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SUMMARY

Serum lipoprotein levels were measured in normal subjects
and in patients with cancer. All normal adult subjects were
classified according to the amounts of high-density lipopro-
tein-2 in their sera. It was observed that subjects with low
values also had a pronounced positive history of cancer in
close blood relatives. The only significant difference between
the groups of normal women was a substantially lower amount
of the high-density lipoprotein-2 with a density between 1.063

and 1.125 g/ml in those with positive family histories of
cancer. Normal men with family histories of cancer also had
decreased values for high-density lipoprotein-2 and, in addi
tion, had elevated levels of the very-low-density lipoproteins
with densities less than 1.006 g/ml.

Values for the high-density lipoprotein-2 in patients with
cancer were significantly below those obtained from normal
subjects without a positive family history of cancer. In some
patients, notably children with acute leukemia and lymph-
angiomatosis, the high-density lipoprotein-2 was absent. The
high-density lipoproteins in 14 women with advanced cancer

of the breast were characterized by a greater cholesterol con
tent and a lower phospholipid content than seen in the lipo
proteins of normal subjects. Bilateral oophorectomies were
performed on 4 of the women with advanced, inoperable car
cinoma of the breast. Following surgery, the amount of high-
density lipoprotein-2 was increased and the amount of very-
low-density lipoprotein was decreased in 1 of the 2 patients
who responded favorably to the operative procedure.

Twenty-three normal subjects were questioned in detail and
given physical examinations at the beginning of the project
and 5 years later. They were given questionnaires again 5 years
later. Four of these normal subjects (2 men and 2 women) of
the 13 with positive family histories of cancer had very low
values for high-density lipoprotein-2. They have since
developed cancer. The 2 men also had markedly elevated
values for the very-low-density lipoproteins. Of the 10 with
normal levels for high-density lipoprotein-2 and no or minimal
incidence of cancer in the family, none developed cancer
within the same time period.

INTRODUCTION

In early studies on serum or plasma from man and animals
with cancer, the lipemic or lactescent appearance of the serum
was noted (17). All lipids in serum are in some form of lipo

proteins. Therefore, all changes in lipid transport and often
metabolism are expressed as alterations either in levels of lipo
proteins and/or their chemical compositions.

The measurements of cholesterol and phospholipids for
estimation of the amounts of different lipoproteins separated
from plasma of patients with breast cancer strongly suggested
that the HDL2 levels were affected by this disease. These levels

were somewhat lower than those in control subjects and were
influenced by the degree of disease: the lowest, most abnormal
levels occurred in patients with most serious disease (6).

These observations, that lipoprotein metabolism is affected
by cancer have been confirmed subsequently (8, 18, 19, 21,
22, 25) by using different techniques for measuring serum
lipoprotein. Of the 2 major classes of the HDL, only the HDL2
with density < 1.125 g/ml is affected in women with breast
cancer (8), in children (7), and in rats bearing the Walker 256
carcinosarcoma (9). In serial studies on rats fed 9,10-di-
methyl-l,2-benzanthracene, the HDL2 was significantly lower
in sera from rats with the tumor than from comparable control
rats as the experiment progressed.

Narayan (23) reported increases in the magnitude of a peak
(Peak 2) representing HDL on disc electrophoresis. Peak 2
apparently includes both HDL2 and HDL3. Since HDL3 com
poses the larger quantity of the HDL, an apparent increase in
the whole would mask a change in the HDL2 components.
Further studies of the individual fractions as HDL2 and HDL3
were necessary to clarify this problem.

This report shows that the sera of men, women, and chil
dren with cancer have unusually low values for one of the
HDL's, HDLj. Abnormally low values for HDL2 in normal

subjects were usually a characteristic of the individual, and
these were associated with a pronounced incidence of cancer
in blood relatives. The possibility of a relationship between
low levels of HDL2 in serum, pronounced family incidence of
cancer, and the chance of developing cancer in these subjects is
shown.

1 Supported in part by Research Grants CY-3192, CY-3215, and
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2 The abbreviations used are: HDL, high-density lipoprotein; HDL,,
a component of the LDL, designated as Sf 3-0; components of the
fraction with densities less than 1.125 g/ml are HDL, [(Sf 4-0) the
main component, Sf 12-4 and 20-12 are the less dense components in
this fraction] and HDL3, high-density lipoproteins with density less
than 1.21 g/ml. Groups W-CF and M-CF, women and men with
cancer in their immediate family members; Groups W-No and M-No,
women and men with no cancer in their immediate family members.
VLDL, very-low-density lipoproteins with density less than 1.006 g/ml;
LDL, low-density lipoproteins with density less than 1.063 g/ml; p is
the probability that the difference observed between the means of 2
groups could be attributable to chance alone; if p is equal to or less
than 0.05, the difference is considered significant.
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High-Density and Other Lipoproteins in Cancer

MATERIALS AND METHODS

Subjects

Normal Subjects. The normal subjects, with the exception
of 3 children, were employees or volunteers of Memorial
Sloan-Kettering Cancer Center. The women's ages ranged from
25 to 44 and the men's ages were from 30 to 55. All the

subjects were subdivided according to levels of HDL2 (average
values). Subsequently, it was observed that the subjects with
low values for HDL2 also had a high incidence of cancer in
close family members. If subjects reported a grandparent,
parent, sibling, or 2 or more uncles or aunts with cancer, they
were placed in Groups W-CF or M-CF (women or men with
cancer in their immediate families). Seventy-two determina
tions were performed on sera from the 19 women in Group
W-CF, and 86 determinations were done on the 19 women in
Group W-No (women with no family history of cancer). Data
from all subjects are in Table 2.

It was possible to follow 13 of the normal women for 10
years. Initially, 0 year, and at the 5-year period, these subjects
not only completed, in the presence of qualified physicians, an
extensive questionnaire designed to elucidate conditions which
would influence levels of lipoproteins in serum, but were given
complete physical examinations to detect disease. At the
10-year period, only the questionnaires were given. Since these
subjects were a well-integrated group from the points of view
of living conditions, diets, and activities and included some
physicians and several nurses, the information obtained can be
considered reliable. These subjects had lived apart from their
families for about 20 years.

Because of the interest in levels of serum lipoproteins,
especially the HDL2, these subjects were initially divided into
2 groups based upon their average values for HDL2 obtained
over several weeks. [The questionnaires revealed a high posi
tive correlation (5/7) between the low average values for
HDL2 and positive incidence of cancer in close relatives as
defined above. At the 5-year period, the correlation had risen
to 6/7, and by 10 years, all subjects with low HDL2 had
reported cancer in a close family member. The subjects with
higher mean values for HDL2 consistently reported no or very
low incidence, and outside the boundary established as de
fined.]

The serum lipoprotein fractions used for total lipid analyses
were from the women in Group W-No.

There were 6 men in Group M-CF and 4 in Group M-No.
These subjects were subdivided according to levels of HDL2 in
serum. Subsequently, as with the women, it was observed that
the men with low values for HDL2 had a positive incidence of
cancer in their immediate families. The men also were fol
lowed for 10 years; they were not living under institutional
conditions.

Subjects with Cancer. All patients were at Memorial
Hospital. Except for the patients with ovarian carcinoma, the
women had normal ovarian function when first seen. They
were classified according to the type of disease: 3 with pri
mary operable carcinoma of the breast, 13 with advanced
inoperable carcinoma of the breast (4 in this category were
studied before and after bilateral therapeutic oophorectomy),

and 6 with other types of cancer than breast. Total lipid
analyses were done on lipoprotein fractions separated from
sera of the women with advanced carcinoma of the breast.

Subjects, especially the women, were screened to eliminate
hormonal imbalances, diabetes mellitus, and/or thyroid disor
ders. Other disturbances such as those of the liver or biliary
involvement which might affect the levels of serum lipopro
teins were not present in these subjects.

Procedures for Sampling, Determinations of Serum Lipoproteins,
and Their Lipid Compositions

Samples of blood were drawn after a 16-hr fast in all sub
jects except 2 of 3 normal children who had had breakfast.
The bloods and sera were kept at 4Â°,and the separations

started the same day.
Lipoprotein Fractionations and Classes of Lipoproteins

Studied. The soluble lipoproteins in serum can be separated
into several fractions by taking advantage of their different
density properties (hydrated densities). After preparative
separations, the lipoproteins can be further characterized as
classes and quantitatively analyzed in the analytical
ultracentrifuge. These fractions and classes with their names
and amounts in sera from normal subjects are shown on Chart
1. In Table 2, the amounts can be compared with those in
patients. The lipoproteins with the lowest hydrated densities
are classified as particulate fat which can be either exogenous
or endogenous in origin. Part of the exogenous lipid is
generally called chylomicrons. These are not usually present in
sera from normal persons who have fasted for 16 to 18 hr.
However, men may have small amounts. In most cases, these
particles were not physically separated in the procedures used
in this work. If present, they would be in VLDL fraction.

The VLDL can be removed quantitatively from the tops of
unaltered serum samples after ultracentrifugation in the
preparative Spinco Model L ultracentrifuge for 25 hr. VLDL is
analyzed further in the Spinco Model E ultracentrifuge in a
solution density of less than 1.006 g/ml. Under these condi
tions, it is possible to classify the components according to
their flotation rates, Sf (see Table 1).

Some investigators adjust serum directly to 1.063 g/ml with
sodium chloride. Under these conditions, 2 main fractions of
lipoproteins, LDL and HDL. are obtained. The LDL would
thus contain the VLDL, and the Sf ranges for VLDL (as part
of LDL) would be 400-20 and those for LDL would be 20-0;
see Chart 1 and Table 1.

After the VLDL are removed, the remaining infranatant
solution is adjusted to a density of 1.063 g/ml with sodium
chloride. Preparative ultracentrifugation for 24 hr results in
flotation of the LDL. When these are studied in the analytical
ultracentrifuge, the Sf classes 3-0 (HDL,), 10-0, and 20-10
can be measured and the quantities can be calculated.

The solution density of the infranatant solution from the
above separation is increased to 1.125 g/ml with sodium
chloride and, after preparative ultracentrifugation, yields as
floating material, HDL2, the less dense of the HDL's. In some

normal sera, more than 1 component appears in the analytical
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25 - 44 years 0

NORMAL MEN
30-55 years 0
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NOT FASTING

VLDL

25

75

10

46

57

gro^r,

LDL

22 400

19 456

384

45

39

63

'

HDL-

13 120

97

65

HDL-,

126
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217

250

SEDIMENTATION
Separation at 59,780 rptn

in pH 86, Veronal Buffer

>1.250

VHDL VHDL2

LIPOPROTEINS, >1.210 g /ml
"Ultracentrifugal Residue"

Chart 1. Spectra of lipoproteins in human serum. Solid vertical lines enclose fractions, obtained at the solution densities listed, by preparative
ultracentrifugation. Broken vertical lines separate classes of lipoproteins based upon the calculated Sf (or flotation rate) limitations at each solution
density. It is recognized that the Sf limitations, especially in VLDL and LDL, for example Sf 20-10 in LDL, comprise a spectrum of macro-
molecules. Sf 3-0 in the LDL is commonly designated HDLt because its hydrated density, 1.05 g/ml, is on the borderline density when
separations are made at solution density 1.0635 g/ml, which is used conventionally to separate LDL from the HDL's. The quantities of the

different classes in serum from fasting men, fasting women, and nonfasting children are given.

ultracentrifuge at this density (Chart 1). The infranatant solu
tion density is adjusted to 1.210 g/ml with sodium nitrate in
deuterium oxide. After preparative ultracentrifugation, the
supernatant fluid contains HDL3. For details of volumes and
densities of diluent salts, see Ref. 5.

For purposes of orientation with other methods of separa
tion, terminology, characteristics of serum lipoproteins, and
possible metabolic roles of lipoproteins, Table 1 is presented.

With the exception of HDLj (Sf 3-0 in the fraction with
density less than 1.063 g/ml), no values are recorded for LDL
in patients with cancer in this report, because there was no
significant effect of cancer upon the levels of these lipopro
teins in the majority of patients. The values in normal subjects
are given in Chart 1.

Determination of the Lipid Components in the Lipoprotein
Fractions of Serum. The principal HDL's are in the total frac

tions with densities less than 1.125 g/ml and 1.21 g/ml
(HDL3). The lipid compositions of the total fractions
separated preparatively were determined in sera of normal
women and from patients with advanced carcinoma of the
breast. The lipids of these fractions were extracted with
chloroform/methanol as described previously (29).

Individual lipids were determined as follows: the nonphos-
phorus-containing or simple lipids were separated by thin-layer
chromatography with the 2-step developmental system (28,
30). The lipids were eluted and determined quantitatively as

follows: triglycÃ©rides, diglycerides, and monoglycerides by
infrared spectrophotometry (Perkin-Elmer Model 221); free
and total cholesterol by the method of Abell et al. (1); free
fatty acids by dissolving in a mixture of diethyl ether and 95%
ethanol and titrating with sodium hydroxide; hydrocarbons
and minor components by densitometry (11). In some in
stances, neutral lipids were analyzed as described (29). After
separation of phospholipids by thin-layer chromatography,
they were eluted and quantitatively determined by measure
ment of phosphorus (28, 31, 32).

RESULTS

Table 2 summarizes the average quantities of only those
lipoproteins, in sera from patients, which were significantly
different from those in Group W-No, Group M-No, or normal
children. Values for the 2 less dense components floating in
the fraction with D< 1.125 g/ml, those designated Sf 20-12
and 12-4. were unusually high in only the men with different
types of cancer (Table 8) and in children with cancer (Table
9). Therefore, they are not included in Table 2.

The means, ranges, standard deviations, and values for the
probability that 2 group means differ significantly are in Table
2. In Groups W-No and W-CF, ranges were remarkably similar
for HDL, (D < 1.063 g/ml) and for HDL3 (D < 1.210 g/ml).
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High-Density and Other Lipoproteins in Cancer

Table 1
Some physicochemical characteristics and possible metabolic roles of serum lipoproteins

Low-densitylipoproteinsNomenclature,

ultracentri-Sepamion

atsolutiondensities,
g/mlDensity

range,g/mlFlotation
ratesc5pVLDL1.006b0.94-1.006400-20770-43LDL1.0631.006-1.06320-043-20HDL!1.0633-0High-density

lipoproteinsHDL2a1.1251.063-1.125Sediment

at D<9-3.5HDLj1.2101.125-1.2101.0633.5-0

Hydrated density averages,
g/ml

Nomenclature, electrophoresis
Electrophoretic behavior

Paper
Starch

Molecular wejghts
Diameter in A (assumed

spherical)
Lipid/protein ratios

Probable functions

0.97

Pre-0-

Pre-0

10-5 X 10Â«

750-250
92/8 (A, B, and C

protein)

VLDL

1.03

U-

ÃŸ
ÃŸ

2.2-3.5 X 10*

260-170
79/21 (B protein)

LDL

1.05 1.094
(1.071, 1.079)

1.145

a-Lipoproteins

3.86 X 10s 1.86 X 10s

95 65
59/41 (A, traces of 44/56 (A, traces of

B protein) B protein)

HDL

Transports endogenous glycerides
(synthesized in the liver)

Participates in the formation of VLDL Participates in the formation of VLDL
and chylomicrons. Vehicle for or trans- and chylomicrons. Vehicle for transport
port of cholesterol of cholesterol and phopholipids.

" Under certain conditions, the fraction, HDL2, is heterogeneous as are the LDL and VLDL fractions. At solution density 1.125 g/ml, 3 compo
nents may be seen for which Sf values (at 1.125 g/ml) are: 20-12, 12-4, and 4-0, which includes the largest component, referred to in this work
as HDL2. The 3 components have the following hydrated densities: 1.071, 1.079, and 1.094 g/ml.

b Borderline density between VLDL and LDL of 1.019 g/ml is frequently used.
c Sf denotes the negative sedimentation coefficient in Svedberg units at density 1.063 g/ml in NaCl solution at 26Â°(Svedberg unit, 10"'3 cm/

sec~'/dyne~'/g~');^ris analogous to Sf measured at solution density 1.210 g/ml.

The upper limit value for VLDL (D < 1.006 g/ml), 55 mg/100
ml, was higher in Group W-No, but the means and standard
deviations were similar. The lipoprotein class, Sf 400â€”100 of
the VLDL which, when present in fasting women, could
indicate abnormal lipoprotein metabolism (2), was absent.

In the 2 groups of normal women, only the HDLj (Sr 4-0,

D< 1.125 g/ml) component differed (Table 2A and Table 3).
Not only was the mean for Group W-No (120 mg/100 ml
serum) significantly higher (p < 0.001) but 66% of the values
were over 100 mg/100 ml serum compared with 6% in Group
W-CF.

Thirteen of the normal women were followed for 10 years.
Their responses to questionnaires have been correlated in
Table 3 with their values for VLDL, HDL2, and HDL3 ob
tained originally. At the beginning of the experiment, 0 year, 5
subjects with quite low values for HDL2 reported positive
family histories of cancer. There were 2 subjects, 8â€”(10)and
10â€”(11),with marginal and quite low values who reported no
cancer in their families at 0 year. In subsequent surveys, they
each reported cancer in a close relative and were thus included
in Group W-CF.

Two propositi, 25â€”(4) and 24- (11), who had low values

for HDL2 coincident with pronounced family incidences,
developed cancer shortly after the 5-year survey was made.
Both reported skin cancer. One subject reported 3 close rela
tives with skin cancer. Although there was coincidence be
tween the positive family history of cancer and the actual

incidence of cancer, the number of individuals participating
was not adequate enough to declare the observed difference in
incidence of cancer between the 2 groups was significant (33).

Women with Carcinoma of the Breast. The patients with
primary operable disease (Table 2A) had high values for VLDL
along with low HDL2. Two of the 3 patients had small
amounts of the Sf 400-100 class of VLDL. Since 1 patient

had a normal value for HDL2 (125 mg/100 ml serum), the
average for those patients in Table 2 was 84 mg/100 ml, just
significantly (p < 0.05) lower than the 120 mg/100 ml average
for Group W-No.

Table 4 shows the values of the 14 patients with advanced
inoperable carcinoma of the breast. All but 1 had values for
VLDL substantially above those in normal women (14 mg/100
ml). Several patients had rather high values for 5^400â€”100

class of the VLDL and several had significantly more (p <
0.02) HDLi (part of the LDL at D< 1.063 g/ml) than normal
women, or women with primary operable disease. Values for
HDL2 were well below the average (p < 0.001) of Group
W-No but were the same as the average of Group W-CF (Table
2A).

Four patients with advanced carcinoma of the breast were
studied before bilateral oophorectomy and at periods ranging
from 3 months to 4 years postoperatively. Two patients were
considered to have responded well to this procedure. One
patient had quite high VLDL with low HDL2 before surgery.
This was reversed after surgery, although VLDL did not de-
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Table 2
Lipoprotein in sera from normal subjects and patients with cancer

%AWomen

withLipoproteins

(mg/100mlserum)No.

ofanalysesVLDL"MeanRangeÂ±S.D.P(HDLI)eMeanRangeÂ±S.D.P

.HDL,d(Sr4-0)MeanRangeÂ±S.D.PHDL3eMeanRangeÂ±S.D.PNormal

womenGroupW-NO86120-55Â±11455-143Â±3012045-275Â±5612662-255Â±30GroupW-CF7270-28Â±9495-134Â±295210-134Â±28<0.00112653-270Â±36breastcancerPrimaryoperable3103b63-132Â±36<0.0011813-22Â±5<0.058459-126Â±37<0.058762-115Â±27<0.02Advancedinoperable201030-260Â±60<0.0017415-162Â±48<0.02518-98Â±30<0.00111149-165Â±34Womenwith
' differenttypes

ofcancer6848-161Â±35<0.0019538-123Â±33<0.0016121-93Â±29<0.00113485-188Â±36BNormal

menLipoproteins(mg/100

mlserum)No.

ofanalysesVLDL0MeanRangeÂ±S.D.P(HDL,)CMeanRangeÂ±S.D.P

dMeanRangeÂ±S.D.PHDL3CMeanRangeÂ±S.D.PGroupM-NO44340-46Â±23910-68Â±319770-122Â±26148112-187Â±33GroupM-CF719773-296Â±910.0015620-105Â±360.052616-46Â±140.00114291-212Â±42Men

withâ€¢
varioustypes

ofcancer8230156-418Â±950.00111638-276Â±810.052315-53Â±130.00112051-173Â±39Normalchildren31220-216Â±996359-68Â±56560-72Â±6217118-314Â±98Childrenwithvarioustypesofcancer1111410-264Â±995114-82Â±31190-48Â±170.00110661-155Â±370.05

Â°D< 1.006 g/ml.
6 Nos. in italics are significantly different from those in Groups

W-No, M-No, or normal children.
cSf3-0,D < 1.063 g/ml.
d HDL, (Sf4-Q),D< 1.125 g/ml.
e HDL3, D< 1.21 g/ml.

crease to normal levels. This more "normal" pattern was still

present 4 years postoperatively. Before surgery, a 2nd patient
had no VLDL, and values for HDL2 were not below the
normal range. Three months postoperatively, there was an in
crease both in the HDL2 component and in the other 2
components in the fraction separated in a solution density of
1.125 g/ml. The 2 patients who did not respond well to this
palliative procedure had had very high values for VLDL and
low HDL2. In one of them, the VLDL decreased but the
HDL2 values were not increased.

Comparisons of Levels of Lipoproteins between Women
with Carcinoma of the Breast and Those of Normal Women.
Since only the values for HDL2 were different in the 2 groups
of normal women, all other values of the female patients can
be related to both groups (Table 2A). In the patients with
cancer, the values for VLDL were quite high and, in general,
corresponded to a low HDL2. The patients with advanced
cancer had more HDLt than either the patients with primary
operable disease or the normal women (p < 0.02).

The mean value for HDL2 in Group W-No (Table 2) was
greater (p < 0.05) than in women with primary operable
breast cancer and much greater than those with advanced
breast cancer and different types of cancer (both p < 0.001).

A provocative result was the similarity between the HDL2
data for Group W-CF and patients with advanced cancer of the
breast.

Lipid Composition of HDL2 and HDL3 from Sera of
Patients with Advanced Carcinoma of the Breast and of Group
W-No. The detailed lipid compositions of 2 of the HDL frac
tions, those separated at solution density 1.125 and 1.21 g/ml,
are presented in Table 5 for normal women in Group W-No
and for patients with advanced cancer of the breast. Group
W-No had lower values for simple lipids in HDL2, mainly
because they had less cholesterol, especially cholesteryl esters.
They had higher values for total phospholipids in HDL2, as the
result of higher amounts of phosphatidylcholine. sphingo-
myelin, and phosphatidylethanolamine.

When comparing the compositions of HDL2 with HDL3,
Group W-No had less diglyceride, less free fatty acids, and less
unaccounted lipids, but more free cholesterol in HDL2 than in
HDL3. The patients with cancer, on the other hand, had
higher amounts than normal of all the forms of cholesterol in
HDL2 (but not in HDL3) and higher amounts than normal of
unaccounted lipids in both fractions More details of some of
the unaccounted lipids will be published subsequently.

In general, women with advanced cancer of the breast had
higher ratios of neutral lipids to phospholipids in both HDL2
(2.19) and HDL3 (1.82) than the normal women in Group
W-No(HDL2, 1.36;HDL3, 1.44).

Women Patients with Cancer Other than Carcinoma of the
Breast. Of the 6 patients listed in Table 6, 3 had had ovarian
carcinoma and oophorectomies, and 3 had different types of
cancer. Patient 1 with choriocarcinoma had the most normal
values for VLDL and HDL2 followed by Patient 5. Sera from
the other subjects contained large amounts of VLDL. Patient 3
with neuroblastoma had 40 mg/100 ml of the Sf 400-100

class of the VLDL. In 3 instances, the elevated VLDL com
plemented low values for HDL2. As previously noted, the
average value for HDL2 was significantly different from that
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Table 3
Lipoproteins in sera from normal women related to incidence of cancer in their immediate families

Lipoprotein fractions (mg/100 ml serum)

VLDL0 HDL,b (5,4-0) HDL, Relatives with cancer (periods, yr)

Subjects Mean Range Â±S.D. Mean Range Â±S.D. Mean Range Â±S.D. 0 10

8-10)

25-(4)

27-Ã¼O)

Averages

Group W-CF: Women with family histories of cancer

0
5 0-14

18 0-36

11 0-11

3 0-12

3 0-27

10 0-28
8

Â±5
Â±11

Â±4

Â±4

Â±5

Â±5

88
86
70

43

42

27

26
55

54-107
49-89

23-49

23-63

15-45

15-35

Â±22
Â±16

Â±13

Â±19

Â±11

Â±6

142
121
152

107

110

118

99
121

93-149
97-178

88-119

54-134

98-170

Â±20
Â±27

Â±14

Â±23

Â±22

75-131 Â±21

Mother
None Father
Maternal Grand

mother, 5
maternal aunts

2 maternal aunts
1 uncle

Mother
Father
Father
Mother
Paternal

uncle
None

No addi
tional

Brother
Sister
Maternal

uncle
None

Brother
No additional
2 first

cousins

Propo-
situs

Propo-
situs

Sister

Group W-NO: Women with little or no family histories of cancer

12-(10)6-(9)4-ÃœO)ll-(ll)15-(5)18-Ãœ1)Averages1014925510120-370-180-230-550-90-28Â±9Â±
10Â±
10Â±
10Â±2Â±216813512410510593122137-215108-176103-14779-12889-11369-118Â±

23Â±
36Â±20Â±

19Â±21Â±

21143122124133110127127110-17495-14198-15987-15262-15181-156Â±

22Â±
16Â±
21Â±21Â±

33Â±
20Paternal

aunt NoadditionalNone
NoneMaternal

uncle NoadditionalNone
NoneMaternal

aunt NoadditionalNone
NoneNo

additionalNoneNo

additionalNoneNo

additionalNone

"D < 1.006 g/ml.
*Â£>< 1.125 g/ml; HDL, is the main component. Subjects are listed in decreasing order of this component.
CD< 1.210 g/ml.
d Nos. in parentheses represent weeks of samples; 1 blood sample/week.

Table 4
Lipoproteins in sera from women with advanced inoperable carcinoma of the breast

Lipoprotein fractions (mg/100 mlserum)Subjects1-M.

O.R.2-S.
C.U.3-K.
O.O.4-E.
R.I.5-H.
E.R.6-L.
E.W.7-S.
M.A.8-Z.
E.I.9-G.
R.E.10-J.

A.C.11-K.
A.U.12-R.
U.D.13-S.C.

O.14-A.
L.L.AveragesD5,400-00900000140504055012'<

1.006g/ml-100Â°

VLDL"2532165424674109164110015517026091103D
< 1.063g/mlsf

3-0(HDL,)35162411501255767241580876137107755,20-120000502245001500127D<

1.125g/ml5,12-405904701243002102621135,

4-0(HDL,76218355458209818986264525251D<

1.21g/ml)

HDL31209911298139133491068212653165152121111

" Spectrum of components with the lowest densities in the VLDL fraction.
b (VLDL) - (5, 400-100) components, i.e., components with 5, rates <100 (those with the highest densities in the VLDL fraction).
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Table 5
Chemical compositions of high-density lipoproteins in sera from normal women and women

with advanced carcinoma of the breast
"HDLj" in this work included the entire fraction between density 1.0635 and 1.125 g/ml.

HDL, HDL3

General chemical compositions
Normal
women"

Women
patients0

Normal
women"

Women
patients0

% proteins in lipoproteins 52.3 68.2
% lipids in lipoproteins 47.7 31.8
Lipid composition in % of

total lipids
Non-phosphorus-containing

simple lipids 57.6 68.7 59.1 64.5
Glycerides 6.1 5.0 6.7 5.7

TriglycÃ©rides 4.6 3.0 4.4 3.5
Diglycerides 0.7 1.0 1.4 1.2
Monoglycerides 0.8 1.0 0.9 1.0

Cholesterol, total 28.2 34.5 24.7 24.0
Free cholesterol 7.4 8.2 4.6 5.2
Esterified cholesterol 20.8 26.3 20.1 18.8
Cholesteryl esters (oleate) 35.1 44.4 33.8 31.7

Free fatty acids 1.7 1.0 3.2 1.5
Hydrocarbons (alkanes) 0.9 0.8 0.8 0.9

Phospholipids0 42.4 31.3 40.9 35.5
Phosphatidylcholined 31.6 20.1 31.7 24.5
Lysophosphatidylcholined 0.9 2.1 2.2 3.8
Sphingomyelind 6.2 4.7 3.8 3.8
Phosphatidylinositold 1.0 0.6 1.0 0.9
Phosphatidylethanolamined' e 1.4 0.5 1.0 0.7
Phosphatidylserined 0.5 0.4 0.2 0.4

Unanalyzed or unaccounted
lipids, including glycoplipids 7.1 10.2 9.7 20.4

" The values are averages from a minimum of 6 different serum samples.
b Values are averages of 2 experiments.
c Calculated as total PÂ¡times 25.
d Expressed as % of P rather than PÂ¡times 25.
e Phosphatidylethanolamine values include a small amount of phosphatidylglycerol.

Table 6
Lipoproteins in sera from women with 4 different types of cancer

Lipoprotein fractions (mg/100 ml serum)

Subjects1.

Choriocarcinoma2.
Lungcancer3.

Neuroblastoma4.
Ovariancarcinoma5.
Ovariancarcinoma6.
OvariancarcinomaAveragesD

< 1.006g/mlSf

400-100"04400007VLDLb231451617689184D

< 1.063g/mlSf

3-0(HDL,)381041221237710795Sf20-12021000126D<

1.125g/mlS

f 12-4Sf0710161721214-0(HDL2)93342178855261D<

1.21g/mlHDL,85158138188115121134

Â°Spectrum of components with the lowest densities in the VLDL fraction.
b(VLDL)-(Sf 400-100) components, i.e., components with Sf rates < 100 or those with the highest densities in the VLDL fraction.

of Group W-No (p < 0.001). The average value for HDL, was
correspondingly higher in most of the patients (95 mg) than it
was in Groups W-No (45 mg) and W-CF (49 mg); HDL3 was
not low.

Men with Cancer Compared with Normal Men. The data in
Table 2B, concerning normal men, are presented in detail in
Table 7. Nearly all in Group M-CF had high values for VLDL

with low values for HDL2. The Sf 400-100 class of the VLDL
was present in 5 of the 6 men in Group M-CF and absent in
Group M-No.

Two propositi, B. R. and G. R. in Group M-CF, developed
cancer within 5 years of the first experiment; B. R., broncho-
genie carcinoma; G. R., melanoma.

By contrast, all the men in Group M-No (Table 7) had com-
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Table 7
Lipoproteins in sera from normal men related to incidence of cancer in their immediate families

Lipoprotein fractions (mg/100 ml serum)

D < 1.006 g/ml D< 1.125 g/ml D< 1.21 g/ml

Subjects 400-100Â° VLDL6 HDLac(5/4^0) HDL3

Group M-CF: Men with family histories ofcancerM.
O.U.M.L.

A.B.
R.dG.
E.G.
R.dAveragesH.

O.G.
R.E.B.

A.M.
A.C.Averages4054287219Group

M-NO: Men000099732642962472001974639271716102612421215711591153142withlittle or no family histories ofcancer4240434643122117807097160112187131148

0 Spectrum of components with the lowest densities in the VLDL fraction.
b (VLDL) - (Sf 400-100) components, i.e., components with Sf rates <100 or those with

the highest densities in the VLDL fraction.
c Subjects are listed in decreasing order of this component.
d Propositi who subsequently developed cancer. Values for G. R. are averages of 2 experi

ments.

Table 8
Lipoproteins in sera from men with different types of cancer

Lipoprotein fraction (mg/100 ml serum)

D < 1.006 g/ml D< 1.06 3 g/ml D < 1.125 g/ml D < 1.21 g/ml

Subjects ,400-100Â° VLDLb 5^3-0 (HDL,) Sf20-12 Sf 12-4 5/-4-0(HDL2) HDL3

1. Parotid and gastro
intestinalcancer2.

Melanoma03.
Melanoma4.
Leiomyosarcoma5.

Coloncarcinoma6.
Chronic myelocyticleukemia7.
Epidermoidbroncho-genie

carcinoma**Averages4724659423803729620041820517415616523138459315192115276116126103000086660420602328172022531615192311515311915313151100117

0 Spectrum of components with the lowest densities in the VLDL fraction.
b (VLDL) - (Sf 400-100) components, i.e., components with Sf rates < 100 or those with the highest densities in the VLDL fraction.
cMeans of 2 experiments.
d Receiving X-ray treatments at time of sampling.

parable and low values for VLDL, no Sf 400-100 class of the

VLDL and more normal values for HDL2. HDL3 values were
similar in both groups.

Tables 2 and 7 show that only HDL3 in both groups of
normal men was similar. The HDL2 was significantly lower (p
< 0.001) in Group M-CF. Group M-No had significantly more
(p < 0.001) HDL2 than men with different types of cancer
(Table 2B and Table 8). Group M-CF had values for HDL2
similar to those in the men with cancer (Table 8). Men with
cancer had twice the amount of 5/400-100 in the VLDL and
somewhat more of the remainder of VLDL than the men in
Group M-CF.

In the fraction with D < 1.125 g/ml, some of the men with
cancer (Table 8) had more 5/ 12-4 than HDLa (5/4-0). The
normal men had less Sf 12â€”4than HDLj, especially the men
in Group M-No.

The men with cancer usually had more HDLj (Table 2B;
Table 8) which resulted in an average significantly higher (p <
0.05) than the averages for normal men.

Children with Cancer Compared with Normal Children. Two
of the 3 normal children did not fast and consequently had
considerable amounts of VLDL (Table 9). In all normal chil
dren, the Sf 400-100 class of the VLDL was absent. Most of

the children with cancer had high values for VLDL, and in 4 of
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Table 9
Lipoproteins in sera from normal children and children with cancer

Lipoprotein fractions (mg/100 ml serum)

D< 1.006g/ml D< 1.063 g/ml D< 1.125 g/ml D< 1.21 g/ml

Subjects 5^400-100Â° VLDLb Sf3-0(HDL,) S/-12-4 5f4-0(HDL2) HDL,

1
2
3
Averages

Normal male children

O O 68 O
O 216 59 O
O 149 61 O

122 63

Children with different types of cancer

0
0
0

72
63
60
65

118
218
314
217

\ . Malignantreticuloendo-theliosis2.

Chronicreticuloendo-theliosis3.

Acuteleukemia4.
Lymphoma5.
Lymphangiomatosis6.

Hodgkin'sdiseasec'd7.
Myelomonocyticleukemiad'eAverages045563300342436174264209103469114827181171423675100008110324017023301015480270143019100154751551126188106

Â°Spectrum of components with the lowest densities in the VLDL fraction.
6 (VLDL) - (Sf 400-100) components, Le., components with S^ rates <100 or those with the highest densities in the VLDL fraction.
c Means of 2 experiments.
d Subjects 6 and 7 are the only females.
e Means of 4 experiments.

the 7 subjects the Sf 400- 100 class was present. The child
with the highest values for VLDL and the child with the
lowest values had no HDL2. The patient with myelomonocytic
leukemia had much higher amounts of the VLDL in the last 2
of the 4 samples taken.

The 3 normal children had quite consistent values for the
HDL's, except for HDL3 (Table 2B and Table 9). All the

HDL2 values in the children with cancer were lower (p <
0.001) than any normal value. In the 2 children with cancer
without measurable HDL2, there was an increase in the less
dense components in the fraction with D< 1.125 g/ml, that is,
Sf 12-4. The HDL3 component was significantly lower in
cnildren with cancer (p < 0.05), but the variability was high.

DISCUSSION

It appears that each healthy person has a characteristic pat
tern for lipoproteins in serum taken during fasting (2). This
pattern, defined by the quantitative relationships of the com
ponents, differs in young men and young women. Older
women have patterns more similar to those of men (34). This,
of course, results from hormonal changes, largely depression of
ovarian function.

In the normal subject, the concentrations of HDL report
edly are affected by little except hormonal levels. Thus, the
HDL and especially HDL2 (3) concentrations may be quite
different in men and women, and in premenopausal and post-
menopausal women (12).

The principal deviations from these usual and normal situa
tions were obvious from the experiments reported. In patients

with cancer, regardless of age or sex. the HDL2 was signifi
cantly lower than in comparable normal persons while HDL3
was not affected. In the men, whose normal values for HDL2
are lower than women's, there was a greater average decrease

in HDL2. The differences in lipid compositions of HDL2 and
HDL3 between normal women and women with advanced
cancer may also be significant (27).

The presence of cancer seems also to increase greatly the
levels of VLDL in both women and men. but especially in the
men who have higher normal values for VLDL. The VLDL, if
accompanied by chylomicra, results in the lipemic serum early
associated with cancer. This finding was one of the first sugges
tions that in cancer there can be abnormal lipid metabolism
(17).

Generally, patients with decreased HDL2 have a tendency
toward increased VLDL. This pattern, which may occur in
men without cancer [frequently those associated with coro
nary artery disease (2)] or after a high-carbohydrate diet (24)
had not previously been noted as an effect of cancer.

Specifically, however, HDL2 was the lipoprotein class most
consistently affected by cancer.

HDLj [(Sf 3â€”0)of the fraction separated at a density of
1.063 g/ml] was increased in patients with cancer. This again
is a component which varies little in normal subjects (12). The
components most affected were those with hydrated densities
between 1.050 and 1.094 g/ml (see Table 1). This was also
exemplified by the fact that in patients, the 2 less dense lipo
proteins which float at a density of 1.125 g/ml, with hydrated
densities of 1.071 and 1.079 g/ml, were often present in sub
stantially greater amounts than ever seen in normal subjects (5,
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10). In some types of cancer in children, these are present to
the complete exclusion of HDL2, suggesting either alterations
in chemical composition or synthesis of "abnormal"

macromolecules.
The 2nd deviation from the usual was the low value for

HDL2 in both men and women with a high incidence of cancer
in the immediate family, but who themselves had no evidence
of disease when the samples were taken. In the women, in
cluding the 2 who subsequently developed cancer, no other
class of lipoproteins was related to family incidence of cancer.
However, in the men, those with a pronounced family in
cidence had high values for VLDL also.

HDL participates in the formation of VLDL (20). The
process, which occurs under different physiological and path
ological conditions, evidently occurs also in patients with
cancer. However, the low levels of HDL2 in normal subjects
with a pronounced incidence of cancer in their families cannot
be explained either qualitatively or quantitatively on the basis
of depletion of HDL2 to increase VLDL. Malignant growth in
some way affects the net amount of HDL2.

Low values for HDL2 and also high values for HDL2 were
quite constant for an individual studied weekly for several
weeks. This suggests that these levels are a metabolic character
istic. Even at ovulatory periods when the values for HDL2
were highest (4), those for the women in Group W-CF did not
rise above the averages of the women in Group W-No. Thus,
some relationship between low serum HDL^ and incidence of
cancer in the subjects' families was indicated. Although the

men were not studied as extensively and were a less homoge
neous population, the same relationships existed. Two of the 6
men also developed cancer.

In view of the recent reports linking abnormal lipoprotein
metabolism with several inherited diseases (as well as in the
parents and grandparents of the propositi) (13â€”16, 26), it is
provocative that subjects with low values for HDL2 should also
have unusually high incidences of cancer in their families;
indeed, 4 of the 13 subjects developed cancer.

All the female subjects who were followed for 10 years had
not lived with their family members for an average of 20 years.
The 2 subjects who developed cancer had lived apart from
their relatives: 1 for 26 years and 1 for 15 years.

Thus, a positive association is inferred among abnormal lipo
protein biochemistry, familial relationship, and the possibility
of developing cancer. In addition, both in animals (9) and in
man with cancer, the HDL2 component is quite selectively
decreased.
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