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Evidence for the participation of complement in
the immune reaction responsible for renal lesions
in the nephritides was first reported by Gunn in
1915 (1), who showed that complement was re-
duced in the serum of patients with acute nephri-
tis following scarlet fever. Subsequently, re-
duced serum complement levels have been re-
ported not only in acute nephritis but also in sub-
acute and chronic nephritis, disseminated lupus
erythematosus with renal involvement, lipoid
nephrosis of children (2-5), and in the nephritis
resulting from experimental hypersensitivity in
animals (6).

The recent isolation and identification of various
complement components as discrete proteins al-
low a new approach to the study of complement
participation in renal disease. One of these com-
ponents, known from its position in the immuno-
electrophoretic pattern as p,1c-globulin, has been
studied extensively by Muller-Eberhard, Nilsson,
and Aronsson (7) and Mfiller-Eberhard and Nils-
son (8). These workers have found, from im-
munoelectrophoretic analyses of serum, that this
protein can be present in two forms: 81c and f1A.
Alc is present only in fresh serum; as the serum
ages, the arc representing flic is replaced by one
representing ,13A, a protein of slightly greater mo-
bility. In serums of intermediate age, both 81c
and ,81A can be seen, the arcs joining to produce a
single arc with a double inflection. Conversion of
Al1C to /81A can be hastened by incubating the serum
at 370 C or by adding zymosan, hydrazine, im-
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mune precipitates, or aggregated gammaglobulin
to the serum. It has been demonstrated that these
two proteins have antigens in common, but that ,81A
lacks certain antigens possessed by f8ic. The la-
bility of flie led to its investigation as a part of
the complement complex. It was found that Pic
has serological activities in a hemolytic system
similar to those of the third component of com-
plement, but that it does not represent the whole
of the third component. BiA was found to be sero-
logically inactive. Further studies (9) have iden-
tified /3c with the hydrazine-sensitive moiety of
C'3 known as C'3a.

Evidence suggesting that this globulin is in-
volved in renal disease was first presented by
Seligmann and Hanau in 1958 (10). They re-
ported reduced levels or absence of a /8-globulin
in the serum immunoelectrophoretic patterns of
patients with disseminated lupus erythematosus
with renal involvement. With clinical improve-
ment, the protein, which was undoubtedly P81c,
returned to its normal concentration. Morse,
Muller-Eberhard, and Kunkel (11) have recently
confirmed the absence of 810-globulin in this dis-
ease. Equally important, studies with the im-
munofluorescent technique have indicated the
presence of flic-globulin in high concentration in
the glomerular lesions in lupus nephritis (12).

The present study was prompted by the obser-
vation that, by immunoelectrophoretic analysis,
31c-globulin is in low concentration not only in

disseminated lupus but also in the serum of pa-
tients with acute nephritis. This observation
stimulated the development of a method for the
measurement of this protein, using the principle
of an immunologic method described previously
for gammalA and gammalm globulins (13). Re-
sults are reported of measurements made on the
serums of patients with acute and chronic nephri-
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1FIG. 1. IMMUNOELECTROPHORETICPATTERNS OF FRESH AND AGED SERUM.

tis, lipoid nephrosis of childhood, and anaphylac-
toid purpura with nephritis. Also included are the
values in a few patients with chronic pyelonephri-
tis, idiopathic familial hematuria, Hand severe liver
disease and in one patient with lupus nephritis.
The results give clear-cut differences among the
various types of renal disease in the involvement
of this complement component. In certain types,
the levels are markedly reduced, whereas in others
they are normal. Because serum Pwic depletion ill
renal disease is most likely the result of fixation of
this protein with other complement components
on immune complexes in renal glomeruli, the
measurement of serum 31c levels provides an ad-
ditional parameter helpful in determining the basic
etiology of nephritis. Serum P1i levels can be
measured more precisely than can serum comple-
mnent activity and, in several ways, give informa-
tion of greater value.

Methods

P1C-01A-globulin concentration was measured in arbi-
trary units by the immunoelectrophoretic-precipitin
method (13) with an extended schedule of titrations to
permit assessment of very low values (14).

Antiserum. The antiserum used for the measurement
was made in goats by immunization with a series of in-
jections of whole human serum in Freund's adjuvant.
Antibody to flC-j8lA was present in relatively high titer
along with antibody to numerous other serum proteins.
The antiserum was diluted until addition of 0.030 ml of
a pool of normal human serum per milliliter of diluted
antiserum completely removed the antibody reacting with
alA-globulin. A dilution of 1: 8 was required.

fPlA-enriched preparation. A euglobulin precipitate was
prepared from 440 ml of normal human serum that had

been allowed to age to convert /1C to USA. The precipitate
was prepared according to the first step in the procedure
for the isolation of 61A as described by Mfiller-Eberhard
and associates (7). A stock solution was made of the
1)recil)itate by dissolving in 10 ml of Tris-hydrochloride
buffer, 0.5 N, pH 8.6, and centrifuging to remove the
lipids. The stock solution has been unaffected by stor-
age for 1 year at - 10° C.

To calibrate the immunoelectrophoretic-precipitin
method for 81A, 1 ml of the antiserum, diluted 1: 8, was
arbitrarily said to contain antibody equivalent to 1 U of
,1A-globulin. From this, the concentration of 31A-globu-
lin (S) in an unknown serum expressed in units per
milliliter could be determined by the formula S = A/V,
in which A is the units of PIA precipitated by antibody
in 1 ml of the standardized antiserum (arbitrarily as-
sumed, in this case, as 1 U), and V the volume of un-
known serum added per milliliter of standardized anti-
serum which resulted in an end point. In the case of the
pool of normal human serum noted above, the addition of
0.03 ml to 1 ml of the diluted antiserum resulted in an end
point. Thus the concentration of 31A in the pool was 33.3
U per ml.

To determine the end point, the supernatant fluids re-
sulting from the graded additions of serum to the stand-
ard antiserum were reacted against the o1A-enriched prepa-
ration, diluted 1: 64, and subjected to electrophoresis in
agar by the microtechnique of Scheidegger as described
previously (13). At the dilution of 1: 64, the 31A concen-
tration in the agar was such that supernatant fluids near
the end point containing antibody to 81A in low con-
centration produced a well-defined precipitin arc repre-
senting this protein. With certain supernatant fluids,
other arcs could also be seen, but with practice, 01A could
be readily distinguished from them.

Measurement of the concentration of this p-globulin
in serum specimens when fresh and after aging showed
that consumption of antibody reacting with JasA increased
with aging. For example, 1 ml of standard antiserum
could be depleted of anti-,81A by addition of 0.045 ml of
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FIG. 2. COMPARISONOF IMMUNOELECTROPHORETICPATTERN OF NOR-
MAL SERUM (B) AND SERUMFROMPATIENTS WITH NEPHRITIS (A AND
C). The antiserum is the same as in Figure 1. All serum has been
aged. In A, the 81A level is 1.6 U per ml; in the normal serum B,
the level is 30 U per ml, and in C it is 11 U per ml.

a fresh serum, but only 0.025 ml was required after the
serum aged and conversion to 81A had occurred. It was
thus essential that measurements be consistently made
when the protein was either in the pic or PiA form. Be-
cause stored serum was often used in the present study,
measurements were always made when the protein was in
the 381A form, and the results are expressed in terms of P1A.
The conversion to 81A was brought about by aging the
serum, either for 72 hours or more at room temperature,
or for 8 hours at room temperature and a week to a year
at - 100 C. Separate studies indicated that these periods
allowed conversion to occur without resulting in loss of
P1A through bacterial contamination; specimens left at
room temperature for 2 weeks showed no reduction in
the PmA level from the peak value.

Results

In Figure 1 are illustrated immunolectrophoretic
patterns of fresh and aged serum that allow com-
parison of the relative electrophoretic mobility of
Alc- and 131A-globulins. Precipitin arcs represent-
ing other proteins are labeled for orientation. In
fresh normal serum, 81c-globulin is the only form
seen and f31A-globulin is absent. However, in the
fresh serum from patients with lupus, the /81A
form of the globulin has been reported to be pres-

ent (11, 15). In the present study, /81A was not
seen in fresh serum.

Figure 2 compares the /1A arc seen in aged
normal serum (B) with that produced by serums
deficient in ,81A (A and C). In the upper pattern.
the ,81A concentration is so low that an arc is not
visible.

Serum /31A levels in normal subjects. The re-
sults of quantitative measurement of /81A concen-
tration in the serums of 10 normal adults and 45
normal children and adolescents, ages 8 to 18
years, are shown in the upper portion of Figure 3.
There was no significant difference between these
two age groups nor was there a difference between
males and females. In general, the values ranged
between 25 and 45 U per ml, but one value as
high as 50 and another as low as 17 were observed.
The average of all normals was 33.4 U per ml.
A specimen of pooled serum from cord blood gave
a value of 23 U per ml.

From these results and from observations in
this laboratory of many immunoelectrophoretic
patterns that allow a rough semiquantitative esti-
mate of 831c-,f1A concentration, it appears that the
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FIG. 3. SERUMP1A LEVELS IN NORMALSUBJECTS (upper graph) AND IN CHILDREN WITH

ANAPHYLACTOID PURPURA WITH NEPHRITIS, ACUTE NEPHRITIS, AND LIPOID NEPHROSIS (lower
graph).

serum content of this protein does not differ in
children and in adults.

Serum 81A levels in the nephritis of anaphylac-
toid purpura and lipoid nephrosis. In the lower
portion of Figure 3 are shown the results of f1A
measurements in the serums of nine children with
lipoid nephrosis, four with anaphylactoid purpura

with nephritis, and 37 with acute nephritis. The
nephrotics ranged in age from 1j to 15 years.

All had a disease characterized by remissions and
exacerbations and had no evidence of renal insuffi-
ciency or nephritis. Serum specimens were ob-
tained at a time when proteinuria was intense and
the patient was not receiving steroids. It is read-
ily apparent that levels of /31A in this group fall
within the normal range.

Similarly, levels of this globulin were normal
in patients with the nephritis of anaphylactoid
purpura. These patients ranged in age from 3 to

9 years. In three of the children, the purpura and
urinary abnormalities were concomitant, and blood
for 81A measurement was obtained within 2 to 6
days after onset of the purpura. In one child, uri-
nary abnormality did not occur until 4 weeks af-
ter the rash had faded. In all cases, hematuria
or proteinuria, or both, were present at the time

blood for 81A measurement was drawn. None of

the children is known to have permanent renal

damage as a result of the disease.
Acute nephritis. In contrast to the results in

anaphylactoid purpura and nephrosis, children
with acute nephritis, with two exceptions, had 81A
levels below the normal range. The children in
the acute nephritis group were 11 to 15 years of
age. All had well-documented hematuria and pro-

teinuria and, usually, in addition, edema, hyper-
tension, and azotemia in various combinations.
Antistreptolysin 0 titer, determined in 35 of the
37 patients at least once in the 3-week period af-
ter admission, was above 150 U in 31, or 89%.
This percentage is approximately the same inci-
dence of elevation as observed by Lyttle, Seegal,
Loeb, and Jost in a larger group (16). In all 37
patients except one of the two with a normal Pmc
level, the disease was self-limited and short-lived
with all signs of renal disease eventually disap-
pearing. Biopsies were performed on only two

patients; both showed acute nephritis. The blood
specimens for 81A determination were obtained
usually during the first 3 days after admission, but
a few were obtained as late as 7 days after admis-
sion. No correlation between duration of the dis-
ease and ,81A levels was apparent, even when the
period of illness before admission was taken into
consideration.

Of the two patients with relatively normal lev-
els of 81A, one was a 3-year-old boy who appeared
to have a mild, transient acute nephritis, and no

reason for the normal 81A level can be given. He
was admitted because of hematuria occurring for
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the first time on the day of admission; proteinuria
was also present, but there was no edema, hyper-
tension, or azotemia. Antistreptolysin titer was
500 U. The proteinuria disappeared by the sec-
ond hospital day, but microscopic hematuria per-
sisted for several days and eventually cleared also.

The other patient with a normal 81A level was a
10-year-old boy on whom a urinalysis was
prompted on the day of admission by the com-
plaint of backache and abdominal pain. Protein-
uria and hematuria were noted. A sore throat
had been present 3 weeks previously and was
treated with penicillin. The blood urea nitrogen
(BUN) was elevated to 37 mg per 100 ml, but
cholesterol and total serum protein levels were in
the normal range. Antistreptolysin titer was 333
U. Measurement of 81A on the day of admission
and 5 days and 1 month after admission gave val-
ues ranging from 22.2 to 33.3 U per ml. There
was no hypertension and edema was not apparent.
The BUN fell to normal promptly, and 2 weeks
after admission, urea clearance was 75% of nor-
mal. However, proteinuria persisted at the 2+ to
4+ level for 6 months, subsequently falling to the
0 to 1 + range. Red blood cells, however, have
persisted in the urine in microscopic amounts for
11 months after onset. Renal biopsy done 3 weeks
after admission indicated an acute proliferative
glomerulonephritis to be present. The glomeruli
were focally hypercellular, but there was no sign
of subacute or chronic disease. A second biopsy

mg%
150- MO.?o agelOyr.

Admitted
50o Hypertens

Units/ml +
sion

x

Proteinuria

ayI * , - -

o
Days

FIG. 4. CLINICAL COURSE, SERUMJu1A LEVELS, PROTEIN-

URIA, AND BLOOD UREA NITROGEN (BUN) IN A PATIENT

WVITH ACUTE NEPHRITIS.

Units/ml M. T age 8yr
201

I Headaches SUN
Seizure ' log %/

10J Admitted 1AS

a Proteinurla

-OD -5 O 5 'id
Days

FIG. 5. CLINICAL COURSE, SERUMfA LEVELS, AND PRO-

TEINURIA IN A PATIENT WITH ACUTE NEPHRITIS.

10 months after onset showed almost complete
healing without residual. A mild hypercellularity
was still present, but there was no basement mem-
brane thickening or scarring. The persistence of
urinary abnormalities in this boy, together with
the consistently normal 81c level, would suggest
that he had a disease outwardly similar to, but
fundamentally different from, classical acute ne-
phritis. It may possibly be etiologically similar
to the chronic nephritis that is accompanied by
normal /lic levels (see below).

In patients with acute nephritis and reduced 81A
levels, the levels rose to normal in parallel with
clinical improvement. The results of serial meas-
urements are illustrated for three patients in Fig-
ures 4, 5, and 6. M. 0. (Figure 4) had a course
characterized by hypertension, severe and per-
sistent azotemia, and persistent proteinuria. In
this patient, the level of /81A rose slowly, ap-
parently reaching the normal range before the
BUNreturned to normal.

M. T. (Figure 5) probably had hypertension
for a week before her admission although hyper-
tension was never documented. Seizures, together
with a low-grade fever on admission, suggested en-
cephalitis, meningitis, or brain tumor. The symp-
toms of abnormality of the central nervous sys-
tem persisted, and a mild, transient proteinuria
and hematuria were overlooked until 36 hours
after admission when the additional history of
antecedent sore throat prompted the diagnosis of
acute nephritis. In favor of this diagnosis was
the observation of absence of flc-globulin by im-
munoelectrophoretic analysis (actual level of /1A
was 2 U per ml). On subsequent days, her symp-
toms and urinary abnormalities cleared rapidly
and, similarly, the level of f81A rose rapidly to
normal.

, f29mm
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C. B.d'P, age 12 yr.
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FIG. 6. CLINICAL COURSE, SERUM f01A LEVELS, PROTEINURIA, AND BUN IN A PATIENT

WVITH ACUTE NEPHRITIs. Recurrence of gross hematuria. at 62 days after initial admis-
sion apparently occurred spontaneously without provocative infection.

C. B. (Figure 6), whose nephritis followed
scarlet fever, likewise had hypertension and seiz-
ures and, similar to M. T., had no azotemia. Im-
provement in urinary abnormalities, and rise in /31A
occurred slowly. On day 62 after the seizures he
was found to have a recurrence of severe hema-
tunia, but he had no proteinuria, hypertension, azo-
temia, edema, or intercurrent infection. Despite
the relapse, the /31A level remained
range.

in the normal

Two other patients had apparent relapses of
their nephritis while under observation, one as the
result of an otitis media and the other concomitant
with pneumonia. As with C. B., the chief event
in the relapse was increased hematuria without
proteinuria, azotemia, or hypertension. Although
both were said to have facial edema, neither
showed a weight gain or loss suggesting general-
ized edema. In neither was the ,81A level, which
had reached normal,, affected by the relapse.

TABLE I

.Serum OI1A levels in chronic nephritis

Number
of Period

161A Levels J61A JOIA
Age at Duration of -deter- levels

Patient Sex onset disease Average Range nsinations obtained*

,r.ms months U/ml months

F 2, 10
M 5
M 6,11
M 7, 6
F 9, 1
M 9, 6
F 11, 3
M 12, 1
M 12, 1
F 12, 2
-F 13, 1
M 14, 4

11
19
54
13
73
77
23
20

8
9

18
9

31

1.7

3.7

5.3

1.8

8.7

38

30

7.2

30

26

36

(26-42)
(1.3-2.3)
(2.0-5.7)
( 1. 7-13.3) t
(1.7-2.0)
(2.0-16. 1) t
(31-40)
(20-40)
( 1. 7-15.4) t
(25-44)
(22-3 1)
(31-44)

5 7
1 1 19
10 32
27 12

2 18
23 39

6 22
6 19

15 8
8 9
4 6
5 7

* Length of period in course of the nephritis during which the serum O3ixs levels were determined.

f Values above 11 U per ml obtained during or shortly after use of immune-stuppressing therapy.
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TABLE II

Serum 01A levels in lupus erythematosus, chronic pyelonephritis, hereditary henmaturi'a,
and miscellaneous diseases with liver involvement

91A levels Number of
P1A deter-

Patient Sex Age Average Range minations Remarks

yrs U/ml
Disseminated lupus erythematosus

F 9 4.5 (4-5) 6 Severe lupus nephritis. Blood urea nitrogen
75-120. Proteinuria, hematuria, hyper-
tension, leukopenia, hepatosplenomegaly.
No rash.

M 13 21.7 (20-23.6) 4 No nephritis. Splenomegaly, diffuse adenop-
athy, arthritis. On Dilantin and Tridione
for long period.

J. F.

R. S.

Chronic pyelonep
F 10 22.2

F 13 27.2 (21.1-33.3)

Idiopathic hema
L. F. F 5 44
M. F. M 7 36
B. F. F 27 33

R. H. M 10 36
G. H. F 34 33

T. H. F 6 3.3

DL. F. M 15 9

D. R. M 11 14.3

WV. G. M 15 6.6

T. V. C. F 14 6.2

1 Severe hypertension and azotemia. Death 5

days after specimen.
2 Azotemia, acidosis, renal osteodystrophy.

turia
I] Mother and two children. Constant micro-

Mscopic hematuria. In L.F., gross hema-
turia with infection. No renal insuffici-
ency.

17 Mother and son. Microscopic hematuria.
19 No renal insufficiency.

Other conditions with low glic levels
1 Acute lymphoblastic leukemia for 4 months.

Severe hepatosplenomegaly, icterus.
Death 2 days after determination.

1 Hereditary spherocytosis with severe hepato-
splenomegaly. Total bilirubin, 3 mg per
100 ml. Thymol and cephalin flocculation,
4+.

1 Cirrhosis, hypoprothrombinemia, varices,
mental retardation.

1 Cirrhosis with splenomegaly, thrombocyto-
penia, leukopenia, hypoprothrombinemia,
mental retardation.

1 Acute diffuse hepatic necrosis due to viral
hepatitis. Hepatic coma. Complete re-
covery.

Chronic nephritis. In Table I are shown 181A
levels in 12 patients with long-standing glomeru-
lonephritis. The levels were determined over in-
tervals of varying lengths. All the patients had
proteinuria for periods of 8 months or longer, ac-

companied in nearly every case by hematuria.
All had biopsies that indicated glomerulonephritis
to be present in acute, subacute, or chronic form.
None had demonstrable lupus erythematosus cells
or antinuclear antibody, and there were no clinical
signs compatible with lupus except the nephritis.

BetalA levels in six of these patients were con-

sistently in the normal range and in the other

six were consistently below the normal range.

Those with normal levels are part of a larger
group totaling 15 patients, whereas only the six
shown here have been found with depressed levels.
Superficial examination of the clinical courses and
biopsies of these patients showed no clear-cut dif-
ference among them which correlated with the
f81c level. A detailed comparison of the two
groups will be reported in a subsequent publica-
tion.

Lupus erythematosus, chronic pyelonephritis,
hereditary hematuria, and diseases with liver in-
volvement. Data are available from only two pa-

T. S.

M. S.
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tients with lupus erythematosus. One, T. S., with
lupus nephritis, had a reduced Plic level, whereas
the other, M. S., without signs of nephritis, had
a normal level. In patient T. S., the levels came
to normal with steroid therapy, paralleling clini-
cal improvement.

Patients with pyelonephritis and hereditary he-
maturia (17) had uniformly normal levels.

Data for several patients with disease not in-
volving the kidneys but with depressed 81c levels,
ranging from 3.3 to 14.3 U per ml, are also shown
in Table II. The primary diseases in these pa-
tients were lymphoblastic leukemia, hereditary
spherocytosis, cirrhosis, and hepatic necrosis. The
common denominator in all was liver involvement.
In three patients, there was obvious cirrhosis or
necrosis, and in two, the liver was secondarily in-
volved as indicated by hepatomegaly, positive liver
flocculation tests, and jaundice. In patients with
milder degrees of liver disease such as acute hepa-
titis, the 8ie levels were invariably normal.

Semiquantitative estimations of 81c levels have
been made from inimunoelectrophoretic analyses
of the serum from numerous patients with a wide
variety of diseases. From this experience, we
can say that in addition to liver disease and the
nephritides, low levels can also be seen occasionally
in moribund patients with neither liver nor kid-
ney disease. This perhaps parallels the depression
in total complement seen under these conditions.
No other disease states have been encountered
in the pediatric age group in which the level is low.

Discussion

The reduction in serum /31c-globulin concentra-
tion occurring in certain types of renal disease
seems best ascribed to fixation of this protein, to-
gether with other complement components, on
antigen-antibody complexes in the glomerular le-
sions. Although this explanation has long been
advanced for the hypocomplementemia seen in re-
nal disease, there has only recently been positive
evidence for such a fixation.

Burkholder (18) demonstrated that the glo-
merular lesions of patients with membranous
nephritis would fix guinea pig complement in
vitro, suggesting that homologous complement
might similarly fix in vivo. More directly, Lach-
mann, Mufller-Eberhard, Kunkel, and Paronetto

( 12) demonstrated that fluorescein-labeled anti-
body to flic-globulin would fix abundantly on the
glomerular lesions of patients with lupus and less
abundantly on the lesions of acute nephritis. The
less distinct evidence for 31c fixation in acute ne-
phritis was probably because the biopsy material
was in no case obtained at the height of the dis-
ease. The present studies of serum Pic levels give
evidence that fixation of this protein in the renal
lesions of acute nephritis is a transient event and
would be demonstrable in many cases only for a
matter of days.

Lachmann and associates (12) also showed that
at sites of P1c fixation in the glomeruli in lupus
nephritis, gamma2 globulin could also be (lemon-
strated, presumably present either in aggregated
form or, more likely, as part of an antigen-anti-
body complex. That 81e as a complement com-
ponent could fix to such complexes has been indi-
cated by an in vitro system which demonstrated
(12) that, when antibody reacts with tissue anti-
gens, fixation of p1e occurs under the same con-
ditions as when this protein participates in im-
mune hemolysis. i.e., its fixation in both systems is
temperature-dependent and requires the presence
of other complement components.

Further evidence of in viZo complement fixation
in nephritis comes from the observation that in
certain cases of lupus nephritis 813A-globulin can be
found in fresh serum (11, 15). Since /3ic is con-
verted to 81A by complement-fixing material such
as immune precipitates and aggregated gamma
globulin, the observation is strongly suggestive of
in vivo complement fixation.

Despite these observations, however, direct and
unequivocal proof that fixation of thic as a com-
plement component is entirely responsible for the
reduced serum levels in renal disease is not at
hand. Other possibilities are excessive urinary ex-
cretion, failure of production, or nonspecific fixa-
tion of 81c in the renal lesions. Loss of flie-glob-
ulin by urinary excretion, a suggested but un-
proven (19) explanation for the low complement
levels in nephritis, would seem not to be the fac-
tor responsible for the low serum levels of Pic.
Proteinuria comparable to or more severe than that
present in acute nephritis was seen in patients
with nephrosis and in most of those with anaphy-
lactoid purpura, yet these patients had normal 81c
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levels. Proteinuria in patients with chronic ne-
phritis with normal lic levels was often more se-
vere than that in patients with low levels. A dif-
ferential permeability for 81c in the kidney of pa-
tients with acute nephritis and certain patients
with chronic nephritis would have to be postulated
to explain the loss of Plic by renal excretion.
There is no evidence for or against failure of
production as a cause of the low serum levels, but
such a mechanism, as well as nonspecific fixation
in renal lesions, seems unlikely in the face of the
reduction of other complement components which
occurs simultaneously.

The results of 813c measurement as given in the
present study parallel the measurements by others
of total serum complement in all situations except
in lipoid nephrosis. In the latter condition, se-
rum complement has been found to be low (2),
but 381c is normal. The complement components
found to be reduced in nephrosis are C'4 and, more
consistently, C'2. If the reduction in these two
components were the result of fixation to an im-
mune complex, the complex C'0,1,4,2 should be
present. Since 81c is the next component in this
sequential reaction, one would predict a reduction
in its serum level. The fact that the level is nor-
mal suggests that the reduction in C'2 and C'4 is
not the result of immune fixation and that other
mechanisms are responsible for the hypocomple-
mentemia in lipoid nephrosis.

Except for this discrepancy, complement and
lic levels, appear, in general, to parallel each

other. Thus, in acute (1-4) and lupus nephritis
(4, 11) and in occasional cases of chronic nephri-
tis (3, 5), complement levels are low, whereas in
the nephritis of anaphylactoid purpura the levels
are normal (4). Likewise, the low 81c levels in
liver disease agree with earlier observations that
serum complement is depressed in this condition
(15). An explanation of the reduced levels in
liver disease is not at hand. To explain the re-
duction on the basis of failure of hepatic syn-
thesis of P81i is difficult because of evidence that
P1c is produced in lymph nodes and spleen (20).
Alternatively, the low levels might be the result
of a complement-binding reaction of liver antigen
with autoantibody.

Separation of two groups of patients with
chronic nephritis on the basis of Pic levels is of

interest because of the likelihood that the classifi-
cation reflects differing etiologies. In those with
low levels, the disease would seem most likely to
be on the basis of a reaction of humoral antikidney
antibody with glomerular tissue, whereas in those
with normal levels a different etiology must be
invoked. In another paper, the two groups will
be compared to determine additional points of dif-
ference based on clinical and histological param-
eters. Suffice it to say here that the 8ac levels in
these patients were consistently either low or nor-
mal over long periods. This is in contrast to the
studies of serum complement in subacute nephri-
tis and "uncomplicated nephrotic syndrome" by
Ellis and Walton (5). These authors report that
in subacute nephritis serum complement is close
to the lower limit of normal, whereas in "uncom-
plicated nephrotic syndrome" two groups seemed
distinguishable, one with subnormal and the other
with normal complement levels. However, the
separation into two groups was not entirely satis-
factory because, in contrast to the observations
with 381c, the levels of complement were not con-
sistent, often rising as the patient improved or as
his condition deteriorated.

Semiquantitative assessment of flic-globulin
would appear to be a helpful clinical parameter.
The majority of patients with near absence or low
levels of flpc-globulin would be those with acute
nephritis, a disease at present diagnosed only by
a spectrum of abnormalities. no one of which is
consistently present (21). Low levels would also
be seen in cases of lupus nephritis and in a mi-
nority of cases of chronic nephritis. Normal lev-
els in a subject with an apparent acute nephritis
would appear to be reason to investigate for signs
of chronic nephritis or to suspect hereditary
hematuria or nephritis of anaphylactoid purpura.
Patients with Alport's disease or with polyarteritis
nodosa have not been investigated with respect
to 81c levels.

Of particular interest is the patient observed in
the present study with normal P1c levels and an
acute nephritis that proved to be particularly per-
sistent. One might ask whether this patient's dis-
ease is etiologically similar to that of patients with
chronic nephritis and normal, 81c levels. At the
moment, one can only speculate on the answer to
this question, but as more such cases are identified
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and followed, our understanding of the etiology
of chronic nephritis may be improved.

The immunoelectrophoretic-precipitin method
for measurement of fltc used in the present study
gives highly accurate results but is somewhat cum-
bersome and time consuming to l)erfor1m. It is,
however, less difficult than the measurement of
total complement, and the results are more re-
producible. Because it is a more reliable mneas-
urement and, in addition, measures only the con-
centrations of a single substance instead of the
effect of the sequential reaction of many comple-
ment components, the results are inherently more
meaningful. Furthermore, anticomplementary
factors and lipids in serum do not interfere with
the Pic measurement. For clinical purposes, much
information can be gained by the rough estimate
of 8,c concentration possible from the immuno-
electrophoretic pattern with a suitable antiserum
(Figure 2). With the availability of a univalent
antiserum containing antibody only to this pro-
tein, a simpler, more accurate and rapid method
for measurement probably could be developed,
based either on the method of Gell as elaborated
by Soothill (22) or that of Heiskell and associates
(23).

Summary

By an immunologic method, measurements of
I81A-globulin, the serologically inactive form of
p81C-globulin, have been made in serum specimens
from normal subjects and from children with
various nephritides, nephrosis, and diseases in
which the liver was involved.

In 35 of 37 children with acute nephritis, /1A-
globulin was nearly absent from the serum or in
very low concentration. In one of the two chil-
dren with normal levels, the nephritis was unusu-
ally persistent, suggesting that the disease was not
a classical acute nephritis. In the other, the nor-
mal level is unexplained. Serial measurement of
,13A-globulin in three patients with acute nephritis
and depressed levels showed a return to normal
over a period of approximately 3 to 6 weeks paral-
leling clinical improvement. Exacerbations of
hematuria occurring during convalescence from
acute nephritis, often associated with intercurrent
infection, were not accompanied by a fall in /1A
levels.

In lipoid nephrosis and in the nephritis of
anaphylactoid purpura, /31A-globulin was in nor-
mal concentration.

BetalA levels were low in a case of lupus iiephri-
tis as well as in a minority of cases of chronic
nephritis. The latter patients were not easil-
distinguishable clinically from patients with
chronic nephritis and normal 1c levels. Normal
levels were present in hereditary hematuria and
in chronic pyelonephritis and in one patient with
lupus but without evidence of nephritis. Low
levels were encountered in five patients with se-
vere liver disease. In three the liver disease was
primary, in one, secondary to lymphoblastic leu-
kemia, and in another, secondary to hereditary
spherocytosis.

The reduction of fl1c-globulin in the various
types of nephritis is probably the result of fixa-
tion of this protein together with other compo-
nents of complement to immune complexes in the
glomerular lesions. In lipoid nephrosis, in the
nephritis of anaphylactoid purpura, and in the
majority of cases of chronic nephritis, the imi-
mune reaction, if it exists, must have different
characteristics with regard to complement fixation.

Quantitative assessment of 31C-/81A-globulin
would appear to have clinical value in the differ-
entiation of various types of nephritis.
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Addendum

Since the preparation of this manuscript, the 31A pro-
tein equivalence of the arbitrary units in which the im-
munoelectrophoretic-precipitin method was calibrated has
been determined. Two preparations of purified alA-glob-
ulin were made from aged serum by one of us (N. C. D.)
employing a modification of the method of Mfiller-Eber-
hard and associates (7). The first preparation, with a
,1A concentration of 54 U per ml showed, by immuno-
electrophoretic analysis with antiserums from goats
highly immunized to whole human serum, a faint, fuzzy
precipitate in the 6 region, in addition to a sharp ,1A arc.

Replicate determinations of nitrogen by the micro-Kjel-
dahl technique and of 81A concentration by the immuno-
electrophoretic-precipitin method gave results indicating
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that 1 U was equal to 51 ,tg of protein. The second
preparation, in a concentration of 18.4 U of #,A per ml,
showed no contamination with other proteins by immuno-
electrophoretic analysis. In this preparation, 1 U was

found to be equivalent to 45.7 Atg of protein. In normal
subj ects the mean 81A concentration of 33 U per ml
would thus be equivalent to 151 mg per 100 ml.

References
1. Gunn, W. C. The variation in the amount of com-

plement in the blood in some acute infectious dis-
eases and its relation to the clinical features. J.
Path. Bact. 1914-15, 19, 155.

2. Lange, K., F. Graig, J. Oberman, L. Slobody, G.
Ogur, and F. LoCasto. Changes in serum comple-
ment during the course and treatment of glomeru-
lonephritis. Arch. intern. Med. 1951, 88, 433.

3. Fischel, E. E., and D. C. Gajdusek. Serum comple-
ment in acute glomerulonephritis and other re-

nal diseases. Amer. J. Med. 1952, 12, 190.
4. Wedgwood, R. J. P., and C. A. Janeway. Serum

complement in children with "collagen diseases."
Pediatrics 1953, 11, 569.

5. Ellis, H. A., and K. N. Walton. Variations in se-

rum complement in the nephrotic syndrome and
other forms of renal disease. Immunology 1958,
1, 234.

6. Schwab, L., F. C. Moll, T. Hall, H. Brean, M. Kirk,
C. V. Z. Hawn, and C. A. Janeway. Experimental
hypersensitivity in the rabbit. Effect of inhibition
of antibody formation by x-radiation and nitrogen
mustards on the histologic and serologic sequences,

and on the behavior of serum complement, follow-
ing single large injections of foreign proteins.
J. exp. Med. 1950, 91, 505.

7. Miller-Eberhard, H. J., U. Nilsson, and T. Aronsson.
Isolation and characterization of two pi glyco-
proteins of human serum. J. exp. Med. 1960, 111,
201.

S. Muller-Eberhard, H. J., and U. Nilsson. Relation
of a 61-glycoprotein of human serum to the com-

plement system. J. exp. Med. 1960, 111, 217.
9. Mfiller-Eberhard, H. J. Chemical aspects of human

complement components in Mechanisms of Cell
and Tissue Damage Produced by Immune Re-
actions; Second International Symposium on Im-
munopathology, P. Grabar and P. Miescher, Eds.
New York, Grune & Stratton, 1961, p. 23.

10. Seligmann, M., and C. Hanau. etude immuno-elec-
trophoretique du serum de malades atteints de lu-

pus erythemateux dissemine. Rev. Hemat. (Paris)
1958, 13, 239.

11. Morse, J. H., H. J. Mfiller-Eberhard, and H. G.
Kunkel. Antinuclear factors and serum comple-
ment in systemic lupus erythematosus. Bull. N. Y.
Acad. Med. 1962, 38, 641.

12. Lachmann, P. J., H. J. Mfiller-Eberhard, H. G.
Kunkel, and F. Paronetto. The localization of in
vivo bound complement in tissue sections. J. exp.
Med. 1962, 115, 63.

13. West, C. D., V. Hinrichs, and N. H. Hinkle. Quan-
titative determination of the serum globulins
beta2A and beta2s by immunoelectrophoretic analy-
sis. J. Lab. clin. Med. 1961, 58, 137.

14. West, C. D., R. Hong, and N. H. Holland. Im-
munoglobulin levels from the newborn period to
adulthood and in immunoglobulin deficiency states.
J. clin. Invest. 1962, 41, 2054.

15. Lachmann, P. J. Complement in Clinical Aspects of
Immunology, P. H. G. Gell and R. R. A. Coombs,
Eds. Philadelphia, F. A. Davis, 1963, p. 246.

16. Lyttle, J. D., D. Seegal, E. N. Loeb, and E. L.
Jost. The serum antistreptolysin titer in acute
glomerulonephritis. J. clin. Invest. 1938, 17, 631.

17. Russell, E. P., and N. J. Smith. Hereditary hema-
turia. Amer. J. Dis. Child. 1959, 98, 353.

18. Burkholder, P. M. Complement fixation in diseased
tissues. I. Fixation of guinea pig complement in
sections of kidney from humans with membranous
glomerulonephritis and rats injected with anti-rat
kidney serum. J. exp. Med. 1961, 114, 605.

19. Lange, K., and E. J. Wenk. Complement compo-
nents in the sera and urines of patients with se-
vere proteinurias. Amer. J. med. Sci. 1954, 228,
448.

20. Asofsky, R., and G. J. Thorbecke. Sites of formation
of immune globulins and of a component of C'8.
II. Production of immunoelectrophoretically identi-
fied serum proteins by human and monkey tissues
in vitro. J. exp. Med. 1961, 114, 471.

21. Crof ton, J., and L. Truelove. Apparent acute glo-
merulonephritis without albuminuria. Report of
a case. Lancet 1948, 2, 54.

22. Soothill, J. F. Estimation of eight serum proteins
by a gel diffusion precipitin technique. J. Lab.
clin. Med. 1962, 59, 859.

23. Heiskell, C. L., R. T. Fisk, W. H. Florsheim, A.
Tachi, J. H. Goodman, and C. M. Carpenter. A
simple method for quantitation of serum beta-
lipoproteins by means of the immunocrit. Amer.
J. clin. Path. 1961, 35, 222.

1 A17


