoms
per 1G,C0CC smsc&ﬁtihle vopulation,
isle,
Brisbane | # cc}:hamptonl Towngvyilie | Czirnsg
51:-: o: -l-? ozx‘« % 3.3.1‘& 2 [ ?
Rotdo 8,67 | 2.3 .29
|
,
i ] :
271 4 2.6 L 575 1 338
: e, dake i o 4 i = e
Botio i Valf 2 o 03‘-2 f d s ;L'*.AS- ]
i i {




Observed and fitted valuse of the cummlative prodability, P,
used in the legiatic transforwatiom
for the dsta of basal cell caroinoma alome.

Haleg,

Age Srisbane Rockhamp ton Townavills Cairns

'
o
>
-
>

P

400154 |,00127 |.00046 |,00198 | L00232 |,06207 | L0153 [.00236
L00439 | 00511 |,00580|,0079 | ,00026 [,00957 | ,00857 |,CO87%
L1367 |sonns |.02132|.01999 | 03525 |03137 | J02622 |,02296
08280 |,07640 | ,05229 | 1296
06276 | 06269 |.0784 |,08039 | .13897 |.15257 | LOTTT3 [,08993
21226 | 10808 [,14883|.13338 | L210753 (426060 | JLKO7 |L24T33

AR EES
-
:
;
;

400280 |,00277 | 00400 | 00382 | OLOKS |,00960 | (00521 |,00622

02210 | ;0368 |,0u307 | 03807 |.05484
(03528 |OMMA. | 405033 |,0LIT | J06993 407355 | LO6OLB |,06L58
o8 07323 | omas|.0797 | 307 20033 | 09973 (20803

IeTREER
T
Z
2
¥




TABLE 2

Obsecrved and fitted values of the eumulative probability, 7,
uged in the logistic tremeformation
for combined dsta of basal end sqummous cell eareinoma,

Emg.
Brisbane Roekhamp ton Towmsville Cairns
fes N ~
P $ P & P B P B
b, 00259 |.oo337 | . 0190 {,00290 |.00537 00532 | L0379 |40050L
35 01343 Louas | (01138 |,00221 {02500 | 02674 | (02065 |,02037
45 04323 |,0u073 | (03046 |,03519 |.0B663 | 08536 | 406065 | 05646
55 ,09187 |.09168 | ,08389 |,07944 |+20103 |,29855 |.12706 | 12220
€5 I 117226 | J14632 425120 |035360 |255901 | 420561 |422066
] 27226 |,27623 | 24708 226790 45333k (52932 | (35097 |4 34207
MA-.
25 00126 |,00280 | =, 00122 | 00519 | 0037 | L00250 |,00255
35 J00755 1,007:9 | JOOLTT 00527 |.00681 {01607 | L00823 |,0002%
L5 J02306 [02151 | 01525 01557 |.0L79h 2OWG659 ,05'027 202860
55 05041 |,00011 | L03958 | 03646 |.20520 |,20492 | L0096 | 0633
¢s | 09187 |.oosss | Lovmmn fova9e |.19855 |a19636 | 22766 |.11983
) 16380 lasesy | ,12935 12782 |.51075 (32321 | L18395 |, 19746
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eell careinoms alone are too small to allow relisble curve fitting
as there avw too many sero olasses, but the same slope nnrameter
mey be sssumed forr this group of lesions.

The ownmlative nrobability function used in the logintic
transformation 1s tabulated in Tebles 2,12 and 2,13, and the arith-
metical incidence rates end logarithmio losistic curves are plotted
in Tipures 2,1 to 2,8,

It has been shown mothematically by Silverstone
(Cormichsel cnd Silverstone, 1962) that there was no significant
departure from parallelism in the regression ocurves between the
sexss ond betwean each ¢entre for the combined skin canoer data,
and the same appesrs to hold for the data for 5,C.C. alone, exvept
that, as montioned above, sampling variation has more of an offect,

The classification of satients according to lesion typs
was piven in Tsble 2,6, The frequencies of cases in esch classie

fieation are indicated by the use of brackets, Except far the
Townsville females, (Abe) > (AbC), end all (ade) > (aBC). Mowever,
all (ABC) > (ABe). Frem this data it iz of interest to see whether
hyperkeratosis can be considered to be an important premsliignant
condition,

The larpest sroportion of patients atiended for treatment
of hyperieratosis alone (except the Rockhampton males), and the noxt
largest for basel cell coreinome slone, Likewise more patients
attended on sccount of smuenous cell carcinome slone than for squanous
ecell esreinema snd hyperierntosis. The faet that more pationts



FABLE 2,24

Combined data from cach of the four cities,

sersentares ors ghown in Lrackets,

o

{leseification Hale Femaie Yotal
Lo 325 {27.9) | 1% (2.5) } 518 {25.1)
ae 96 { 8.3) 38 { ho2) 13 { 6.3)
ab( 513 {3557 W65 (51.04] G678 {42.5)
i%e 23 1 1,8) 7 { G.8) 28 { lab)
410 206 (17.7) | 151 (36.7) 357 {17.3)
B0 43 { 3.7) 33 { 3.7) | 76 { 3.7)
ABC 60 { 52) 16 ( 1.8} 7% { 3.7}

TCTAL: 1163 a0k, 2067

s o
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have rodent ulecer alone than rodent ulcer apd hyperkeratosis is

sonditions, but it would have heen snticipated that of those
uotients whe had sguemous cell czwelnema, more would have hszé
hyperkeratosis s#ice, The small sroportiorn of the total who have
211l three itypes of lesion meay be identilied =z ihomse mho muffer
from severs soler dermatitis and develop multiple lesions, who not
uncommonly hove bad sereral lssiome on ell evposed surfeees.

The exeenticns to the guneral pattern of the Bockhampbon

nmales snd Tormsville fomoles cannot necessorily be put dowm to bies

in diazgmosis, =2 the oopousite sexes In these twvo ploces confora %o

. g 3 o LS N LY oo,
date for such of the fsur gliles ore

« =5 o 4 T - e A e |
n ganeer and hyperkeratosis,

The application of a X © test may not be apprepriste becsvse there

Iy
&
&
=
g
A

eh is uravoidable in 2 hospitel series,
However, with & sommon condition like hypevkerotlosis, whieh ls

ple, ond a less common condition like squemous cell

£, >

ater proportion of patients with both €

o o e
S8s G LetLon

would be expecied if one puve vise %o The other, This has been

disputed by Laneaster {1962), His srgument starts with z false

oremise, in thel be stabes that the populeiion was divided inde

eight clesses {sic), elthough it had been uede plain that only the

hospital population was under mnalysis. I+ would be quite



unthinkable to regerd the Jueensland Redium Institute patients os
& representadive semple of the population st large, which appears
sc be Tarcoster' s interpretation of the Jata.

e

+ cuostion of sremalignency is Gifficulit to analyse

ntatisticslly, becouse the importance abttached te the yresesee of
the condition, ond the seriousness of the melisnency, will influence
the level of acsociantion considered indicative of o preeconcerous
state, Spart from conducting o rendom sample iype census of the
i% is rot cossidle fo syrive ot sn unbiesed

eatimate of the zerc sclass., Vith the possible exeeption of the

The essential srobles here ls whal is weent by hyper-
reratosis. Hrvperkeratotic lesiovns vary from thin superficial
cornified seales, io hoapsd up lesions that e rasemble the eoyly
stoges of sguanocus cell carcinena. The latier nay certainly form

squamous cell tumeurs, but the trivizl type muy be controlled

vorker in this

indefinitely by slwple tveatmeni.

wltiple, sven moderalely rained, hyper-

25 oo Bl | - % U
an b are esgenticldly
5 2 2 Tow oy Ty e weg
penign in thelir Uehaviour.

B e N N . T &V NE o R L2008 B £ 2 ]

This iz the ervx of the mobtler., Hyperserciosis is

extrencly common in Cusenslend, and the incidence in the genersl
sopulation is grossly undercetinmeied in the ‘ueensland Radium
Institute figures. Loncaster' s supposition of meny thoussnd for

the zero olass (which he called X) mey not be ss fzue =s it appecrs



TAELE 2,15

The Anatomical Distribution of Tesions ir Selected Uites,
in Patients vho heve heen Ireated for only ome type of lesion,

¥ipures in brackets zre vercentagea,

Hele,

B.0500 VY Leratesis
forehead =nd temple s8 (12,1} 5 { L.81 83 (11.2;
Pepiorbital repion 59 (12.3) 5 ( LB} 28 € 3.8)
falsr region 313 (23,10 1 6 { 5.7) | 322 {16,5)
Tose 88 (18,3} 110 { 9.5; ] 130 (17.6)
Ber, enserior mrface | 20 { 4.2) ;21 {30.35) 52 { 7.0}
ook 3 { 7.3) | TCET | 23 3.
Foresrn W { 2.3 116 {15.2) | &1 {11.0)
Hand : A { 1.,2) 128 (17.2) §125 (16.9)
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Heler region &3 L 2des
Nose 67 (26.3) | & {100} 1197 (24,8}
Bar, enterior mwfrce b {1.5) ¢ 1{ 23 2 { 0.6)
! Neek 15 ( 5.8) § 3 { 75) {15 { 1.5
Forearm 7 (2,7 5 {32.8) § 80 (0,1)
Sand 5 { 1.2} § 8 (80.0) {143 (18.,0)

TOPAL 201 (78.1) {36 (90.0) 76 (90.2)




on {irst inepection. I consider that interpretatisn of the
significonce of hyperkeratl smm only be mode in the light of

the widessread prevalence of this itrivial condition,

2,5, inatomicel distribution of Jesiong,

-

Some further sunport for the ides that Lyperkeraioses ave
not =n importint oremaliyment condition is ferived from the snatomical

atgtribution of the lesions, This is shown in Teble 2,15 for those

who have had enly ocne type of lesion, snd to clarify

sites of low frequency ave nct included.

-

Aoth scuemous end hesal ¢2ll cercincmas ccour in some sites
that show o veletively low frequeney sf hyperieratosis, sné hyper-
raratosis cceurs in scue sress that shor o low frequency of one or

other form of skin sancer. Smme sitez Therefore show a2 predisposition

The anderior surfoce of

Yooy
b
o]
)
P
Q
=
%

¢ develon ome or other Epe of
the esp, forserm znd psck ewe lhe sifes of o gresber proportion of
the squemous cell cangers than of ihe hyperkevatoses., The perie
crbidal region shows & high proporiion of the bosel vell ecureinomes,
and & lower an@ roughly ccuivsient proporticn of the souamous cell
sercinonae ond hyperkerstoses. The nose and melor vegions sve siles

f 2 high proportion of the oo sel well parcinomes in both the males

2

and females, snd also of hyperkeratosis. In these two sifes the
malss show & lower proporiion of squanous cell sancers, ond the
femeles © low proporticn on the nose, The neck accounts for @ low
proportion of the hyperkevaloses, bub & bl gher prosortien of the
cancers. These dote raise the suggestion that the response of she

skin in #ifforent sites o the selar stimwlus veriss,



As theee are the first end only lesions the effect of
prior treatment cernot be held to influence the distributionm, but
subsesuent trestment venders impossible an observation of their
Behaviour.

2.7« Oooupational focters,

Secupationel fastors may not be es importent in ‘ueenslond
a8 in oiher comtries in the ipeidsnce of skin concer, 3By develsp-
ing & ton, the oubside worker may be, in Tael, betler protected
zeninst the effeet of wltraviclet radiation than the indeor worker
who Tuns soye of & risk of rocurrent sunburn from serlodicel expusure,
Hospital vecords cve notordcusly wmrelisble se regards seeupstion,
and Yhe ueenalmnd Radlus Instituds records me no exceriion. The
censuz suthorities also dc not have much faith in occupation

Y

O S towr @A R oy e 3w 3 2
seertained by discussicn wilh members of the

staff of the Deputy Commonwealth Statistician in Brisbene, Their
exverience woe thet workers do mel 2lways sscuradely deserihe thelr
cwn oceupation, 8o thot the ocecupsticnal analysls of the whole
population is not known with eny degree of certointy., Because of

these econsidersiiors an cceupational incldence of sitin esnoer is aot

Z.5. Correlation of numbers of lesiors with length of tine under
Qugervation,
Unlike mejor fokal Torms of conmcer, skin espesr is &
recurrent disesse, which is 2n expression of the effect of continued

expesure to ultreviclet rediction, Phe cvergse npunber of lesions

suffered by patients corrvelates well, in mosi cupes, with the length



TABLE 2,16

hverage numbers of leplons and iength
of time under sbservation

‘ g gmgy i
5t tond ™ vle | Coirns Bae. j it ton [T vle

24761 2,560 § 3,556 § 2,238 1,750 {2,500
2,506 2.5361 2,750 12,0001 1,800 {2,733

9 | 2,382 1 3,038 2,489 24563 2,000 {2,533

e

P12 § 2,484 | 2,238 1.5950!1.682 2,357 §
1,781 & 2,252 1 2,294 L 34320 1,72 § 2,200

2,086 1 1,955 | 1,682 § 1.7 1,630 {1,987
1,933 1 2.2221 2,900 § 2,17k} 14529 | 1,708
1,552 | 2,182 1,559 1,607 1,852 $1,708
1558 31,7881 1,375 1,250 & 1488 [ 3409 ]
1.:44!&?.51.7& 1,500 | 14250} 1,572 §1.250
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4e ef mumters of average lesions
under cbaservation,
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FEMALE
- Correlation 4 Correlald !

8ismnificance
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of #ime under cbservation, These results are tabulated in Table
2,16 and the correlation coefficients in Teble 2,17, The two
northern centres shor & high lovel of sigmificance for both males
and fomsles, but no cbvious exlanation for the leck of slgmificance

FeRrre ] P 3 o 0 T S T T %, ¥
4 Ihe Sprishine nales ond Rogthonmbon females cun be offered,
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2. CANE FARMERS ‘WD GRRATERD STTVEY.

-

3.1, Introduction snd eceliechicn of daka,

.

This survey was executed tc provide some data of importance

=

i the zeticlogy of skin cancer =pd solsr keratosis that conid not
be geined fvom existing sBalistics and census figures. The purpese
was to study populations that were circumscribed ond homogeneous &8s
Frp as possible, =and 1o vhick ths ccoupalbional fzetor was held
constant, In this part of the cpidemiology the prevalence, rather
Ehen the incideves, is undsr investigetica. Prevelence refers to
the punber or prosortion of individuels vho have, or have had
he purvey, vhersas the ineidenee is reloted
to the wnumbers vish lesioms in o speeilic time jinterwval,

3efore deciding %o concentrate or the coeme formers mmd
greziers alone, trisls wers mede wiih seversl olher gronns off workers.
I% wae thought ihat useful comperiscns could be made belween the
wotereide wovkers in coch of the medn Tusensiand pords., 7Tith the

#ul1 go=speration =nd sssistance of the fustrall

d

an Stevedoring

Industry futhority snd bhe Usi & lowpre
nunber of whard lsbourers weve personglly intervisved and svemined
at Codirns and Towneville., Tt became appavent, hovever, that it was

wite impossible fo interview them &ll or to get an unblased sample.

The anslysis of these {ield stvdies is {herefore noct presented,
excent to reecrd Hhal skin cunesrs were very common nd that hyper-

q

retoses, verticulerly of the forssrms, vere sractically universal.

Banlorebory levestigetlions were slso mode with the

sbattoir workers at Towmsville and Rockhemston, tut in this case a



vroblem wes that the vork was seasonal, @nd that cccupations voried
auring the slzek sceson. Heny of the workers go south, 21 though
management :nd anions were helpiul snd co~gperative, further work
s not ecrried oul because of the wncertainties.

The possibility of extending the sindiss to the maisze
srovers of the fAtherion Pableland wos locked into, end some {ield
movk was sovried ocub, but sport from ecEviriscn between aliltudes
+ith the cozstel farmers, they haé Iittle Yo of fer by way of com~-
nzpative prevaisnes yaltes he notionel sroups were represented
in @iffevent preportisns, snd comperisons belween these would have
involved snnll numbers.

The cene farners and graciers were gleavly the most
euitnble for svrvey DUPDOSBCES. Yhe oane fermers form a gpoup of
ciosely settled fermors whoe do wirbeally the some work throughol 2k
wost of the fertile ccastel plains. Exespt for two sreas wheve

& . e %t 4 Al - 2 4
santised, reinfeil is the only source of moislure,

#

This i3 lmown ss dry foraing, and irpisction type zs wet farming.
e latior Pomm of forming mey involve s shtly different sun
exposurs hobits, es the former systenatically gooe over his sronerty
chanpelling water into furrovs betwosn the rouws of cans, He may,
therefore, be expozed tc exltra sumshine during the growing ssasin,
wet forming is earvied oul in the Ayw and pords of the Bundsberg
distriets.

The cane formers are gil memberz of the ueensland Gane
cpovers' Coungil, which supervises ke interests of the whole
jndusizy. The cone growing distriets are subdivided inte mill

supply ereas, if there is more than ane mill in the district.
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The Council previded up to date lists of the farmers in perticulsr
selected will susply areas, supplied all The necessary locsal
information end sssisted considerably with the nublicity.

The populations for the grasiers' survey =mere obisined
from the fustralian Pastoral Directory (1956), =nd lists were made

the oroserty ovmers who msppeared to live and work on the statlons.

fome seaistance war obiained from the United CGrasziers' Avsocisticn
and the Sresiers' lusociztion of Gentral and Forthern Cuwesnsland,
but these crgenisations Jc no% have sueh extensive administrative

o

T S SO
SonTPil a3 Lo L

y not comsulsory,
Publieity for {he project was oblained through the news

-

e emne growers' snd grosisvs' orgonisations, "Jueenslznd
Country Lif2", the loeal aress end country editions of the Brisbene
*Courier-ilail®, \ medio hroedeast wes ayvanged through the

courtesy of the fustraliecn Broadensting UToomission, issisteones wes

also given by the local sescvetsries of the cane growers' znd gragiers'

crgandaskion The e¢ffects of this publiclidy, together wilth the
knowledge ond interest of the “ueenslond teople regarding ehin

r Wigh level of responsze, sardticulerly

E £cha

oanear,
fron the cane grovers, A3 2 preliminsry So the cane Tayoers! survey
£3eld work wos covyied out in the Goirns districet %o test the
standard of lmowledpe of skin vancer and soluor keratesis, and this
was gufficiently relisble ¢o jusiify the vest of the suvrvey.

The survey was gonducted by sest. A Tome, sxplenaiory
letter end husinesz reply »eid enveleope wers sent 4o aasch candidate

for 4He survey ond his wife, Fooud half the gone fomers snd rether
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tess of the craziers replied to this first sppiieaiion, When the
nunber of relturns isindled, = seeond form, letter mné envelope were
sent out, This resulted in & reply from z further 25 per aent of
the gane fermers, A third epplics ticn brought the lsvel of response
up to thet showmn in Table %.i. The letter explained the purpcse of
the suevey =nd sssured Ehe recinien$ thet &1l Jdeteils would be
treatod as confidential, snd that it would not be possible to
vegognise ony individusl in sublished results. The husiness return
envelope wes sddressed Lo Ur. ¢, ¢, Carpicheel, and wes 2lso merked
"Confidential”.

The Actails recuested of sach condidate =nd his wife were:
are, cceupaliions Drevious ¢ cans growing or rrasing, place of birts,
plece of sorentst birth, Fhether now or in bhe peat slfecled by sivin
csneer or sunspobs, beir colour {vefore roing beld or grey,, eye
solour, cemplexion, veaelion 1o the sun and Pamiliel incldence of
gkin cenoer and sunspobs. Skin caneer and soler keratoses were
syacted oz one entity, ns 1t was felt that distinciion betwean the
two would be unrelisble md | that uncerseiniy on the pert of thoae
surveved wight militete speinst cchisving as £00d & return =5 possible.

The eohe Parmers ab Lyr were intervieved by en Officer of

the Csne Growors' Uouneil, snd net surveyed hy peost, s¢ that the
¥ B *

1over presurbicn of raspinss in
less willingmess o co=-opevate then in other districts.

The speas to be surveyed weve ghosen %o give as wide &
peographical representation &s rogsible, Vhere there wus & choice
of miid sunply aves, vaEylous icost {actors woere teken inte

consideratisn, cnd the ares chosen Wad ihe one that secmed %o have
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TABLE

The nrevalence of zkin iesions mmonzst the cane lermers.

Males
! ' : . : oo
@' ledipht Nenbour| B'berg iyr Kossman| TOTAL

Nackay

Beabindeg

Total

rer Gent,

Responders 115 224, 29% 266 11 234 162 137
Fumber with
lesions pie L L3 %8 21 30 23 207
ver Cent 8.7 36,6 | W6 | k3 1k 12,8 13,0 ok
Yemcleg
i
Total ;
fesponders 107 186 o5% 220 12 185 13 1228
Tumber with » i '
lesions | L 19 21 6 & 11 11 76
Per Cent L M 3.7 B3 &'fnﬁ Zoly '3.6 8.5 6;28-
THBLE Jok
The prevalense of skin lesions amonpst the grasiers.
figles
: : g ; — e
Cunnemulis | L muhg k' ton Slenourry TOTAL
¥ . 5. A A &
Total Responders 56 50 % 23 36 225
We, with lesions 2¢ 18 1 30 i 11
1
i

35.7

30.2

LE]
&3
»

o

i

340

%

Eengles

Potal Responders

Hao, with lenlons

Par Cent,

-.:j '{Q

Lhy 3

70

-
o5

o3

27

ilek

26
134
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the best potentiality for & full response,

The districts surveyed, letituds znd provoriisn of
responge @oe shown in Table 3.i. LY was nol knovn how many of
the cane farmers or grasziers were narvied, btut the women co-ocperated
1ily es the men, so the proportionate respomse should probably

that {or the wen,

o
@
i
1 4]
=

y-
g
%5

45 thers is no cane smrowing Tor zome distaonee novih and
south of Roekhanpion, this group of grasiesrs wes substituied into
the peneral schems although the lelituds is practically the seme sag
that of Longreosch.

The reasons for non-response were sought in two further
mmall rendom spoplies frow ke Beonleigsh and Sebiade distriets.
The results are given in YTeble 3.2,
Tith regard o nomervogponders, comoensation may be asde
either bty conslidering them all o hove or not Yo have skin lesionms,

- e Ey

ond 2djusting the prevelence rales asoordingly, or by ienoring the

}n

eentribubion they meke snd considering them o be = randon sauple of
the whiolie. Lz the nenerasponders 414 notl show mny blas relative o

the wreooriica showing skin lesions, Whe latler course

(o]

oy g D
e oeen

dely

ot

sdonted. The prevalenece is therveiore considered in the total nunbers

The pumbers with lezions sre shovm in Tables 2,7 snd J.4.

%.2e The provalence of skin lesions in different rasial srouns,
The ¢ane formers and grasiers were sssigned to their roeisl

or sthnie groups on The bosis of their bivihe-place or parents'

hirtheplace, Those who gave Austrelia or Greatl Zritein as thelr
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and their perents' country of birth were elessiiiod as British,

211 the rest meve classified sccording to their parents’ country of
birth, unless they themseives wers Yorn overseas., In e few cases
of mixed Gwscent, the nax ticnal group wes token o e that of the
non-British perent. Tho largest pon=dritish groups were the
Ttaliens ond Gevmens. rhat this 3s 2 relisble method of classifi-
aation is substantisted by serrie’ s {195%) boeak, "lteiions ond
Cermans in Sustrelia®, Tieilams rigrated to (ueenslend in lovege
mumbers belween 1001 end 1933, ond many o them tecok up land in the
cene groving districls, They were sonsidered good finsnelial risks
by the benks during the deppescicn Joars, sné wers encouraged te
develop the cane prowing induastyy. Ihe pattern ol nigraiion wes

srrived Pirst and estabiished Mimself sconcmieally,

cermons heve sebtled in the sepiouitural avess of Eugtraliis
since the labbter port of the last cembury. They tended % congrerate
in gepbain swross, whieh in wesnslond inciuded the Beenleigh mnd
nundeberg districts. Gelne by the porents® birth-plsce rovably
accounte Tor the majority of the Cermens, Wul any sscond gonert Sion
caymere of Cercen descent would probebly be clossified es British.

The Beenleish dictriet shows the pighest sroporiion of Those oF Germen

-

descent, ond the Bundaberg district higher than Ghe remainder.



There ia little detailed information nbout the othar
imsigrant groups, though it secme very proboble that they arrived
at the same time as, or ofier the Ttalians,

The notional origing of all the cane furmers axrv glven in
Tables 3,5 md 3,6, and of those with skin lesions in Tables 3,7 and
3e8.

The peroentages with akin lesioms of the total cane farmers
ds not show any simifiomnt trend with latitude (Tsble 3,3), in
elther the meles or femsles, The prevalence rates for the &ifferent
national groups sre sumserised in Tsble 3,9, and again there is ne
clenr-cut correlation betweun prevalence and diminishing latitude,
The British males spprosch o correlation hetter then the other
groups, but cven in this case the correlation coefficient is omly
0,664 (P > 0,1, not significant),

The mean ages of the oane growers »ith and without lesioms
are given in Tadbles 3,10 end 3,11, This legk of correlation hetween
provalence md latitude is avparently not due to inhomogenelfy
regarding age distribution, There is likewise no tendenoy for the
subjeots with skin lesions to have & lower mean ape towsrds the
noxrth.

The grasiers were all of Britisgh desoent, and thelr prev-
alence rates are approximately e third for cach area surveyed
(Teble %.4). TFrom this Qata there is no evidence of either a
latitude or longitude effoet influencing tha frequency of akin
lenions amongat the gsrasiers, The ege distributions are givem in
Tables 5,12 and 3,13, The large stondsrd errors in some cases are



TABLE 3.

ey = e e ::-:E?n

rale Cane Farmers clussified aesording Lo nationsl origin.

o N

neenieigh | Nanbouy '3mndahergi Yagkay Avp Babinds Yassmen 1 TOTAL

‘ ietional orig

R e s
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TOTAL: 115 225 295 265 1kl §2§@ 162 1437

The figures in brockets in this snd succesding tables

of naticnel origin ars percentuzges.
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lassified sceording %o national ovdelin.
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ives of Cene Farmevs with

.

fitin Gancer oy Hyvexboratosis closs!

| National origin

Boenleigh

Hembour

. Bundaborg

i

Babinda

British

ST
Lotlidn

3075,00
1{25,0)

D 1B{B0.T) ¢

15090,5)

8(72.7)
2(18,2)

o o “ o
German = 1{ 5.3) 148} = = =
~ . - SV
LSoendinavian 1 (L3} 1(1&.7) {167 -
¥eltese - - - - 1 9.1)
TOTAL: - 19 2% 6 13 11 [ B
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TABLE 2,10

#ean sges snd standard errors of
“he totel Cane Ternors.

% * Hale Female
Beenleigh 45,6 < 1,12 52405 L 1,16
¥ embour 46,78 T 0,76 43,06 2 0,77
Bungsberg | 45,38 = 0.7 13460 = 5,68
tacksy | 45.13 L 0.76 19483 = 0.4
hyz 4he30 = 0,96 50,20 2 1,08
sevinds | 85.39 To.83 | 30.93 Z o2
Yossman |  A46.81 = 1,15 52,89 T 1,21

TABLE 3,11
znd stendard errors of the Cane
Formers vwith shin lesions,
g Pensle
Beonleigh | 50,80 - 3.99 50425 = 1,12
Henbour sk 22,01 1 AT.32 T 2.6k
Bundsberg | 53.02 © 1,60 2,38 £ 1,00
Mackey | 4B.56 T 220 | 4B 3,55
R P oses2 2,99 | 42,00 % 5,35
Babinde | 4734 - 2447 52,30 = 2,5k
Wossmsn | 5110 7 3.%5 19,73 % 436




TABLE 35,12

lilean ages and standard errors of the Grasiers.

Mok k.
Cunnamulla %541k 218 53,66 2 1,35
Longreseh | 47.92 * 2,17 W358 = 1,93
Rockhampton | 55,06 = 1.2 1180 = 1,23
Cloncurey | 55.66 = 24 | b9 T 2.4

TABLE 3,1

Hean ages and standard cryors of Grasiers
with skin lesions,

’ .’Eal& | Fomale
Cunpapulilsa 45480 = 2,97 LA ] I3m
Lonzreceh 51,36 £ 3,49 41,90 £ 3,03
Hoekhesmpton | 54,90 & 3,19 51,50 = 3,23
Cloneurey 56452 = 3463 45,67 < 12,95




-23-

due to very small pnumbers, und are only inscrted for ccmpletoness,

‘ursuing the analysis with the Sritish nale osne famers,
trenda, in some cases sigmificant, are obtoined when the prevalence
is considerod versus lsti’ude in sub-groups of different physical
charsotoristios. The deta for halr colour, cye colour, complexion
and sbility to tan rre given in Tables 7,14 = 3,17, Plus ond mimus
signa refer renpectively to presence and abaence of lesions,

Tnopection of the tables shows thut there is a positive
asnoeiation betweon red halr, fair complexion mud insbility to tan
and the presonce of skin lesions, Theaze assoelstions wmay
eonveniently be summarised in the oooff'ieient of correlation (Vele
and Kendall, 1950) =

- e RS

with standwrd eyror

2
OQ.LE_G_A/%..K%*J%,:&B

The sysbols B and O refer to the presenee or cbaenco of skin lesions,

and A or A\ represent presence or sbeenge of sartleoulor physical
charascterdisties, Srackets indicaite frequencios,

Theose rosulta are glven in Tsble 3,18, ‘hen there ls no
assoeiation O = 0, and 1t bogoues cositive or negative for asassoela-
tion or dascelation respectively. Toking a devistion frem sero by
0 of more than thyee times the standsrd error s2 significant, red
bhaiy, fuir complexion and inability to Lon arc the only chorasters

isties ponitively asscoicted with siin lesioma, Conversely e dark
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complesdon, end ability L

er proteetion against

the develovment of lesions, on

the reaction Lo ihe

rrelabions with are oot out in Teble 3,1%.

£11 the ved haired burn in the sun, bud She numbers in
this subespour ore foo gasll for saleulotion of the sorrelstion

%1 e il [Pk YeiaatB sfua 2 p— b Ll
von the red end fair halred groups sre amalsesmated,

The poefficiont of

Dw 3 - i

doss % per cent level of
- i3 3

B indepcnsonos belbween

of lesions, Al thourtk: Yhe totbal

.y

2 = wisl LT . T . a B e
1z eseoelated positively with leaiona, a 3 por

K g, ]

with Aminishine latitude iz not

4 @iminiahing

losiona are independent., Tnfortunsiely

T gy Turther,
e e §oe s oven s eI + in thass who camnot bon oosd "13‘
Mhere 1o ovidones 3 hrovre o0, L 0 GOt WD 4T A 2 2
& e e g o B SR s ..mf
e, & of the etaed Top aov

srupensity to develop siin gonesyr, that the preval

lence incrasases
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TABLE 3.1k
Sritish Cone Farmers sud Graziers classified
secording to hair solour.

eles,
AR SRSV LOC0T

Cene feir Colour
Faraing Ted ] Feir | Srown | Derk | 1ot

and Stated TCTAL
Grazing
area + - * - + - + e - + -
g» . ) L4 o 2 3 Fp?od L 3 - fod -
i Boenleish 3 11 26 2 76 2 15 i~ 1 5 73078
‘ ! , o .
Hembour 3 2 j16 52 17 56 {17 59 ;- - | 43 160 12
Bundeberg &, 7 1 ‘ 5
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British Cane Parmers and Greosziers claszified
aecording to eye colour,

fales.,

L3
SR

Cane Hye Gelour

Fayming ? -

and Alus reen Hegel Brown Kot
ﬁrazing Stoted TOTLAL

’ + - & - + - + o L + -

Besnleiph b &9 - 2 - 5 1 17« = i 73
¥ambour 79 102 z a ho 2 7 bR O S 4% 162 A2
Sundaberg {22 146 - 5 5 22 £ 21w = A 201 235
licokay 26 5% 2 1 1 18 5 Bl e 3B 139 17
Ayr 11 2k (] b ho Ik 2 IZ - - i85 55 73
fabinds 12 &G - 2 & 1L 5 20 - = 22 77 ]
Hosgsnan 7 &2 2 & z 30 5 98« - 17 75 52

N
fad

31

17

7S 363

Cercentoses,

Gunnamulls | 16 21 § 3 L - H e - 20 26 56
Longrasach W o2, i 2 2 2 3 i 6 - - 115 35 50
% ton 20 ) - - & 3 & 131 - - 130 55 23
Glencurzy g 13 1 3 i L - T i~ = il 25 36
YOTAL: 55 95 3 & i3 16 5 52 [ = ow 76 1ke 225

: fgtag
Cene
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British Cane Farmers and Graziers
seeording te complexion.

TARLE

16

o=
Yaies,
ERRE GG ARSI

classified

F:: S e e et st

Cunnamullae
Longreach

Cloncurry

18
26

17

10

2l 32
g 9

7
2

'

[ = I N
ey
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b fed [
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2 |-
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> |=

sne Gomplexion
Fersing -
Tal Hediv Dard Sallow W "
and rair Hediun Dark Sallow B ﬂt TOTAL
Grezing 8 '%;ated
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+ - & e + - + L + - s -

‘Beenleish 5 350 |~ g1 - 53] = 1 - - 5 73 78
Nessbour 79 96 |3 1719 AR 5 1 2 43 159 212
Bundaberg 22 1530 |- %1 5 Ldy - - “ B 3 201 £35
Heckay % 7|3 6|6 a8 |- 1 |- 3 3% 138 17
Aye 11 17ls 23lez 1B |- = |- = 18 55 73
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TABLE 3,11

spcording Yo reaction

Heles.

tish Caone Povsers end Sragiers ¢lassified
4o sun.

{:”&!{-oz’lﬂ

Cane iﬁmws Yeaction %o Sun -
f‘a:i;a Area. fure Tan Not stated
i L > o 4+ - & -
Besnleish 5 27 2 B |- - 5 73 76
Reabouy 27 o 16 10 - - LB 169 21z
Bundrbery 25 &1 9 119 - i 3% 201 235
leckay 2. 5 | 1 7T - 1 3% 139 17%
Lye 15 Z 3 32 =] o 18 55 73
i3 g 55 b - 22 7 2e
il i &5 - 1 T B 92
. il NPDUTESENE S ————
w1 %0 | 52 476 1 3 17 785 963
Cunnesuila 15 i | 5 25 = - 20 36 56
Longreach 13 15 2 19 - - 5 35 5C
Rockhempton 2% 23 7 ¥ » 53 8
Cloneurry 8 3 3 22 - - 25 36
TOTAT: 59 5% |1 9 |- - : 76 1y 225
Percentapes,
—
Total Cane Farmers (68,5 359.3 [29.9 50,3 (0.6 T 17% 789 963

ST

Tetal Grasiers 770 35,0 |22.4 - - 228
GRARYD TOTAL: 72,0 et 2’7..,6 61,0 £, 255 938 1188

oot i 5
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Lasociatior between
lesions endi-

Goefficient of
Asszeciation

Stendard
:  arror

Significance

#ed hair

Fair heir

[

Red =nd Fair hair

(smalgmmoted dsta)

Arown tnd dsvk heir

lue eyes

£ 3
hrown eyves
Paly somplexion
Park snd sallow
complexion

Tneuiliity Yo tan

+ 0,68211
- 3,0CH05
+ G,17835
- 3,17895
+ 0.09839
-~ 0,10786
¢ 02507
o 0, 3E70

+ (,56264

3.,09206

§ > 30
Significant

Lo

| Tndependent

202K 30
Boubtful significance

zo< 3 L 30
Doubtful significance

ody Z20
Independent

gl L2c

| Independent

6>3%

Significant
"". > 3 o

Significant
G >30

3ignificaent

e i s




£y
CENOY

wtiong AD

r,ee

ed in

”pr,.;»

G o Sl T
¥
€3

Hole Gane Yearmors

Grouos laseddd

b, .;ﬁ&rw., GOx

1isties.

Cene Prevaisncs uf
Farming — "

Lyves Red and Faly Helr Blue Ina’).xh by t.,, Tam
Beenledsh ::‘/'55 (9.2%) f’/w (m.::;%ﬂ'\
liiiind 29/125(23.2) /95 (2808
» w— oy ) % S o ot
Dundisory 2‘"‘/ 159(18,2%%) ?jf A0 119, )
Nacksy 26/96 (27.3%) 2:/85
- 11/28 {595 ) 15/3
Zabinds i.q/éﬂ ,Jl' J’, ,”,3 :)j
Hossman 4 ;,/,;6 (( 142
Logificient

By
eorrelation

o wge ] R W (3]

ﬂt}l e i’&:\: {’5;3«3’1 f};‘ {;;fi Gt
degreaaing
lstituds
Significonne Ced> P O4,05 Fot ’if’ﬂ.&& As.r,mt G527 2 5’33%‘32 )

b adgnificont velus significent vg;hz-. Significant at §° level
iz 0,755




TABLE k.1

Country of birth for mejor nationel groups

in ity populetions,

‘ercentases, from 1954 census.

Hole.
#risbane Zockhampton fownsviile | Ceirns
auetralis Bh.% D21 89 .4 36,0

taly
United Fingdom
Sther Durppean

iy

0,8

1e3
7.1

countriss 2,0 3,3 1.0 2e2
Lemale,

fusiralisa
Tealy
nited Kingdom

Other Furopesn
sountries

86.9
0% F{

el

1.6

931.7

]
L

P
L ]
#2

<o

o7




Pereentoges of the immigrent population,
classified agoording to length of time in Austreliia,

Yeoars in Australia [Arisbene Nogkhampton | Towmeville| Codrma
< lie© Dale 3.8 Jed
1e2 3ok 3.5 2,6 242
2=3 643 Tol Ged 16
5=4 8.0 Solr Ta7 3.7
I =5 11,4 Lo 8.6 134
5 =6 73 3.6 be RN
6 =7 2.7 2.1 2.0 1.8
7«8 1,1 0.8 1.2 0.8
8 =15 2.1 1.7 2.5 1.6
> 15 and ovey] 5340 639 5849 55 5

ot atated 0.7 0.7 2t2 3.5
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4, CLIVATOLOCICAL PiCTORS AND SKIN CANCER,

The hypothesis under atudy in experimental ond epidemio-
logicsl observetions of ultraviclet sercinogenesis is that there is
a correledion between incidence of tumours and dose of radiztion
received, This hss been substontisted by Blum (1959, page 191}
in the experimentel Ticld, who found that, provided the animals

lived long enoush, the incidence approximated to & normel distri-

e

pution., In gemercsl, it may be seid ihet with diminishing letitude

in Justralis there is an inerease in skin cancer, ond that the

ineidenes surves ope

ir the data of this thesis there zre, hovraver, some
) 3 3

b,n

exeontions which require explemation. In the published work

%

{Carmichacl md Silverstone, 1961} it wes shom that Yowmsville had

8 significanily hirsher incl@enee rabe than the other lhree cities,

and thet Csizms had z hisher rate thean Bockhampion. In the esse of

the females, howover, Brisbene alsc hed a higher vate than Koeckhampton.
7o seek the explenciion, boih the climatelogical end

»

population eharacteristies must be examined, The eity ropuletions

are ned honogeneous, so that neliomel differences could certainly
influence the incidence rabtes., In Table 4,1 are given the birth
pleges of the mejor national groups, ond in Toble 4.2 the length of
time lived in fustrelic by the immigrant populations. The census
tehies fo not wmive mn onalysis of the length of the time lived in
hustrelis Yy the various notional groups. It sust be rvemembered
slse that the oifspring of immigreni population forms an unknown

svoporbion of those borm in Austealis., The dets, however, serve a3



& puide, end mey help Yo explein some of the discrepancies, Ceoirns
has a hligher proportion of Itelien-born in its populsztion than the
other three sities, vhich would tend %o lower the incidence rate.

The climatologicsl faetors sre not necessarily straight-
Popmerd, The foetors thot influence the smount of ultraviolet
radiakion reeeived at the serth's supfece ave:

(1) Letitude, engie of elevailon of the sun and sir wmass,

(11) Pust and water vapour in the otwozphere,
{334) Ozome in the upper atmosphere; and

iv) Degree of aloud cover,

The Pirst threz fostors have been discussed by Sonderson
and Pulbers (1955). The sir mass iz the zmount of afmosphere from
corth' = surfeee o space in a vertical direction.  Adnospherie
absorptiort of ultraviolet ond visible lisht follows an exponential
law, sc thet the asount of rediction reesived at the corth' s surfoes

‘e o pomplex Funedion of the sngle of the sun and the #H.stance

to passe  Tusd, water
vapour ond air scstber the redintion {accounting for the sky), some
of whieh is dreched dommwmapds and some reflecied bock %o spase.
seope is an efficient shsorber of ultraviclet wvedistion below e
wovelength of 340C ingstrom units, snd is responsible for the lower
14mit of ¢he soler spectzum zt abuut 2000 ingstron units. The
smount of osone in the upper stmosphere varies with latituds,
sreasing fron about 180 x 3.0"3 en, &t normal tempeorature acnd pressure
at Iatitude # %3 to 220-24G X 10'3 cm. 2t latitude 40 is There is

oiso some seasonsl veristion. According to Senderson and Hulbert
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ZABLE ks

Yltraeviolet radiation couni: messured in thousands
for one twelve-month veriocd snd aversge monthly sunshine hours.

Sunshine hours {or Cloncurry are not svailsble,

Brisvane Townsville {lonourry
HONTH S . -
ave Zunshine YR Sunshine VR
Counts . Hours Counts !  Hours Counts
s T - ol FAN ] 5,0 i g >
Oetober 1359 B3he35 236.8 4745 2254 83035
lovember 58 085 HG el X 30 \ .5‘11 ¢5 55 e 55
December 45,35 1 2hB.2 I 47.75 226,2 £2.30 |
? - 3 Eac) % P P il LY
: J anasyy 1860 41,10 i 28.} o3 51.0% 50 2 : 5o 75
Februsry 3845 183,58 51,26 | 188,68 | 148,05
| Mexeh 27.55 | £50.2 36,30 | 223,0 13,85
\oril 122,90 1 242,08 3,90 1 278.0 35,05
Hay 17.45 1984 25415 243 ,0 23,00
June P 13,20 23242 23,00 | 243.8 i7.85
' kBB i Eot 1) By -~ &% {
July A T 1 ¢ 206,6 P 265,72 72,10 |
Angust 19,70 1 27,1 | 32,90 | 295, 25,50 |
. ;
Septomber 26450 25145 25,70 296 0 35440 é
e Miv(\»"«:"l‘ﬂ% T ﬁ-&ﬂffnﬂ'.iﬁmﬁl‘\ij:a“ﬁ R e - - o e ‘ mm,ww-.ﬁ‘j‘:
POPAT ,3:310 35 ?791 ) fu{{f"{&m <l o2 4 ,’)1 » {-?9 Py 25 ’,
. eiida H
2 Rstic E
UVR Counts 1.0 | 1.26 1.33 |
: v i
Eatic ! !
Sunshine ' |
Hours ! 1.0 1.33 ;
e e o S




Brisbane

— —~- Townsville
— = Cloncurry

85 7
80 1
55 1
50 1
45 1
40 1

’
85 ]
20 1

15 4
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Figure L.1, Tltraviolet vradiation messurementes , in
thousends of' counts on a photoelectric recording device
(ordinate) , Tor cne %welve month period for three
Jueensland centres.
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=5
{1955) =11 these voricbles are sc complex that there is no simple way
of estimoting the solor ultraviolet radistion reeeived st the earth’s
surfuee,
the depree of cloud cover can cpercte (o snhance ap
diminish the smount of radi~tion received =% the sarth's surface.

5 eover of thick ecloud setz sizmply by blotting ocut the sunliishi, but

g,,.

ioolated cumnlus tyne cloud incresses the slarve by reflection of
short vove visible 1isht and clso of ultravislet radiastienm,
In 2 perellel investigotion by the Tepartment of Fhysics
¢ the University of Tueensiand direot moasuremenie of cltroviciet
radiobion received ot three pliaces are being obtsined, Heasurement

»

is By o photo-slectrie device thod reeords o1} the solar ultraviclet
regiation. ‘The suaniities {messured in counis of number of times o
enndenser dischergss) are given for one twelve month period for

Brishone, Tamaville and Cloncurry {

sugolied By ¥p, 0, ¥, Zobertsen)
in Table 4.3, The shapesof the cuvrves for Zrisbene and Townsvills
ere similor, oxecent thot Towrsville hias o rether bigher winter and
goring count, The chape of %op pard of the eurves indicates the
wffeet of clowd cover during the soastel rvoiny zeas on.OﬁSure Lot )

in eddition %o the souplex meteorclopgiosl weriables ore
the soually wnnredictable human ones. The degree of exvosure to
sunlight #ill be deternined by vhether a hot is worm, the emount amd
twpe of clothing, and whether outside sctivities are pursued in the
hotiest port of the veny.

The effect of sky rediation is guite votent in the tropics,

and 1t is possible %o receive an erythemal dose of ultraviolet radia

tion without being directly exposed., Sun exposure hebits should be



interpreted in relation {o this 23 well szs the other varizbles.,

A rough comparison may be made hetween the Tueensland
skin caneer ineidence rates =nd those published by Zuerbeeh (19461)
for the Ynited Stoates, I have standordised the Tnited States rates
for Yew Orleans wnd Lallas on the Tockhampton ponsulation, but this
hes neceaaitoted some approximation in hoth the voper cad lower oge

groups, The vabes ser 10,000 sve:

£y

: Oricans (29957

5 heliss {320L,70%)

Hole 22,0 5.0
Yemale 1247 16.8

Comprring these retes with those piven in Table 2,11, the
‘nericon rotes ave secn o be lower than those for (ueensliand.
iuervach, hovever, used the tetal posuvladion for his snelyses, ond

.

not the susceptiblie population, se that his rabtes would be under-

He bhas olotted o siraight lire gronh between inecidence
vates snd latitude Por fen cities, snd found that the rate fouhled
every T8 the cities vere ncarer the Zouator., Ingnection of his

vank, hovever, suggests hat o straight iine £it moy not be the nost

’U

apprepyiabe, and that ihis relationship between lebitude and incidence
may be ohseuriags genuine veristions in the incidence pattern.

In swensry 1% vey be ssid thot the ohin cencer incidence
in both fusiralic snd ithe United Stuates increases Lowards the
Bemabor, but ihoi lopsl climatic differsnces ond porulation woriations
de not nermit of 2 definite relatlonship bveing defined., The correl-
stion found botween diminishing lutitude, »revalence of skin lesions

and inekility %o ten found in the sone [armers' survey may be of
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A

zore significance in this vegard, becsuse mony of the wverisbles

have been zliminated,
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5. BPERIMERTAL ULTRAVIOLET CARCIFOGEIESTS,

5.,1. Introduction,

Experimental carcinogenesis with uliraviclet radiation has
been carried sut successiully only vith laboratory sice ond zats.
Findloy in 1928 wae the firsté lo demonstraie tumour sroduction by
this method., Subsecuently various workers have repeated the
cbservations., Husch =nd Baumann (1939) vsed & cusriz sercury
vapour lomp and nohieved = 62«83 cer cont fumour produetion in
3 - 9 months, in 2ibino mice of sirsinci snd €. Black 57 miee
showed o emaller aovoscrbion of tumours wnd reguired ¢ lonser time,
The tumours nroduced were pspillomas, spitheliomas snd spindle cell
eorcinones, with some mizing of the leller two varieties, From
154) onwerds Blum ond co-workers repcrted the results of extensive

vsoerisents, using siwain A mice (Blum ol g1, 1%, 2043 = snd b3

1942), Bein and Rusch (1343)

)a
o 3

Grady et al, 1941; Kirby-Saith gt &
Investigoted the wovelensth depondence of tupour production by

using & Jinited ultraviclet speetrun In 1936 rutschor reported
the resuits of experiments with heth rats ond mice, snd stated that
true nixed tumocurs of both sesodermal and epithelial Yissue conld
ceovr, Roffo {1934, sited by Blum, 1955) indueed skin ceneers in
rats by excosing them to nsbural sunlight. In 1936 Sesrd gt gl aloo
showed that exposing rats to ultraviolet vedistion cculd cause &
veriety of types of ‘umour, ireluding csreincmes of the cars,
spindle cell sareomzs of the eve, glant eell sorcoms snd hacmorrhsagic

tunours with 2 possible crigin in the smooth musele of the eilizry

enat of the eye. Hueper {1541) irvadisted conrenitally hairiess

Y
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rats mnd their heired litter mates, and found that of the heairless
snimaels cnly one developed o tamour. The hoired rats developed

both coreinomas and sereoomss,

#ith heirless mlce Winkelmenn gt 8l {1960, 19853) induced

squanous cell cercinomas using su ordinery sunlamp, Griffian gt ol
1555) =ud ¥elner g gl (195€) investigeted the possidle effect of

shotorecovery in ultraviolet garcinogeresis in mice. The Tormer

found thot exposing the snimals o visible 1ight ot the some time as

=al

&
2]

nltraviolet rodiction noesssitatle hipher dosage of the vltravicle

radistion o produce tumours. On the other hund, sevimals exposed

o

5 uliroviolet rediztion slone snd housed in the doxk reguired more

et
&

enepgy Tor tunour nroduction than Tthese kept in white light, The
& :

-

. ) so Holl o, wcad peth T N .
castlivalting visible 1izht had a

C.'Z"

toy wuthors Tound that pheis

el

aneing effect on the casreinopenicibty of ullraviclet radiztion of

e

; & Y b SRR . & e
vavelength 2337 fnpoiron uniisa,

There is apparenily nc gymergism between vliraviclet mad

chomicol coveinopenesis, the reporis of experiments being somevhed

LR - Y

inecnelusive (Sohn-Speyer, 1229; Toussig gt gl, 1938; Epstein ef ol,

1961).

5.2, Uatholoey of ultraviolet tumours in experimentel onimals, and

S

iheir possible souivalents in men,

Tn miez thers appsor to he fwo prineinal fypes of tumour,
the cbviovs squamous cell ecrcincma ond @ spindle cell tumour thet
has been diamosed as both ssreoma and svindle cell careinome, The
souamous cell tumours ere usuelly fairly well Jifferentiated, snd

resenble those due to chemieal cercinogenic apgents., The spindle



.5(

eell jumours are csulte undifferentisted and consist of interiseing
bands of clongaoted cells with varisble nueclear size, and frequent
mitotic figures in the growing vhase, Findlay (1928 commented on
the prescnce of hoth careinome end ssreoma, Gredy eh 52 (1941)
songidered that the melcrity of their tumouvrs were {ibrossrcomas,
relying heavily on the eppeorames of the intercellular collagen and
potienlin, Ther hove published no cictures of he histology of
early lesions,.

The type of tumour indnced appears %To depend on the strain
of mouse. The heired mice develoc a2 higher oreportion of spindle
221i tunours then scusmous. The aiee homosypous for the He
reeessive pene wsed by Tinkelmann et sl {1960, 1963) all dasveloped

&

senamous tumours,  In these snizals fhe piloschogeocus epperatus

shows regressive shengss hetween %he ages of 2 wnd 5 weeks. The

s R ey Py e - Ed = it Y
mimels srow o nopeel pelege, but it ig zhed ot cboul 1U days.

There may be¢ some cyelicsd regrowth for o time, but the zdwit enimal
hee no helr, The sebegeous slomnds, denied the cutlet of funciional
hedy Tollicles, condinue to seovele end the Jdermis tbecomes alwond
comnletely replosed by disbended dnets confaining sebaceous uaterial.
Tn some experiments with hodrless mice homosygous for the

Weked Gominent sene, I hove induced spindle cell cerginomas, similer
; b4 5

4o those indueed in sibine i animsls (Figuves %.1; 2, 3. The
Haked sirain, =lthough ithey have neo nelage, have fonctional hseir
follieles snd therc is eyelienl hair growth, The hair, however, is
brittle snd bresks off. Hicrosecopicelly ihe skin of the Weked strain

is similer to the haired onimals, though the follieles may be

siightly wore widely separateds. The other suthors eited did not



Figure 5.1. Ultraviolet tumour in white laboratory mouse, showing

spindle cells arising from the epidermis. Haematoxylin and eosin.
Magnification 167 x.

Figure 5.2. Ultraviolet tumour in white laborato

Ty mouse showing
origin from hair follicles (H. and E., 167 x).



The dark areas are

d E., 133 x).

i an

6

anin

Ultraviolet tumour in naked mouse.

sub-gpidermal mel

Figure 5.3.
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dispuss the pathology of the tumours they induced in mice, In
rets the tumours seem %o be prineinally squamcus cell cezreinomas,
tut whether the tumours designated as sareomas are truly uesodermal
tumours ig not sertain,

The point of origin is of impordonce in the consideration
of the effeet of ullraviolet radiation., The tumours produced in
my series of sxperiments have been sracticelly all spindle cell

saveinonss, and eppear o be identicsl with the picturss published

’}

frady et =1 {19417, These workers considered the spindle cell

S =

.

tumcure tc be sarcomss, On this interpred n of the lesions
Blum hogs sloborated o theory of the mechmmisn of wltraviolet
garcincpenesic ond the penedration of the radiaiion through the

1, 2 and 3 zhow a

grindle cell careinoma orising from the spidernis and hair follicles.

ne Pibrillsry intercellul

B, 8 = Vo oo E &
Thile sane tumovr oloso ghows a

roficul’n pettern thal resembles that of a2 Pibrosarcoms, be the
tomours grow the interselinvlar fibres beeoms more obvicus snd may
be muite well Jdemonstrated by & Masson's frichrome stain,

Spindle cell coreinomas alse arise in humen shin, and axe
someiines nisdingnosed us fldvressreomas, They usvally avise in

eress of irefficiently treated skin sencer or sreas crevicusly

trested by denilnlory dozss of and Steword, 19353
fims mnd Kirsch, 1948). Ther beheve in 2 highly mslisnant fashion.

1€Ter frop seindlic cell vlireviclet tumours

of gxmerimental animals, which metastasize only ravely, and grow

uniforniy with o well demevceted cdge. Recently, Dourne (1963)



has reported = spindle cell akin tumour which has the histological
sppeorence of & fibreosureoma, tut spparently runs a benign course
d penuires only relatively minor local treciment, To account for
those fonbures he hos enllzd it & cersdoxies? fibrossrcoma,
#wserimentsl enimals do not show sty uvlitraeviclet fumcurs

that resechle mieroscopiesily the basal cell careinomz of men,

fe5. [The engyme histoghemistiry of tumocurs, with speeial reference
G glcdin arnooin,

nayeetic nethods in hilstoehenistry are a logical extensicn
off conventicnel histolormiesl proceluares, Following the development

o A5

g - EW.] ‘l' ¥, : Y £ -] o
of metheds Yoy scotioning of wilixed ov lighily fized mate

engyee histochemistyy bos vapldly erincé an important olace amongst

aybolas T% pelies heovily on blochernicsl

tud retains the sdventoge that the lecalissiion of chemjcnl ppooessces

is oreserved, snd & ilnrge part of the sclence is concerned with

salising then, In general the methods give swelitaw

i iy

Hve informaiion, bt semiquontitolive ostizations of enszyme

LG

activity may be mads by comparing the Indensities of resotiecn in

different colls and tissues.

In eaneer resesreh studlies in snzyse histochemistry have
hoen made in the seupch for fundsmeninl dfToronces betwsor normal
and neaplestic zells. By and lorge, Sunour cells show mueh the

seme sobivitiss ae thelr pepront vlesuves, and in gome supes hove

preateor sebivity.  Twe snoymes have,

ver, neen assosicted with

molimment @seose, The glueuronide hydrolyeing sogyme Jeglucoroni-

3

220 hoo been exbensively studied by Pighwmen (Fishmen, 1955; Fishmen



w } ;_‘.f:} n

and Beker, 1256) end is szid to show a high sctivity in melignent
iiseass, “hosphozmidase, = specific zeid vhosphatagse ( Gomord,

e 4

1948; leyer mnd Veinmen, 1955) has slsc been considered toc have &
ghsracteristic zctivity in malignant Jisease., Toth of these
enzymes have & cepricicus and unprediciasble histochemical reacticn
ané have zob proved satisfactory in routins rracities,
Ls ensyme msethods reflect a Tunciional aspect of gell

By 5 - S ORI by T in 2 0 . 2yt am el WORE D I 1y L B
sehaviour, they zre likely %o be more widely used in the foture

in stedies of humour Aifferentiation,

s oo o i® o e A e e o T ot 1 3 e el o
treatnent, Tumstitetive sstimutions of histochenicsl enzyme

»

netivity heve not beern used o sy extont, beeouse the

current svailable methods sve sonewhat leborious, unantitative

3 - s 8l e il mr™ —_—
below, md & simplis new method

ssin of the

sdein of the mouse have been made in = number of enzyme systems,
Oka gt ol (1961) found "nesrly the same locelisation” in malignant
transformation as normal skin Tor seid phosphsiese, non-specifie

estepase, M-zlucurcnidase ond G -seisctosidase, Alkelive vhos-

chatese wos inselive in concerous Uissues, but its setivity grade

ually increassed in tlssuves adiacent to proliferating epithelivm,

"“"

cemp et sl (1962) oboerved aming

(o P . ' T ,,ﬁ
Henethylcholmthrene, 2% au

reptidese actlvity in the subeoutancous biszsue sdjecent ic prolifere
ading epithelive Burstone {1956} had -wevicusly demonsirated an
intense aminopeptidase aobivity in the stroms of various malipnant

tissues, Campbell (1949) found & high GB-glucuronidase achivity in
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poorly differentiated cells of mouse scuamous ceil cereinoma,

in humen skin concers ensymatic studies hove been reperted
feirly frequently. Lemon and Wisseuan {1949 showed =1 incressed
eedd phosphatass cotivity in skin tameurs, snd in 1554 Leson et gl

‘Arped this by quantitstive studies, Although phosphoamidase

2etivity connot alwiys be devonsirabed satisfaelorily {Comori, 19

Tomite mud Taiteuchi [1955) and %inter (1955} showsd « characteristic
increased eolivity in selignont tissues, including the akin, Tomita
snd Takeuchi {1953) used phosphoercabine as subsirate, tespite the

improvements in Ghe ifechnicue sroposed by Hever and " einmen {1955)

this method, although iV supsars te bs g histoohemicsl index of

lpgeneration, has not boen widely used. Fersker (1956)
sidied sucoinate denydropensss, olieline phosphataese sad 2hospho-

mnidase, ond found thet the reseiions of squamous bumours were

ol e deeper loyers of the epidernis,

In 1937, Reiner gt al found a pradient of weld phosphabase activity
towerds The kerotinised surfece, Siudying & number of the dehyirop-
enaize engyses and the dlephorases, fonis v gl {195 9 found that in
tumcurs suwecinate dehydrogonase had o low sgtivity, but thet most of
the coenzyme linked Jehydrogensses heo & hish setivity, Exceptions
to this were givtepate and ethancel debydrogensses. Dinhospho-
pyvidine nucleotide (laphovase was zcbive im fumours, wmeh more s
thar triphosphopyridine nueleciide dizphorase,

Studying huaen sguancus oell concer, ineluding thab of the
Raweketsu and Hori ( 1963} have reported that acid chosphatase

es very golive in keratinising cell nests, Apino pepiidise wes



«

nsoeasiorally present in the stromz, The soenzyme linked dehydrope

encses were foiriy even distributed in the malisvant tissue.

Esterase setivily was considerebly enhonced in neoplastic celis.

Sl Methods of exnerimental tumour iroduetion ond enzyme
histoghenistry,

Tumours were inducsd in vwhite lzboratory miece by sxposing

them te the rediation from s "hilips YIU 300 watt sunlemp., The

the perinhery of & circoular metel reoy, which wes mounted on & turn-
tavle on the lower chelf of = metal eabinet, The suniwomp was sus-
pended from the under surfeee of the upper shelf &6 om, Trom the
gcentre of the tray besring the mice, The avimals were depilated
w3th & barius sulphide sasts, snd then expossd dudlly, for five days

a week, to the radistlon, Tor one hour., Derilation wag reseated

soven monthe' redistion, and then st irregulnr intervels The
tumours grow fsirly rapidly, end may reach & dismeter of 3 cus, As
they hecome lmepe, the gentrel nart secomes mecretic and Jesiccates,
s that they are covered by o hard sesh that cammot be sasily
sensreted from the prowth, VYiero-shacess nay fove in the neorotic
serds, but the fumours do net bhecome grossly infected es do the

i

Bonzoyrens ¥

BROUIrS .

Bstimotion from the monufaciuper's date indiomtes that the

- iy . . R e DT = z N
mise regeived spuroximaiely the squivalent of 16,L NAE DR Bon, O,

r gogond of radistion of wovelensth 2367 Angstrom units, The
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Figure hu. Spectral distribution of the emission spectrum or the
Philips MLU 300 % sun lomp. Viavelength in Angstrom units.,
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enissior spectmum is shown in Figure 5.4,
Benspyrens tusours were induecsé by pointing the depilated

% g . g% ) & ik
backs of nice with a O

gent solution of banzoyrene in sceobone,
Tnduetion %ime was about 16 weeks. The tumours are all scuamous
gell careinoman, showing all degrees of Afferentistion Mrom well
orgeniced ooll nests %o isclaied individusl Infiltreting celis
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There the reaction made the use of Tixative peecssssry, this was
2 - - K, oy i . 9
eprlisd to the mounted psotion, Tor sompavalive surocses 7 have

used unfixed moterial wherever pessible, Tt is recornised that ir

) “ % b %1 S ¥ 3 ) P % L 5
gome eeses fization imovovee eytological localisetion by preventing

Joss of zome ennzymes in o scluble form, The snzymes whieh will
stond come desvee of Pixstion zre nevertheless rordinlly deatroved
{eves #he phosphatases md csterase {ifenrse, 1960, reres 58 ang 70)).

vart of destructicon vories belveen Afferont ncrmal

Ze 2. . 2 . 3 - -] o, B e T
end fumcore is not nown, and ssmmot be unsumed te be

congtont, The eviopleanmie morrholory Letwzen the vltraviclet and

PR 3 3 e 2 a' p D . oy .
rrong tumours mmd their engyme reactiviiies show &lfferenses, so

that the hest base line for gsugine differences seems %o be the nso

A1l technical dedalls of tissue rramsrotion znd histo-

-
=

chenicnl methods =ve siven in

The histochenmical studies were cerried cut on FPive

uldraviclet and siz bengpyrens {tumours.
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Figure 5.5. Ultraviolet tumour in white laboratory mouse. Gomori's
acid phosphatase method, showing columns of active epidermal cells
contimous with the underlying tumour (167 x).

figure 5.6. Benzpyrene tumour in white laborastory mouse.
indoxyl acetate method, with marked activity in cell nests,
eccentuated in the keratinous regions (167 x).

Esterase,



PFigures 5.7. and 5.8, Lactate dehydrogenase in ultraviolet and
benzpyrene tumours. Iiitro BI, counterstained with methyl green

(167 x).



Figures 5.9. and 5.10. Glutamate dehydrogenase in ultraviolet and
benzpyrene tumours. Nitro BY, counterstained with methyl green

(167 x).



Figures 5.11. and 5.12. DPI digphorase in ultraviolet and benzpyrene
tumours. Cobalt-Mi"', no counterstain (167 x).



Figures 5.13. and 5.14. Tetrazolium szlt lipoprotein recction.
liitochondrial stain similar to that of dehydrogenase reactions.
Cobalt~MIl-Hydroguinone, no counterstain (167 x).



5.5. ilistochemigal cbservations.

1. Zcié phosphatsse. Tr the normal epidermis this ensyme
resction is very cleariy localised %o the stratum granmulosum, with
some carrv-over of esctivity into the non-visble layer. Usoing the
Gomori wethod, the lsad sulphide deposit corresponds to the kerato-
hyelin gremules, ut whether this is on effest of the same type as
the epparent nucleer steining, vhich also scours in the straten
granulosum, is uncertsin,  ¥ith both the Gomori and Berka methods
the reachtion was carried out at i 4.5 and 5.5, with no essential
#iferenes in loowdisatbion,

{2) Ultraviolet tumours. These tumours are intensely
so that 1% is lumpossible to meke oul any cellulsy
detail in the asin mass of the growth. The interesting finding,
however, is =t the points vhere the growih actuslly erises from the
epicerais. Sharply locelised columns of selis in the eplifermis shew
acld phogshatese notiwity, with nuclesr staining, ond these ave
Mroetly continuous with sells growing out of the epilermiz snd Inteo

the turcur {Firure 5.5}, In favourcble seetions & number of these

s axm - ™
. epTe L NS P -
80 SR IEY LOC0Le

S

setive srons ey be seen along the enidermis, md o
ised sites of setivity may be sean in the neiphbouring epidermis, not
setually melsbed ko tumour. These sve very probably futurs points
af origin for concer.
{5) Benmpyrene tmmours. Heny, but not all, of %the well
differenticted snd kersatinizing cell »eals and nepillometous paoris
the tumour show scid phosrhatase cetivity in the stratum

gronmuiosum. In addition, In these cell nests there are srees of



a5 e
L SuLE

£ it v v e
inPillers r positive,

dominanitly a

4

P T
gorong L

A naphtiylacebate

-
s r ¥ g ,nm:
IL¥RIeN

y
fesd

in igointed pells,

atiniay 2
MALEAY £

—x\ Ty om g gy
o

Home YLD

aebive

snd in some

5 e £ T
T RI

LT GNmE Qnles

ot



kil ¥ de oy
LOT G

[
]

p,ﬁ’rw,

R

P 7y 2
i Wi

drogenad

"y T

ayhy
REFLET R LR R P

-
=g

b

e

(’)

han

vy
4

B iy ¥
(R R AR R o

yrens

el

B

(J:; [y w{: J—




% "%
i ‘ -

exidernis ond wesker s%ill in the ultraviclet tumours,

(vi) Clucose~feshosphate Aehydrozenese, Vorzmal end
nithelium shov fairly nmerked activity, =ith sccentua-
eratinising zones, The vlireviclet bumours show

Py

2 aebivisy thon the nommal arideymis, but the benspyrens

<4

tvmours are shrongly reaghive particulsrliy al the keratinising

rn the saceinabe dehydroseonase vezotion thers Is pome

degree of formozon dsposit at the kreralindszing sone end in Tthe non-

sigble lovers, bult 4ois 1z not seen in the sther reactions utilising
W 2 o

#1om in the nonev

is seen also in

10, The “isohorases. The sotively growing aress of both types

; & et x . —
of' tumour atrongly reactive for IVH end TYN disphorsse, bwt the

e

vier in tho DO than the T™ peaetions, The

S})

formuzzn deposit is he

a8 Jy e Y- LR PR . ——— 25 w70 e d T oy BB
Algtribution of thess tvo engyme systems ig slighily fTerent.

TAN dizphorase reaction is ascentuated
hyserplastie epithelium, wheress DFF diephorsse is more setive in the

Py 5 o g A - 3 & v 8 -~ -
basal layers end the lower cart of the straitum ssinosum (Figures 5,11

and 5,12},

11, Cytechrome oxidese. Yo the presence of zdded cytochrome @
2ll %tissues, normel hyperplastic, necplastic and connective, show
intense siaining. ithout the addition of evitochrome o, hovever,

the resebion iz very sparse snd patehy, =znd celliular loecalisation is
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12, A-Clucnronidase., This reagtion was quite negative under
the conditions of this invesiigation,

13. Yetrasciiun solt lipoprotein method. This demonstrctes

eytoplasmic lipoprotein, which is uniform im Its resction between
the soifermis =nd the spindle eells of the ultraviolet tumour, end

homogeneous in the benspyreme tumours (Flgures 5,13 and 5.1

oG, Discussion,

These two types of tumour are of interest beoause, although
they both oxize in the epidommis, they ars fotelly different in thelr
funetionsl behovicur end differspiistion. The spindle cell ultro-
viclet hmonps show no Zeadency W kerstisisze. sithourh o Tew
squomoun elements may be seen cceasianally sublseent o the overw
lying esidersis. The aderoseepieni pioture shows cells growing out
fros e apiderais, snd the zeid phosphetass demonstrates eolumms of
asetive cells directly continuous with those of the tumour, This
sppesrence mirht well reprosent mieroscopiczl evidence of mutatisms
in the eridermis, giving rise to clones of tumour eclls. The bens-
pyrene tumours have meny ensyme ceiivities in common with the normal
epidemmis, and ihese sre often cocentuated, The spindle cell tumour
e Jdeflalent in ceversl of the enzyme systems, z¢ that there is
evidenoe of engymatic, =s well ss stmelursl differentistion,

On this besis the emcyme resctions under consideration may
be elassified into two groups, Firaltly, thoss thet ore assosicted
vith the maturation and keratinisctim of the epidermis, end sre
maintedned in the bensovreene tumour, Seoondly, those that are

ralated to the metabolie sotivify of thoe tumours end are setive in
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both typen of tunour to a greacter demrce thin in normsl epidesmis,
‘edd phoaphatane dooa rot £it into the clessiftention unless the
shosphotase of lie stratum pranulozum is gonsidered %o be a

W lerent entyne fren that of the nndn bedy of the ultraviolat
tanouxr, This 42 ve:y likely %o be the cane, an the ensyme in the
two Aifferent situations slmnst certalrl: mubserves &ilferent
functions, ‘hore is, however, no method of istinmishing between
thexm, /lteration in 1 of the renoticns does not nuprest thet there
are aifferent ontima for the twe aituntions,

‘he ensymes sscoelated wlth epldormal maturation are
eaterase, A -hyiroxybutyric dehydroprnnse, rlusose-G-~chosphnte
dshydroroncan, ol «slyceroshosphete dghvirosenase and ethanol dehydrop-
gnase, he enzynea concerned with oollulsr motaboliss of the
tmairs o the ensymes of the oltrle neld oyele, lactats dehydrop-
enase, the dls horan.s, plutamate deVydropennus, oytoohrome oxidase
and adenosine tedphoophatase, Thoe lsat o show much widespreed
!.nt_a_umm netivity that they de not conirlbute to the study of the
bah;v:lm of thoe neooplaamms,

Tlutanate dshydrogenase is of Interent beesuse it represents
the only onsye that !n signlficsntly nmore uotive in both tumours

than in the norent coidermis. T entalysern the reaction

G, = G, = GOOH + 1= CH, = ¥, - COMH + DM + §*

2 z
F_!_}:‘T - O - GO0 M al =2
L = plutanie neild ol = Jmino Fludaric sgid
ba— CH2 - Cﬁz - OO0H = 33’.5

—

NDe «C0H
ol = Kotorlutaric zpid
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and is concerned with the incorporsticn of glutemie acid inte the

3 L)

citric zcid ovele., (lutamate dohydrogenase will zlsc zet on

slanine as o substrete (Fisher and ¥eGregor, 1961;. This link
veiween crobein and carbchydrate metabolism may represent one of the

grovth features of these tunours.
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£, BISTOCHENISTRY OF HUMAY SKIN CANCIR,

5.1. Lepenerative chanpes in the dermis.

Dasophilic degeneration of the dermis ig 2 condition that
hes received considerable cttention sinee 1896, when Unna gave the
first comprehensive deseription. The condition is eharscierised
by an inorease, primarily in the subpepillary layer of the Jdermis,
of the conncetive %issus Shat Lokes up elastic tissue stsins., This
slteration in tinctorial rezetion is only cbserved in aress exposed

—_ £, 35 ' s
ering (H111 20d Uentgomery, 1840; Bvanme g} al,

A

1843; Gese, 1957). The best modern feseripiion of this condition is
thet of Fereivel gt al (1948). The corly chenges ave o thicirening,
lenglhening and looping of collegen fibres. 4s the clastic Fibres

ere intimately bound up with the collagen Tundles, early degencrative

-

changes may be sewn by on increoased snguisiion snd soporent frasmente-

tion of the elostic fibres. A% the same time the collagen fibres

% 3

prs
| 213

B o EY o Fnds £ P, s, Ty, 1 p A d e
shart o loss T noreal Gineterial properiies and resanble olsadic

[y

tissue in thelr affinity for steins these changes steadily prosress

F ¥ ’Q

i1l the subpooillery part of
amorphous mass, without any fibrous arrengement,

These dereneradtive changes ore vory cotmon, &nd may be
congidersd e be part of the dsgeneretive nrocesszes mssocizted with
ageinge.  The pointz to be disevssed ave whether bLosophilic Jegenera=
tlon playe any peart 4n the cathogenesis of skin concer and whether
selar rodization sceslerates the Jegenerative changes,

@3limen gf 2l {1955} ineriminoted beswehilic degeneratisn

"n

a8 responsible for the percincgenic process, the mechanism of which
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was unexplaired. In experiments on the histologieal picture seen in
the reaction of the skin shen = Jonor gralft site is ecovered with =
honmodernal graft, they noted srolifervative epithelial chenges @znd a
gonversion of the bwremsplanted dermis ¢ bosophilieally desenerated
material, This transposed aliered Jdermis eventually slourhed off =
& peob, Their interpredation of this chenowsnon sporears to be thel
the setive proliferction of the epidernis at Tthe gralt site wog in

some way okin o zeoplastie transformation, It should not be for-

gotten in cencer studies of this soture thet hyperplesia iz not neo-
plesie, ond thet livieg cells are cepable of showing cuite marked

reversible changes, The Lehaviocur of the keratoscanthoms illusirates

this, vhere severe degrees of pseudoepitheliomatous hyperplasis show

In =o extensive enalysie of the role of gollagen (epgenera-

tion s gkin lesions Nackiz and MeGovern (1953)

elsc considered that collagen depeneration was respomsible For
carcinosenesis. The pechenlsn they propesed wous that nutritional
influences vere the final cause of the ziin cencers. These suthors
restricted thosselves f¢ observations on surglesl biopsy materisl snd
eliniesl exeminetion, mnd found thet there wea an overbeering of
subjects with colleren degencration in the fair skimned sné those with

L e Tyt S on e Bty 3D e eisogn AR ;. TR - WP S ¥
SREYL GONCEY Sebicebds with @ olive type of skin Q{:‘aﬁ 3oV sL0%W

gollagen dervernerstion elinieally. #icrosconically, ibey found

o

collagen degencration constsanily in assoeliation wilh sicin canecers

¥

and hyvperkeratosis, By a series «f Jdeduetions, they cleimed to have

Y 4 o > 2o

evidence thet o sienificant fraction of ultraviclet radietion reached



the dermis, medisted its offect on the subpepillary plexus of wvessels
end so zave rise to collagen or basophilic degeneretion, They
oroduced some cvifence thet ithe falr skinmned had setually & thicker
strotum corncum than the clive skinned, snd deduced that the orimery
srotective faolor apainst ultraviclet radistion wos the melonin

pizment of the besal epidermal layer.

The optics of this situation are complex, und the bio-

4

lordesl Fogtors sve not espable of weady interpretailion, Blu

;

(1355) ond Mitchell 1938} heve stiempled o amalyse the werious

I YO e LA | s ity ARy > ! il & .
Poptore, T% i bnowe that near ultrevicled {lonmzer wavelength)

light can seretrate the epidsrmiz and suppress the erythema of

suburn, srobably by @reot setion in the dsymal dlood wessels,

Fhe exserimental observations discussed by Blum (1995}, hovever,
indieate tha$ only o relatively winor fractliom of ulireviclet
radiction panetroles the epldemmis. Dlreet evidence must be
sbtained frow experimenis before esmmplions son be mads zhout the

B ey Whnes  edrd T N
sbion on the sitin, Bottler snd Wellink

effeets of ulireviolst rad

(1952) have shown that the stralum cornewn is en affective protection

e

o Y " L ol TP %7 eafagmeme e o
apeinst evythens prodveing eediatlion, hoy hove also shosn thet

at wevelength 2500 - 2600 Angstrom units the erythema produced is
less ofter ctrirping the strabun cormeum than in the intaet skin,
Althoush this is cutside the range of the soler spectrum ot the
sarib? s surfoee, 1t nevertheless demonstrates that the stratum
corneun is not bSinlogleally imert, oné thail pholochemicel recctions

take plece in it,

Hankis ond MeGovern (1953) wiso eensider thet the pigment
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in the basol leyer is the main faetor in the vroteetion of the olive

sikinned ¢

:zainst erythemal ultrevioclet radiction. Simple exaominzation

of skin peelings following sunburn will Jemonsiraie the preszence of
virment in the Jesnuomsted epithelium, I% is 2lso o common ohaervas

]

tion in everydey 1ife o see relatively well tanned people seeling,

-1

e cecled avess showine o oind unitamed solour in eontrest Yo the

neighbouring tenmed skir. Themson {1955) hes showr that the pigment

W ey -

in the abestun cornews of weprn ghin i an important factor in
ultravioiet sbsorsticn,
There are wnceriaintiss in relaticn to the interplay

betweon the dermis snud epidermis in gorsinegenesis, IHporimentally,

using Flensthylcholenthrene, Billingham gt al {1951) offered some

the dopor arss when Thiersch profis vere tek Gheddally {3961)

hae veporbed syperimental chservabions wilh chemicelly induced

€2

" & T S N 4 - . L% . ‘k o 5 > § 5
tumeurs, muesesting that they srise in the halr Tollieles, Thers

36 be no definite svidence bhst the deymis plove en setive

12:]
o

oppesrs

» -

»ele in cercinogenesis, mnd that zolar caoneers are nol primerily o

o

enithelsial disease, Ny om experimental cboervelions suzport thia

view, The dermis of irrsdiated mice shows no degenerative changes

o

ar amorind tinokorisd rezclions. T hove nade soome chgervations oo

s 2,

human skin that indieate thatl depenerative chenges of the dermis sve

fony

indspendent of siin coreinogenesic. sarice of unselectsd Forecorm
sleing from coronisl autopsies in Brisbone wos studied for degencrative

chunges in the dermis, The subjects were of 21l apes and of all



TABLE 6.1

Frosence of scllagen degeneration in en unselected sexrdes

of sorenisl sutopsicz in Brisbane.
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skkin types, end had followsd & voriely of cccupations. These cases
epe listed in Toble 6.1, The interesting finding was thet collagen

L -

degeneration was present in wost of the cases over Yoriy years of
ege. It was olso nobed %o be preseni in thoss whe had en olive
type of skin, and in those who were heavily %erned. Yubjects of
this %yoe rarely develop skin scancers, and inspection of the bvodies

(Z

314 aot revesl any svidence of solsy lesiens. It was not uncommon

} eollegen degonerstion in ihe presense of & hoavy
oollection of uelanin in the epidermis, Tikewise, Jdegeneration was
seen in vounz snd nidfle-nged subjecis without epidermal stroshy.

LI »

"ho detailed nathelerny of several oases Wi

e

scussed o illusg-

i ER R S S 2 £ . T | P e =
trate theso points, The Lilustretions are of skin from dorsal

¥ P it I Bl * " - 5.8 -
fase 1. Feacle, ared 32 yesrs, Fine texbured, olive skin without
any ivece of lesions, wdden doath to nosidentzl lacorstions

Cage 2, Hals, aged 32 yeaors, Teavily tanned forearns with no
sridense of solsr lesicns, Sudden cordlse death, Fipures £,3 and
£, show ssvere aollasen desencration, with o normel vaseular patiern.

There is no ectasis of the blood vessels or epidermal atrophy.

y 5% yeusrs, deavily btooned forearms with no

evidence of solar lesious, Sudden denth, ieurs 6,5 shows collagen

s Al . i N SN . e o Tud = ’
degencration rrocseding t¢ an amorpaous atate. The vaseulsy

-

structure is normal wnd $here ig

» piidernzl ntwophy.

a 4 25 2 Y S - E POV SR, | e
Case L., Femsle, sped 38 wvears, 0Olive Iype of ekin with no
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ovidence of zolar lesions, Sudden death, Figure fi,6 shows serly
chanses of increased slastic tissue staining with thickening end
angzlation of the fibres.

Cese 5. Female, sped 34 vears. Hoterately tonned foresym, Sudden
death. TFigurs £,7 shows inmcressed basophiliz of jermel connective

no

tizsue with goiferasl alrophy.

These oases have heen selected to illusbrete the carly

rar - % Lo o F Bt Y B PR W P
o gmphasize thet eiinlesl Ingpeetion ases not zlweys

&
=
&
£
o
o
[43]
B‘
43

ence ¥ oven maried desenerabtion chenges, During
the process of the degeneration the vaseuler nettern does noi show

anw veriadion frem the basic naymal patlern. The capililary looos

of the pepillovy leyer and the © apilleries ané ortericles of the
subpepilicry md peticuler loyers e vell vreserved in the precence

o

23

=

of severe dogeneration (Pigures 6,5 and .57,

@

demonstrate he normal veseulsr patiern In o zevom weok old ghild
and 2 21 year old wmele, Fleure & 5,9 illuetrates the basophilia of
slostio tissue, but thewe iz no exvess of it or fragmentation of the
collagen fibrss, T have not observed %he eciesia of the blocd
vessels noted by Fackie and HeGovern (1958) end this would sewm %o
be a loke Ceveloopmend. Il may even be due 4o loss of support for
113 vessels os they treverse the altered layers of collapen, Flpure
6.0 shews “he vaseuler patbera snd dermal homopenisation of the
adn from the immediate surrounds of ¢ low spade squamous cell
careinsas of the uper cam of a £2 voor old men,

#irure ©,11shows the lipid steining with Fettrot 78 of the
degenevating eollagen fibves from the neighbourhood of & bzsal esil

earcincme {reported by Psreivsl et al, 1949).



Figure 6.1. Heematoxylin and eosin (133 x).

figure 6.2. Verhoeff and eosin.

Female aged 32 years with fairly merked collagen degeneration. All
sections of skin are from the extensor aspect of' the forearm, except
where otherwise stated (133 x).



Figure 6.3. Haematoxylin and eosin (133 x).

Figure 6.h. Verhoeif and eosin.
Male aged 39 yvears with severe collagen degenerstion (153 x).



Figure 6.5. Haematoxylin and eosin.
'n_

lale aged 53 years with advanced collagen degeneration (133 x).

Figure 6.6. Verhoeff and eosin., Femsle

aged 38 years, with early
degenerative changes in the collagen (133

x).



Figure 6.7. Verhoefi end eosin.

Female aged 34 years with fairly marked increase of elastic tissue
steining of the dermis (133 x).

Figure 6.8, Heematoxylin and eosin.
Normal vasculer pettern in a seven week old child (133 x).



Figure 6.9. Haematoxylin and eosin.
Normal vascular pattern in a 21 yesr old male (133 x).

Figure 6.10. Heematoxylin and eosin.
Vascular pattern and degenerated collagen from the vicinity of a low

grede squamous cell carcinoma of the upper arm of a 62 year old man
133 x).



f‘igure 6.11. Fettrot 78 (Ciba) and hzematoxylin. IFrozen section of
slkcin from the vieinity of a basal cell carcinoma. ©Shows marked

staining of degenerating collager fibres and lesser staining of
amorphous meterial.(133 x).
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8,2, Mechenism of collaren depeneration,

*

¥ror the conaiderations in he previous seotion a direct

of nltraviclet radisbion and an effeet due to local voseular
d%zeasc sean tc he unlikely causes of the c¢ollagen degeneration,
Thiz leaves the possibility of 2 nansrecific =i'fect due Io apeing
and weathering, or the action of arnother part of the soler apectrum
as gauses of the degeneraltlive changes.

Sollegen dsgewernilion hog been reporied froam various pards

{

of the world Leags Poreival gb al,

vhere skin concar is not & nrobles

bl

1945, in Edinburgh). However, there is sn Impression thet it is
more srevolent in the fropies, so that the effeect of %ropiesl
sendidions sumerimposed on noral ageing vroeess ppobably accene
mates the framaeney of ocourrsnes,

“hers is ovidence that gollagen can be converted %o

Ao ™
- A § A
oud ezpe rinental

4

cxnosurs bo uldraviclet radiation {¥eech gb al

of ulitvoviolet vadiation on collagen, and

£k
£
o
i
§3
2
i3
3
'd‘
wy
o
[+
o

S N el e Bl B o o oy 08
consgldered that the degenerolive resetl

on was probably due Yo best

iti

soint of mammalion gellagen is we

Jy mnd in the syperimenie of Keech

aollzcencse Was NEORBSLYY

1) surgested, in connegw
2 gmell smount of stabile

5.

olon Se toke nlsee a2t body

Semperature.
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Y - F oo fim Y LYV &
fhis srpument of Nell (3961), if it mey be trensierred to

”

the cornective %icsue of 211 the more Lo bosophilie

= & w7 « ? ; o 9 [ P ~ . - 2 S
depeneration, oerniey (1552) hes venorted intense

] L8 ) )

ebsorpticn bands for gerbchydretes ir the 5000 -

vnit region. The cbservations of Borner snd Dun

Hendler o% 21 {2958} are in

e

od agreezent, and £i% in with

cn nenetrates the epldermis in

fogre ¢ suthors

neasured ored shsorption gueetra ivn vitre of melanin from
»ol mourees and showed r
Angatron units = th per sent throush

thet the

}.‘n

2 o, o wgay
150, Thus the presenge

et nerti

apainst infrared radiation,
fhis properiy of ef jation is, of
course, used in the infrared pholography the superiicisl venous

men e
flectanee results are ne doubt due to the difTerences in the siperi-
me

Fa 3 o Ao g g
S :'ui i::)rﬁ EIE

in hazovhilie degenerstion of the Cermis, the papillary

spared, The structursl veristions sculd zeecunt for
N ve ) ,A}.;l
mEonGeACcn Ok

the dernis.

wwldsnee to support the hypo-
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figure 6.12. Verhoeff and eosin. Skin from the dorsal aspect of the
forearn of a 42 year old Indian (133 x).

7

Figure 6.13. Verhoeff and eosin. S8kin from the dorsal aspect of the
forearm of a 41 year old Chinese (4133 x).

Neither of these show any increase in elastic tissue staining.
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thesis, btut the requiremente for a rhotochemical reaction in the
dermis by infraved rediatlon ars all satisfled by the aveilsvle
revorts {or white skin,

T hove exomined the skin of several coloured subjects snd

"]

have Tound no svifence of increased hosophilis of the cutis or

¥

slastotic Jegeneveiion. The elastic fibres remain fine and discrete
{Figures £,12 snd 6,137, This may be siumply 3we %o the rresemse of

greater cusntities of pigment, or possibly <o racial, genetic or

iy
| raid

other Footors, Thiz finding does not sonlradict the
hysothesis, but needs to be investipated with a wider range of
natericl.

histochemigbry of buaen skin fumours,

- %
-
N
°
g
13
r

©

e

=2

have evamined 2 gpemies of hiosgy specimens of humen skin

o]

£ ey e o,
i the couritesy of

Dy, Be &, Hongon sné
B, ¥, Tioping! end have found that the reactions of the neoplastic

& 3 N, I o, s a
3 AN Lt ROURE,

i P
o & paiiern,

sedivity with all %he enzymes than the sarent spidermis, Tigure 0,14

s . - dnd o 4 PrEp— . T .
shows the lsobate dshwdrogonsase ectivily of a redlent wicer in an
. L. T s Ve ol pa. $ RIpD ’
8% wesr 514 man, the neonlastic cells show & cleay cut &ifference

a

from the perend epidermis, hoth in cyvioloprical lecalisation and
intensity. The glulamele dehydreponase vreaetion in & rodent ulger
in sn 89 veer old man is shown in Figure 5,15. The setivity is

v in the basel layers of the epidermis eond sreliferzting cell
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The acld phosphatase activity in & bessl cell carcinama
with arees of keratinisation from the neck of & 70 year old female
ig shown in Figure 6,16, The engzyme sctivity shomws & similer
a4 stribution to that in squamcus cell bensp rene tumours in the
mouse, ond iz sssocleted with the process ef' keratinisation,
vsberase activity in this tumour shows a similer distribution,

There do not appear o be eny chwg,@w,rigz;;i;;;;wm of
huan slkin cencer, such asg have beon found in Lhe ultraviolet tumour

in the mousge.



Figure 6.14. Lactate dehydrogenase. MNitro BT counterstained with
methyl green. Rodent ulcer, showing marked contrast in reaction
between neoplastic tissue and parent epidermis (133 x).

Figure 6.15. Glutamate dehydrogenase. Nitro BI countersteined with
methyl green. Rodent ulcer, showing accentuated activity in lower
epidermel lgyers (133 x).



Figure 6.16. Acid phosphatase, Barke method. Sguamous cell carcinoma
in a 70 year old female. ZEnzyme activity in keratinising layers and
epidermal cells. Haematoxylin counterstain



Appendix 1, ‘The 194f =sample of reecords from the Queensland

Aadium Institute,

SR W

This first ssuple consisted of the records of all the
patients who presented for trwatuent of skin ecancer or hypericeratosis
ut the Brisbane eentie of the ‘wcenslend Radium Institute in the
yesr 1948, The purpose was to test the statistical end sompling
technicue, méd o nrovide an indepondent verification of fhe
analysis of the lster semple, which wes rart of the systemaiie survey,
ihe incidence vates Tor total siin eonecor per 10,000 suseeptidle

population sre given below,
i e

Heon of degennisl Doserved  Pitted Thoerved Pitied
age group rates rates rates retes
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45 17
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The 2lope poremciers for the loperitheie lopistis trong~
formation versus age {as for Table 2,9) ave:

Mela female

Le21 5407

The weiphted wean ineidence rates {standsrdised in the
fockhsmplon population ot 1954 centres) aves

2.2 28,5



The male slope peremeter is similer to that for the later
Brisbene serple, but the mesn rete is 13 per cent lower, whereas the
famale mpesn @ate is similsr bud the slope veremeter rather higher.
This is unlikely to be due to any sysiematic error, and is probavly
e to swmpling fluctuation, leering in 2ind thet the later semple
was fnelysed For an everage of ten vears' cbservations.

The clessification of ationis nvto lesion epoupings glves
a result that shows no statistically sig:a;nif‘icwt difference from that
of the later semple. The symbois sve the same as thost used

pveviously {Teble 2.6).

Eala Eesale Zotad

Abe 63 (21.3) w5 (23.9) 308 (22.4)
aBe 52 { G.8) 51 { 5.1) 83 { 6.0)
abC 293 (35,3} 277 (45.6) 570 (41.5)
ABe 21 { 2.7) 5 { 0.8) 26 { 1.9)
830 18 {19.3) 101 (16.6) o4g (18.1)
ane 37 £ %.8) 79 { L) 66 { 1.8)
ABC 51 ( €.7) 19 € 3.1) 7 { 5.1)
Togal 5 607 1572

daidng the necesssry mualgometions of clesscs bo eliminate
gmall numbers, )(f" testing with the loter Brisbane sample (Tabls 2.6)
glyeg a value of 5,6287 {derroes of freedon = 5, 0,5>PF>0,3) Tor the
males, and 1,3639 {degrees of freedom = I, 0.8>P>0,7} for the

fema’les.



fppendix 2, listochemical srocedures.

1. Prevaration of sections. Sxperimental ftumours were removed

after the animel had been zilled by stunning and neek dislocation.
The blocks of tissue vere trimeed ond ropidly fvoszen between pleces
of solid corbon Mexide, Human skin Gumours were similarly frozen
fmediately sfter removel, Sections were cut ot 8 ~ 20 on 2
Canbridge Rocker microtome housed in = deep-freese cabinet, st &
tempevaturs of approximetely -;i%*::‘sgcﬁ The sections were sounted o
cnenioaliy clean gless siides, alloved o dry et room Bemperature and
)

stored in & sefrigeretor {0 - 47C.).

e o YV TN O SO, S S, QR P 0 -
D Srnpgial his toeherdoal melhods,

n

(1} Acid Phosphatase.

@e Gomori {1950},

crepavation of Incutsating Hedium,

3

{a} in 500 a1 of ,05 E esetebe buffer ab pll 5, dissolve
Go6 . of lead niteate. Add 50 nl of & ¥ solution

of sodium d-glyeercphosphate,

g

5 0o - 1 & 2 x R o~ P e o % %
¥eep solvbion in locubsioer ol 27°C. for 2 honrs mnd

iy
&
Bl

ffilter.

o,
<2
ot

idd chout §° ewive 4lsbiiled waler %o the filirale.
Incubsie sections for 35 hours st 37 C., wash, ond
tront with dilute ammonivm sulphide foy 2 minubes,

Gounterstain with wethyl rreon or sosin,

b. Borke end Andersen (1963), mocdified by Tr. H, d. Fullmer
{unpublished),

Incubhating medium,

20 mg. sodium A =nophihyl acid phosphate,
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13 ml distilled waler.
% ml Veronal zcetate buffer.
1.6 ml hexazonium selt,

Pilter mwud add 1.5 ga. of polyvinvipyrrolidone,
Adjust pil to required level =nd incubate sections at
room temperature for 15 minutes,

Presaration of Hexezonium Halt.

Solubion & = 45 hasie fuchsin in 20 HC1,

Sointion B - X sodius nitrite In &latilled woler.

Place eoual. wmmantities of 4 md B fopether in a flask
i

a0 e Ly e I 8 e 9 A o
in an ipowbath (O - 570, fox 1% zdmbes,

Counterstain with hsematoxylin,

(2) Alkaline Phosphatass.

e

b

cemord {1952).

Incubating mediun,

! b oY vy by ©
3 sodimm  glyserophosph

27 sodium dlethyl berbiturszte 10 =d,
Pistilled watley 5 ml.
27 ealeoium chloride 20 mi,
7 nzgnesium sulphate imd,

Incubate secklons for b howrs ok 35?91";%,3_ wash and treant
with 4llute smwoniun sulphide for 2 winutes, Counters
stelin with zethyl greem o eoain.
hgo Dye methed (Peurse, 1960},

Incubsting mediun.

20 mg. sodiumol-nophthyl seid phosphate.
20 ml 9,1 ¥ Tris buffer (pd 10},
20 mg. Fast Ked TR or Faet Blue B,
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Tilier =nd incudate scetions at rxcom temneratore Tor
18 minutes,
¢. idenosine iriphosvhetase (Vachatein w:né Veisel, 3957),

Incubating medium.
16 mi 1.,29° sdenosine-S-trichosphate,
g Lo R L =
5 ml .2 ¥ tris taffer {28 7.2).
50 ml 0.2 lead witrate.

-

5 pd ©,1 W megnesium sulphate,

. , . o
Tnoubate seobions for 2 houws gt 27 €., wash and

e AT SR ¥ SR S .
Coonteratods with ne TOya gheen ox a0pit,

2, Tndowyl sechtate method (Holt, 1958; Molt and Vithewrs,
.
1952} .

Ingubating medium.

1.3 up Selrono-indoxy]l acetate,
1,1 m1 ethanol

£11low to dlasolve snd wdds

2 w1l Ul M tris buffer (pi 7).

1 =3 G5 U potassiuvn fexricranide,

L =Y ST . b 1 o PPN 2 o pian 2 s
1 5l 005 M pobsssivn fervocvanids,

1 5l 0.1 ¥ caleivm chloride.
Add water o 10 ml,
Tneubote secetions for 2 hours et %37 €. Counterstein
with alum carmaine,
b, Naphihol AS seotele melhed (Comori, 1952},

i0 wg oL -naphthol ecelate,

G,25 ml sceltone

20 w3 Co.1 ¥ vhosphate buffer (pH 7.4)
100 mg Fast Blue B salt,
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Pilter the solution amd incubate sections for 15
simtes &t wroon temperature.
(1) Leucine |

Lt teeto S e 2t

Incubating mediuam.

iminopeptidase (MNachlas et al, 1957).

i ml %Leleucyle B-naphthylemide {1 mg/ml of distilled water;
10 ml scetate buffer (G, ¥, pH 6,5)

8 ul sodium chloride {U.95%)

1 nl cotassium cyanide {2 x 1072 W)
10 mp Fast blue 5 salt,

Tneubate ssetions for L hooe at 270,

(5) Honosmine Oxidsse.

2, Ueiraseliva Heihod (Clenver ot al, 1957).

L S

#

Incubating medivm,

26 mg Tryptamine hy@rechlorids,

" 4
% mp sofium sulphat
5 mg FMitro-vlue tetrazolium,

5 mi L'} H 'hﬂﬁ”“ 13te buffer {:g}'% 7 _'\_,

e

15 =1 distilled wnler,
Tnoubste seotions for 45 mimutes &t 37 C. Counter-
sedn with methyl ¢

b. Nephthoic Hydrazide ¥ethod {Koelle end Velk, 1954).

Prpipcihating wedivn,

2

4.0 m} distiiled wabter

1.5 sl bydrasine
3.0 mi buffer (0,2 ¥ - ""“E:.?‘*Ef"},)
745 wl Ne,i0, (?.}v, 400, v 8,5)

Contrel sreineuhating mediuw as sbove with ¢,15 mi
arzilid {0.1 4;

Incubete sections for 1 hour at 22°C,
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Sections rinsed in following medium:

45 ml distilled water

3.0 ml tufer (0.2 ¥ - Nojie0
al. We 0, {w/v, 405, pil 8.8)

N

Te
Incubsating medium,

fe % mi distilied water
Gl ml TeNaiil

3

3.0 ml huffer (G.2 W - E\Xa?{fpoh}
75 21 ?‘2&2{:‘.&#{@:/?, WG, o 8.6)

Heat o #0-90°C, mma saturate with Slydroxy=3-naphthoie
acid hydragide, OCool, filter and 2dd 1,0 sl teypianine
hydroehloride (0,1 H).

Conirel incubsabing medium as shove with 0,15 nl ¥arsilid

{0.1 ).

: , . . o
Incubste sections Tor 2 hours st 37 ¢,

n

Do} -, s F ST L . =t daYa =
HBen oxyveen is passed Boourh the medium,)

30 g, Fest blue B seld

ml @stillsd waler

5 wl phosphate uffer (oH 7.0)

(6} Suecinic Deliydroperass(Nachlas et al, 1957)

(7

Incubsting mediwi.

o

5 ml 0,2 ¥wshosphate buffer (pi 7,5)

5 ml 0,72 Mesodiuws suecinate

10 wl soueous solution of Witre-8T (1 ne/ml)

Incubste sections for 1 hour ab 37 L.

{During incuba=

Tes ot room tesmpereture,

Dipbosphopyridine nucleotide (Uri) dependent dehydrogensses,

Subsitrates for dcehviropenases,

Bodiuwn lsehabs; sodium malafe:

sodivm glutasate;

s

P 55



{

9)

- H3 -

sodium o ~plycerophosphate: isocitric seid; [ehyévroxy

butyric acid; ethamol.

Incuboting medium,

LI
Gole
(i ods
LN
1.0
1,0

o
LF ‘5%—“

300 1

nl
ff‘ﬁ:&
wl
Bl

-
"y
sl

ml

Adiust

fop

20

fubstrate (1.0 )
el (0.1 )
Sodium cyanide (0,1 M)
Hugnesium chloride (0,05 ¥)
Tris buffer (pH 7) 0.2 H
Hitro-BT (1 mg/ml)
2inbilicd waber
Polzvinglipyrreiidone.
the B of the solution %o 7 and incubate secebiona

winutes st 570, Cuomierstein with methyl green,

Glucose~b=iiosshate dehydrogenase (less gt al, 1958

&1 A PRPUR, 2. STPeee
Inoubstine mediog,

G o

m

L .5 Hecobaltous chloride

1,4 wl teis wuffer (0,2 ¥, pll 7)

M &
i gids

™
ol

(3 .?& i

20

sddjust the pil of the solution to 7 ond ineubate s=etions for

a4

ml
ml

me
aei

Glveose-bH-phosphate

N (0,1 n)

sodiwm =zide (0,1 ¥)
wagneulun ohloride (0,05 M)
T (1 mg/ml)

dstilled waler
volyvinyloyerelidone,

) )
” T RN . 9 FR e i e Gy iX i
20 minutes at B7°C, Lountersyaln with methyl green.

DFN_ond TPR Disohowvese (Searpelli et 51, 1958)

ol solution,
wl W7 {1 mg/ml)

25

P

LAt
nl
nl

cobaltous chloride (0.5 N

“tris “wafter (0,2 M, pH 8,0)

distiiled water



-
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750 mg polyvinylpyrrolidone,
The pll is séjusted to 7.2,

Incubeting medium.

10wl stock medium
&0 g UPNHor TRNH.

HdJust the pH of the sclution 4o 7,0 and incubate the
sections for 20-30 aimites ab ’? z"“ Counterstain vith

anethwl sreen,

{10) Zyioshrane Oxidase (Burstone, 1960)

inad
¢
Homul

L ¥,
Substrate.
ELIRION YU P I FIAB LR

Hephenvlen—dishenylanine hydvroehloride »ith either
p-ciiino-azo=bonzena or G-amino~C-gthyl csrbazole ss

coupling arent,

inenbad

To 15 me of chosen peir in a flaghk, add:
0,5 oa, othyl sleohol end ddssolve, héde
325 oo, 9istilled weteyw,

15 ce. tris buffer (G.2 M, pi 7.4

v

Pilser dnto egpliv Jar and incubate winutes

Plage sechions in followine solution for 1 hour.

10° cobalious zeetate in unbuffered formelin.
5 ce. seatate buffer [0.2 ¥, i 5,2)

L «tIueurenidase (Seligmon, 1954)

Substrate solution,
30 mg G=bromo=Z-nephthyle 2 ~D=glucopyruronocside
5 ml cthanol
20 nl phosphats-citrate bhuffer {pH 1,95)
75wl distilled water
Incubsie sections For k-0 hours in the substrete solution at
37%.




kinse sections and them immerse in a solution of Fast
- - g s 4

Alue B in cold {4 ) phospheie buffer (0,02 M. pH 7.5),
1 wg. per nl.

{12) Hon-enzymatic tetrazoliwm lipoprotein method (Carmichael,
1963)

S2tock tetragolium solution,

25 wl tris affer (0,2 ¥, pil 8,2)
% @l cobaltous chloride {G,5 1)
Filter end add:

26 @1 BT {1 me/ml)

wd tris buffer (0,2 M, pH 8,2)
il ml #istilled water

rdjust B to 6,

Ineubating uediun,
15 ml Coutl
% 5l hydrosuinene (0.1 B, freshly ov

Fneukote necbions for 90 mionabes at 370,

E

4]



Appendix 3. Studies on the telrasolium salf redueticon method
for lipo croteins,

-

3. The totresolivm salt redweticn method for shiospholinids has been
reported in the literature (Carmichael, 1963} =nd the ischnical
details are given in Appendix £,

The resction demonstrates principally phossholipids
gonjugated in the fors of profeins and is o very ready method of
ghewing up mitcchondrie, Thls reection iz oorried out on Ivozen
sections, oither unfixed or fixed in buffered formalin,

Te mechanism depends on the reaciion between hydroquinone
an8 the nitrogen of phosphatidyl choline, sthanclomine and serine
(1.8, logithie endé the cerhalins). The hydrocuinone 1ipld complex
then refuces ihe setroscoliun solb, with preeipitstion of iveoiunble
formazon at the site of reaction,

Byéroouinene i & diphencl, which in gsolution Torus =

aixture of henzoculnones and semiquinones zceording to the souation

‘1‘5»2\ o /’sf}' &
/ AN H N i,
o NQ NI
[ I=p=V=0
s &
Hydrocuinone  Semicuinonas denzoquinone

The free radicals of the semisuinones zre active reducing
groups, mnd the mechanism of the recciion is probsbly that one of the
nyéroxyl groups conjugates with the nitrogen of the 1ipid and sither
& hydresen is liberated from thel site, or e opposite hydroxyl

group forms o free radical, with liberation of snother hydrogen.
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The hydropen is then taken up by the tetresolium sc1%, with precipi-
tation of the formasan,
The nost suitable tetresolium salt for the resction is

Gl by Smdinethyl thiasolyle=s j=f, Sedinheny] tetrasolium bromide
{usually 'nown as UTT) in a buffered sclution at pil 6. Above
neutral pil the hydrocuinone spontanecusly reduces the tetrasole, but
at aoid pf levels the sontencous reduotlon is slow end there is
sloarly leealised precipitation of formezen in the eytoplasm,
reccibling that scen in dehydrogenase histoshemistry. Of the other
totrenolium selts Nitro«S¥(7,5? «@i-penitrophenyl-5,5 ~diphenyles,5" -
(353" ~dime thoxy=is,4* ~bivhenyl) ditetrasclium chloride) rescts rapidly
at oen alkeline pfl, mé Tetra nitro=-5T may also be used. The bromn
formasen of the latter, however, is not a good contrasting colour
for microscopical nreparations., 7T heve used UTT cheloted with
cobalt (CONTT) almost exclusively rs it pives good eytolorical
differentiation end is easily soluble in organic sclvents, o pyoperty
necessury for cusnilfative esiimatios. The chemical interpretation
of the reaztion is supported by o number of tests and experimentst

{2) rrior exposure of the seetions o aloohol very rapidly
prevents the resetion, Acetone and chloroform almost completely
orevent it, tut, curicusly, ether alore does not affeet it at all,
apart from the distortlon of the cell pioture due to the dehydrating
effect. The recotion may be carried out on a section, the formesan
dissolved in ether end the reesction reveated, This manceuvre may
be repeated five or six times. This differential solubility serves
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to emphasize that solubilities of lipids 3m inteet (issues and in
vitro are not necessarily similar,

{2) “he reaction works in vitro. Aqueous suspensions of
lecithin, cephalin snd sphingomyelin (i.s, water added to alcoholic
solutions) added o the ColfTT~hydroquinone mixture couse a formezan
npoduction in about the same lengih of Hme that 1t takes for the
histochemical rezebion. This imolies thet the in vitroe rezction

= 2 5% = o peae dNm D e i
i8 Iese Efﬂ. ﬁ.-’l Lae sme manpnsr sx e i ﬁ"imGCh%ic@l, he

5’!

vosection slse works in vitre with the basic parts of the phosphatidyl
eaters., CSolubions of ethonolemine (buffered %o oM &) ssrine and
methasholine {steble derivative of choline ) will reduce the teire-
zolium solt in the presence of nydrocuinone, Glyeine, glulomine

ané trypiemine beheve in & siniler meansr, wnd the wechanisp of
reduction of tryptemive is ne doudt similar o that utillised in the

3

e iy s r ey - o BLon o B P, o 3 Bt
tetrozoiiun 2alt mothad for denmonstraidng concomine oxidacse

In the obsenge of hydvocuinonz, the reoction is negative
both vith seetions and in vilre.
{3} The resction in vitre with 2 suspension of phosphoiniso~
tide is negative, which precludes the possibility {that the fermazan
prodnetion is toking slace st unsaturated bonds of fatty eeids, In

the formulse, & ond B' indlcate {ablby aocids,
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; X 3
2+ @

rhosphatidyl sholine {zwitterion form)

11,004

BY J0-0-CH

it

i) 40 N2 ok R SR
OF ol el ok jmd 14 LA 3

ﬁl} \ /

most improbeble in view of the in vitre fesis. The resction works

i . .4 % PRI e s T T e 3 kY 3
#ier the sesticns o Bolling weter (15 minutes) snd

SLGET CRDOSENE

formeiin {24 hours &t room isem;:era‘hure} . These exclude the possi-
pility of 2 deknydrogencse viilising whe hydroquinone as =z subsirate.
Although peroxidese, with its wide ranpe of swostrates, con oxidise
nydroquinone, the likelilicod of this ensyme ov of cybochrone oxidose

being responsibls {'or the resebion can Us discounted by the cbserve-

U

tion thet cyonide =nd szide maike no Jifference 4o the amount of

L

formazon produciicn, Tetea nltwe UT ves used s the teiragoiiun
sal%t in the case of ervenide. Further evidence againat = ceroxidatic

mechoriss is thet norexide 2dded %o the medium dimindshes, not

enhonces the formagan deposition. gatalase added tc¢ the medium
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makes ne ifference to the resction.

{5) Experimente with fractionated cells have also been varvied
out, The liver «f = freshly :illed guinea pir wes serfused in situ
with chilled % ver cent suverose in L per cent neutral buffered
formalin. As scon 28 the blood was washed out the liver was removed,
chopped up and homogenised. This breeks wp most of the cells, The ho-
mogenate was Tived overnipht ot 2%, , with constant stivring, ‘the

material wae then centrifuged at W0xg for 10 minmutes giving the

ey

st se@iment, which sonil of maelel, whole sells and Bbris,
The first supermatant was centrifuged at 5000xg for 10 minutes, mnd
the seeond sedisent eollected consisting meinly of mitochondrie.
4 final centrifuging of the sscond supernatant at 24,000xg fer 10
winutes sives & sodinent consisting mostly of wierosoues, Vhen the
sediments snd Pingl supernatant vere tested with the Colli¥-hydro-
suinone wixture, & positive result wos chiained oply with the first
ond sscond sediments, aven afber prolonged inevbaticn, The partial
fixetion by cold formalin was found o be necessary, ss without it
there woe sone anbolysis, sod & positive reaotion wee obbalned with
the final sunernatsnt, Attempts have been made to visualise the
formozen under the electron mieroscone, tut resulis have noi yet
been entirely satisfactory.

(6} Paventersl administretion of hydroguinone to the laboratory
mouse sends the snimel into & sbaebe of musculer epasm, With sasll
doses the snimel recovers fairly reapldly, tut with larger doses the

sposms dovelos inte = series of %onic contractions with neek

retraetion. This is svidence that hydrocuinone poientiates the
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setion of scelyl choline by protecting it fram choline esterase, by

conjugating with the choline molecule.

2o The function of suinones in dehydrogenase histoghemistry.

The formeszan deposition in the tetrasolium selt lipo-
protein uethod bears strong moerphelogical similerities to that from
dehydrorenage reagcticns, lowever, evidence has been brought forward
%o prove that the reaction is iilself non-enzymatic, Cytologically
it is closely relsted to particles thet heove ensymelic funcidons,
and this suzrests that the moleeuler sivveture of the lipocroiein
being stained f9 intimately concermed with enzymeile functions,

5, a5 @

do ot astain by this sethod, tui e nodel for thelp

fad Blood

structure smich as thet of Fitehison (1950) indicates thet the 1ipid

iz on the suxdace ef the exyytivuerbe eavelope, wnd that there is no
protein present to ivap the fommasen. Other formezens {e.z, from

nitre %) arve sald ic hove & substontivity for protein vhich is
necessery for efficient micrescorical demonsiration of dehydrogsnase
reeotions {Pearss, 1960, sage Sh6), Subsbantivity for srotein by
the fornmegen from the Colli€ chelate aay exist tut hes not Lween
proved, Cell s=nd nuclear wembranez are not wall stained by this

method, theugh placuoes of formazan ey be seen iz 2ell menbrenes,

serticularly on lonper incubstion in formalin fixed material,
3ince the indlependent dlscoverics by lrane gt el {1957)
a dorton (1958} it hos been known thet auinones «ill set as
clgetion asconbors in bioclosiecl oxldations., ! gerdies of pubstituted
benzequinones have now heen discovered, cach with their wm charscier-

istic side chein, They all consist of 2,%-~dimethoxy-~S-methyl-l,
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These substances have been nemed vbiguinone or coensyme Cﬁ, whope n
represents the number of isoprene groups. Thisz side chain governs
the opiical properiies of the molecule, end this property hes been
used in snother system of nomenclature in which each quinone is
jdentified by its optimm spectroscoplec sbsorption bend. There
heve been 2 rmumber of publications on this subject, which have been
rocently sumerised by Hetefi (1963}, The reduetion of bound
coenzyme O of mitcchondrie can be brovg:t cbout by the addition of
pyruvate olus rslate, suceinale, redused diphosphopyridine nucleotide
and 2-hyivoxyoutyraie, The signifiemnt feature of the biochemical
studies in relation to the histochemicel 1s that the activity of
coengyme ) is intimately hound up with the presence of ldpid, This
1ipid hes been ncmed goenzyme ) lipoprotein, and consists of a very
high proportion of leeithin and cephalin (Baaford, 1959; Basford ond
Cresn,” 1959).

Jowerty snd Ottaway (1962) veperted a non-3ialysshle, non-
ensymic, heat steble fastur in partlelly purified gluteminess prep~
spations from kidney mitochondris. This 7 actor reised the reduction

of totresoliws salt uo 100 per cent of theoretiesl welue in the
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enzymatic oxidstion of glutanate, It was replacesble by ubiquinone.
Vattenbers =nd Leong (1960) found that the addition of
coenzyme ( ond menadione to the hiatochemical medium for demonstrating
suceinie ¢nd oL -zlycerophosphate dehiydrogenese resulted In
inercased desosit of formazan, I have not heen able to suecessiully
substitute mensdione for hvdrominone in the phospholipid recction,
so thet these cbservaiions demonstrate the incorporaticon of the
quinone inte the ensymstie reaction,
This totrazolium salt reduetion method for liponroteins
represents the histochemical demonatesiion of auother stage in the

elegtron Wwanmmort chain,

%, The suaniitative estimstion of dehydrogenase setivity in tissu

o S e M T 0 T U g M

sectins,

tne of the promising applicabions of enzyse histochemistry

18 1tz quentitetive ectisation. The main & warbasl, st the sresont,

ot a stable poremeber of the scction wast be imown helowe rotes
of sotivity coe be determined. Temon gt g1 {195) estinated ceid
phosphate sotivily end then enalysed the seotions for fsoxypentose
and tobtel nitrogen, ¥ith alkaline phosphatase Davies gt sl (195%)
used interforence nicroscepy ie sssess the rale of aetivity in & given
field.

Eatimation of dehydropgenase activity is pconveniently
estimcted in terms of formazan profuction, but there is sti1l the
problem of the basis of the urodnction rate, The cobelt-ifTT hydro-
suinons reaction may conveniently be utilised, ns it is a reaction

ihet san be easily controlled snd the standard for comparison can be
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Appendiz. Figure 4. Uhe spectrophotometric tronsmission ourve of
1

the formazen eluted fror sections off mouse liver by chlorvoform,
Cobalt-MIT-hydroguinone liponrotein reaction.



set at any suitable level,

Proggdure: ! block of tissue is trimmed =zo that a lerge number of
usniform sections may be eut, and is vapidly frozen in solid carbon
doxide. Allowine 15 sections for each rouection, = Jehvdrogenase
stoin utilising cobalt-iT" ia carried out, In addition & stenderd
cobalt-lTT hydrcequinone reaction is performed or o further 15
sections., The histochemical conditions are exactly the some as for
pormal suslitetive investigntions, exeept that the $ime of woection

and tenrercture must be zet o & sphandord, 1 allow the dehviropen-
. A

nse rcoctions o proceed for 20 mimutes =t 37 €., stooping the

regction by washing the sections and sllowing them Lo

lipoovotein method I hove found

sutieble bime fopr e DOn-f

- « - .3 2 = = G,m
4o be 1 hour L5 ainudes ab 37 6.

The {ormazan nroduction from

ed by eleting it with ehlorcoforn {4 m1.)

aaech voscbion is ther estis
end meosuring the opticsl twrsansmis ion soeclrophoiomelrically. The
ourve for opticel lensity for the foxmezan from cobolt UTT is shown
in fppendix Figure 1.

The neximuwn sbsorption is st 3100 ingstrom urits, nd this
wavelength hes thersfore besn selseled for the guenbitative estina-
tions, The enzyme activity car then Le expressed os o rabic, by

Mviding the percentope transmission of the Towmssan from the lipo-

2

protein resetior by that fyvom the dehydrogenuse reaction, The

ratio, mulitinlied by 10C, then gives 2 convenisnt wnit aysten, running
on & iinesy seale with low velues for low setividy end bipghesr voaluves
for high sctivity.

Tals vork is in the preparatovy stages for publissztion,
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and I am proposing to esll the units Tetrazolium units, or the
abbrovisted form T2 units, Some vesults with puinea pig tissue

ere given helow, The adventage of this system is that only the
eells active in eunyme processes are gatimated., The interpreta-
ticn in homogeneous tissues is cbviously ibe most streightforwerd

mut i+ could hove spplication in sections, such as malignent tisoue,
vhere there ig & varishle pattern end setivity, Tith the spprovriais

mierosconicel contrel, thers is ro recson why sections containing

[

2 L o B rm e men "% LT BT o e 2N s L P P
A fferent types of pell shousds NUT he asgessed for thedr angymesic
P 2 3
sotivity,
R T

P P I E— o N S e e i Sy Ty o o
Previously the secourvense oL aasnes Iv wiologieal

swidetion systems woe discussed vith refevence to the bischemicel

e T T T o v | pnd® e vy s dnad S oo S -
19€67) . Interprebation of the « enbitative enzyme

activities that otilise quinones ag part of the oxidative pothway
ealls for no comment, Wt the systen sould be used for cll snzyme
setivisles thet can be dewsnstrated by the uso of Wi, vith the
reservebion thet the fumctional interpretobion is not the seme.

By o s : o oy - B YR ETRTY
The engyme sysiems thet e utiliss Y

-3

w elseiron scosptor ure

g

o

lactate, malate, isccitraie, #utemate, 3 <hydroxybutyrate and

-8

wogenases and the 8- and Irinhosphoprridine

glucopg=i-nh
nucleotide deshorsses. Suecinie dehydropenase ie rather vorizble
1y 142 demonstretion with CollfT and is not sntirely satisfuctory,
excent in btissucs that have a kigh activity, tut possibly the
sddition of cosmzyme O or mensdione a8 has been done by Wetienburg

and Leong wicht bring it into line with the obther ensymes of the

eitric ceid cyele.
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The ensymes of the ecitric acid ¢yele and diphosphoprridine
rmueleotide diephersse in beef heart nitochondria sil utilise coenayme
T =0 that, srovided the same obtains ir other animal ‘issues, the
estinmotion of these in ferms of Teirsszolivm units could become &
standerd proeedure, ¢lucose-Gephosphicte dsliydrogenase hzs not,
sppevently, bzen shom to uwiilise coensyme G, but using the sruperty
of the Setrezolivm phosphelipid resction =g o sishle e¢ell porameter,
repeabted vstinmates of the sctivity of the enszyse cmn be obiained,

o gl R
Xt T

the Sntorest in salignent dissase, this suanti-

tative method could Tind on spplication in biopsy work with liver,

Eldngy i musale tissme.,

Exemple of cosults of eusyme estimetions from tissue scctions
¥resasd In terms of formazen wroduction

Gulnes pig Reastion Mean por cent Inzyme scetivity
Hissue trarepizsion sxpressed o8
with atandard Tetrazoiimm
YT units
Liver L oifrP=hridrosuinong 32,76 ~ 0,88
Mzlate dehydrogenase T2,67 = 1,07 &5
Dutmmate dehydrogensse Gl w 1,78 3%
ﬁ—%lyérax%gmtyr&tﬁ .
dshydrogenase 767 = 0,82 37
Kidney CoTT-hydroguinone E.BL « 1,35
o - ol -
dalate dshydropenase 67,93 =

P

o3
-
¥
W
w o

Flutenste debwdropencse  SL,00 ~ 0,83

4, Conneclive tissue stsining by the Jobalt NTT-Hvdvoquinone reseticn,
With fixed %issues the ColliT-hydrcermiinone sets in
oudte 5 &fferent way., Vith tizsues fixed in Zenkers snd Helly's

Fluids or Torwalin, dehydrated and infiltrated wilth paraffin waox,



w B2 o

collagen is stained grey-bleck with formasan. In skin there is
alse stadning of e siretum mramilosum, stratum corneum snd keryatin
of the hoir, Sidn fixed in Cornoy® s fluid chows only the stainming
of the stratun sraculosus snd keralinens struciuves, The steining
in e twe situsdions ie due to the presenge of &iffersnt recctive

EOURS.

The Poootion in aollsgen in due to the presenee of suino

groupe thet beoome veective By be nrecess of fiwstion and ety drge
tion, sresumably due to the breekdomm of svoss-linmisges. Curnoy's

£iuid ic 2 probein oregipitent, bul the constituents

ot enber
inte shealeed corbination wilth the Esaues, which acotunte fop the
negebive coilagen vesebiom, Thui Hio suine groups eve the resekive
cmes im e ¢ onneoiive tissuecs oon e shown by blocking resetisma,

P

{Ohlovsaine T

™

b T T S A "
{1) Blocksds Wy sodiue 3

(5 per sent in novmel sestie acli

P T Y
prevanis the !

o Seamiy v s
Toradinons slruetores,

€ 3 A el . ere o
Il Inopgel, hedinitrobonzene prevents e

arodeetion o Porrnait.

I§ now Yhe nrotein nitrcbensene capplex is redne & en Tor

the ususl Jlozotisabion resction) the Hispue hoeomes intensely

2 & O ROL N 5. K- o=
resctive spain, with heeyy Popmassn staining,

o

5, e,

Sediun =l o,
zm S0, ydrossloss z N o
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Thas sytificislly prepareé smino groupes will react with the ColifT-
hydroguinome mixture,

This reection is not scuivalent Lo ithe =zlkaline ‘etre-
zolium zmethods for connective tissues, ss 1t is wnegstive in the
shsence of hydrogquinone,

The svecifieity of the heratin staining is siso 2 resetion
peculier to the CoillT-hylrocuincne method. RBlsockade of sulphydryl
groups Asgs not prevent the reaction, but prior redaction of di-
sulshide greups by sodium thissdveslste (0.3 ¥, 7 howrs eb 55°0,)
prevents ithe veaction in the berailnous struclores,

The fepsnerated cellopen of skin, discussed previcusly,
decs not ztain by this method, anéd elantic 4issue cannct bhe identi-

3%,

fed in nornsl skin with U0ds stalin., The steining iz due to ihe
preseage of the higher comeeniration of dlamincmonocarvoxylie neids
{erginine and lysine) in collegsn compared with thet in elastin,
Collagen slso soniuins & higher proportlon of moncsmlaodicarboxylle
acids, but prolonzed methyledion (I per cen® H01 in melhyl alechol,
B boures 2t yroom Semp serature) falls Lo prevert Tormezan sreeipiisilion,
g0 that the free sarhexryl grouns do wot purticipete in the reaction.

.

Vhother ihe reaciion descnstrsbes the hydrowyl sroups of hydrexy
nroline md hyéroxylysine og well v saine groups cuannot be determined
for certedn, sx there sppears ic be no gpecific blocking egent for
hese eroups.

The staining of disulphide and amine groups in skin is shown

in Appendix Pigure 2, Thiz scotion shows both normal and elestotically

dggenerated ocllegen, ithe latter heing unrgactive.



Appendix 3, Figure 2., Skin from the dorsal aspect of the forecarm of
s 62 year old male, with severe collagen degeneration. Fixed in
Helly's fluid, dehydrated and embedded. Stained by Gobalt-MIi-
hydroguinone method. Black formazan staining indicated amino groups
in normal collagen and disulphide groups in keratin and stratum
granulosum. Counterstained with methyl green (133 x).
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THE EPIDEMIOLOGY OF SKIN CANCER IN QUEENSLAND -
THE INCIDENCE
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It has been well known for many years that the incidence of skin cancer in
Australia is very high. This is more especially true of Queensland than the other
Australian States, and the same probably holds for the Northern Territory,
though there are no figures readily available. There is also good evidence that
other tropical and sub-tropical countries have a high incidence of skin cancer
amongst the white population of North European descent. Details for the
Transvaal are given by Cohen et al. (1952) ; for East Africa by Piers (1948), and
for the Southern States of the U.S.A. by Auerbach (1961). Social customs,
economic factors and labour conditions in these countries are different from those
in Australia, so that direct comparisons of statistical data should only be made
with caution. In Australia there is virtually no coloured labour, and whites do
manual work in all climates.

This present study has been designed to provide exact epidemiological informa-
tion about skin cancer in Queensland, with a view to correlating it with the results
of direct measurements of ultraviolet radiation that are currently being made by
the Department of Physics in the University of Queensland. Although previous
Australian authors have drawn attention to the high incidence of skin cancer
(Molesworth, 1928 ; Belisario, 1959) it is believed that this is the first attempt to
provide systematic statistics that are comparable for different parts of the State.

Geographical and Population Features

Queensland is well adapted for this epidemiological study because the popula-
tion groupings fall into fairly well defined limits, and are widely spread, so that
differences in response to climatic factors should be clearly apparent.

The State of Queensland covers an area of 670,000 square miles, and has a
population of 1,318,259 (1954 Census). The southern border of the State lies on
latitude 29° South and its northern tip, Cape York Peninsula and the Torres
Strait Islands, lies between latitudes 10° and 11° South. Broadly the population
can be divided into two categories. The first and major part of the population
lives in the South East corner of the State, and the coastal plain from the south
to as far north as Cairns (Fig. 1). The smaller section of the community lives
in the arid regions to the west of the Great Dividing Range. The coastal plain
has a sub-tropical to a tropical humid climate. In the south of this strip dairy
farming and small crop production predominate, and in the north sugar cane

* Present address : The Institute of Medical and Veterinary Science, Frome Road, Adelaide,
South Australia.
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production is the most important primary industry. On the other ha.r.Ld., thg
climate of the vast sparsely populated districts to the west of the Great Divide is
described as that of low latitude steppe and desert (Blair, 1942). Sheep and
cattle grazing are the main occupations, though in the quth West at Mt Isa
there is a well established mining industry with a related increase in density of
population. The population of Mt. Isa was 7400 in 1954, and the next largest
western town was Charleville, with a population of 4500.

CAPE
YORK

PENINSULA

MT. ISA

9
140° 145° 150

¥1¢. 1.—Map of Queensland, showing main geographical features and the location of the four
cities surveyed.

As a result of the necessity to confine this investigation to places with reason-
ably large populations and with reliable hospital statistics, it is _concerned gnly
with the incidence figures for Brisbane, Rockhampton, Townsville and Cairns.
It was found that in places with small populations the results were too .va.rla,ble,
though there is a distinct clinical impression that there is a high incidence of
lesions in the west. This was confirmed by a small scale postal survey carried
out amongst graziers in selected western districts.

[n considering cities only, bias due to exposure factors should be limited to a
certain extent. though probably not entirely. In addition to this it should be
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borne in mind that country dwellers are less conscientious in attending hospital
than city people, which would introduce further bias if they were covered by a
survey such as this rather than by ‘ on-the-spot »’ sampling.

Some climatological data for the four centres covered are shown in Table I.

TaBLE I.—Climatological Factors in Survey Areas

Average
Latitude Population, annual
in degrees 1954 sunshine Average Mean daily
R Census (hours) rainfall temperature

Brisbane . 3 27° 30/ . 502,320 . 2850 . 40-09 ; 69-0°
Rockhampton . 23° 28’ . 40,670 . 2925 . 37-36 . 73-2°
Townsville . . 19° 157 . 40,471 . 2975 . 43-06 . 76-0°
Cairns . . 17° 0’ . 21,020 . 21750 . 86-35 . 76-3°

Collection of Material

The estimation of the incidence of a non-fatal, non-notifiable, relatively trivial
disease with a high cure rate presents a problem that is not usually met with in
compiling cancer statistics, where the death rate is a good guide to the incidence
rate. However, in Queensland the treatment of skin cancers is practically
uniform, in that the majority of patients attend the Queensland Radium Institute.
By using the records of the Institute at the Main Centre in Brisbane and at the
provincial Sub-Centres at Rockhampton, Townsville and Cairns it is possible to
arrive at a good estimate of the incidence of the disease. It was ascertained from
general practitioners that most of the patients are referred to the Radium Insti-
tute and, in addition, quite a number report without being referred by a doctor.
Using the Institute’s records, it is ensured that standards of diagnosis and record
keeping are equivalent in the 4 cities concerned. The estimates should, how-
ever be regarded as minimum. Basal cell and squamous cell cancers are con-
sidered together.

A random sample of about 1000 records in each of the 4 cities was taken, of
patients who presented for the first time for treatment of a skin lesion, during
the 10-year period 1948-57. The total number of cases of malignant disease, and
the total numbers seen at each centre were known, and from this it was possible
to work out the sampling fraction, and its reciprocal, the raising factor. The
factors are listed in Table V of Appendix II. The numbers of cases in the samples
in each 5-year age period over the age of 20 were multiplied by the appropriate
raising factor, to give the age specific numbers of cases attending for treatment.

Computation of Rates

The actual incidence rates were computed for each decennial age period from
the fraction :

Numbers of new cases in each 10-year age group
Number of susceptible persons in corresponding group

The denominator of this fraction should be noted because the incidence rates
are computed on the basis of the susceptible and not the total population a
“ susceptible ”” being a person who has not previously had a skin lesion. The
incidence rates are for those with first lesions only.
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The method of estimating the rates and the susceptible population is as
follows :

Let
n; = number of new cases in age group k
(obtained by multiplying the corresponding number of cards by
the raising factor) ;
N, = mean number of persons in age group & ;

Pk=Fk’;;
P,=p,+p22+ ... +Pp-1+ 5055
c=1—P,

P, estimates the probability that a person whose age is that given by the
mid-point of the k-th age group will have had at least one lesion by that time.
It may be called the “ age-specific prevalence ™.

The proportion of susceptibles at this age is, therefore, Q.

Hence, the “ age-specific annual incidence rate > for first lesions at this age is
estimated by

"B

k

= =
k710 @y

)

It corresponds to the ““age-specific death rate” or “ force of mortality ” in
ordinary life-tables.

Fitting Suttable Curves

The prevalence function P and the incidence rate r are connected by a simple
relationship (see Appendix I). It may therefore be a matter of mathematical
convenience whether we fit the curves for 7 directly or fit the curves for P and
deduce those for r. (Certain methods of estimating the curve may make the two
methods fully equivalent, though this is not the case for the least squares »
methods used here.)

A number of different probability models of carcinogenesis have been pro-
posed, and no doubt some of the incidence curves arising from these models would
fit the data. Good use might, for instance, be made of the models proposed by
Armitage and Doll (1957) or by Armitage (1959). It is doubtful, however, whether
skin cancer incidence rates of the kind considered in the present survey, being,
as they are, averages over different social classes and different degrees of skin
pigmentation, afford suitable means of testing any given model (see, for instance,
Neyman (1960), and Weibull (1951)).

Conversely, the fact that a particular probability distribution function happens
to “fit ”* the data does not necessarily imply that the usual assumptions and
models leading to that distribution are applicable to the material being studied.

The principal objects of the present survey were : (i) to show that the incidence
curves varied noticeably from one district to another ; (ii) to see to what extent
the factors leading to differentiation among the incidence rates were themselves
age-dependent ; and (iii) to provide preliminary information necessary for the
later correlation of the incidence rates with ultra-violet solar radiation in the
various districts.
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In deciding on questions (i) and (ii) it appeared desirable to seek prevalence
curves for which, through transformations to linearity, the ordinary processes of
linear regression analysis might be applied. Already, in laboratory experi-
mental work, Blum (1955) has found the integrated normal curve to be appro-
priate to the production of skin cancers in albino mice by ultraviolet radiation.
However, it has recently been questioned whether these observations are trans-
ferable to the situation in man. Winkelman, Baldes and Zollman (1960), who
performed experiments with congenitally hairless mice, did not observe inflam-
matory lesions or any other skin changes before the induction of tumours. In
any case, as will be seen from Fig. 2, the probit transformation of the observed
values of P did not produce linearity.
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F16. 2.—Comparison of results of various transformations seeking linearity. Townsville males.

I. Integrated normal : Y = probit P — 1.
II. Logistic: 3 -+ log P/Q.
III. Weibull: 3 + log (— log @).
IV. Weibull: 3 + log r.

The Logistic Curve

Better results were obtained by using the logistic curve and plotting log P/Q
against log (age). (In using either the integrated normal or the logistic curve
it is not necessary to assume the existence of a *“ tolerance distribution *” (Berkson,
1951).

Straight lines were fitted to the values of log P /@, using weighted least squares.
The usual weighting systems were not employed since the successive estimates
of the values of P, are not mutually independent. Weights were taken propor-
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tional to the precision of the estimates (ignoring the error caused by sub-sampling
from the cards). The fitted values of r were obtained from those of P by means
of formula (2) of Appendix I. Chi-square tests of closeness of fit were performed
by calculating the expected number of cards in each age group and comparing
them with the numbers actually recorded.

Table V of Appendix IT shows the observed and fitted values of r, as well as
the appropriate values of chi-square. Only in one case out of the eight, namely
Cairns males, was the value of chi-square large enough to indicate an apparent
diserepancy from hypothesis, and this is obviously attributable to the vagaries
of sampling, as can be seen from the irregularities in the sequence of observed
values of 7.

The equations of the 8 straight lines are given in Table VI of Appendix IL.

The Weibull Curve

It has frequently been noted that certain types of age-specific death rates
from carcinoma display linearity when the logarithm of the rate is plotted against
the logarithm of the age. In other cases there is a marked departure from
linearity, the implications of which have been discussed by Armitage and Doll
(1957) and others.

In the present case linearity seemed sufficiently well marked to justify trying
this system of curves. It should be noted (Appendix I) that if the r-system
behaves in this way then the P-system conforms to the *“ Weibull distribution ”’
(Weibull, 1951) which has many applications to life-testing data and to certain
classes of biological data as well. For the Weibull P-system the graph of log
(— log @) is linear when plotted against log (age).

To provide a comparison with the logistic system it was decided to fit the
values of P by the Weibull distribution as well as fitting the values of log r directly.
Table V of Appendix II shows the results of each process. It also gives (for
comparison with the logistic system) the values of chi-square appropriate to the
Weibull P-system. It will be seen that there is little to choose between this
system and the logistic. If the Weibull system were accepted the logical thing
to do would be to fit the values of log r directly.

Table VI of Appendix II gives the formulae for all 24 straight lines obtained
by the various methods. (According to the theory of Appendix I, the slope
parameters for log (— log @) should exceed those for log r by 1 when the Weibull
system is used. That this does not exactly occur arises from the fact that the
least squares solutions are not invariant under the transformation from P to r.)

If a set of parallel lines is fitted to all 8 districts the common slope parameter
is that given in the same table.

Graphs
The following graphs are presented :

Results of fitting various curves to the data for Townsville males (Fig. 2).

Results of fitting straight lines to log P /@ versus log (age) — logistic method
(Fig. 3).

Results of fitting straight lines to log r versus log (age) (Fig. 4).

Curves for r versus age obtained by fitting a set of parallel straight lines to
the data for log r versus log (age) (Fig. 5).
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Regression Analysis
A regression analysis was performed on each of the 3 sets of data for the
purposes of : (i) testing for parallelism of the 8 curves in each set ; (ii) detecting
significant differences among the prevalence or incidence rates for the various
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F16. 3.—Application of the logistic curve to the prevalence rates.

Ordinates—3 -+ log P/Q.
Abscissae—log (age).

localities as well as differences between the sexes. Procedures appropriate to
testing all contrasts in an analysis of variance were used, and the 1 per cent level
of significance employed. .
The somewhat lengthy numerical details of the analyses will not be presented
here, but the following summary should suffice :
(i) There were no significant variations from parallelism among the 8
lines of each set under any of the 3 systems used.
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(ii) Sex differences were of a high order of significance in all 3 cases.

(iii) For the prevalence curves, P, the following significant differences
emerged (T = Townsville, C = Cairns, R = Rockhampton, B = Bris-
bane. The symbol “ > ”’ stands for is significantly greater than ’).

Method of fitting Males Females
Logistic . . . T>C,Band R T>C, Band R
C> C>R
B>R
Weibull ¢ . v T>C,Band R T>C, Band R
C>Band R C >R
B>R

It will be seen that the only conflict is that the contrast C > B for males
appeared under the Weibull system but not under the logistic. In relation to the
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direct fitting of straight lines to log r the only significant differences at the “ 1 per
cent level ”” were T > C, B and R for both sexes. It is to be expected, of course,
that significant differences will be more easily established on the prevalence data
than on the annual incidence data. Indeed, if a lower level of significance is
admitted (the ““ 10 per cent level ”’) the significant differences for log r are exactly
the same as for the logistic P-system given above.

400

300

100

| | | |
25 35 45 55 65 75

F1e¢. 5.—Annual incidence curves, per 10,000 population, derived by fitting parallel lines to log r
versus log (age).

T—Townsville ; C—Cairns ; B—Brisbane ; R—Rockhampton.
M—Male ; F-—Female.
Abscissa—Age in years.

The implications are that separate prevalence and incidence curves may be
drawn for Townsville, Cairns and Rockhampton for both males and females,
while there is also a likely separation between Brisbane and Rockhampton females.
Some problems arising from the orderings given above are discussed later.

Estimates of Average Risk

The average annual risk of incurring a first lesion over the period 20 years to
80 years of age was estimated from the mean ordinate of the incidence curve
over this range. Two sets of results are presented in Table II below, namely,
estimates based on the values of r as obtained by fitting logistic curves to the
prevalence data, and estimates based on the values of r obtained by fitting Weibull
curves directly to the values of 7.
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Tapre IT.—Average Annual Risk of Imcurring a First Lesion Over
the Period from 20 to 80 Years of Age

Average annual risk
—A

h}

Males Females
Locality — - —_—,
Logistic Weibull Logistic Weibull
method method method method
Townsville . . . : 0-0150 00157 . 0-0074 0-0073
Cairns . . . A 0-0082 0-0080 . 0-0043 0-0040
Brisbane . . . . 0-0064 0-0062 . 00035 00035
Rockhampton . . . 0-0056 0:0056 . 0-0027 0-0024

Estimates of Prevalence

Using the distributions fitted to the values of P it is possible to estimate, for
for any district, the overall “ prevalence ” (that is, the percentage of people who,
at any particular time, will be found to have at least one active or old lesion).
This is best done for a population that has been standardised with respect to
its age distribution and then allocated the appropriate district prevalence figure
for each age group.

Table TII shows such estimates for a standard population obtained by pooling
the 4 district populations for the particular sex. (The assumption is, of course,
that of constancy of the age-specific rates over the life-time of an individual.)
Estimates are confined to that section of the population between 20 and 80 years
of age. Separate estimates were obtained from the logistic and the Weibull
P-distributions.

TasLe 11L.—Estimated Prevalence in Age-standardised Populations in the 4
Localities among Persons between 20 and 80 Years of Age

. Estimated prevalence per cent
A

— A
Males TFemales
Locality —_—— —_—
Logistic Weibull Logistic Weibull
method method method method
Townsville . : a 12-84 1277 . 7-70 7-67
Caims . . . . 8-19 8:13 . 4+75 4-72
Brigbane . . . 6-28 624 . 3-75 3-71
Rockhampton . . . 5-49 5-41 . 2-84 2-79

Equivalent Ages

By fitting a set of parallel lines to the appropriate function of P, and employ-
ing the usual techniques of “ relative potency ” estimation in dosage trials one
can caleulate indices showing what ages in the various localities are equivalent
as far as prevalence is concerned. For example the prevalence at age ¢ years in
Townsville is equivalent to the prevalence at age 1:22 ¢ years in Brisbane, accord-
ing to the logistic method, and to an age of 1-21 ¢ years according to the Weibull
method, and this is true for all values of ¢ between 20 and 80.

Similar results were obtained, by each method, for the other centres. The
agreement between the two methods and between the sets of results obtained
from the data for males and the data for females is evident from the following
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table (Table IV). The factor 1-22 for Townsville may be called the “ relative
intensity factor for ages ” for Townsville as compared with Brisbane.

TaBLE IV.—Relative Iniensity Factors for Age

Relative intensity factor
_A

~ R}
By logistic method By Weibull method
Locality — —A 5 —
From ¥rom ¥From From
male female  Average male female Average
data data data data
Brisbane . . . . 1-00 1-00 1-00 . 1-00 1-00 1-00
Rockhampton . . . 0-96 0-93 095 . 0-96 0-93 0-95
Townsville . . . 1.28 1-21 1-22 . 1-22 1-21 1-21
Cairns . . . . 1-08 1-06 1-07 . 1-07 1-06 1-06

INTERPRETATION OF RESULTS AND CONSIDERATION OF CLIMATIC FACTORS

The most noticeable feature of the curves just obtained is that their linear
transforms are parallel if plotted against log (age). It appears from this survey
that the cities differ only in the different incidence rates and that the factors
causing the differentiation operate uniformly at all ages. The reaction patterns
do not appear to differ in any way qualitatively, as is shown in another paper
(Carmichael, 1961).

This observation suggests that there might be a type of dose response relation-
ship to ultraviolet radiation. However two points need explanation :

(i) Why the Townsville rates are so much higher than those for both
Cairns and Rockhampton ;

(ii) Why the Brisbane and Rockhampton rates are similar in the case of
the males.

In Table I the sunshine hours recorded are shown, and it will be noticed that
Cairns has less sunshine than Townsville, although it is nearer the Equator.
This in itself might be enough to explain the anomaly, but population characteris-
tics enter into the question as well. In Cairns there is a higher proportion of
those Ttalian born or of Italian descent than in Townsville. Italians do develop
skin cancer but with nothing like the same frequency as those of Anglo-Saxon or
Celtic origin. Economic status probably also plays a part; Townsville is an
industrial city and is the commercial centre and port for a large area of the North
West of the State. Cairns, on the other hand, is more of a tourist resort, and has
little hinterland. The major industrial activity is concerened with sugar pro-
duction and export.

There are several factors that influence the intensity of solar radiation received
at the earth’s surface :

(i) Latitude and air mass.
(ii) Solar constant (intensity of radiation outside atmosphere).
(iii) Concentration of ozone in the atmosphere, which is a very potent
absorber of ultraviolet radiation.
(iv) Dust and water vapour in the atmosphere. The former absorbs and
seatters ultraviolet, and the latter absorbs infrared radiation.
(v) Sky radiation as opposed to direct radiation.
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Prediction of the incident ultra-volet radiation from this complex system of
variables is not yet possible to a reliable degree, so it is necessary to make direct
measurements. This is in progress. With these meteorological variables must
be considered certain human factors. Firstly there are unmeasurable charac-
teristics such as use of protective clothing, hats, and time of exposure to the sun.
While it is generally conceded that ultraviolet radiation is responsible for this
high incidence of skin cancer, it must be remembered that it is not yet possible
to treat effects due to this form of radiation in the same quantitative ways that
are applicable to effects due to ionising radiation.

Migratory movements of the population are also likely to affect the skin cancer
incidence rate, and it is well known in Queensland that graziers tend to retire to
the coastal cities. Townsville attracts the elderly population of the north west
rather than Cairns, which could be a factor responsible for the high rate of skin
cancer in the upper age group. In the same way, of course, a large incoming
young migratory population would tend to lower the incidence rates in the earlier
age groups. To collect information concerning these factors would require an
extensive sample census, and the results would be of uncertain interpretation,
particularly as the individual’s susceptibility to solar radiation seems to alter
through the years. Middle-aged and elderly people are usually a good deal more
cautious about exposure to hot tropical sun than are children and young adults.
In connection with exposure to the sun, it should be noted that it is quite pos-
sible to receive an erythemal dose of ultraviolet radiation in Queensland without
being exposed directly to the sun, i.e. from sky radiation.

It may be that considerations such as these are responsible for the figures for
the Brisbane males being similar to those for Rockhampton.

The slopes of the lines for log (incidence) against log (age) cluster about the
value 3, which is in contrast to the values for death rates due to cancer, which
are about 5 or 6 (Armitage and Doll, 1954). As the curves we have calculated
are equivalent to death rates for lethal diseases with short survival times, this
poses further problems for the multiple mutation theory of carcinogenesis pro-
posed by Nordling (1953) and also by Stocks (1953) who used cohort death rates,
unless it be assumed that neoplasms in different organs are the result of different
numbers of mutations. Solar cancers might be regarded as one of the simplest
and most straightforward examples of carcinogenesis that can be studied in man.
However, even in this instance there is disagreement about the importance of
the melanin pigment and thickness of the stratum corneum as protective factors
against solar radiation (Mackie and McGovern, 1958 ; Blum, 1959 ; Thomson,
1955). Until some of the biological difficulties are resolved, the appropriateness
of various theoretical models of carcinogenesis cannot be adequately assessed.

SUMMARY

The age specific incidence rates of skin eancer in four coastal cities in Queens-
land are calculated and discussed. On the assumption that ultraviolet radiation
is the causative factor, it is suggested that the only difference in response to the
stimulus by the four populations is one of frequency of incidence. This arises
from the observation that the curves are parallel for each of the four cities.
Several methods of fitting lines to the data are described.
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This investigation was carried out while one of us held a Medical Research
Fellowship at the University of Queensland. We are indebted to Dr. A. S
Cooper, Director of the Queensland Radium Institute, who allowed free use ;)f
the records of the Institute, and who helped with the numerous problems that
arose during the course of the survey.
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APPENDIX I
Prevalence and incidence curves
If P(2) is the probability that a lesion will occur before time ¢, the probability
that a person who has not had a lesion before time ¢ till get one in the interval
(¢t + Ab)is

r(t) At = 1-1’33)—1%, R )
so that
r(t) = — % In {1 —P@)} . . . . (2)

If At is taken as 1 year, r(¢) is the annual incidence rate.

Logistic curve
The 2-parameter logistic curve on = In £ is

P= ! 1
T 1 e W+B) =1 P say : : : (3)
We have
P
log g=¢+t bx, say . ; ; . @)
and
r(t) = E, from (2).

11
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Wit ciree TaBLE V (Continued)
The Weibull distribution is

Camexs Mares (Raising factor = 2-4)

P=1—exp(—CP) . : » . () 5 . 5 . 1510 . s . 8 . o . 10
8o that 3 . 19 . 1,739 . 27 . 25 . 24 25
. _ \ 45 . 31 . 1,385 . 57 . 53 . 50 . 49
In (—n@)=InC+ Dx ; : . (6 5 . 37 . L8 . o . 9 . 91 . 86
and 65 . 20 . 714 . 85 . 143 . 150 . 138
Inr=1In(CD)+ D -1z . _ ; . (7) %5 . 25 . 281 . 829 . 192 . 228 . 205
Parallel lines for log (— log @) imply parallel lines for log r, and vice versa. : Chi-square* : Logistic 1490 ; Weibull 13-39
* See text.
APPENDIX II BrissaneE Femares (Raising factor = 35)
Table V shows the observed values of » and those obtained by the use of : No. in No. in )

. N . Age sample population r 77 Tw w
(i) a separate logistic curve for the prevalence data for each sex and each district : 25 2 35668 2 . 3 s . 3
(ii) a separate Weibull prevalence curve for the same prevalence data ; and (iii) 35 . 12 . 38430 . . 9 . 9 . 9
a separate Weibull incidence curve obtained for each set of incidence rates by gé . ;97) . ggg;g : g(ls . gg . gg . ég

. . 5 . . 5 . . . .
fitting the values of log » directly. 85 ) a1 . 92473 : 53 ) 63 : 64 _ 62
75 . 31 . 11,381 . 114 . 92 . 102 . 97
TaBLE V.—Observed Incidence Rates (r) per 10,000 Susceptibles; the Fitted Rates Chi-square* : Logistic 2-96 ; Weibull 2-34
#, Obtained from the Logistic Prevalence Curve ; the Fitted Rates 7., Obtained
from Weibull Prevalence Curves ; the Fitted Rates #,/ Obtained by Fitting Rocxmaveron Frwarms (Raising factor = 2:6)
Log r Directly 25 . 2 . 3,012 . 2 . 2 . 2 . 3
35 . 7. 2,857 . 6 . 7T . 6 . 7
BrisBaNE MaAres (Raising factor = 34) 45 . 15 . 2,633 . 15 . 15 . 15 . 15
No. in No. in A R . 55 . 28 . 2,110 . 36 . 29 . 28 . 26
Age sample population r 7 T Fu’ 65 . 29 . 1,750 . 46 . 49 . 49 . 42
25 . 5 . 33045 . 5 . 6 . 6 . 7 7 . 14 . 892 . 45 . 4. 8 . 62
35 . 18 . 37,639 . 7 . 17 . 7. 19
45 . 41 . 32,585 . 45 . 39 . 37 . 38 Chi-square* ; Logistic 4:77; Weibull 4-21
55 . 39 . 24658 . 60 . 2 . 70 . 67
65 . 6o . 18717 . 133 . 114 . 120 . 107
75 . 21 . 8,379 . 118 . 160 . 188 . 161 TownsviLLE FremaLes (Raising factor = 4-9)
. - . 25 . 4 . 3,062 . 6 . 6 . 7. 8
Chi-square* : Logistic 4-65; Weibull 6-77 35 . 13 . 3,020 . 23 . 20 . 20 . 21
45 . 20 . 2,400 . 43 . 5 . 43 . 44
. 55 . 28 . 1,970 . 8 . 83 . 81 . 79
RockuEAaMPTON MaLEs (Raising factor = 2-6) 85 X 36 . 1,464 . 151 . 132 . 136 . 129
%5 . 4. 2,675 . P 5 . 5 . 5 75 . 14 . 666 . 150 . 182 . 213 . 195
zg ;g g;ggg i? éi ;42: %g Chi-square* : Logistic 113 ; Weibull 2-77
55 . 38 . 1,978 . 54 . 62 . 61 59
gg gg l’ég(l) lgé igg igg 123 Camrns FEmaLes (Raising factor = 2-4)
25 . 2 o= 1,613 . 3 . 4 . 4 . 5
Chi-square* : Logistic 4-23 ; Weibull 4-81 ! 35 . 7 . 1,608 . 10 . 12 . 12 . 13
45 . 22 . 1,263 . 43 . 26 . 25 . 25
55 . 13 . 987 . 34 . 448 . 47 . 43
TownsviLiE Maies (Raising factor = 4-9) 65 : 17 i 662 . 70 . 77 . 78 . 67
05 . : 3156 . " 0 T e 5. 8 . 271 . 87 . 9 . 120 . 98
35 . 19 . 3,136 . 30 . 37 . 36 . 37 i . i 6.60 Wei .
o : 49 : 2,615 . 101 : 92 . 84 . 85 Chi-square* : Logistic 6-69 ; Weibull 8-84
55 . 59 . 2100 . 172 . 176 . 166 . 163 *
656 . 53 . 1550 . @258 . 260 . 294 . 282 Saalacs
7% . 21 . 536 . 412 . 344 . 477 . 450

Table VI gives the equations of the various sets of straight lines fitted to
Chi-square* : Logistic 1'57 ; Weibull 0-28 the data.
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TaBLE VI.—Straight Lines Fitted to Various Tra
(1=1, 2, 38) and B, are the Location and Slop

[# = log (age).]

r

prevalence data
log g =A4,4+ B

f—% — \
Data fitted A, B, A, B,

Brisbane males . . —8-:80 4-31 . —8:63 4-16
Rockhampton males . —5-56 4-31 . —8:84 4.24
Townsville males . . —9-08 4-87 . —8:67 4-39
Cairns males . . —8:20 4-22 . —8-17 3-97
Brisbane females . —8-70 4-26 . —9:01 4-21
Rockhampton females . —9-00 4-36 . —9-28 4-30
Townsville females . —8-53 4-37 . —8-81 4-13
Cairns females . . —8-40 4-16 . —8-57 4:03
99 9; Confidence interval -36+£0-15 4-174+0-17

for common slope
parameter

Adlurd & Son, Ltd., Bartholomew Press, Dorking.

Method of Fitting

A

nsformations of the Data : A,
e Parameters, Respectively.

Logistic to

Made and printed in Great Britain for

H. K. Lewis & C'o. Lid.. by

Weibull to
prevalence data

log (—log Q)=A4,+ By

—
Weibull to
incidence rates

log r=A4,+4B;x

—_——t
3 B,
—7-11 2-83
—7-49 3-03
—7-47 3-26
—6-90 2-78
—7-93 3-16
—7-44 2-80
—7-20 2-93
—6-98 2-65
2-924-0-38
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