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Recent studies have demonstrated that the fac-
tors responsible for the various serological reac-
tions currently employed for the diagnosis of rheu-
matoid arthritis represent macroglobulins which, in
the isolated state, have a corrected sedimentation
coefficient of approximately 19S (1-5). In se-
rum and plasma, these proteins exist as complexes
with low molecular weight y-globtulins and show
a higher sedimentation rate, approximately 22S
(6, 7). It has become clear that the rheumatoid
factors have a specific affinity for ordinary y-glob-
ulin showing a behavior, particularly in certain of
the serological tests, like that of anti-y-globulin
antibodies. The possibility has been raised that
the rheumatoid factor complex in serum represents
an antigen-antibody complex.

During the course of investigation of the rheu-
matoid factors and their complexes through ultra-
centrifugal analyses of sera showing high titer re-
actions in the latex fixation test and y-globulin
precipitin test, another group of y-globulin com-
plexes was encountered. These had sedimentation
rates between 9 and 17S and were dissociated in
urea and acid buffers in a manner similar to the
previously observed dissociation of the rheuma-
toid factor complexes. Again the question arises
as to whether these are antigen-antibody comlplexes
or simple aggregates of y-globulin.
Gamma globulin components in the 9 to 12S

range have been observed in many preparations of
normal Fr II y-globulin. The presumption has
been that these represent aggregates formed in the
process of chemical fractionation; they were not
found in y-globulin isolated by electrophoretic con-
vection (8). Certain myeloma proteins have been
found in which either the major component or ac-
cessory components have sedimentation rates in
this range (9, 10). This has been particularly
true of some of the more rapidly migrating mnve-
loma proteins (11). fiery little work has been
carried out on these components particularly fronm

the standpoint of association and dissociation, al-
though Pedersen (12) described a myeloma pro-
tein with an s-rate of approximately 11S at high
protein concentrations and approximately 7S at
lower concentrations. Similar abnormal proteins
have been encountered in certain ill-defined dis-
orders (13). Particularly pertinent is a recent
report of a macroglobulin studied by Rees and
Resner (14) that could be dissociated in acid.
Certain sera with similar proteins probably have
been considered to represent macroglobulins of the
Waldenstr6m type and have been reported as such
in the literature (15, 16), although the sedimenta-
tion rate of the main abnormal protein was lower
than the 18 to 20S range of the proteins described
by Waldenstr6m. Macroglobulins of the latter
class are a homogeneous group and are known to
be stable proteins which do not dissociate in urea
and acid and alkaline buffers (17). They have
specific immunological properties and dissociate in
the presence of agents breaking disulfide bonds
(18).
In the present study, sera from 11 different pa-

tients, 7 with classical rheumatoid arthritis, were
found to contain multiple y-globulin complexes.
These were readily detected in whole serum and
plasma by direct ultracentrifugal analysis. They
did not possess rheumatoid factor activity but were
associated in the same sera with large amounts of
rheumatoid factor. Investigation of the associa-
tion and dissociation reactions of these complexes
was carried out and certain of their properties de-
fined. Evidence for and against the hypothesis
that they represent antigen-antibody complexes
of the y-globlulin-anti-y-glol)bulin type was sought.

MATERIAL AND MIIETHODS

Six of the 11 patients whose sera were specifically
analyzed in this study were observed in the clinic and
outpatient department of the Rockefeller Hospital. Three
of the remainder represented patients in various New York
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Fi - ULTRACENRIT-iGA PATTERNS FROM FOUR'lERA
SHOW\ING TI-I INTEFRMEDIATEF TYPE COMPLEXES. Photo-

graph A was taken at 32 minutes and B at 80 minutes,

with all sera diluted with an equal volume of isotonic

saline. The bottom patterns are from a control serum

showing primarily the normal 19S peak.

TABLE I

Clinical diagnosis and age of the 11 patients
included in the study

Patient Diagnosis Age

Do Rheumatoid arthritis 28
So Rheumatoid arthritis 19
Cr Rheumatoid arthritis 38
Ro Rheumatoid arthritis 44
Anl Rheumatoid arthritis 41
Wa Rheumatoid arthritis 46
St Rheumatoid arthritis 58
Bs Hepatospleniomegaly, 66

slight arthritis
Fi Idiopathic hepatomegaly 55

and purpura

Co Idiopathic purpura 24
Ca Fever, purpura, lymphadenopathy; 14

unkniown etiology

hospitals whose sera were sent for ultracentrifugal analysis
either for rheumatoid factor complex or for the usual
macroglobulinemia. All of these patients were secondarily
seen by one of the authors who attempted to evaluate the
diagnosis of the local physician. One serum (Ro) came
from a patient with rheumatoid arthritis under the care of
Dr. Evan Calkins in Boston. Another, (Co) came from
Dr. Corral in Havana, Cuba; this patient was not seen by
the authors but he did not have arthritis. The clinical
diagnosis was idiopathic purpura. The criteria for in-
cluding the 11 cases in this study were that their sera
contained more than 10 per cent of the total protein in
the form of aggregates in the 9 to 17S range (called in-
termediate complexes) and that these aggregates dis-
sociated in acid buffers. Table I shows the age and
clinical diagnosis of the 11 patients.
The ultracentrifugal and electrophoretic techniques

were similar to those described previously (19). All
specifically designated s-rates were obtained by infinite
dilution extrapolation from sedimentation constants ob-
tained at 2 or more protein concentrations. In some
experiments a highly purified 19S Waldenstr6m macro-
globulin was added to serum or serum fractions to verify
the position of the 19S peak where this was obscure. The
position of the 19S components in Figure 1 was obtained
in this way. The use of standard preparations of known
s-rate for delineating proteins in complex mixtures was
illustrated in a previous study (5). Euglobulin prepara-
tions were routinely made by diluting serum with 10 vol
of de-ionized distilled water. In certain instances, men-
tioned below, dialysis against phosphate buffer, pH 6.0,
1/2 0.02, was utilized to prepare euglobulin components.
Spontaneous precipitates were determined by the saline
dilution method of Christian (7). Chromatographic ex-
periments were carried out by the procedure of Sober,
Gutter, Wyckoff and Peterson (20), utilizing a continu-
ous pH and ionic strength gradient.
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Illie serological tests wfere carried out Iprinarily as
described previously (6). The latex fixation was (leter-
mined after overnight standing in the col(l room. A 1/20
basic agglutination titer was used in the sensitized sheep
cell test. The human Rh sensitized cell test was a modi-
fication of the technique of Waller and Vaughan (21)
utilizing a single Rh antiserum for all determinations.
This was selected from a group of 30 Rh antisera for
its reactivity with different rheumatoid factors. Inhibition
reactions were studied by a modification of the proce-
dure of Grubb and Laurell (22). The method was
standardized with known inhibitor and non-inhibitor sera
kindly provided by Drs. Laurell and Grubb.

RESULTS

ii 'hole seriumn analyses. The sera of 11 differ-
ent patients were found to contain a wide assort-
ment of abnormal components visible by direct
ultracentrifugal analysis of whole serum. Figure 1
illustrates the patterns from four of these cases
along with a control serum showing slight eleva-
tion of the normal 19S component. In normal and
control sera very little material is visible between
the 19S and 7S components, and the pattern comes
close to the baseline in this area. However, in
each of the pathological sera illustrated, a continu-
ous spectrum of components extends through this
area. This is most apparent in the B frames
which were taken at a later time. In addition, the
first three sera llustrated-Bs, So and Do-
showed a more rapidly sedimenting component
which is visible only in the A frames and has
completely sedimented in the B frames. It has
a corrected s-rate between 22 and 28S in these
sera and represents in serum So and Bs the "'29S"
component previously described as characteristic
of certain rheumatoid arthritis sera (6). In se-
rum Do it had a considerably higher s-rate, ap-
proximately 28S. Serum Ca does not show such
a component as a well defined peak, although some
rapidly sedimenting material is visible.

Efforts to calculate the exact s-rates of the in-
termediate class substances were unsatisfactory
because of the extreme heterogeneity of the com-
ponents and because some differences were en-
countered at different dilutions of serum. Mlost
of the sera showed some accentuation of the gen-
eral elevation in the 10 to 12S range and also in
the 14 to 16S range, but this was not always ap-
parent, particularly in very late frames where the
marked diversity of components was most ap-
parent. Serum Ca showed somewhat more of 14

to 16S miiaterial, as shown in the B) frames of Fl('-
tire 1, sedinilenting rather mnore slowly than the
control 195. Here again, however, later frames
showed a complete spectrum of components from
7 to 19 S. The concentration of the intermediate
components showed considerable variation in the
different sera. As mentioned above, the minimal
concentration set for inclusion was 10 per cent of
the total protein. The highest concentration was
found in serum St,' where approximately 43 per
cent of the total protein was in the form of inter-
mediate complexes. Sera Ca, Fi and Do had 31,
35 and 39 per cent, respectively. The remainder
ranged from 10 to 30 per cent.
Eu globlitn and y-glolbuilin. fractions. A charac-

teristic property of the 11 sera showing the inter-
mediate components by ultracentrifugal analysis
was a positive Sia test and a considerable precipi-
tate on simple dilution with distilled water. In
several instances this finding led to the initial ul-
tracentriftugal anialyses because of the possibility
of macroglobuilinemiia of the Waldenstrom type.
Analyses of these l)recipitates following solution
in 5 per cent 'NaCl showed the characteristic in-
termeediate components noted in whole serum.
The lower portion of Figure 2 illustrates the pat-
tern of the etuglobulin fraction of serum Do at
early and later times. The major peak is a rapidly
sedinmenting component with s'20,w 29.8S, but

A B

FIG. 2. ULTRACENTRIFUGAL PATTERNS OF EUGLOBULIN
FRACTIONS FROM SERU-Mi DO AT EARLY AND LATER TIMES
CTILIZING DOUBLE CENTRIFUGE CELLS. Lower patterns
show the euglobulin in 5 per cent NaCl solution. The
upper patterns are the same euglobulin concentration in
glycine-HCl buffer at pH 3.5. There is complete disap-
pearance of the intermediate complexes in the acid buffer.

1 Dr. Lospalluto and Dr. Ziff have also observed inter-
mediate type complexes in this serum as well as in cer-
tain other rheumatoid arthritis sera (23).
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A B

FIG. 3. PATTERNS OF PURIFIED EUGLOBULIN FRACTION

FROM SERUM Do (A) IN 5 PER CENT NACL, AND (B) IN

6 M UREA. Complete dissociation of the intermediate
complexes occurred in the urea.

the 9 to 17S intermediate components are also
very prominent. Figure 3A illustrates another
euglobulin pattern from this same serum. In this
case the intermediate components were concen-

trated by differential euglobulin precipitation at
pH 8.3. The higher s-rate components (19 to
28S) tended to precipitate more rapidly at lower
pH. It became evident that both the heavy com-
ponent and the intermediate components were the
fractions causing the high euglobulin levels. Se-
rum Ca differed from the others in that the eu-
globulin precipitate did not dissolve in 5 per cent
NaCl or dissolved only slightly. In this case the
abnormal components which are present in whole
serum appeared to be very readily altered so that
they could not be redissolved in various buffers
even in the presence of added albumin. However,
in glycine-HCl buffer at pH 3.5 or in 6 M urea,

soluble prepartions were readily obtained. These
then consisted of almost pure 7S material with a

small 19S peak.
Zone electrophoretic experiments in various

supporting media indicated that both the rapidly
sedimenting component and the intermediate peaks
were y-globulins. Such analyses were carried out
on sera Do, Ca and Bs. A considerable portion
of the elevated y-globulin noted in these sera was

accounted for by the abnormal components. In
serum Do the intermediate complexes made up 70
per cent of the y-globulin. Some problems of re-

covery of these components were encountered fol-
lowing electrophoresis in these experiments, but
they were not found in electrophoretic fractions
other than the y-globulin.

Dissociation. The intermuedliate peaks descril)ed
above were readily and completely *dissocial)Ie in
the presence of 6 M urea or glycine-HCl buffer,
pH 3 to 3.5, giving rise to ultracentrifugally ho-
mogeneous components of the 7S class. The 22S
peaks and those with higher s-rates were dissoci-
ated to a mixture of 7S and 19S fractions. Typi-
cal results of this type are shown in Figures 2 and
3. The euglobulin fractions which prior to dis-
sociation consisted of many components, showed
only two peaks, 7 and 19S, after acid or urea
treatment. These conditions are known not to
dissociate the 19S macroglobulins. Acetate and
phosphate buffers in a pH range as high as 5.5
produced partial dissociation as did 4 M urea.
Table II shows the results of a typical experiment
with a euglobulin preparation from serum Bs.
The intermediate components with s-rates of 10.5,
12.6 and 15.9 disappeared completely with a tre-
mendous increase in the area of the 6.5S peak fol-
lowing dissociation in acid. Similar dissociation
results were also obtained with whole serum with
marked reduction of the intermediate components
(Figure 4). The results here were clear-cut when
large amounts of complexes were present as in the
two sera illustrated. However, when small
amounts of complexes existed, difficulties were
encountered due to interference by certain serum
proteins and production of minor components re-
sembling the complexes in normal serum with
certain of the acid buffers. Gamma globulin prep-
arations from sera Do, Bs and Fi showed com-
plete dissociation in the acid buffers. Mercapto-
ethanol, which is known to dissociate the Walden-
strom type macroglobulin (18) had little or no
effect on the intermediate peaks from etuglobulin
or y-globulin preparations.

TABLE, II

Corrected sedimentation rates and areas of euglobulin com-
ponents from serum Bs before and after dissociation in

acetate buffer

Acetate buffer p)H
NaCI, 0.2';4 4.2, P12 0.1

S°2,U % of total S°20,zr %c of total

6.6 22 6.5 82
10.5 26
12.6 11
15.9 14
18.8 1o 18.5 18
21.6 17

12()



KUNKEL, FUDENBERG, MIJLLER-EBERHARD AND TOMASI

A B

FIG. 4. PATTERNS OF THE WHOLE SERUM OF PATIENTS
ST AND FI DILUTED IN ISOTONIC SALINE (A) AND ACETATE
BUFFER, PH 4.5 (B). The arrows indicate the large in-
termediate complexes wvhich disappear in the acetate
buffer.

Following dissociation, removal of the urea or
acid by dialysis resulted in reformation of many
intermediate complexes, although the exact pat-
tern observed in the original euglobulin fraction
or serum was not quite reproduced. Figure 5 il-
lustrates the distribution of components following
dissociation in urea and again after dialysis against
barbital buffer, pH 7.8. The original euglobulin
fraction used was from serum Do and resembles
that shown in Figure 2B, although this prepara-
tion contained considerably less of the large 22S
component shown in Figure 2B. The intermedi-
ate complexes were reformed in this experiment.
but those with the s-rates above 19 were not.

In view of the complete dissociation of the in-
termediate complexes to 7S units, the possibility
arose that the components might be antigen-anti-
body complexes of the type y-globulin-anti-y-
globulin. It seemed of interest to see the effect of
adding additional y-globulin. Several of the sera

showing the largest amount of intermediate com-
ponents contained very little free y-globulin in
the serum. This was particularly true of serum
Do in which only a small 7S component was visible
in the ultracentrifugal pattern of whole serum and
the y-globulin fraction isolated by zone electro-
phoresis. The addition of Fr II y-globulin (freed
of aggregates by preparative tultracentrifugation)
showed a striking effect. The whole range of
complexes was markedly affected. The larger
components disappeared almost entirely and re-
suilted in the accumulation of a single large peak
with an s-rate of approximately 10S. Each of
the three sera shown in Figure 1 demonstrated a
similar result both for the whole serum and for the
euglobtlin fraction. Figure 6 illustrates this ef-
fect for serum Ca. An amount of albumin equal
to the y-globulin was added as a control and no
change was noted. The complexes in the pres-
ence of y-globulin showed a marked shift to smaller
complexes. Preparations of euglobulin Do, simi-
lar to that shown in Figure 2, illustrated this ef-
fect of added y-globulin very dramatically.
As was mentioned above, certain of these sera

contained complexes with an s-rate which was
higher than the previously determined 22S for the
usual rheumatoid factor complex. These ranged
from 28 to 31S. This was particularly true of se-
rum Do which showed extremely high titers in
the rheumatoid factor tests. No 22S component,
as is usually seen in such patients, was observed,
and the accumulated evidence indicated that the
rheumatoid factor in this serum was in the 28S
component (Figure 1). This component disap-

AI....,...*G....Si ,.,I s: .;$
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FIG. 5. REFORMIATION OF INTER-MEDIATE COMPLEXES
FRO-M A DISSOCIATED EUGLOBULIN FRACTION. A, euglobu-
lin in urea; B, euglobulin in urea followed by dialysis
against barbital buffer.
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peared after precipitation with aggregated y-globu-
lin. Euglobulin fractions on the other hand
showed a large 22S component. This is visible
in the lower portion of Figure 2, sedimenting
slightly faster than the 19S component visible in
the upper frames after dissociation in acid buffer.
At least five examinations of whole serum Do at
different dilutions always showed the rapidly
sedimenting peak with an s-rate higher than the
usual 21 to 23S for the rheumatoid factor. How-
ever, on the addition of 7S y-globulin to the whole
serum, as described in the preceding paragraph,
this rapidly sedimenting peak showed a shift in
s-rate to close to 22S with a definite loss of area.
It appeared that in the presence of low 7S y-globu-
lin levels in this serum, the rheumatoid factor com1-
plexed with intermediate type aggregates of y-glob-
ulin giving the higher s-rates. When excess 7S
-y-globulin was added, these aggregates were re-
placed by the usual 7S moieties and the rheuma-
toid factor complex assumed its usual s-rate.
Just why the euglobulin fraction did not show the
28S component was not entirely clear; relatively
more 7S y-globulin appeared to be present than in
whole serum, which may have arisen from dissoci-
ation of some of the complexes, and this may have
caused a shift to the lower s-rate. The 28S com-
plex was present, however, in the y-globulin iso-
lated by zone electrophoresis.
Serum St, which had the greatest amount of

intermediate complexes, also showed a large,
rapidly sedimenting peak. In this case the s-rate
was calculated as 520,w= 31S. This peak also
showed a marked shift in the presence of excess

=1...t.....:.: ' X [~~~~~~~~~~~~~~~~~~~~~~~~~~~..'..I.'.''';.....

A B

FIG. 6. THE EFFECT OF ADDITION OF ISOLATED 7S
ly-GLOBULIN ON THE DISTRIBUTION OF THE INTERMEDIATE

COMPLEXES. Lower patterns with albumin added show no
effects; upper patterns, with -y-globulin added, show a
shift to smaller complexes.
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FIG. 7. DISTRIBUTION OF COMPONENTS OBTAINED BY
DEAE COLUMN CHROMATOGRAPHY OF THE EUGLOBULIN
FRACTION OF SERUM Do. The signs under the peaks desig-
nate rheumatoid factor activity in the sensitized Rho test.
The intermediate complexes were found in the peak of
tubes 11 to 20 and were devoid of activity. The 19S class
fractions appeared beyond tube 70 and showed the activity.

7S y-globulin with conversion to the usual 22S
class.
Complex formation with addition of y-globulin.

One serum (Fi) demonstrated a marked increase
in intermediate complexes when y-globulin was
added, an effect that was not observed with the
other sera where simply a shift to smaller com-
plexes occurred. Here there was evidence that
free material was present in the serum which was
capable of reacting with added y-globulin. The ad-
dition of 7S y-globulin to this serum actually
produced a fall in the 7S peak of the serum with
a marked increase in material sedimenting at ap-
proximately lOS.

Studies with purified complexes. Purified
preparations of intermediate complexes, such as
those illustrated in Figure 3A which had been pre-
pared by differential euglobulin precipitation, still
contained substantial amounts of 7S and 19S
y-globulin. Further purification was achieved by
zone ultracentrifugation in a sucrose density gradi-
ent. Approximately 25 fractions were taken from
the bottom of the tube by means of a fraction col-
lector. Protein analyses on these fractions showed
three major peaks corresponding to those shown in
Figure 3A. The middle peak, when examined in
the analytical ultracentrifuge, showed 70 per cent
9 to 14S material and 30 per cent 7S. Further
efforts at greater purification of this fraction, by
both differential precipitation and density gradient
centrifugation, resulted in increasing quantities of
7S y-globulin and small complexes in the 9 to
10S range. It became apparent that the complexes
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continually dissociated with purification and that
they were extremely difficult if not impossible to
isolate completely. This behavior was very simi-
lar to that previously noted for the 22S rheuma-
toid factor complex; with purification, dissociation
occurred and 19S rheumatoid factor resulted.

Considerable purification was also achieved on
diethylaminoethyl (DEAE) cellulose columns and
the complexes caused the appearance of a large
peak not ordinarily observed in the separation of
serum. The pattern obtained for the euglobulin
from Do is illustrated in Figure 7. The complexes
were found in the peak of tubes 11 to 20. How-
ever, as in the case of the purified fractions iso-
lated above, considerable 7S material was ob-
served by ultracentrifugal analysis of pooled ma-
terial from these fractions.

Both in the crude and in the purified state the
complexes dissociated in acid buffers to units
which were indistinguishable from ordinary 7S
y-globulin. Mixing experiments with added 7S
gave single peaks. Immunological analyses were
also attempted with the middle fraction isolated
from the density gradient tube as described above.
Both by Ouchterlony plate analysis and immuno-
electrophoresis, no antigen other than ordinary
7S y-globulin was detected. In these studies a
number of antisera was employed, made against
whole serum, Fr II and whole electrophoretic
y-globulin. Antisera were not made against the
complexes. Efforts to detect materials with P2A
or /2M specificity in the complexes were unsuc-
cessful.
One purified preparation was obtained from

serum Fi by zone electrophoresis of a euglobulin
fraction. This consisted of 81 per cent 10S ma-
terial and the remainder mainly of 7S. This prep-
aration contained no visible 19S peak. Carbohy-
drate assays were performed following a second
electrophoresis in polyvinyl chloride medium as
described previously (24). Each fraction con-
tained approximately 1.5 per cent hexose sugars.
There was no evidence of a carbohydrate-rich
material in the complexes, and the values were very
similar to those obtained for ordinary 7S y-globu-
lin (24).

Incidence and distribution of complexes. It is
difficult from this study to determine the exact in-
cidence of the intermediate type complexes either
in rheumatoid arthritis or in other disease condi-

tions. The 11 cases described above were selected
because of extremely large amounts of the inter-
mediate complexes at a time when wide varieties
of sera were examined in the ultracentrifuge.
These were from patients with elevated y-globu-
lin levels and particularly from those showing high
euglobulin fractions and positive Sia tests. Pa-
tients with liver disease, macroglobulinemia, mye-
loma, leukemia, parasitic disease, sarcoid, and
others, were studied. Also, a large number of
high titer rheumatoid arthritis sera was examined.
Eight of the 11 cases came from the latter group.
Seven were typical severe rheumatoid arthritis
patients with two showing a positive lupus ery-
thematosus test along with severe arthritis. The
eighth case, Bs, although showing some rheuma-
toid arthritic changes, was atypical and repre-
sented somewhat of a diagnostic problem because
of liver enlargement. All eight of these sera were
characterized by extremely high titers in the vari-
ous tests for rheumatoid factor. Of the remain-
ing three sera, one (serum Ca) was from a 14
year old girl who had no evidence of arthritis and
suffered from intermittent low-grade fever, pur-
pura and general glandular enlargement of un-
known etiology. Lymph node biopsy was read by
one pathologist as lymphoblastoma, by another as
nonspecific lymphadenitis. The illness was present
without progression for four years. This serum

Pr

Mm

Do

A B
FIG. 8. ULTRACENTRIFUGAL PATTERNS OF TWO ADDI-

TIONAL RHEUMATOID ARTHRITIS SERA, SHOWING SMALLER
AMOUNTS OF INTERMEDIATE COMPLEXES. Serum Do is il-
lustrated again for comparison. The arrows in the later
(B) frames show material of approximately lOS in each
case.
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patients showing

Latex Sensitized Tanned
Patient fixation sheep cell cell

Do 640,000 80,000
So 160,000 20,000
Cr 20,000
Ro 10,000 1,280
An 5,000 5,000
WXa 2,560
St 800,000 200,000
Bs 20,000 640 10,000
Fi 20,000 16
Co 2,560 128
Ca 10,000 2,560 10,000

differed somewhat from the others in a number
of respects. First, the titers in the various sero-

logical tests were not as high as for most of the
other cases. Second, a marked precipitate formed
on simple dilution of the serum with saline even

at room temperature. This interfered with the
precipitin reaction with aggregated y-globulin
and perhaps with the other serological tests.
Analysis of the precipitate produced with aggre-

gated y-globulin after solution in acid buffers
showed primarily 7S y-globuilin and not the usual
predominance of the 19S fraction. Third, the in-
solubility of the euglobulin fraction in salt solu-
tions, mentioned above, stood in marked contrast
to the euglobulin of the other sera studied. The
second nonrheumatoid serum was from a young

woman with very severe purpura which was diag-
nosed as hyperglobulinemic purpura. She has
been extensively studied by Dr. Corral of Havana,
Cuba, and her case will be published in detail
separately. The third patient of this group with-
out arthritis (Fi) showed relatively few clinical
symptoms. Enlargement of the liver and spleen
led to hospitalization and the finding of the pro-

tein abnormalities. This patient also had one epi-
sode of generalized purpura.
A high incidence of intermediate type complexes

in rheumatoid arthritis, relative to other condi-
tions, appears likely from the distribution of the
cases described above. In addition to the seven

or possibly eight cases described, a considerably
larger group of rheumatoid arthritis sera appeared
to show intermediate complexes in smaller
amounts. Figure 8 illustrates the patterns from
two of these cases-both patients with severe rheu-
matoid arthritis and uniquely high titers in the

serological reactions. For comparative purposes
the pattern of serum Do is shown again. The
early frames (A) show 22S components for Pr
and Mm, giving an extremely high peak in Pr
which sediments just ahead of the 19S peak. In
Mm a third peak is visible, sedimenting slightly
more slowly than the 19S component, with a calcu-
lated S020,, of 16S. The later frames (B) show
the delineated 7S component in all three sera in
the mid-portion of each frame. In Pr and Mm a
clear peak is visible sedimenting ahead of the 7S
which has an s-rate of approximately 10S in each
case. These peaks resemble those in serum Do
and the others described earlier when excess 7S
y-globulin is added to the serum. They are defi-
nitely abnormal components and normal serum
has little or no material sedimenting in this posi-
tion. Most other high titer rheumatoid arthritis
sera showed similar components and the predomi-
nant abnormal component was usually in the 9 to
11S range. These sera have not been included
in the present series because of less certainty re-
garding these components. They were more diffi-
cult to study because of their low concentration,
and it was not always clear that they dissociated
to 7S units. However, it appears likely that they
represent smaller amounts of complexes similar to
those in the 11 sera described above.

Activity of comiplexes. Table III shows the titer
of the eight sera in various serological tests for
rheumatoid factor. Table IV demonstrates the
titer of three of the sera in the Rh sensitized cell
test. In addition, the inhibition titer of these sera
in the Gm inhibitor system is indicated (22).
The anti-Rho system used in this experiment gives

TABLE IV

Inhibition titers in the Grubb system of three of the sera from
patients showing y-globulin complexes

Agglutination Inhibition
Patient titer* titert

Bs 1/160 1/3,096
Do 1/1,600 1/2,048
St 1/4,096
Ca 1/40 1/2,048
Inh (H.F.) 0 1/64
Non-Inh (H.H.) 0 1/1

* The Rh serum used for these titers was separate from
that used for inhibition titers.

t All serum inhibition titers measured with standard
rheumatoid serum no. 19N (1/20 dilution) for Gm-group-
ing.

TABLE III

Results of rheumatoid factor tests in the 11
intermediate complexes
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a good distinction between the hereditary y-globu-
lin groups of Grubb and Laurell (22) without show-
ing strong agglutination with most rheumatoid sera.
It is clear that the sera under study showed very
great inhibitor activity compared with a normal
serum belonging in the Gm(a+) or inhibitor
group. Such inhibitor titers were not encountered
with other pathological sera with the exception of
certain miyeloma sera, and the evidence suggests
that the complexes were responsible for the in-
hibition.

Considerable efforts were directed toward find-
ing additional biological activity for the intermedi-
ate components. The accumulated-evidence indi-
cated that they did not show typical activity as
rheumatoid factors in the various serological tests.
Density gradient analysis of these sera by methods
described previously (25), showed the major ac-
tivity in the bottom fractions containing 19S or
greater classes of proteins. The intermediate
fractions which were demonstrated to contain the
complexes were devoid of activity. This was also
the case with the complexes isolated by chroma-
tography (Figure 7). There was no activity in
the peak containing the complexes, and all the ac-
tivity was in the later fractions containing the
19S class proteins. Most of the isolated complexes
also failed to react in the precipitin test with y-glob-
ulin aggregates and soluble antigen-antibody com-
plexes. However, the complexes from sera Ca
and St, which were relatively insoluble, showed
intensified precipitation in the presence of aggre-
gated y-globulin, although they failed to give posi-
tive reactions in the serological tests. Evidence
was also obtained with several sera that the com-
plexes intensified the precipitation reaction with
aggregates and caused larger amounts of 7S
y-globulin to appear in acid-dissolved precipitates
(1). The question of whether this indicated ac-
tual participation in the reaction, or simply co-
precipitation as a result of their general insolu-
bility, was not entirely clear.
Some evidence was obtained that these com-

plexes played a primary role in spontaneous pre-
cipitation from serum (7). Certainly, serum Ca
gave an insoluble precipitate on standing, and on
dilution with isotonic saline a large amount of
precipitate formed. Here the rheumatoid factor
did not appear to be directly involved, and the
precipitate was almost entirely composed of the

intermediate aggregates. Sera Bs and St also
showed considerable spontaneous precipitate.
However, Do which had both large amounts of
intermediate complexes as well as extreme titers
in the rheumatoid factor tests, showed almost no
precipitate in whole serum standing in the cold
room and only a small amount on 1/10 dilution
with isotonic saline and standing in the cold room.
The remaining sera were not specifically checked
from this point of view.

DISCUSSION

The ready dissociation of the intermediate type
components described above indicates clearly that
they represent complexes. The dissociated unit
showed a homogeneous peak in the ultracentrifuge
with an s-rate of approximately 7S. Certainly,
they were in part ordinary 7S y-globulins as
shown by the immunological reaction with anti-
serum to normal y-globulin. No evidence for ad-
ditional constituents was obtained and the accu-
mulated evidence suggested that the complexes
were composed entirely of 7S y-globulin units.
The fact that normal 7S y-globulin, when added
to these complexes, had a profound effect on their
distribution was of special interest. The larger
complexes disappeared and primarily one type
with an s-rate of approximately lOS remained.
These results suggested that one constituent of the
complexes was ordinary y-globulin which could be
influenced and replaced by y-globulin from other
sera. The major question which is raised is
whether or not the remainder of the complex is
antibody to y-globulin. Certainly, the effect of ex-
traneous y-globulin suggests the action of excess
antigen on antigen-antibody complexes causing
the formation of limiting complexes. In the case
of bivalent antibodies, these would be composed
of three units of y-globulin. However, the broad-
ness of the peaks and the spread of the added 7S
y-globulin made it difficult to decide between limit-
ing complexes composed of two or three units of
y-globulin.

Recent evidence has indicated a marked affinity
of the rheumatoid factors for the y-globulin of
specific individuals (26). The specificity of this
reaction offers strong support for the concept that
these proteins represent high molecular weight
antibodies to y-globulin. Attempts were made in
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the present study to demonstrate a similar speci-
ficity of the active portion of the intermediate com-
plexes. Largely for technical reasons this was not
accomplished, although further work in this direc-
tion is continuing. Some of the effects of added
y-globulin on the complexes could be better ex-
plained on the basis of greater reactivity with cer-
tain types of y-globulin than simply on the basis
of excess y-globulin effects. If the active portion
of the complexes is antibody to -y-globulin, as is
certainly suggested, it must be of a nonprecipitat-
ing type in most of the sera studied.
The one serum which showed formation of ad-

ditional complexes when y-globulin was added was
of special interest in this connection. Here in-
sufficient y-globulin appeared to be present to com-
bine with the active fraction, and further y-globu-
lin was required to form the maximal number of
complexes. The marked affinity of this patient's
y-globulin for extraneous y-globulin was clearly
evident.
The failure to find complexes of this type larger

than 17S in any of the sera suggested a definite
limitation on the polymerization and along with
their nonprecipitating character raises the possi-
bility of a univalent type of antibody.
The association between the presence of inter-

mediate complexes and rheumatoid factor in the
11 sera described was striking. However, it cer-
tainly was not an absolute or direct relationship.
All the rheumatoid arthritis sera showing large
amounts of the complexes had high titers in the
rheumatoid factor tests. On the other hand, a
number of other sera with extremely high titers
by these serological reactions did not show such
large amounts of complexes. Evidence was ob-
tained that many of these did show smaller amounts
of similar components but their complete identity
with the others was difficult to establish. The as-
sociation, at least in a number of sera, suggests
that the active portion of these complexes repre-
sents the 7S counterpart of the 19S group of
rheumatoid factors. It is well known in such in-
stances as the typhoid agglutinins and isoagglu-
tinins that 19S antibodies are usually not the sole
type but occur along with ordinary 7S antibodies
(25). If the 19S rheumatoid factors are indeed
antibodies one would expect to find similar 7S
types. These would give rise to complexes with
ordinary y-globulin just as the rheumatoid factors

give rise to the 22S complex. Several of these
sera showed the latter complex along with the in-
termediate type complexes. It is of special in-
terest that several of the sera showed a large peak
with an unusually high s-rate (28 to 31S). Evi-
dence was obtained that this represented rheuma-
toid factor complexed with intermediate com-
plexes. This component disappeared on the addi-
tion of excess ordinary low molecular weight
y-globulin and then became the more usual 22S
fraction. It was apparent that a wide assortment
of complexes occurred in these sera, so much so
that in some instances little or no y-globulin re-
mained in the uncombined state. The fact that
the complexes did not show typical rheumatoid
factor activity is not conclusive evidence against
their being the 7S counterparts of the 19S rheu-
matoid factors. It is well known that high molecu-
lar weight antibodies are particularly good agglu-
tinators and the 7S antibodies often fail in this
respect, as in the case of the Rh antibodies. Fur-
thermore, the combination with other 7S units
might block the participation in the agglutination
reactions more than in the case of the 19S rheuma-
toid factors.
No clear results were obtained which suggested

a direct harmful biological role for these com-
plexes. It seems possible and indeed almost prob-
able that under certain conditions they would pre-
cipitate. This would seem to be particularly likely
in the presence of low y-globulin levels which
would tend to favor larger complexes. In most
situations excess y-globulin would keep the com-
plexes small and adequately soluble. It seems
somewhat surprising that the intermediate com-
plexes did not precipitate with rheumatoid factor,
but this is in line with previous evidence that pre-
cipitation occurred only when very large soluble
complexes or aggregates were added (26). Per-
haps some such precipitation does occur in vivo.
The problem appears related to that of the spon-
taneous precipitates described by others as occur-
ring in certain rheumniatoid arthritis sera. A final
conclusion on this point was not obtained, because
certain of the sera with large amounts of complexes
did not show significant spontaneous precipitation
even after dilution with saline. The complexes
also appeared different from the components noted
by Christian (7) in certain spontaneous precipi-
tates dissolved in acid. Such conditions would

126



KUNKEL, FUDENBERG, MULLER-EBERHARD AND TOMASI

dissociate the complexes described in this study to
ordinary 7S units. Another possible biological
activity found for the intermediate type complexes
was an inhibition effect in certain of the rheuma-
toid factor agglutination reactions. This was ob-
served in the Grubb and Laurell Gm(a) system
employing sensitized Rho positive human red cells.

Consideration certainly should be given to the
possibility that the complexes represent simple ag-
gregates of y-globulin of the type observed in cer-
tain Fr II preparations. Mlost observers feel that
these result from the isolation procedures, but the
possibility remains that they represent in part com-
plexes existing in small amounts in normal serum
that are concentrated by the isolation procedures.
Some y-globulin preparations isolated from nor-
mal serum by zone electrophoresis and normal
euglobulin fractions show similar components that
appear to be present in the original serum. It seems
probable that some of the latter are more closely re-
lated to the C'3 complex recently described (27)
which is also a euglobulin. Another possibility is
that a -y-globulin is produced, in the group of pa-
tients described, which has a specific property of
polymerizing with other y-globulin molecules.
The /32A-protein, which is related to ordinary
y-globulin immunologically, has been found to
have unusual complexing tendencies, and Here-
mans has recently described a 182A-albumin com-
plex (28). However, the low carbohydrate con-
tent of the complexes and the failure to find sig-
nificant 82A specificity immunologically, make this
possibility unlikely.

It appears highly probable that cases similar to
the present group have been noted in the past and
classified as Waldenstr6m's macroglobulinemia.
The distinction is not readily made unless dis-
sociation experiments are carried out. Both types
show positive Sia tests. Serum Fi, illustrated in
Figure 4, showed a pattern closely resembling
that seen in Waldenstr6m's macroglobulinemia
with a huge, relatively sharp peak with an s-rate
of approximately 15S. Close inspection of this
pattern, however, reveals minor differences even
without resorting to dissociation analysis. The
main peak has a slight shoulder of lower s-rate.
This has never been encountered in the true macro-
globulinemias. Also the higher polymers, which
are so characteristic of the latter syndrome (17),
are missing. The interesting case reported by

Conrad, Ramos, Howie and Crosby (29), which
was proven by Rees and Resner (14) to have
acid-dissociable components in the serum, is called
Waldenstr6m's macroglobulinemia. This case
was undoubtedly similar to those in the present se-
ries, although rheumatoid factor tests were not
described. To prevent confusion and since the
proteins involved are quite different, it seems
better to avoid the term macroglobulinemia in re-
ferring to these cases.

Unfortunately, no sensitive method comparable
with the serological tests for rheumatoid factors
is available to measure the intermediate complexes
or their active constituents. It seems probable
that if such a procedure were devised a consider-
ably higher incidence in rheumatoid arthritis
would be found. Previous experience with the
rheumatoid factors has demonstrated the insen-
sitivity of the ultracentrifuge and only the ex-
tremely high titer sera showed the 22S rheuma-
toid factor complex. It is impossible to answer
conclusively the question of relationship to clini-
cal manifestations of disease. Certainly, most of
the cases showing large amounts of intermediate
complexes suffered from severe and long-standing
joint disease; but three of the cases showed no
arthritis at all. Some of the patients showed
idiopathic purpura that might be related to the
protein changes but again others in the group
failed to show this. Further observations with
more sensitive techniques are required to clarify
many of these points. However, irrespective of
their outcome, it appears abundantly clear that
these complexes represent another unusual pro-
tein alteration found in the sera of certain patients
with rheumatoid arthritis.

SUMMARY

The sera of 11 patients, 7 with advanced rheu-
matoid arthritis, 1 with questionable rheumatoid
arthritis, and 3 with obscure disorders, showed
large amounts of unusual y-globulin complexes
with sedimentation rates ranging from 9 to 17S.
These were observed by direct ultracentrifugal
analyses of whole serum as well as y-globulin and
euglobulin fractions. In some sera they made up
most of the y-globulin fractions.
The complexes were readily dissociated to 7S

units in acid buffers and in 4 to 6 M urea. Addi-
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tion of normal 7S y-globulin to the sera and eu-
globulin fractions produced marked effects on the
complexes. A pronounced shift to lower s-rate

components was observed with disappearance of
the larger 12 to 17S moieties.
The complexes were devoid of rheumatoid fac-

tor activity but were present in sera showing high
titers in the serological reactions for rheumatoid
factor. This relationship, however, was not a di-
rect one. The complexes (lemonstrated strong in-
hibiting activity in certain of these reactions and
were found to complex with rheumatoid factors,
giving rise to components with s-rates as high
as 28 to 31S. Some evidence was obtained for a

relationship to "spontaneous precipitates."
The difficulties involved in distinguishing cer-

tain of these sera from those of Waldenstrom's
macroglobulinemia and the importance of acid dis-
sociation experiments are discussed.
The possibility is raised that these complexes

might represent antigen-antibody complexes of
the y-globulin-anti-y-globulin type. Evidence is
presented suggesting that they are the 7S counter-
parts of the 19S rheumatoid factors combined with
ordinary y-globulin. Further observations with
a more sensitive method of detection are required
to determine the exact incidence and distribution
of these complexes in rheumatoid arthritis and
other diseases.
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