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Immunoelectrophoresis has been used ex-
tensively for identification of subfractions of
serum proteins and other biological materials.
Quantitative analysis using immunoelectro-
phoresis has also been reported. Ouchterlony
(1) reported a method of quantitative im-
munoelectrophoresis in which antigens, after
electrophoretic separation, were allowed to
diffuse into an agar-antiserum mixture, and
the distance from the interface to the leading
edge of the precipitin arc was measured. In
a method reported by West et al(2), the anti-
serum was absorbed with increasing amounts
of antigen, and the volume of antigen solu-
tion which resulted in nearly complete con-
sumption of antibody was determined.
Neither of these, however, is fully satisfac-
tory for routine clinical use, owing to their
relatively complicated procedures and also to
their requirements for large amounts of anti-
sera. In the present study, a simple system
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for Cancer Research.

of criteria for a semi-quantitative interpreta-
tion of immunoelectrophoretic patterns was
devised, and was used for analysis of serum
a-globulins in various diseases.

Materials and methods. Serum specimens.
Serum was obtained from 3 groups of normal
healthy adults, each group representing a
specific haptoglobin type. A total of 162 sera
was tested from hospital patients of whom
30 had non-neoplastic inflammatory diseases,
37 malignant neoplastic diseases, 38 liver
diseases, 22 renal diseases, and 25 other mis-
cellaneous diseases.

Immunoelectrophoresis. Tmmunoelectro-
phoresis on microscopic slides was carried
out using the method of Hirschfeld(3) who
employed the discontinuous Laurell buffer
system. Electrophoretic separation was con-
tinued for 120 minutes at 10 v/cm.

The identification of the orosomucoid pre-
cipitin arc was made with a rabbit anti-
human orosomucoid serum. Ceruloplasmin
and haptoglobin were identified with the p-
phenylendiamine reaction of Uriel(4), and
the anisidine stain of Javid(5), respectively.
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The precipitin arc due to a;-lipoprotein was
identified with the Sudan black B stain. Iden-
tifications of the other subfractions were made
according to the technique of Hirschfeld(3).

Antisera. (a) Rabbit anti-human whole
serum protein sera were prepared from nor-
mal human sera pooled in accordance with
haptoglobin types. (b) Rabbit anti-human
ag-globulin serum was prepared from normal
human op-globulin separated by means of
starch block electrophoresis(6). (c) Horse
anti-human whole serum protein serum was
obtained from Hyland Laboratories, Los An-
geles, Calif. (d) Rabbit anti-human oroso-
mucoid serum was likewise obtained from
Hyland Laborotories. Antiserum (a) was
mixed with an equal volume of antiserum (b).

Paper electrophoresis. Sera were subjected
to paper electrophoresis using veronal buffer,
pH 8.6, . = 0.05, for 4 hours at 0.5 ma
per strip and at 250 v. The strips were stained
with amido black 10B for protein fractions
and with PAS for glycoproteins and were
scanned with a densitometer. The SB unit
method (7) was employed for lipoprotein frac-
tions using Sudan black B stain.

Biochemical determinations. Total serum
protein was determined with cupric sulfate
gravimetry. Total serum protein-bound hexose
was determined by the orcinol method(8).
Determinations of seromucoid, ceruloplasmin
activity, and of haptoglobin were carried out
according to the methods of Weimer and
Moshin(9), Ravin(10), and of Javid(5), re-
spectively.

Results. When undiluted serum was al-
lowed to react with the undiluted anti-human
whole serum, a total of from 14 to 16 pre-
cipitin arcs were formed consisting of 1 in
the albumin zone, 3 in the a;-globulin zone,
4 or 5 in the ao-globulin zone, 3 or 4 in the
B1-globulin zone, and 1 each in the B- and
v-globulin zones.

Precipitin arcs in the «;-globulin zone were
identified, from anode to cathode, as «;-lipo-
protein, a;-glycoprotein, and orosomucoid.
Precipitin arcs in the as-globulin region were
haptoglobin, ceruloplasmin, as-macroglobulin,
B-lipoprotein and either 1 or 2 unidentified
subfractions. Differentiation between hapto-
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globin types Hp 2-1 and Hp 2-2 was readily
achieved in normal sera, but often difficult
in pathologic sera.

Effect of dilution of antigen and of antisera
on precipitin reaction. To find an optimal
condition for development of immunoelectro-
phoretic precipitin arcs, effects of dilution of
either the antigen or the antiserum were
studied. Dilution of the antigen resulted in
clearer demonstration of precipitin arcs in
the a;-globulin region, whereas clearer demon-
stration of precipitin arcs in the ap-globulin
region was achieved by dilution of the anti-
serum. These findings were common to both
normal and most pathologic sera, except that
the sera with decreased a-globulins sometimes
had an optimal dilution ratio different from
that of normal serum. Results of a repro-
ducibility study and of a comparison between
a large number of sera indicated that under
the experimental conditions, semi-quantita-
tive analysis was possible in a ratio of antigen
and antiserum dilutions of 3.8 X /undiluted
for a;-globulin subfractions, and undiluted/
2.25 X for as-globulin subfractions (Fig. 1).

Immunoelectrophoretic quantitation of sub-
fractions. Each of the precipitin arcs formed
in the a-globulin regions was classified into
7 grades, ranging from a negative (grade 0)
to the strongest positive (grade 6) reaction,
according to the distance from the axis of
electrophoretic migration (a/a-}+8, where o
represented the distance from the convex
summit of the precipitin arc to the line drawn

FIG. 1. Identification of precipitin ares in q-
globulin regions. Anode to the right. (a) Pre-
cipitin pattern of 3.8X diluted serum reacted with
undiluted antisernm. (b) Precipitin pattern of un-
diluted serum reacted with 2.25X diluted anti-
serum,
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TABLE I. Values of a/a 4 g8 for Semi-Quantitation of Serum a-Globulin Subfractions.

Subfraction Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Grade 6
Orosomucoid <.57 57-.62 .62-.67 6772 >.72
a-Glycoprotein <.63 .63—.69 6974 7479 >.79
as-Lipoprotein <.62 .62—-.65 .65—-.69 .69-.72 >.72
Haptoglobin <.55 .55-.58 .58-.62 .62—.66 >.66
Ceruloplasmin <.35 .35—-.42 4253 >.53
ag-Macroglobulin <.34 .34-.39 .39-.43 43-.45 >.45

parallel to the length of the agar plate from
the central brim of the specimen well, and
B represented the distance from the former
to the nearest brim of the antiserum trough)
(Table I). In cases where the above objec-
tive criterion was inapplicable for a clear-cut
grading, due to the insufficient sharpness of
the precipitin arcs in certain pathologic sera,
the following subjective criteria were also
taken into consideration in determining the
grades: (a) radius, (b) density, and (c)
width of the precipitin arc (Fig. 2). The
intensity of the reaction of normal sera cor-
responded to grade 3. To minimize possible
subjective errors, reactions between the un-
diluted serum and the undiluted antiserum
were referred to as controls. The reader had
no knowledge of the patient’s illness.
Correlations between immunoelectrophoret-
ically determined values and values deter-
mined by the biochemical methods for the
same subfractions were studied. Haptoglobin
had a highly significant coefficient of correla-
tion of r = 0.90 (P<0.01) between im-
munoelectrophoretically determined values
and values determined by the method of
Javid (Fig. 3-a). Ceruloplasmin also had a
highly significant coefficient of correlation of
r = 0.90 (P<0.01) between immunoelectro-
phoretically determined values and activities
determined by the method of Ravin (Fig.
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FIG. 2. Auxiliary ecriteria for immunoelectro-
phoretic semi-quantitation of q-globulin subfrac-
tions.

3-b). Similarly, the coefficient of correlation
between values of orosomucoid levels deter-
mined by immunoelectrophoresis and the se-
romucoid levels determined by the method
of Weimer and Moshin was r = 091
(P<0.01) (Fig. 3-c). The coefficient of cor-
relation between the immunoelectrophoretic-
ally determined values of a;-lipoprotein and
the values of SB units was r = 0.61
(P<0.05) (Fig. 3-d). These findings sup-
port the possibility of simultaneous quantita-
tion of the serum protein subfractions with
the immunoelectrophoretic method.

Quantitative changes of subfractions ac-
companied by the changes of a;- and ag-glo-
bulin fractions. The semi-quantitative im-
munoelectrophoresis was applied to a study
of factors responsible for the quantitative
changes of a-globulins in pathologic states.
Protein and glycoprotein concentrations of
ai- and ap-globulins as determined by paper
electrophoresis were compared with the val-
ues of a-globulin subfractions determined by
the semi-quantitative immunoelectrophoretic
method. Orosomucoid and a;-glycoprotein
paralleled the protein concentration of a;-
globulin fraction, and haptoglobin paralleled
the protein concentration of ag-globulin frac-
tion (Fig. 4-a and b). The correlation also
applied to the concentration of protein-bound
hexose in a;- and as-globulins.

Precipitin arcs of the unidentified subfrac-
tions of as-globulin were detected only in a
few of the neoplastic and inflammatory cases
with increased ao-globulin concentrations.
Such subfractions were barely detectable in
the serum from patients with nephrotic syn-
drome. These components are possibly glyco-
proteins, inasmuch as they are stained by
amido black 10B and have a positive PAS re-
action. Sudan black did not stain these com-
ponents,
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FIG. 3. Correlations between biochemically determined levels and immunoelectrophoreti-

cally determined values of subfractions of a-globulins.

(a) Haptoglobin (Javid’s method);

(b) ceruloplasmin (Ravin’s method); (¢) orosomucoid (seromucoid, Weimer and Moshim

method); (d) a;-lipoprotein (modified Swahn’s

method).

FIG. 4. Correlations between total a;- and ap.-globulin protein values and immunoelectro-
phoretie values of subfractions. (a) a,-globulin; (b) a.-globulin.

Discussion. The technique of immunoelec-
trophoresis of serum protein components has
been greatly improved recently, and as many
as 30 precipitin arcs have been reported(11).
Of these, however, only a small number of
precipitin arcs have been identified, leaving
the physiologic significance of most of the
components undetermined. Hirschfeld(3) re-
ported the largest number of precipitin arcs.
He detected 4 subfractions in the a;-globulin
region and 12 in the ag-globulin region. Al-
though the technique of Hirschfeld was essen-
tially followed in the present study, fewer
precipitin arcs were observed than were re-
ported by him. In this study, 3 precipitin
arcs in the as-globulin region and 4 or 5 in
the ao-globulin region, including 1 or 2 un-
identified components in pathologic sera with
augmented as-globulin, were detected. The
difference was probably due to the antibody
titers of the antisera and to minor details of
the techniques. The present study was espe-
cially designed for quantitative analysis of a
few specified subfractions of a-globulins in
pathologic sera.

Each of the precipitin arcs had a fairly
constant relative mobility. They were iden-
tified to be orosomucoid, a;-glycoprotein, and
a;-lipoprotein in the a;-globulin region, and
as-macroglobulin, ceruloplasmin, haptoglobin
and g-lipoprotein in the as-globulin region.

Under these standardized conditions, the
immunoelectrophoretic method for the quan-
titative analysis was successful, and a close
correlation was demonstrated between im-
munoelectrophoretically and chemically de-
termined values. The principle utilized for
the quantitation was essentially similar to
that used in the immunologic quantitation of
C-reactive protein(12). The possibility of di-
rect and simultaneous measurement of several
subfractions of «-globulin by the immuno-
electrophoretic method was thus established.

By the use of this method, it was demon-
strated that orosomucoid and a;-glycoprotein
played the dominant roles in the quantitative
changes of total a;-globulin, and that hapto-
globin played the dominant role in the
changes of ao-globulin concentration. It is
already known that the increase of a;-globu-
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lin in various diseases is due to increase of
mucoprotein, or seromucoid(13), the heter-
ogeneity of which is well established(14). An
increase of a;-glycoprotein, however, has been
frequently encountered in the absence of in-
creased total o;-globulin concentration, espe-
cially in advanced neoplastic diseases(15).
Thus the present method which enables si-
multaneous quantitations of both orosomu-
coid and «y-glycoprotein may have an advan-
tage over the conventional method of quan-
titation of total a;-globulin in estimating the
clinical severity of the disease. Similarly, the
present method may have an advantage over
the conventional method in cases with de-
creased haptoglobin and increased as-macro-
globulin, not infrequently encountered in
cases of nephrotic syndrome and of hepatic
diseases(16), with an apparently unchanged
or increased over-all ag-globulin concentra-
tion. The above information indicates the
promising applicability of semi-quantitative
immunoelectrophoresis to the study of patho-
logic physiology of the subfractions of serum
proteins.

Summary. A method is described for mak-
ing direct and simultaneous quantitation of
the subfractions of serum proteins by a modi-
fication of the immunoelectrophoretic meth-
od. By applying the method to the study of
serum a-globulin subfractions, highly signifi-
cant correlations were observed between bio-
chemically determined values and intensities
of their immunoelectrophoretic reactions. The
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method is simple, yet satisfactorily reproduc-
ible, and has a promising applicability to the
study of pathologic physiology of the sub-
fractions of serum proteins.
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