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THE existence of carcinogens of biological origin was demonstrated for the
first time by Shabad (1937) who induced sarcoma in mice by injecting lipoid
extracts from post-mortem human tissues. His discovery was confirmed by a
number of other investigators (des Ligneris, 1940 ; Hieger, 1940 ; Steiner, 1941 ;
Sannié, Truhaut, Guérin and Guérin, 1941) who found that sarcomas in mice
resulted from the subcutaneous injection of cholesterol-rich extracts, e.g. (1) the
unsaponifiable part of the fatty fraction of liver, kidney, muscle or lung of human
subjects who had died of cancer or of some other cause, or (2) the unsaponifiable
fraction from the brain and spinal cord of cattle. The succeeding steps in this work
showed that cholesterol itself, even when highly purified had carcinogenic activity
(Hieger, 1947, 1949, 1957 ; Hieger and Orr, 1954). In a recent publication,
Hieger (1957) describes an experiment in which 11 mice developed sarcoma out
of 115 (initially) injected mice ; if the incidence is calculated on the number of mice
which survived to the minimal latent period (thus cancelling out from the initial
number all mice which died early and were not at risk) the incidence amounted
to 14 per cent. The cholesterol in this experiment was highly purified (Schwenk
process) and administered as a 10 per cent solution in olive oil prepared by heating
on the water bath. In control experiments where the solvent alone was injected
into mice, (lard was used as solvent in the earlier tests and controls), 5 sarcomas
developed in a total of 1122 treated mice (Table I).

TABLE I.—Control Tests on Solvents Injected Subcutaneously into Mice

Survivors
(months)
Strain of Number A —
Solvent mice at start 12 18 24  Sarcomas
L“:d S Sg’s";k . 366 . 159 81 16 1
vs . . . . . stock . 100 .47 20 2 0
Olive oil . . . . Cs. . 134 . 90 45 6 1
' . . . . stock . 50 . 33 12 2 0
- . . . . vy . 50 .24 13 0 0
ys . . . . b . 66 . 14 1 0 0
., . ) . . . . 56 . 47 20 1 1
’e . . . . Csr 1 . 50 . 3¢ 28 13 —
057 = b ~

vy . . . * stock [ 58 . 52 33 7 0
Tricaprylin . . Cs . 30 .17 6 2 1
Stearic acid 4 olive 011 stock . 51 . 32 13 2 0
Tristearin + olive oil (5 30) . . 50 . 33 13 3 1
Sesame oil . . ’s . 61 . 46 13 4 0
Total 1122 5
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The reports of the carcinogenic activity of cholesterol have provoked comment
and criticism. For example, (1) it has been objected that since cholesterol is present
in all tissues of the body and particularly in atheromatous arteries, cancer should
be expected to occur in all tissues and particularly at atheromatous sites. (II) A
second criticism takes another form ; since cholesterol is found in all tissues but
cancer does not appear in every tissue, the carcinogenic activity of cholesterol
when injected into mice could be due to an active derivative formed from the
cholesterol by some reactions peculiar to the conditions of the experiment. (III)
A third objection suggests that as the threshold carcinogenic dose of benzpyrene
for the mouse is of the order of only a microgram the activity of cholesterol in the
mouse experiments could be due to contamination with a minute trace of a potent
carcinogen of the type of benzpyrene. (IV) A fourth comment points out the
difficulty of reconciling the negative results obtained by other workers who tested
cholesterol by more or less the same technique which gave positive results in
Hieger’s experiments. (V) Fifthly, the idea has been put forward that since
watery suspensions of cholesterol have proved negative when tested for carcino-
genic activity and since in tests giving positive results the cholesterol is heated
with oily solvent at water bath temperature for up to 2 hours before the solution
is injected, chemical changes could well take place during the heating which
might at least contribute to the carcinogenic activity of the solution.

These five questions will now be discussed.

(I) Cholesterol present in all tissues of the body

Cholesterol is found associated with fat in all tissues and particularly in
atheromatous aortas, yet cancer in man develops at sites of which the aorta is
one of the least common. The apparent contradiction between this fact and the
positive mouse tests on cholesterol is by no means insoluble. Urethane when
given to mice in the drinking water or painted on the skin, gives rise to tumours
of the lung only ; A-naphthylamine when inhaled or absorbed through the skin
by men working in the dye and rubber industries causes cancer of the bladder
and not of other organs ; benzpyrene applied in large doses over a space of several
years failed to induce cancer in the skin of the monkey. When discussing carcino-
genic action, the tissue, and the species of animal to which it belongs as well as
the type of carcinogen must all be taken into consideration. The human aorta
contains very little cellular tissue which may well be resistant to carcinogenesis
by cholesterol. The inferences which can be made from the work on cholesterol
are not intended to suggest that all human cancer is mediated by cholesterol, no
such crude hypothesis is propounded here, the illustrations just quoted merely
show that the opposite conclusion has not been established.

(II) Injected cholesterol as the precursor of a carcinogen

In its simplest form, question (II) suggests that although cholesterol itself is a
normal chemical component of the tissues, when it is injected subcutaneously in
oily solution it is slowly converted to some active derivative which is the true
carcinogen.

This possibility gains support from Bischoff’s experiments on the reported
carcinogenic capacity of oxidative derivatives of cholesterol which he obtained as
a by-product in the preparation of progesterone by the oxidation of cholesterol
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with permanganate. The mixture of compounds resulting from the reaction induced
sarcomas on injection subcutaneously into mice of the Buffalo strain. From this
result Fieser et al. (1955) concluded that the active agent in carcinogenesis by
cholesterol was some ketonic derivative (e.g. A*-cholestene-3-one) or a chemically
active isomer, namely, lathosterol (A7-cholestenol). Fieser et al. (1955), Bischoff
and Rupp (1946), Bischoff, Lopez and Rupp (1954), and Bischoff et al. (1955)
reported that a number of derivatives of cholesterol when injected in batches of
30 Buffalo mice induced 19-60 per cent of fibrosarcomas. The most potent member
of this group of compounds was 64-hydroperoxy-A4-cholestene-3-one. They state
that purified cholesterol was found inactive but that unpurified cholesterol had
some carcinogenic potency.

‘“ Administered in sesame oil, impure cholesterol lathosterol, and the non-
keto fraction of cholesterol oxidized by oxygen in soap suspension produced
higher incidences of fibrosarcoma than controls which received only sesame
oil or sesame oil plus pure cholesterol or cholestenone.”

The results of Bischoff and his colleagues are summarised in Table II.

TABLE I1.—Owidative Derivates of Cholesterol as Carcinogenic agents
(Freser, et al., 1955 ; Bischoff, et. al., 1955)

Per cent fibrosarcomas

Compound tested (in groups of 33 Buffalo mice)
none, control . . . . 0
6-hydroxy-A¢-cholestene- 3-one . . . 19
At-cholestene-3,6-dione . . . . 34
none, control . . . . . . 0
cholesteryl oxide . . . 43
6-hydroperoxy-A‘- cholestene-3-one . . 60

Some of the compounds reported to be strongly carcinogenic by Fieser and
Bischoff have been tested in the writer’s laboratory. The yield of tumours does
not confirm the statement of the American workers that these oxidative derivatives
are more potent carcinogens than cholesterol, neither can we agree with their
pronouncement on the lack of potency of cholesterol. It must be noted however
that different strains of mice were used in the two laboratories.

In an earlier paper (Hieger, 1959) giving the results of experiments in progress
it was stated that none of the compounds tested had at that stage produced
sarcomas ; the experiments are now almost completed and a number of tumours
have developed, 5 of them in the series of mice injected with hydroperoxide.

The results are shown in Table III ; they indicate that (1) under our conditions
only the hydroperoxide of all the oxidative derivatives of cholesterol has given
evidence of any appreciable carcinogenic activity ; (2) mice of C;, strain are more
sensitive than stock mice, but this difference probably depends to some extent
on their longer life span. The same difference of response between Cy, and stock
mice was observed when two parallel series were tested with cholesterol purified
by the Schwenk process (Table IV). Although C;, mice were used for the tests
on A5 : cholestene-3-one and lathosterol, the yield of tumours totalled a single
sarcoma ; the crude KMnO, oxidation product, A%-cholestene-3 : 6-dione and
6-hydroxy-A4 -cholestene-3-one were not tested on C;, mice and it is possible that
they too might have given some positive results under such conditions.
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TaBLE III.—8arcoma Induction by Derivatives of Cholesterol

Survivors
(months)
Number of mice A —
Compound and strain 12 15 18 21 24 30 Sarcomas
Crude KMnO, oxidation product of cholesterol stock 50 .24 17 14 3 1 0. 0
A‘_cholestene-3 : 6-dione (in olive cil) . ’s 55 .31 22 16 8 4 0. 0
6S-hydroperoxy-A*-cholestene-3-one (1n olive
oil) . v 55 .28 22 18 11 5 0. 0
(In sesame 011) . . . . . vs 65 . 32 27 22 14 6 — . 0
’s . . . . . ’s 51 .34 31 15 8 2 — . 0
vs . . . . . Buffalo 36 . 7 4 2 1 0 —. 1
Cs, 50 . 46 39 38 23 15 — . 4
6- hydroxy At cholestene- 3-one (m ohve 011) stock 50 .35 26 13 9 0 — . 1
(in sesame oil) . . ys 54 .30 23 21 4 O — . 1
A5-cholestene-3-one (in olive 011) . . v 40 .14 12 8 4 0 — . 0
’s . . . Cy, 50 . 38 34 29 23 11 — . 1
Lathosterol . . . . . . Cye 50 .39 — 17 — 5 — . 0

TaBLE IV.—Sarcoma Induction by Purified Cholesterol (Schwenk Process)
Injection in Cygq Mice Compared with Negative Results in Stock Mice.

Survivors
{months)
No. of — A —
mice Strain 12 18 24 0 Sarcomas
57 . Stock . 25 14 5 1 0
50 . Cs, . 47 31 24 7 3 (latent periods

12, 18, 24 months)

As far as the results go they suggest that the hydroperoxide and pure cholesterol
have about the same order of carcinogenic activity (Tables III and IV) which
gives no support to the idea expressed by Fieser et al. (1955), and is implicit in
the writings of Bischoff et al. (1955), that cholesterol is a pre-carcinogen when
injected into the mouse and has to be converted to an oxidised carcinogenic deri-
vative before it can induce sarcoma.

(III) T'race contamination by carcinogens of hydrocarbon type

The experiments designed to test lipoid tissue-extracts and the earlier tests
with cholesterol before 1950 were carried out in a room at the Chester Beatty Insti-
tute where some other series of mice were being treated with potent carcinogens
such as benzpyrene, thus introducing the possibility of contamination. In 1950
all the experiments on carcinogenesis by lipoids and steroids were transferred to
our country laboratories, twenty miles out of London, where the atmosphere is
less smoky and where there are arrangements for housing the mice in rooms un-
contaminated by carcinogens other than cholesterol (Hieger and Orr, 1954).
Nevertheless, it soon became clear that even if all reasonable precautions were
taken to avoid contamination, cholesterol still induced sarcoma in mice. In order
to obtain some data on the degree of contamination which might appreciably
affect the yield of sarcomas with cholesterol alone, series of mice were given small
doses of benzpyrene to find where the threshold dose of benzpyrene lay (Table V).

The results of the experiments detailed in Table V suggest that (1) the threshold
dose of benzpyrene is of the order of 1 v for C;, mice or stock mice, (2) an amount
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of benzpyrene in the region of 10y would have to be injected along with the
cholesterol in order to give a yield of sarcomas appreciably higher than what would
be expected with cholesterol alone, (3) the sensitivity of mice to small doses of
benzpyrene can vary by a factor of at least 5 to 1.

TABLE V.—Threshold Dose of Benzpyrene Required for Sarcoma Induction

No. of Total dose of benzpyrene
mice at (in 109, cholesterol : How No. of
Experiment start Strain 909, olive oil) administered sarcomas
1 50 . Cg4 . 0:04 y . in a single dose 0
2 ys . ’s . 0-4 vy . ys 1
3 ’ . 29 . 4- 0 ‘V ’ 5
4 . . . 40-0 vy . ys . 23
5 ’s . stock 75 vy . divided in 6 injections . 2
6 ’ . v 0-75 y ’s 3
7 ’s . v . 0-075 y ’ 3
8 . . . . 50 y vs 19
9 . ys . v, . 5 y ', 3
10 . ER] . ’s 0-5 ‘y ’” 0
1 l . 2 * R4 0 2 0
12 C e 0 . " 0
13 . »s . ’ . 10 0% . ’s 1
14 . » . 2 - 10 Y . »s 10
15 . ’s . stock . 10 Y . in single dose 6

If it be assumed as a working hypothesis that sensitivity is proportional to the
yield of tumours and inversely as the dose of carcinogen required, experiments 3,
13, 14 and 15 (Table V) suggest that C;, mice are of the order of 10 times as sensi-
tive as stock mice to threshold doses of benzpyrene when it is administered in
5 divided doses, but only about twice as sensitive when the dose is given in one
injection ; experiments 9 and 13 suggest that the sensitivity of different lots of
stock mice can vary by something of the order of 6: 1 or more. Although the
benzpyrene dose varied in the ratio 1: 100 in experiments 5, 6, 7, the yield of
tumours was much the same, suggesting that the cholesterol in the injection material
was the active carcinogen and not the benzpyrene. In these three experiments
the incidence was about 6 per cent calculated on the number of mice at start, but
about double this figure when the calculation is based on the mice which survived
a minimum of 1 year and therefore were effective, (i.e. at risk). An incidence of
10-15 per cent would agree well with that obtaining in several of our experiments
where the mice developed a reasonable proportion of tumours when injected with
cholesterol (the frequently occurring incidence of about 10-15 per cent will be
further discussed in a forthcoming publication). This figure of 10-15 per cent can
now be contrasted with the results for experiments 10, 11, 12 where the incidence
was 0 per cent. As far as the data go, they suggest that the sensitivity of different
batches of mice can vary over a considerable range whether this sensitivity is
assayed by the use of cholesterol or by small doses of benzpyrene.

To extend the idea of possible contamination by benzpyrene a further step,
the following experiment was carried out : mice were injected with cholesterol
and arranged in groups of 4 in separate cages; to each cage was then added a
single mouse of a different colour (a coloured mouse with 4 white mice or a white
mouse with 4 coloured mice) which was painted biweekly with benzpyrene solu-
tion in the interscapular area during the whole course of the experiment. The




































