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Considerable evidence has been accumulated
which indicates that a large proportion of the sera
from patients with rheumatoid arthritis contains a
factor which has the property of agglutinating
particulate bodies such as red blood cells or latex
particles when they are coated with -y-globulin or
antibodies. Some of these reactions have been em-
ployed as diagnostic procedures and the factor or
group of factors involved has been termed the
"rheumatoid factor." A number of observations
(1, 2) have demonstrated that the rheumatoid
factor is a y-globulin with the solubility properties
of a euglobulin. More recently, ultracentrifuge
experiments (3, 4) have indicated that the rheu-
matoid factor is a high molecular weight -y-globu-
lin that exists in serum and plasma in the form of a
complex. This complex can be visualized directly
by means of the analytical ultracentrifuge in whole
serum and in -y-globulin and euglobulin fractions
and has a corrected sedimentation rate (s rate) of
approximately 22S. Previous studies (4, 5) on
the dissociation of the 22S complex by means of
acid and urea have demonstrated that it is com-
posed of two major constituents, one a 7S com-
ponent and'the other 19S. The latter was found
to be highly active by the serological reactions for
rheumatoid factor. The rheumatoid factor thus
appeared to belong to the 19S class of y-globulins
which is known to include certain antibodies as
well as the Waldenstrom type macroglobulins
(6, 7).

Considerable purification of the rheumatoid fac-
tor has been achieved by cellulose ion exchange
chromatography (8, 9), by elution from pneumo-
coccus-antipneumococcus complexes (10), by elu-
tion from sensitized sheep cells (11), by ultra-
filtration with membranes of graded porosity (12),
and by preparative ultracentrifugation (4, 13), but
isolation in sufficient amounts to determine the
complete physical and chemical properties of the
rheumatoid factor has not been reported. The ob-
servations that rheumatoid factor precipitated di-

rectly with y-globulin (14) which had been ag-
gregated by the procedures of isolation or heating
at 630C. for 10 minutes (3, 13) offered a method
of ready concentration from large volumes of se-
rum. Furthermore the direct visualization of rheu-
matoid factor in the ultracentrifuge offered a means
of observing purification particularly from certain
unique sera where it represented a substantial
portion of the total y-globulin.

In the present study rheumatoid factor has been
obtained in a high state of purity by several dif-
ferent procedures. Investigations utilizing these
preparations have demonstrated that rheumatoid
factor is a 19S -y-globulin with chemical and im-
munological properties similar to those of the
normal 19S class of y-globulins.

MATERIALS AND METHODS

Sera from 4 patients with rheumatoid arthritis were em-

ployed in the isolation experiments. These were screened
from approximately 100 patients with the disease and
upon analytical ultracentrifugal examination contained
large amounts of 22S complex as well as showing very
high titers in the latex fixation and sensitized sheep cell
agglutination reactions. Serum P. R. was unique in the
group since it contained at least four times as much
rheumatoid factor as the others and showed approxi-
mately 1,000 mg. per cent of high molecular weight
complex. Serum E. P., R. P. and M. S. contained from
50 to 150 mg. per cent of 22S complex which could be
visualized by direct ultracentrifugation of whole serum,
euglobulin or y-globulin fractions.

Euglobulin preparations were prepared from these sera

by dilution with 12 volumes of deionized distilled water.
After washing with distilled water the precipitates were

dissolved in 5 per cent NaCI. Aggregated y-globulin
was prepared by heating the 'y-globulin (Lederle Frac-
tion II, 10 mg. per ml.) to 630 C. for 10 minutes.
Gamma-globulin-rheumatoid factor precipitates were pre-
pared by adding this altered -y-globulin to rheumatoid se-

rum diluted eight times with isotonic saline. The precipi-
tates were washed once with a large volume of saline and
then dissolved in glycine-HCI buffer at pH 3 or in 4 to 6
Murea. The minimum volume was utilized which would
completely dissolve the precipitates. In certain of the
experiments some of the aggregates of a-globulin were
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CHARACTERIZATION OF THE "RHEUMATOID FACTOR''

precipitated by the addition of NaCl to the acid dissolved
precipitates. Two-tenths ml. of 14 per cent NaCi was
added to each 1 ml. of acid dissolved precipitate and the
resulting precipitate discarded.

The euglobulin solution or dissolved y-globulin-rheu-
matoid factor precipitates were layered over a sucrose or
NaCl density gradient and separated in the ultracen-
trifuge utilizing a swinging bucket rotor. The details
of this method have been published previously (13).
Five-tenths to 1.5 ml. protein solution was layered over 4
ml. of sucrose or NaCI. A time of centrifugation was
utilized which permitted the 19S class proteins to sedi-
ment to the lower third of the tube and leaving the 7S
class proteins in the upper third. The y-globulin ag-
gregates packed as a pellet at the bottom of the tube.
The NaCl density gradient was not as efficient as the
sucrose but it proved preferable for obtaining rheuma-
toid factor preparations for carbohydrate analyses as
well as for other analytical experiments; this was be-
cause of the difficulty of completely removing sucrose by
dialysis and the deleterious effect of prolonged dialysis
on the isolated preparations. In most experiments iodo-
acetate or parachloromercuribenzoate were added to the
rheumatoid factor preparation during purification to pre-

vent reduction of the disulfide groups in the protein.
Final preparations were concentrated by ultrafiltration.

Solid y-globulin for adsorption of the rheumatoid factor
was obtained by heating Fraction II y-globulin (Lederle)
at a concentration of 40 mg. per ml. to 750 C. The re-

sulting precipitate was washed three times with saline and
the final packed precipitate suspended in a finely divided
state in two volumes of saline. This material was added
to rheumatoid serum. In one experiment 2 ml. of the
solid suspension was added to 5 ml. rheumatoid serum
and allowed to stand overnight. The precipitate was

spun off and added to a second 5 ml. of serum. This
was carried out with 25 ml. serum before evidence was

obtained by precipitin analysis that no more activity was

adsorbed by the solid -y-globulin. The precipitate was

then washed three times with saline and the rheumatoid
factor eluted with glycine-HCl buffer. Following con-

centration the eluate was layered over the NaCl density
gradient and the 19S rheumatoid factor separated in the
ul tracentrifuge.

Analytical ultracentrifugation was carried out in a

Spinco Model E machine utilizing procedures described
previously (3). Free solution electrophoresis was done
by the method of Longsworth employing a micro cell.
Zone electrophoresis experiments were made in a starch
supporting medium after first demonstrating that the
rheumatoid factor was not adsorbed to the medium in
water flow experiments. All electrophoresis experi-
ments were made at pH 8.6, ionic strength 0.1, in barbi-
tal buffer.

Carbohydrate assays were carried out by the same

procedures previously utilized for analyses of normal 7S
and 19S y-globulin (15). Serological determinations of
rheumatoid factor were made by standard procedures
(3). Precipitin tests were carried out in capillary tubes

and the interphase precipitate between rheumatoid factor
and y-globulin which was heated at 630 for 10 minutes,
visualized. Precipitin curves in studies on the anti-
genicity of the rheumatoid factor were carried out by
procedures described previously utilizing the modified Folin
method for analysis of specific precipitates. Five-tenths
mnl. of antiserum was used and the nitrogen values in Fig-
ure 9 were obtained with this volume of serum. Double-
diffusion-in-agar analyses were completely comparable to
those used in studies on normal 19S 'y-globulin (16).
Five different types of antisera were employed and ma-
terial from more than one rabbit was available in each
case. Complement was inactivated by heating at 56° C.
for 30 minutes. Antiserum 145 was prepared against
normal 19S oy-globulin. The antigen contained approxi-
mately 85 per cent 19S protein and 10 per cent 7S
-y-globulin. The antibodies were primarily against the
19S constituent. Antiserum 137 was prepared against
Fraction II -y-globulin which was demonstrated to be
free of 19S material, and the antiserum contained no

demonstrable antibodies specific for the 19S constituent.
Antiserum 154 was prepared against electrophoretically
isolated -y-globulin from a patient with rheumatoid
arthritis. The antigen in this case contained approxi-
mately 60 per cent 7S, 15 per cent 19S, and 25 per cent
22S material. This antiserum reacted strongly with iso-
lated rheumatoid factor even after complete absorption
with 7S y-globulin. Antiserum 169 was prepared against
isolated macroglobulin S prepared from the serum of a

patient with Waldenstrom's macroglobulinemia. Anti-
serum 200 was prepared from macroglobulin L of a

different case of Waldenstrom's macroglobulinemia.
Each of these antisera was used both unabsorbed and
absorbed with 7S -y-globulin. The latter was obtained
from a Lederle Fraction II preparation and contained no

19S material on analytical ultracentrifugation. The ab-
sorption was usually carried out by three separate ad-
ditions of 7S material starting with equivalence amounts
until no further precipitation was evident. The Walden-
strom macroglobulins were prepared by combined eu-

globulin precipitation and electrophoresis. They con-

sisted of > 95 per cent high molecular weight protein.

RESULTS

I. Isolation from euglobulin and y-globulin frac-
tions

Experiments published previously indicated that
the activity in the various rheumatoid tests was as-

sociated with a rapidly sedimenting component
that could be directly visualized in the ultracentri-
fuge in certain high titer sera. Figure 1 shows
the analytical ultracentrifuge pattern of whole Se-
rum P. R. along with the y-globulin and euglobu-
lin fractions. Determination of the sedimentation
rate demonstrated that the rapidly sedimenting
peak in each case had an s rate of approximately
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FIG. 1. ULTRACENTRIFUGEPATTERNS OF WHOLESE-
RUM P. R. (a) AND yV-GLOBULIN (b) AND EUGLOBULIN
(c) FRACTIONS

The sedimentation is from left to right. The. most
rapidly sedimenting peak represents the rheumatoid fac-
tor complex. The upper pattern in (a) shows the serum
after addition of 19S macroglobulin.

22. The normal 19S component is barely visible
in the whole serum pattern and not at all in the
euglobulin and -y-globulin fractions. The upper
portion of Figure la is a duplicate of the lower

X~~ [j1

pattern except that 19S material from a case of
Waldenstrom's macroglobulinemia was added.
Similar addition experiments with 19S macro-
globulins also showed the higher s rate of the ab-
normal component in the y-globulin and euglobu-
lin fractions. The euglobulin fraction of this un-
usual serum already represented considerable
purification of the rheumatoid factor and the ac-
tivity per mg. of nitrogen was considerably in-
creased. The recovery was approximately 80 per
cent. In the other rheumatoid sera, the euglobu-
lin fraction showed considerably larger amounts of
contaminating protein and the normal 19S com-
ponent could be seen as a major peak.

Further purification was achieved by density
gradient centrifugation. The euglobulin fraction
from Patient P. R. was dissolved in glycine-HCl
buffer at pH 4.0 in order to dissociate the 22S
complex. It then was layered immediately over
a sucrose density gradient. Ultracentrifugation
for 16 hours at 110,000 X G permitted the isola-
tion of high molecular weight material at the' bot-
tom of the tube free from'7S components which
remained in the upper third of the tube. Figure
2b shows an ultracentrifuge pattern of the active

FIG. 2. ULTRACENTRIFUGEPATTERNSOF ISOLATED RHEUMATOIDFACTOR
PREPARATIONS

The upper patterns (a) are of Preparation II at 12, 20 and 26 minutes at

52,000 rpm. The lower patterns (b) of Preparation I and (c) of Prepara-
tion VII are at 28 and 20 minutes, respectively.
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material isolated from the lower part of the den-
sity gradient tube. It shows a single major peak
with an s rate of 18.7S. Figure 3 shows the
electrophoretic pattern obtained for this prepara-
tion by zone electrophoresis in a starch supporting
medium. The pattern of the original serum is also
shown. The results of activity analyses are in-
dicated and show the marked purification achieved
in terms of activity per mg. of protein. The mo-
bility of the activity is similar in the isolated prepa-
ration to that in the whole serum with possibly a
slight shift to the faster migrating portion of the
y-globulin. Although this preparation appeared
quite homogeneous by zone electrophoresis, ex-
periments by moving boundary electrophoresis in-
dicated one peak that was too broad to represent
a single component. Table I shows the activity per
mg. of this preparation (Preparation I) and other
similar preparations. Unfortunately, these tests
are only semiquantitative, and the exact activity
per mg. is not satisfactorily established. In some
experiments the euglobulin or y-globulin was cen-
trifuged directly without dissociation of the 22S
complex with acid. Some dissociation appeared to
occur with this procedure alone but it was not al-
ways complete and since no detectable loss of ac-

Latex Fix
630X

mg./cc
0.4

0.3

0.2

0.1

Latex Fix.
63 X

0.025

2 4 6 8 1i 12

+ Tube No.

14 16 18 2o

FIG. 3. ZONE ELECTROPHORETICPATTERN OF SERUM
P. R. (UPPER CURVE) ANDTHE PATTERNOF PREPARATION
II ISOLATED FROMTHIS SERUM(LOWERCURVE)

The separation was carried on the same starch block
and the segments correspond in the two curves. The
activity by the latex fixation test is indicated by tube
numbers of serial dilutions giving a positive reaction.
The precipitin reactivity with heated 'y-globulin is also
indicated.

TABLE I

Serological acivity of eight different preparations of rheuma-toid factor homogeneous in the ultracentrifuge

Sensitized
sheep cell

Sensitized agglutina-
sheep cell tion +Latex agglutina- sheepPreparations fixation tion serum

1 mg./ml. conc.
I P.R.

euglob.* 1/10,240 1/640 1/5,120
II P. R.

630 prec.* 1/20,480 1/1,280 1/5,120
III R. P.

euglob.t 1/10,240 1/5,120 1/5,120
IV R. P.

630 prec.5 1/10,240 1/5,120 1/10,240
V R. P.

Solid eluate* 1/10,240 1/5,120 1/5,120
VI E. P.

630 prec4t 1/10,240 1/320 1/5,120
VII M.S.

630 prec.* 1/5,120 1/640 1/5,120
VIII E. L.

630 prec.* 1/10,240 1/2,560 1/10,240
* Precipitate dissolved in acid.
t No acid employed in this isolation.
: Precipitate dissolved in urea.

tivity was observed following acid dissociation, the
euglobulin was usually dissolved in acid buffer
prior to zone centrifugation. All of the titers by
the latex test in Table I are after 1.5 hours incuba-
tion. Higher titers were obtained following over-

night standing.
Isolation procedures of this type from euglobulin

and y-globulin fractions cannot be considered a
method for the complete isolation of the rheuma-
toid factor because of contamination with normal
19S y-globulin. The latter has similar properties
and is carried along. However Serum P. R. con-
tained such a uniquely large amount of rheuma-
toid factor as indicated by the ultracentrifuge pat-
terns of the euglobulin and y-globulin fractions,
that contamination by normal 19S y-globulin
must have been less than 10 per cent. This is not
true of the preparations from the sera of Patients
R. P. and E. P. where the contamination was sig-
nificant although not sufficient to be reflected in
the titers of the serial dilution tests shown in
Table I.

005530000

0 0 5 4 3 0 0 0 0

0 004+2h 0 0 0 0 0 0 0
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* 8.9
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FrVction No.

FIG. 4. CURVE OBTAINED BY PROTEIN ANALYSES ON

FRACTIONS OF DISSOLVED SPECIFIC PRECIPITATES, SEPA-
RATED BY DENSITY GRADIENT ULTRACENTRIFUGATION

Fraction 1 is from the bottom of the centrifuge tube;
Fraction 14 is from the top. The peak in Fractions 4
through 7 represents the 19S rheumatoid factor. The
activity in the precipitin reaction is indicated above the
curve.

II. Isolation from specific precipitates

In order to eliminate normal 19S y-globulin
from isolated fractions of rheumatoid factor the
specific property of this material to precipitate
with aggregated y-globulin was utilized for com-

plete purification. The rheumatoid factor was

precipitated from whole serum and euglobulin or

y-globulin fractions. The precipitates were dis-
solved in glycine-HCl buffer, layered over a den-
sity gradient, and separated in the ultracentrifuge.
Figure 4 illustrates the pattern obtained by analy-
ses of fractions taken from the density gradient
tube at the end of the experiment. Three main
peaks are visible. One, which comes from the
pellicle at the bottom of the tube, represents
primarily aggregated y-globulin. The second
peak which was the active fraction represented
19S rheumatoid factor and the third peak in the
upper portion of the tube consisted of material
with an s rate between 6 and 12 (usually primarily
approximately 7S). The latter was inactive in the
various serological reactions and originated pri-
marily from the lower molecular weight portion of
the soluble 22S complex from the original serum

(4, 5). Combination of the fractions from the
19S peak (Tubes 4 through 7 in the experiment
shown in Figure 4) furnished highly purified prep-

arations of rheumatoid factor. Figures 2a and 2c
illustrate ultracentrifuge patterns of two of these
preparations. The activity per mg. of some of
these preparations is shown in Table I. This

method made it possible to isolate rheumatoid fac-

tor from relatively weakly positive sera. Prepara-

tion VII was obtained from Serum M. S. which
had only approximately one-tenth the activity of
Serum P. R. Recovery of activity was difficult
to determine from activity analyses but by indirect
calculation from the amount of 22S component
observed in the original serum a value close to 80
per cent could be obtained. In some experiments
the dissolved precipitates were partially fraction-
ated prior to centrifugation by precipitation of the
aggregated y-globulin from the acid solution by
raising the ionic strength with NaCl. Urea (4 to
6 M) was also used to dissolve the specific precipi-
tates prior to centrifugation (Preparation VI) and
results similar to those with acid were obtained.
With both the urea and acid experiments, ultra-
centrifugation was begun within a few minutes
after dissolving the precipitates and the rheuma-
toid factor then sedimented out of these solutions
into the density gradient. As a result it was ex-
posed to urea or acid only for a relatively short
time.

III. Isolation by adsorption on solid y-globulin

Previous observations (13) indicated that solid
y-globulin prepared by heat precipitation under
controlled conditions adsorbed the rheumatoid
factor which then could be eluted by means of acid
buffers or urea. Analyses of these eluates indi-
cated that they consisted of from 50 to 70 per cent
19S material. Removal of the eluting solvent by
dialysis gave highly active saline solutions but
relatively poor recovery because of considerable
precipitation. Direct ultracentrifugation in the
density gradient of concentrated eluates in acid
avoided precipitation and resulted in good re-
covery of 19S rheumatoid factor in highly puri-
fied form. One preparation, the activity of which
is listed in Table I, consisted of 96 per cent of
one component by ultracentrifuge analysis. This
method had advantages over the dissolved pre-
cipitate procedure because the absence of the dis-
solved aggregates of y-globulin facilitated the puri-
fication in the ultracentrifuge. The major limita-
tion was in the fact that some preparations of solid
y-globulin removed only slight activity from the
original serum while others removed all activity.
Sera from different patients also varied in respect
to the removal of activity.
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S -ate

17

16-

15 | | |
0.2 0.4 0.6 0.8 1.0

Conc. of protein (mg./cc.)
FIG. 5. THE S VS. C PLOT FOR SEVERAL PREPARATIONS

OF ISOLATED RHEUMATOIDFACTOR SHOWINGTHE SEDI-
MENTATIONRATE AT INFINITE DILUTION

By the method of least squares, y = - 1.97 X + 19.44.
The different symbols represent different preparations.

IV. Physical and chemical properties

Figure 5 shows a plot of the s vs. c relationship
for several preparations of isolated rheumatoid
factor examined in the ultracentrifuge. The ex-

trapolated line obtained by the method of least
squares shows after correction for the buffer sol-
vent that S020,w = 194S.

Five samples of isolated rheumatoid factor pre-

pared from acid dissolved precipitates were stud-
ied by free solution electrophoresis. All of these
preparations were found to be heterogeneous. In
two instances a single peak was observed but
this was broader than would have been expected
for a single component (Figure 6a). Reversible
boundary spreading experiments confirmed this
heterogeneity. In three instances a second peak
could be seen on the faster side of the main peak.

This is illustrated in Figure 6b. Both peaks were

broader than expected for single components.
Ultracentrifugal analysis of these same prepara-

tions demonstrated that the second peak also rep-

resented 19S protein and was not due to contami-
nants. In one experiment the second peak made
up 18 per cent of the total protein by electropho-
resis but by ultracentrifugal analysis there was less
than 5 per cent of proteins other than those in the
19S peak. In addition, strong evidence was ob-
tained that the faster migrating material was rheu-
matoid factor in that it again precipitated with ag-

gregated y-globulin when this was added to the
isolated preparation. In several experiments all
detectable protein in the isolated fraction reprecipi-
tated on the addition of aggregated y-globulin.
The mobility of the major peak ranged from 1.1
to 1.5 x 10-5 in these experiments.

Table II shows the results of nitrogen and car-

bohydrate analyses on three different prepara-

0.

FIG. 6. FREE SOLUTION ELECTROPHORESIS PATTERNS
OBTAINED ON Two PREPARATIONSOF ISOLATED RHEUMA-
TOID FACTOR (UPPER, PREPARATIONII; LOWER, PREPARA-
TION VIII)

Photographs taken at approximately two hours at field
strength of approximately 6 volts per cm.

TABLE II
Carbohydrate content of several preparations of isolated rheumatoid factor *

Sialic Total Hexosamine/
Protein N Hexose Hexosamine acid carbohydrate Hexose

Norm. y-glob. (7S) 15.64 1.22 1.14 0.22 2.58 0.94
Norm. y-glob. (19S) 14.47 5.20 2.9 1.70 9.80 0.55
Rh. f. Prep. II 14.54 5.40 2.9 1.80 10.10 0.55
Rh. f. Prep. IV 5.3 2.0 1.70
Rh. f. Prep. V 5.1

* Previous results for normal 7S and 19S 'y-globulin are also indicated.
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tions of isolated rheumatoid factor. Preparation
II was analyzed in considerable detail and the fig-
ures illustrated were obtained from duplicate as-
say. The experimental error of these methods has
been described previously (15). Hexosamine and
sialic acid values on Preparation IV were the re-
sults of single determinations. Insufficient ma-
terial was available to check the one low hexosa-
mine figure. Numerous other studies on the hex-
ose content of different preparations gave similar
results. The carbohydrate content of the rheu-
matoid factor was very close to that previously re-
ported for the normal 19S fraction of y-globulin
(15) which is shown in Table II for purposes of
comparison.

Mercaptoethanol and other sulfhydryl reagents
were found to dissociate the rheumatoid factor in
a manner similar to that reported for Waldenstrom
macroglobulins (17) and the cold agglutinins (7).
Some of these results have been published previ-
ously (4). Activity in the latex fixation, sensitized
sheep cell agglutination and precipitin tests was
lost with the dissociation. Figure 7 shows the
ultracentrifugal pattern of a purified preparation
before and after treatment with 0.1 M mercapto-
ethanol. The major peak showed a shift in s rate
from approximately 19S to approximately 7S.

FIG. 7. ULTRACENTRIFUGE PATTERNS OF ISOLATED
RIEUMATOID FACTOR BEFORE (UPPER) AND AFTER
(LOWER) DISSOCIATION WITH MERCAPTOETHANOL

Patterns at 28 minutes in each case.

FIG. 8. OUCHTERLONYPLATES SHOWING REACTION
OF VARIOUS ANTISERA WITH ISOLATED RHEUMATOID
FACTOR

The antisera used in both experiments were the same
except that in the left series each antiserum was ab-
sorbed with 7S -y-globulin. The rheumatoid factor is
in the middle well in both instances. The antisera be-
ginning at the upper left and proceeding clockwise are as
follows in both instances: 1) As. 137 against 7S 'y-globu-
lin; 2) As. 145 against normal 19S -y-globulin; 3) As. 154
against rheumatoid factor y-globulin; 4) As. 169 against
an isolated Waldenstrom macroglobulin.

V. Immunological studies

Various modifications of the Ouchterlony pro-
cedure indicated a close immunological relationship
between the isolated rheumatoid factor, normal
19S y-globulin and isolated macroglobulins pre-
pared from cases of Waldenstrom's macroglobu-
linemia. Figure 8 illustrates one of these experi-
ments. Preparation IV of isolated rheumatoid fac-
tor was placed in the center well and reacted with
four different antisera, both unabsorbed and after
absorption with 7S y-globulin. A single major
line which fuses is visible with the unabsorbed
antisera. Absorption removed the line with anti-
serum 137 which contained primarily antibodies
to 7S y-globulin. The absorbed antisera reacted
with the rheumatoid factor in a single line and
little difference in reactivity could be detected be-
tween the antisera against normal 19S, rheuma-
toid factor or macroglobulin. Control experiments
with isolated normal 19S y-globulin gave almost
identical results with these same antisera.

When experiments were carried out with paral-
lel wells and isolated rheumatoid factor compared
directly with normal 19S -y-globulin, single lines
were observed with the different antisera and the
line for normal 19S protein fused with that for
rheumatoid factor without spur formation. In
these experiments both the normal 19S line and
the rheumatoid factor line showed curvature to-
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ward the antigen well indicating, as demonstrated
by Korngold and Van Leeuwen (18), that the
observed reaction was due to a high molecular
weight component.

Figure 9 illustrates precipitin curves of these
same absorbed antisera with isolated rheumatoid
factor as well as with isolated Waldenstrom mac-

roglobulins and normal 7S y-globulin. Figure 9a
shows the curves obtained with rheumatoid factor,
macroglobulin L and macroglobulin B with anti-
serum to normal 19S -y-globulin. The rheumatoid
factor reacts slightly more strongly. A similar
relationship is seen in Figure 9b where antiserum
to rheumatoid factor was employed. Figure 9c
shows that rheumatoid factor reacts more strongly

a

4;

z
0)

0..

x
Vn

b

5 10 15 5 to 15

ptgN ptg

c d

FIG. 9. PRECIPITIN CURVESOF ISOLATED RHEUMATOID
FACTOR (0-0), MACROGLOBULINL (0-0), MACRO-
GLOBULIN B (X-X) AND 7S -y-GLOBULIN (A-A) WITH

VARIOUS ANTISERA ABSORBEDWITH 7S y-GLOBULIN
a) Antiserum 145 against normal 19S y-globulin.
b) Antiserum 154 against rheumatoid factor y-globulin.
c) Antiserum 169 against macroglobulin S.
d) Antiserum 200 against macroglobulin L.

with antiserum to macroglobulin S than do heter-
ologous macroglobulins B and L. However,
homologous macroglobulin L reacts most strongly
with antimacroglobulin L (Figure 9d). It ap-
peared clear that rheumatoid factor reacted strongly
per unit of nitrogen as compared with isolated
Waldenstrom macroglobulins against macroglobu-
lin antisera absorbed with 7S -y-globulin. In the
course of these experiments, three different anti-
sera to rheumatoid factor -y-globulin were studied.
None of these showed any reaction with rheuma-
toid factor following absorption with normal
y-globulin rich in 19S components.

DISCUSSION

The use of sera containing very high titers in
the serological tests and uniquely large amounts of
rheumatoid factor as demonstrated directly in the
ultracentrifuge made it comparatively easy to iso-
late this factor in a highly purified state. Serum
P. R. which was used extensively in this study
contained approximately 10 mg. per ml. of rheu-
matoid factor complex and the y-globulin frac-
tion consisted of approximately 40 per cent of
this material. The high concentration of rheu-
matoid factor in this serum made isolation possible
directly from euglobulin and -y-globulin fractions
with only slight contamination with normal 19S
class proteins. With other sera this contamination
proved substantial and the specific property of
precipitation with aggregated y-globulin had to be
utilized for satisfactory purification. The methods
used for isolation all utilized preparative ultra-
centrifugation for final purification and since the
high molecular weight property was somewhat
unique the isolated fractions consisted of close to
100 per cent rheumatoid factor. This was indi-
cated both by the homogeneity of the analytical
ultracentrifuge patterns and by the reactivity and
utilization of all of the protein in the precipitin
tests with aggregated y-globulin. Despite this
evidence of biological homogeneity, free solution
electrophoresis experiments indicated considerable
heterogeneity and it was clear that a group of
different proteins was involved. The heterogeneity
was similar to that described for y-globulin itself
(19). This was to be expected since activity
curves on whole serum separated by zone electro-
phoresis indicated that the activity peak was too
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broad to represent a single protein species. In ad-
dition, it is known that in serological tests employ-
ing human y-globulin the latter reacts with more
rheumatoid factor protein than does rabbit y-globu-
lin in tests where it is the reactive substance (20,
21). The picture resembles that known for the
usual mixtures of species specific and cross-reac-
ting antibodies. Recently, Lospalluto, Lewis and
Ziff have succeeded in separating at least two of
these factors by ion exchange chromatography (8).
In the present study, absorption experiments were
also carried out with antigen-antibody complexes
by the method of Vaughan (20) and with finely
dispersed solid rabbit y-globulin. Only part of
the isolated rheumatoid factor was absorbed leav-
ing material that reacted strongly with human
y-globulin. In addition, one macroglobulin prepa-
ration was isolated from a sarcoid serum that
showed no activity in the sensitized sheep cell test
but high titers by the tests employing human
y-globulin. The accumulated evidence points to
the existence of multiple, closely related macro-
globulins which have the common property of re-
acting with human y-globulin.

Suggestive evidence that the rheumatoid factor
contains considerable carbohydrate was obtained
by a number of workers prior to its isolation (20,
22, 23). The present observations indicate ap--
proximately 10 per cent carbohydrate made up of
hexose, hexosamine and sialic acid. The analytical
values are very close to those previously obtained
for normal 19S y-globulin and for certain macro-
globulins from the sera of patients with Walden-
strom's macroglobulinemia.

The immunological results with the isolated
rheumatoid factor also indicate a close relationship
to normal 19S y-globulins and pathological macro-
globulins. Antisera to crude rheumatoid factor
preparations did not show antibodies specific for
this type of protein and these antisera could be
absorbed completely by normal proteins. The pos-
sibility must be considered that rheumatoid factor
exists in normal serum and is a component of nor-
mal 19S y-globulin, thus accounting for some cross-
reactions between different antisera. However,
quantitative studies indicated that the close im-
munological relationship between rheumatoid fac-
tor, normal 19S -y-globulin and pathological macro-
globulins could not be accounted for by small

amounts of rheumatoid factor in the latter prepara-
tions. All the evidence pointed to the fact that
these 19S proteins with different biological prop-
erties behaved very similarly as antigens. Future
work may indicate fine differences between rheu-
matoid factor and normal 19S proteins as has al-
ready been demonstrated between different Wal-
denstrom macroglobulins (24). Difficulties in the
complete isolation of adequate amounts of normal
19S proteins hampered final resolution of this
question. In addition, the secondary reaction of
rheumatoid factor with soluble and insoluble anti-
gen-antibody complexes (13, 20) obscured cer-
tain -of the quantitative interpretations particularly
in regions of antigen excess for rheumatoid factor.

Considerable evidence has accumulated indi-
cating that the 19S class of y-globulins in normal
and certain pathological sera are made up of a
group of different antibodies. Certain of the iso-
agglutinins, the saline agglutinating rh antibodies,
certain of the Wasserman antibodies, heterophile
antibodies, cold agglutinins, certain of the ty-
phoid agglutinins and many other antibodies have
been localized in this fraction (6, 7, 25, 26). The
Waldenstrom macroglobulins appear to be ex-
ceptions and seem to bear a relationship to the
19S class of y-globulins similar to that of the
myeloma proteins to the major 7S class of y-glob-
ulins. Since the rheumatoid factor, on the basis of
the ultracentrifugal data, the carbohydrate con-
tent, the ready dissociation with mercaptoethanol
and the immunological results, is closely related
to the 19S class of y-globulins, the possibility is
raised that it represents an antibody. Final proof
of such a hypothesis must await clear elucidation
of the antigen involved. Certain evidence sug-
gests that ordinary y-globulin of the 7S variety is
itself the antigen. No other protein has yet been
found that will react with the rheumatoid factor
in a similar fashion. This reaction is observed
in the soluble complex in rheumatoid arthritis
sera, in the precipitin reaction with aggregated
y-globulin, in the specific adsorption on solid
y-globulin, and in the agglutination of red cells
coated with incomplete antibodies. In the latter
reaction the rheumatoid factor acts in a manner
analogous to Coombs sera or rabbit antibody to
y-globulin and sera containing rheumatoid factor
actually have been utilized for this purpose (27).
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SUMMARY

Highly active purified preparations of rheuma-
toid factor were obtained from selected sera

showing high titers in the latex fixation and
sensitized sheep cell agglutination reaction. Pro-
cedures of density gradient ultracentrifugation
were utilized for isolation from euglobulin frac-
tions, from dissolved specific precipitates produced
by the addition of aggregated -y-globulin to rheu-
matoid serum and from eluates of solid y-glob-
ulin to which rheumatoid factor had been adsorbed.

The isolated preparations were homogeneous in
the analytical ultracentrifuge and showed a cor-

rected sedimentation rate of approximately 19S.
Dissociation into smaller subunits was produced
readily with mercaptoethanol with simultaneous
loss of activity. Free solution electrophoresis
showed the preparations to be primarily y-glob-
ulin with evidence of heterogeneity. The accumu-

lated evidence indicated that the rheumatoid factor
consists of multiple, closely related macroglobulins.

Carbohydrate analyses showed a total content
of approximately 10 per cent consisting of hexose
and hexosamine sugars and sialic acid. The
results were very similar to those previously ob-
tained for normal 19S y-globulin. Immunological
studies also indicated a close relationship to this
normal fraction.

The question of whether the rheumatoid factor
represents an antibody is discussed. The close
relationship to the broad 19S class of -y-globulins
which are known to contain a variety of antibodies
is an additional point in favor of this hypothesis
although it remains to be proven.

REFERENCES

1. Svartz, N., and Schlossmann, K. Cold precipitable
haemagglutinating factor in serum from patients
with rheumatoid arthritis. Ann. Rheum. Dis. 1955,
14, 191.

2. Ziff, M., Brown, P., Lospalluto, J., Badin, J., and
McEwen, C. Agglutination and inhibition by se-

rum globulin in the sensitized sheep cell agglutina-
tion reaction in rheumatoid arthritis. Amer. J.
Med. 1956, 20, 500.

3. Franklin, E. C., Holman, H. R., Muller-Eberhard,
H. J., and Kunkel, H. G. An unusual protein
component of high molecular weight in the serum of
certain patients with rheumatoid arthritis. J. exp.

Med. 1957, 105, 425.

4. Franklin, E. C., Kunkel, H. G., Muller-Eberhard,
H. J., and Holman, H. R. Relation of high mnolecu-
lar weight proteins to the serological reactions in
rheumatoid arthritis. Ann. Rheum. Dis. 1957,
16, 315.

5. Muller-Eberhard, H. J., Franklin, E. C., and Kunkel,
H. G. Composition of the soluble and insoluble
complexes of rheumatoid factor and gamma-globu-
lin. To be published.

6. Kabat, E. A. Blood Group Substances: Their Chem-
istry and Immunochemistry. New York, Academic
Press Inc., 1955, p. 273.

7. Fudenberg, H. H., and Kunkel, H. G. Physical
properties of the red cell agglutinins in acquired
hemolytic anemia. J. exp. Med. 1957, 106, 689.

8. Lospalluto, J., Lewis, A., and Ziff, M. Isolation of
the rheumatoid factor (abstract). J. clin. Invest.
1958, 37, 913.

9. Svartz, N., Carlson, L. A., Schlossmann, K., and
Ehrenberg, A. Isolation of the rheumatoid factor.
Acta med. scand. 1958, 160, 87.

10. Greenbury, C. L. Elution of the rheumatoid arthritis
factor from red cell agglutinates. Lancet 1956, 2,
644.

11. Hymer, R., Federica, O., and Freiberg, R. H. Isola-
tion of the sensitized sheep cell agglutination fac-
tor by reversal of the agglutination reaction.
Communication to the New York Rheumatism As-
sociation, April 8, 1958.

12. Vaughan, J. H., and Waller, M. V. Specificity of
the rheumatoid factor. Fourth Interim Scientific
Session of the American Rheumatism Association,
December 6, 1957, National Institutes of Health,
Bethesda, Md.

13. Edelman, G. M., Kunkel, H. G., and Franklin, E. C.
Interaction of the rheumatoid factor with antigen-
antibody complexes and aggregated gamma globu-
lin. J. exp. Med. 1958, 108, 105.

14. Epstein, W., Johnson, A., and Ragan, C. Observa-
tions on a precipitin reaction between serum of
patients with rheumatoid arthritis and a prepara-
tion (Cohn fraction II) of human gammaglobulin.
Proc. Soc. exp. Biol. (N. Y.) 1956, 91, 235.

15. Miiller-Eberhard, H. J., and Kunkel, H. G. The
carbohydrate of y-globulin and myeloma proteins.
J. exp. Med. 1956, 104, 253.

16. Franklin, E. C., and Kunkel, H. G. Immunologic dif-
ferences between the 19S and 7S components of
normal human gamma-globulin. J. Immunol. 1957,
78, 11.

17. Deutsch, H. F., and Morton, J. I. Dissociation of
human serum macroglobulins. Science 1957, 125,
600.

18. Korngold, L., and Van Leeuwen, G. The effect of the
antigen's molecular weight on the curvature of the
precipitin line in the Ouchterlony technique. J.
Immunol. 1957, 78, 172.

19. Alberty, R. A. A study of the variation of the
average isoelectric points of several plasma pro-

433



H. G. XUNKEL, E. C. FRANKLIN AND H. J. MULLER-EBERHARD

teins with ionic strength. J. phys. Chem. 1949, 53,
114.

20. Vaughan, J. H. Behavior of the rheumatoid arthri-
tis agglutinating factor with immune precipitates.
J. Immunol. 1956, 77, 181.

21. Vaughan, J. Relationship between agglutination reac-

tions and nitrogen absorbed on precipitates in Sero-
logical Reactions of Rheumatoid Arthritis, Sum-
mary of First Conference. New York, Arthritis
and Rheumatism Foundation, 1957, p. 49.

22. Laurell, H. A paper electrophoretic study of the
effect of ACTHand cortisone on the protein-bound
serum polysaccharides in some patients with rheu-
matoid arthritis, ulcerative colitis, etc. in Ciba
Foundation Symposium on Paper Electrophoresis.
London, J. and A. Churchill Ltd., 1956, p. 58.

23. Kunkel, H. G. Discussion in Serological Reactions
of Rheumatoid Arthritis, Summary of First Con-

ference. New York, Arthritis and Rheumatism
Foundation, 1957, p. 80.

24. Korngold, L., and Van Leeuwen, G. Macroglobu-
linemia. I. The antigenic relationship of patho-
logical macroglobulins to normal 'y-globulins. J.
exp. Med. 1957, 106, 467.

25. Talmage, D. W., Freter, G. G., and Taliaferro, W. H.
Two antibodies of related specificity but different
hemolytic efficiency separated by centrifugation.
J. infect. Dis. 1956, 98, 300.

26. Pressman, D., James, A. W., Yagi, Y., Hiramoto, R.,
Woernley, D., and Maxwell, W. T. Rapidly sedi-
menting properties of specifically precipitating com-

ponent of a Hashimoto's disease serum. Proc.
Soc. exp. Biol. (N. Y.) 1957, 96, 773.

27. Milgrom, F., Dubiski, S., and Wozniczko, E. Human
serum. with anti-antibody. Vox Sang. (Basel)
1956, 1, 172.

434


