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INTRODUCTION

Studies bearing on the lipids of tumors have been made in most cases
either with regard to the changes of the lipid content of the blood of tumor
animals and patients or the relation between the lipids and the growth of
the tumors.

Of the lipids, cholesterol has been most frequently studied. Roffo
(1) reported that cholesterol is concerned with the development of
experimental tumors and that an increase of cholesterol in blood plasma
characterizes the so-called precancerous stage. Also the cells of malig-
nant tumors cause considerable destruction of absorbed cholesterol.
Mattick and Buchwald (2) found hypercholesterolemia in the plasma of
cancer patients with little change in the content of the corpuscles. They
found also an accumulation of total fatty acids in the plasma. Kahn (3)
showed that malignant tumors contained large amounts of cholesterol
and its esters while the cholesterol content of the blood serum was lower
than normal. Bolaffi (4) could not find any particular change in the
cholesterol content of the blood of tumor mice, but found an increase of
cholesterol ester in the whole organism. Burgheim (5) by histochemical
examination found larger amounts of cholesterol in malignant tumors
than in benign ones and also found a temporary increase of cholesterol
in the blood of cancer patients after treatment by x-rays. He believed
that this increase of cholesterol in the blood was caused by the destruction
by the x-rays of cells containing large amounts of cholesterol.

Phosphorus of the blood of the tumor animals interested Haam (6),
Enselme (7) and Roffo (8) who made studies of the phospholipids and
nucleoproteins.

The lipids of tumor tissue were first investigated by Bullock and
Cramer (9) who found that they showed both quantitative and qualita-
tive differences in different strains of tumors and that rapidly growing
tumors contained more phospholipid and less cholesterol than the slowly
growing ones.
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Regarding the influence of the lipids on the growth of tumors little
can be said despite a good many investigations. Maisin (10) stated in his
recent work that diet can influence the appearance and evolution of tar
cancer. Preceding closely the development of tar cancer and during its
evolution, the metabolism of fat is defective as shown by cholesterinemia.
Feeding of liver lipids or ether extract of liver has no accelerating effect
on the growth of the tumor, but rather an inhibiting one when compared
with a raw beef muscle or a purely vegetarian diet. A diet of brain, rich
in lipids, seems to have the same inhibiting action on tar cancer as liver
lipids and to an even greater extent. Rondoni (11) injected cholesterol
suspended in guinea pig serum and physiological sodium chloride solution
into rats inoculated with tumors and found that it unquestionably pro-
moted the growth of the tumor, whereas lecithin showed itself to be an
inhibitor of the tumor growth. The acetone extract of tissues promoted
growth. Friedberger and Simke (12) concluded that the growth of the
tumor is dependent upon the quantity and quality of the diet. A defi-
cient diet or any diet which causes malnutrition of the animals prevents
the growth of tumors. Similar statements have been made by other
investigators, Caspari and Ottensooser (13) and others.

The present communication is a preliminary report chiefly concerned
with the lipid contents of various tumors with reference to their physio-
logical or pathological significance.

LIPID CONTENTOF VARIOUS TUMORS

Materials and methods
The materials used were both human and animal tumors. The former

were mostly obtained by surgical operation, a few at autopsy. The
animal tumor was the Mouse Adenocarcinoma of Buffalo Strain 3. The
tumors, as soon as possible after the removal, were cut up fine with
scissors into a watch glass with a cover. The whole was weighed, then
one part of the minced tissue was transferred to a mortar in which the
tissue was ground with sand, while the other part of the tissue was used
for the determination of water content. After grinding, the mass of tissue
and sand in the mortar was transferred to an Erlenmeyer flask using a
minimal amount of water (about 10 cc. was used to transfer about 3
grams of the ground tissue). The extraction of the lipids was first carried
out with two portions of alcohol-ether mixture (3 parts alcohol and 1 part
ether) for 10-15 minutes each, then with ether for 5 minutes with return
condenser on the steam bath. The extracts were made so that about
1 gram of the moist tissue was contained in 100 cc. of the solvent.

The methods of lipid analysis were as follows: phospholipid, Bloor's
oxidative method (14); total fatty acids, Bloor's oxidative method (15);
cholesterol, both colorimetric and oxidative methods, but later the oxida-
tive method (16) only. Neutral fat was calculated by subtracting the
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fatty acids of the phospholipid and cholesterol ester from the total fatty
acids according to the following formula:
Fat F. A. = Total F. A. - Phospholipid F. A. (2/3 of the weight of

phospholipid) - Cholesterol ester F. A. (43 per cent of the
weight of ester)

The "residual unsaponifiable substance" was calculated by subtraction
of the total cholesterol from the total unsaponifiable substance which was
determined by the following procedure:

An aliquot of the lipid extract was saponified with 2 cc. sodium
ethylate (2.5 grams metallic sodium in 100 cc. absolute alcohol) by heating
on the steam bath almost to dryness, then acidified with dilute sulphuric
acid and extracted with petroleum ether. The petroleum ether extract
was transferred to a small separating funnel and to it was added the same
amount of absolute alcoholic sodium ethylate (1 gram metallic sodium in
100 cc. absolute alcohol). It was shaken well, then water was added to
make the concentration of alcohol in the funnel about 50 per cent, the
mixture shaken well again and left for a while. At this concentration of
alcohol, the fatty acids set free by saponification enter the alcohol fraction
while the unsaponifiable fraction remains in the petroleum ether which
separates from the dilute alcohol. The alcohol fraction was washed with
a small amount of petroleum ether again. Both of the petroleum ether
fractions were combined in a glass stoppered Erlenmeyer flask, evaporated
to dryness on the steam bath removing the last trace of the petroleum
ether by a gentle current of the air and the lipid content determined by
Bloor's oxidative method (15). The material was calculated as choles-
terol using the factor 3.90. Objection may be made to the use of this
factor for the calculation since the nature of the residual unsaponifiable
substances is unknown. However for the purpose of this comparison
the above calculation is allowable. The procedures for the separation
are modifications of those of Kumagawa and Suto (18).

To test the recovery of unsaponifiable substance, cholesterol in this
case, a lipid mixture containing known amounts of oleic acid and choles-
terol was prepared and a separation made according to the directions
above. It was found that the recovery was complete to within a small
fraction as the following results show:

Total unsaponifiable substanc
Theoretical Found Difference

mgm. mgm. per cent
1.85 1.87 + 1
1.85 1.81 - 2
1.47 1.46 - 0.8
1.47 1.43 - 3
1.47 1.38 - 6

The results of the lipid analysis of various tumors are given in Table I.

679



LIPID CONTENTOF TUMORS

DISCUSSION

The lipid content of various tumors is considerably different according
to the nature of the tumors as shown in Table I. The high content
of phospholipid in cancers, particularly in human cancers compared
with other tumors is especially striking. The cholesterol content seems

TABLE I

Lipid content of tumors
(The content is expressed in grams per 100 grams dry tissue)

Residual
Cholesterol t unsaponifiable

Dry PhsTumors stance pholipid Fat Per centstance ~~~~~~~~Con- of totalTotal Free tent unsapon-
ifiable

per cent
A

Fibrosarcoma 1. 19.59 5.720 2.107 1.585 2.100
2. 13.13 4.733 1.700 1.690 3.471

Neurofibroma 1. 14.86 4.104 1.338 1.158 1.620
Fibromyoma (uterus) 1. 21.77 2.283 0.685 0.668 1.468

2. 20.51 2.428 0.671 0.623 1.468
3. 20.74 2.108 0.667 0.630 0.650 0.128 16.1
4. 21.41 2.448 0.722 0.680 0.200 0.333 31.6

Colloid adenoma (thyroid
gland) 1. 24.58 1.395 0.470 0.405 0.395 0.197 29.6

B
Carcinoma (stomach) * 1. 19.59 7.065 1.533 1.472 2.529
Carcinoma (pancreas) * 1. 25.40 9.573 0.781 0.413 27.444
Carcinoma (breast) 1. 20.21 4.462 1.258 1.200 8.300 1.300 51.0

2. 24.95 4.092 1.145 0.725 9.900 0.928 44.8
3. 18.17 3.900 1.193 0.971 13.400 0.989 45.0

Carcinoma (uterus) 1. 18.16 6.195 4.677 1.435 1.790 1.293 21.7
Carcinoma (colon) 1. 20.53 5.808 1.525 1.150 2.750 0.685 31.0

2. 17.05 6.016 1.992 1.465 1.770 3.088
Uterus muscle t 20.33 3.508 1.015 1.000 0.675
Colon tissue t 16.53 2.077 1.023 0.965 14.700

C
Mouse carcinoma 1. 19.18 10.724 2.085 1.778 1.352 1.378 39.8

2. 18.93 6.308 1.891 1.591 5.861 0.872 31.5
3. 19.10 7.612 2.983 2.186 4.889 0.648 17.9
4. 17.88 6.570 2.362 1.590 5.600 0.730 23.6
5. 17.98 6.320 2.373 1.402 2.730 0.693 22.6
6. 19.83 5.190 2.495 1.710 4.090 1.325 34.7

A. Human tumors
cancers.

other than cancer. B. Humian cancers. C. Mouse

* Tumors obtained at autopsy.
t Muscle of the uterus, mucosa and submucosa of the colon near the tumors

which were analysed.
$ Cholesterol was determined by the oxidative method.
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higher in cancers than in the others, but not so high as the phospholipid.
In two cases of human cancer, colon and uterus cancer, the lipid content
of these tumors were compared with those of the mother tissues upon
which the tumors were growing and it was found that the phospholipid
content of these malignant tumors was much higher than that of the
mother tissues. The residual unsaponifiable substances were not
determined in all tumors due to the lack of material.

SUMMARY

It is difficult, strictly speaking, to classify tumors into malignant
and benign ones. The transplantable mouse carcinoma may also be
greatly different from the human carcinoma. However, the tumors of
Group A may be classified as mostly benign, whereas Group B and prob-
ably C are no doubt malignant. If this classification be granted, the
following can be stated as the summary of this experiment.

Malignant tumors contain a much higher percentage of fatty sub-
stances-neutral fat, phospholipid and cholesterol-than the less malig-
nant ones, a high phospholipid content being especially characteristic of
malignancy.

The writers wish to express their cordial thanks to Drs. J. J. Morton
and W. J. M. Scott of the Surgical Department and to Dr. K. M. Wilson
of the Gynacological Department of this Medical School for providing
materials of this experiment.

NOTE. Since this work was first reported (17) there have appeared two pieces of
work on the same topic by LeMay (19) and Bierich, Detzel and Lang (20). The results
are similar to those reported above and so need not be discussed, but taken together
these investigations leave little room for doubt that malignant tumors are characterized
by a much higher content of phospholipid and probably of cholesterol than benign
tumors or than the corresponding normal tissues.
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