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diagnoses

for the 36 cases studied are as follows: car

cinoma of the bronchus, 3, pancreas, 3, prostate, 9,
stomach, 5, colon, 2, breast, 3, ovary, 1, kidney, 1,
larynx, 1, hepatoma, 1, myelogenous leukemia, 92,and
lymphoblastoma,

5. These cases are free of detectable

intercurrent infection or massive necrosis of tumor tis
sue. The control group consists of 17 healthy young
men.
Fasting samples of blood (50 ml.) are drawn into
heparin-moistened syringes and are centrifuged im
mediately in Lusteroid tubes. The fractionation of the
separated

plasma is begun within 30 to 60 minutes after

the blood is collected.
A relatively simple procedure
plasma is outlined in Diagram 1.
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by
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0.8 ml. of acetate-acetic

acid

to pH 4.8 with about

buffer

(pH

4.0,

11/92 0.4)

and sufficient 95 per cent ethanol is added to yield a
final concentration

of 40 per cent. This represents

a

7 X dilution.

The three fractions are dissolved in 0.85 per cent
saline and brought

to 10 ml. volumes

shortly

after

precipitation.

Aliquots of each fraction are diluted with equal
amounts of barbiturate-NaOH buffer (pH 8.6, 11/920.1)
and dialyzed against 92liters of this buffer for 3 days in
the cold. Electrophoresis is carried out in the Tiselius
apparatus according to Longsworth's modification of
the schlieren
capacity.2

method

The

(1 1) in a micro cell of 92 ml.

ascending

patterns

are used for analysis

and no attempt is made to calculate mobilities.
The plasma and fractions are analyzed for lipide

1 The

Ethanol 8%; pH 7.92;11/920.04; (@O
Supernatant

F

ethanol 19%; pH 5.6;
F/92 0.036; @50
Supernatant

G

ethanol 40%; pH 4.8;
1'/92 0.03; â€”5Â°

rA

to 0 to 1 .0Â°, and

(18), cholesterol
investigation

(16), and nitrogen.
was

supported

by

research

grants

from

U.S. Public Health Service,

and from the Office of Naval Research.

Plasma

G

@/2 0.15).

justed to 8 per cent with 95 per cent ethanol. The 5 X

the National Cancer Institute,

FRACTIONATION OF PLASMA'

to pH 7.92with

Calculated amounts of water are added, the mixture

C This

F

(18 ml.) is adjusted

3 to 4 ml. of phosphate buffer (pH 6.4,

carbon
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Supernatant

Fraction

first

step

I in Method

is

similar

to

the

procedure

for

obtaining

6 of Cohn et al. (3). Most of the fibrinogen

is thus removed and avoids the clotting that is occasionally
observed. The second step depends on the observation made
by Cohn and associates (4) that practically ail the globulins are
precipitated

by

adjusting

diluted

plasma

to

pH

5.6

and

19

per cent ethanol at â€”5Â°.The conditions for obtaining the
last fraction are similar to those used in Method 6 (3) for
obtaining Fraction V. The nomenclature
of plasma protein
fractions is stiil confused and must await clarification by such
workers as those at Harvard who are intensively studying this

problem. Consequently, the 3 fractions obtained in this work
are named F, G and A as a matter of convenience to indicate
that fibrinogen, globulin and albumin are present in appreciable
amounts in each of the respective fractions.
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Electrophoretic
and chemical studies of the
plasma and plasma fractions of injured animals
and diseased humans show marked variations from
the respective controls (5, 6, 7, 13). The available
information
concerning the detailed changes of
plasma proteins of patients with cancer is limited.
This paper is concerned with the electrophoresis
and chemistry of plasma and three plasma protein
fractions together with data for three typical
plasma enzymes in a group of patients with various
types of cancer.
METHODS
The diagnosis for each patient is established. The
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Alkaline
and acid phosphatases
are estimated
by
tile methods
of Binkley,
Shank,
and Hoagland
(92).
Amylase
is determined
according
to the procedure
recommended
by Andersch
(1). The activity
of these
enzymes
decreases
particularly
in the fractions,
when
stored at temperatures
slightly
above freezing.
Quick

of a, j@and y globulins.
According
(192), most of these globulins
are
fibrinogen
under
the precipitation

The greater portion of the fi and -y globulins of
the plasma are present in fraction G. The last
fraction
probably
glycoprotein,
the

freezing of the samples prevents this deterioration and
therefore all analyses are done immediately, or after
storage

in the

cholesterol

frozen

content,

The

nitrogen,

lipide

and enzyme

state.

activities

are expressed

to Morrison
occluded
by
conditions.

contains
a@ lipoprotein,
@imetal combining
protein

a2
as

on the basis of 100 ml. of whole plasma.

I

of cancer

patients

are

within

the

control

range

(Fig. 3). No correlation between the degree of
cachexia and physical findings and the nitrogen
concentration of the plasma is possible. About one

4

z
U

third of the values for fraction
F are elevated.
No consistently
abnormal distribution
for the frac
tion G values is seen. Approximately
80 per cent

of the fraction A values are below the control
range.
The distributions
of lipide carbon and choles
terol

in plasma
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Figure 4. Fractions
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obtained in two cases of carcinoma of the pancreas

of healthy
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well as most of the plasma albumin.
The electrophoretic
percentage distributions
of
the protein components of the plasma and plasma
fractions of cancer patients are shown graphically
in Figure 2. The most striking changes noted are
the consistently
low values for albumin in the
plasma and in fraction A and the increases in
the fibrinogen of fraction F.
About 75 per cent of the plasma nitrogen values

carbon,

DILLARD
elevated values
liver damage.

cannot

be related

et al.â€”Studies

to any signs of

Data for alkaline and acid phosphatase and for
amylase in plasma and plasma fractions are shown
in Figure

5. The alkaline

phosphatase

of the plas

in Cancer
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fibrinogen and possibly other globulins. The dcc
trophoretic, nitrogen and lipide analyses of plasma
fractions in these experiments do not aid in dis
tinguishing cancer from other diseases.
Greenstein (8) has pointed out that alkaline

ma and fraction A is elevated in about 50 per cent
of the cases : a greater proportion of the fraction G

in lymphoid disease. In the present study increases

values

in the activity

are above

the control

level. It is worthwhile

pointing out that the activity
phatase

of fraction

A is consistently

greater

in the plasmas
of 5 patients
carcinoma
of the prostate.

dis
the

$000â€”
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content
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plasma,

800-

-j

and fractions G and A. Attempts to account for
these changes on the basis of clinical and patho
logic observations are not successful.

2
0
0

DISCUSSION
It is generally concluded from electrophoretic
studies of the plasmas of cancer patients that the
changes observed are usually nonspecific (9, 10, 14,
15, 17). Pearsall and Chanutin (13) conclude that
the degree of alteration in the plasma proteins ap
pears to be determined
by the severity of the
disease. Generally, tissue destruction,
infection,
and cachexia are accompanied by a decrease in
plasma albumin and usually by an increase in
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countered
seminated

phosphatase

of the alkaline phos

that of fraction G in each case.
The highest values for acid phosphatase

@

of Plasma

Cancer Research

664

cases with bone metastases and in 4 of the 7 cases
with lymphoid malignancies. The marked changes
in acid phosphatase
are limited to disseminated
carcinoma of the prostate. The amylase activity of
the plasma and its fractions is too varied for in
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The rectangles

represent

36 patients with carcinoma of the prostate, stom
ach, pancreas, bronchus, breast, colon, ovary, and
larynx ; lymphoblastoma,

myelogenous

leukemia,

and hepatoma are presented. The electrophoretic
and nitrogen analyses show : (a) a consistent de
crease in albumin, (b) an increase in fibrinogen,
and (c) few significant changes in the globulin
components. The changes in the lipides of plasma
and its fractions are due to cachexia or hepatic
involvement. The distributions of the alkaline and
acid phosphatases and amylase of plasma fractions
are discussed.
The results presented for the plasma protein
fractions do not yield information which is of value
in the diagnosis of cancer.
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