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ABSTRACT A technique for the in vitro culture
of rheumatoid synovial tissue with *C-amino acids
and isolation and quantitation of the newly syn-
thesized immunoglobulins has been developed.
This technique has been used to compare immuno-
globulin synthesis of 12 rheumatoid synovia with
that of synovia from nonarthritic patients and with
that of normal human lymph nodes and spleen.
In addition, the spleen of a patient with Felty’s
syndrome has also been examined. Immunoglobu-
lin synthesis in rheumatoid synovia has been
shown to be quantitatively and qualitatively simi-
Jlar to that of normal human spleen and lymph
nodes although somewhat less active than the
Felty’s syndrome spleen examined. 79% of the
immunoglobulin produced in rheumatoid synovia
was of the IgG type, whereas IgM comprised
10% and IgA, 11% of the total. Less than 10%
of the IgM synthesized was found to be rheuma-
toid factor. A fraction containing approximately
90% of its radioactivity in the form of IgG has
been obtained for further studies.

INTRODUCTION

Numerous lines of evidence have emphasized the
immunologic aspects of rheumatoid synovitis. The
rheumatoid synovial membrane usually shows
moderate to dense infiltration of the deeper layers
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with lymphoid cells. These occasionally form com-
pact nodes that actively are producing antibody
(3). By fluorescent staining techniques these
lymphoid cells are seen to contain immunoglobulin
G (IgG), immunoglobulin M (IgM) (4, 5), and
rheumatoid factor (5). Recently, intercellular de-
posits of IgG (6) and complement components
(6, 7) were demonstrated within the synovial
membrane by fluorescent staining methods. In
addition, inclusion bodies containing IgG, IgM,
and complement have been demonstrated within
polymorphonuclear cells of the synovial fluid
from patients with active rheumatoid arthritis (8,
9), and the level of complement in the synovial
fluid has been found to be decreased relative to
its protein content (10), which suggests activation
by immune complexes (11).

Surgical synovectomy, undertaken for thera-
peutic reasons (12), provides a ready source of
sterile, fresh synovial tissue from actively in-
volved joints of patients with rheumatoid arthritis.
Studies to be described have utilized suspensions
of this material for an investigation of the synthe-
sis of immunoglobulins by rheumatoid synovial
tissue. Comparison of the immunoglobulin forma-
tion in rheumatoid synovial tissues with that of
splenic tissue from a patient with Felty’s syn-
drome has shown the rheumatoid synovium to have
a similar level of immunoglobulin synthesis to that
of the lymphoid tissues examined.

METHODS

Tissue incubations. Synovial tissue specimens from 12
joints of 11 different patients with classical rheuma-
toid arthritis, as defined by the criteria of the American
Rheumatism Association (13), and from three patients
with other joint abnormalities were collected at surgery
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under sterile conditions and dissected free from fat and
coarse fascia. Lymph nodes removed from two nonar-
thritic patients, one undergoing an elective cholecystec-
tomy and the other, herniorrhaphy, a spleen from a pa-
tient with rheumatoid arthritis and Felty’s syndrome, and
a spleen from a patient with splenic rupture from a gun-
shot wound were also studied.

In individual experiments, the synovial membranes,
lymph nodes, and splenic tissues were cut into cubes, 2 to
3 mm on each side, and the mince was added to 5 volumes
of Eagle’s medium (14) that contained one-tenth of the
amount of amino acids usually added, decomplemented
normal human serum in a final concentration of 5%, and
1000 U of penicillin G/ml. After adjustment to pH 6.8
with saturated sodium bicarbonate, the incubation medium
was sterilized by filtration through a Millipore disc, 0.45
w porosity. When bubbled with oxygen—carbon dioxide,
the final pH of the tissue incubation was 7.4. 50 uc of a
mixture of algal protein hydrolysate-C-amino acids,
500 uc/mg (Nuclear Research Chemicals, Orlando, Fla.),
was added to each 30 ml of culture suspension which con-
tained about 8 g of minced synovium or lymphoid tis-
sue. The tissue suspension was bubbled for 6 hr with
sterile, water-saturated 95% O=-5% CO., which was in-
troduced at a slow rate through a glass capillary sealed
into the bottom of a 40 ml conical test tube that was
loosely covered with a Teflon-lined screw cap at the top.
The tube was immersed in a water bath maintained at
37°C.

Fractionation of soluble protein. At the end of the
incubation period the mixture was frozen and thawed
once, then spun at 105,000 g for 1 hr in a Spinco Model L
ultracentrifuge to remove insoluble particles. Casein hy-
drolysate-amino acid mixture (Difco, Laboratories, De-
troit, Mich.) was then added to the supernatant to a final
concentration of 1% and the solution dialyzed at 0°C for
36 hr against 1000 volumes of 0.01 M Na,HPO,. By a
stepwise elution method (15) the dialysate was then
chromatographed on diethylaminoethyl cellulose (DEAE),
which had a capacity of 0.86 meq/g. Four protein peaks
were obtained (Fig. 1) that contained approximately
60-70% of the applied radioactivity. Because the initial
peak contained relatively more radioactively labeled
v-globulin in its first portion, this peak was subdivided
into two parts, as illustrated; each was redissolved in
2-3 ml of water, centrifuged to remove any denatured
protein, and frozen at — 10°C until further studies were
carried out. Peaks II, III, and IV were dialyzed over-
night against 0.01 M sodium phosphate buffer, pH 7.0,
then lyophilized, dissolved, centrifuged and the clear
supernatants frozen as above.

As a control for nonspecific radioactive contamination
of the various soluble protein peaks, three separate syn-
ovial samples were divided into two parts. To one part,
“C-amino acids were added at the beginning of the incu-
bation period, while to the other the *C-amino acids were
added at the end of incubation. In the latter instance, less
than 5% of the radioactivity incorporated by experimental
samples was present in each fraction of the control sam-
ples after chromatographic separation of the soluble
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protein fraction as described above. On the other hand,
more than 95% of the radioactivity present in aliquots of
the dialyzed supernatant of the experimental samples was
precipitated routinely at a final concentration of 5%
trichloroacetic acid.

In two experiments, the soluble proteins of fraction Ia
were further fractionated by passage of a 0.2 ml aliquot
through a column, 1.3 cm diameter and 90 cm in height,
containing Sephadex G-200 (Fig. 2). The Sephadex G-200
column was equibrated and eluted with a buffer adjusted
to 0.01 m NaF, 04 M NaCl, and 0.02 M sodium phos-
phate, pH 7.2. Elution was carried out at room tempera-
ture and after the fractions that formed two protein
peaks were collected, they were pooled separately and
dialyzed overnight against 0.01 M sodium phosphate buf-
fer at pH 7.0, then concentrated to 1.0 ml by dialysis
against 20% polyvinylpyrrolidone in 0.01 M sodium phos-
phate, pH 7.0. The first protein peak was eluted from
the same column by the same void volume and in the
same location as that of a similar amount of purified
normal human IgG.

Immune precipitation of immunoglobulins. To define
the distribution of immunoglobulins, tube precipitations
with specific antisera to IgG, IgA, and IgM were carried
out with aliquots of each of the protein peaks from
DEAE. Goat antiserum to human IgG (Hyland Labora-
tories, Los Angeles, Calif.), rabbit antiserum to human
IgA, and rabbit antiserum to human IgM were used. IgA
was prepared from the serum of a myeloma patient, ac-
cording to the method of Heremans and Vaerman (16).
IgM was prepared from the serum of a patient with Wal-
denstrém’s macroglobulinemia by a modification of the
method of Flodin and Killander (17). Antisera to IgA and
IgM were prepared in rabbits by two injections, respec-
tively, separated by a 1 wk interval, of 5-7 mg of immuno-
globulin in 0.5 ml of complete Freund’s adjuvant divided
into all four foot pads. Animals were bled 10 days after
the last injection. The antisera were adjusted to 40% satu-
ration at 0°C with ammonium sulfate and the resulting
precipitate dissolved in 0.01 M sodium phosphate, pH 7.0,
and subsequently dialyzed against this buffer. The anti-
IgA and anti-IgM preparations were absorbed with human
IgG at equivalence before use.

Specific precipitation of the individual immunoglobulins
was carried out by adding 0.5 ml of the specific antiserum
to 0.1 ml of each radioactive DEAE peak. The tubes were
incubated for 1 hr at 37°C, chilled at 0°C overnight, and
then centrifuged at 10,000 rpm in a Servall SS-1 centri-
fuge. Each supernatant was checked by capillary pre-
cipitation with additional antibody to demonstrate that
antibody excess had been obtained. It was possible to ob-
tain significant precipitates in the respective peaks be-
cause the original incubation mixture contained non-
radioactive serum present in the unwashed tissues used,
and because the culture medium itself contained 5% nor-
mal human serum.

Antigen-antibody precipitates were washed three times
with 0.9% saline and dissolved in 0.5 ml of 1.0 M sodium
hydroxide. This was then diluted to 1 ml; 15 ml of Bray’s
phosphor containing 40 g/liter of thixotropic gel (Cab-
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0-Sil, Packard Instrument Co., Inc., Downers Grove, Ill.)

was added, and liquid scintillation counting performed.
When additional IgA or IgM was added to peak Ia,

equivalent amounts of appropriate antibody added, and

the specific precipitate isolated as above, less than 1% of

the total cpm in the fraction was coprecipitated, which
emphasized the specific nature of this immune precipita-
tion method.

Quantitation of rheumatoid factor produced by tissue
incubations. To determine the rheumatoid factor con-
tent of the IgM-*C produced by the various tissues stud-
ied, an immune coprecipitation technique was used.
Pooled serum from 11 patients previously shown to have
a high titer of rheumatoid factor was titrated with heat-
aggregated human IgG derived from pooled human serum
Fraction II (American Red Cross) to determine the re-
gion of immunological equivalence. Sufficient rheumatoid
factor and heat-aggregated IgG were then added to 0.1 ml
aliquots of the DEAE peak IV to produce 5 mg of im-
mune precipitate. The rheumatoid serum made up 95% of
the volume of the final mixture. After centrifugation, the
supernatant contained a rheumatoid factor titer of 1:160
by the tube latex method (19), compared with a titer of
1:10,240 for the pooled rheumatoid sera before the addi-
tion of the aggregated IgG. Parallel coprecipitations of
IgM, as described above, were also carried out.

RESULTS

Incorporation of *C-amino acids into soluble
protein. When the five fractions (Fig. 1) of the
soluble protein from DEAE-cellulose chromatog-
raphy of supernatants obtained after incubation of
rheumatoid synovial suspensions were analyzed,
it was found that significant radioactivity had
been incorporated into all fractions (Table I).

Of the 12 synovia examined, all but 4 (Patients
6, 7, 9, and 10) demonstrated more radioactivity
in peak Ia than in the other protein peaks. In
Patients 9 and 10, the total counts in peak Ia
were low. This was associated with a lower per-
centage of total counts represented as IgG and
a higher percentage represented by IgA and IgM.
Considerable variation in total incorporation of
14C-amino acids occurred among the patients, even
though approximately 8 g of tissue was used in
all instances except with Patients 10, 11, and 12.
Smaller amounts of tissue, 4.0, 1.3, and 54 g,
respectively, were used in these experiments and
proportionately less radioactive label was added.

Distribution of immunoglobulin in newly syn-
thesized soluble protein fractions. Per cent of
total cpm precipitated by specific antisera to each
of the three common immunoglobulins in each of
the DEAE protein fractions is given in Table II.
As shown, most of the radioactive, newly synthe-
sized IgG was found in Fraction Ia, most of the
newly synthesized IgA in Fractions II and III,
and most of the newly synthesized IgM in Frac-
tion IV. It is of interest that this distribution of
precipitable radioactivity, representing immuno-
globulin newly synthesized in the synovial mem-
brane, parallels the distribution of these immuno-
globulin types in serum separated by the same
technique.* Considerable variability in the per-

1 LoSpalluto, Joseph. Personal communication.
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TABLE I

Incorporation of “C-Amino Acids into Soluble Protein by
Rheumatoid Synovial Membrane Suspensions

DEAE-cellulose

peak Ia Ib I 111 v Total
cpm X 1073

1. M.C. 1760 195 189 802 697 3643
2. L.D. 1710 555 238 226 246 2975
3. H.R. 1650 58 85 642 521 2956
4. W.C.-1* 640 208 210 302 369 1729
5. O.B. 651 343 225 120 284 1623
6. V.M. 444 46 161 460 344 1455
7. LW. 211 42 113 512 299 1177
8. W.C.-1T* 364 220 44 69 162 859
9. H.C. 53 52 439 84 64 742
10. M.S. 121 44 59 128 6 359
11. W.H. 131 33 17 32 12 225
12. ES. 49 3 9 27 11 99

*W.C.-I and W.C.-II represent two synovial membranes
removed at separate operations from different joints of
the same patient.

centage of cpm in each peak precipitated by specific
antisera was noted (Table II).

When the total cpm of all protein peaks pre-
cipitable by specific antiserum to IgG were added
together and compared with the total cpm recov-
ered in the soluble protein eluted from DEAE,
it was found that an average of 28.8% of newly
synthesized soluble protein was present as IgG
(Table IIT). Similar calculations for IgA and IgM
showed 4.3 and 3.5%, respectively, of total cpm
present in each. When only the radioactivity of
the immunoglobulin was considered, IgG repre-
sented 78.6%, IgA, 11.7%, and IgM, 9.7% of
the total.

Ia was purified further with a Sephadex G-200

TasBLE II

Newly Synthesized Immunoglobulin in Soluble
Protein Fractions*

' % of cpm precipitated
DEAE

fraction Ia Ib II 111 v
IgG 52+14 2619 19410 10+£5 4+4
IgA 1+ 1 2+ 2 8+ 6 7x4 2x2
IgM 0+ 1 1+ 1 24+ 1 543 1245

* Expressed as per cent of total cpm precipitated by
specific goat antiserum to human IgG and rabbit anti-
serum to human IgA or IgM. Each value presented is the
mean = SD of 12 synovial incubations.

Immunoglobulin Synthesis by Rheumatoid Synovial Membrane

TasLE III
Fraction of Newly Synthesized Soluble Protein Present in
Individual Immunoglobulins )
(Mean and SD of 12 Experiments)
Immuno- % of total protein % of total y-globulin
globulin radioactivity* radioactivity}
IgG 28.8 9.0 78.6 = 10.8
IgA 4.3 +23 11.7 = 89
IgM 3515 9.7+ 4.8
Total 36.6 + 8.4 100.0

* Sum of cpm attributable to each immunoglobulin type
in all DEAE peaks compared with total cpm in all peaks.
1 Sum of cpm in each immunoglobulin type compared with
total cpm of IgG, IgA, and IgM.

column (Fig. 2). Two protein peaks were ob-
tained, and the tubes containing each were pooled
and concentrated. Aliquots were then precipitated
with goat anti-human IgG. In the two Ia fractions
studied, 92 and 95%, respectively, of the radio-
activity present in the first peak was removed by
such immunoprecipitation, whereas only 20 and
25% of the radioactivity of the second peak was
so removed. This radioactivity in the second peak,
precipitated by anti-IgG, may represent some
trailing of the IgG of the first peak and may also
consist of low-molecular-weight fragments of IgG
synthesized in vitro.

Synovial immunoglobulin synthesis in condi-
tions other than rhewmatoid arthritis. It was not
possible to secure normal human synovial tissue
for comparison with the rheumatoid synovia. How-
ever, synovial tissue was obtained from patients
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TaABLE 1V

Comparison of Immunoglobulin synthesis in the Rheumatoid
Synovium with That in Other Conditions

TaBLE V

Incorporation of “C-Amino Acids on a Weight Basis by
Rheumatoid Synovia and Other Lymphoid Tissues

% of total soluble protein
radioactivity present as

Procedure or diagnosis

1gG IgA IgM

Fracture revision of hip 2.0 0.9 1.8
Fracture revision of hip 31 1.2 2.2
Arthrodesis of hip, 9.0 1.5 3.6

Legg-Perthes’ disease
Rheumatoid synovitis 28.8 4.3 3.5

(Mean of 12 speci-

mens)

undergoing joint surgery for revision of fractures
in two cases and Legg-Perthes’ disease in a third.
These synovial membranes were incubated under
conditions similar to those used for rheumatoid
synovia. The results of these three experiments
are shown in Table IV. It is seen that very little,
if any, immunoglobulin was produced by synovia
obtained during fracture revision of the hip. The
small amounts of radioactivity precipitated may
represent adherence of nonimmunoglobulins to the
immune precipitates utilized for isolation of the
immunoglobulins. However, the third synovium
from the patient with Legg-Perthes’ disease
showed small but significant synthesis of IgG, 9%
of total soluble protein radioactivity being present
in this form. Symptoms had been present for 2 yr
before operation. The much greater synthesis of
immune globulins by the rheumatoid synovia is
emphasized by the presence of 28.8% of soluble
protein radioactivity present in IgG, the domi-
nant immunoglobulin formed.

Comparison of synovial immunoglobulin synthe-
sis with that of human lymphoid tissues. The
large amount of immunoglobulin synthesis ob-
served in the rheumatoid synovial membrane
prompted a comparison of the activity of rheuma-
toid synovial tissues with those of human lymph
nodes and spleen. It was observed in different
experiments that on a weight basis synovial mem-
brane incorporated the same order of magnitude
of cpm as two lymph nodes studied (Table V).
Both the normal and the Felty’s spleen were con-
siderably less active in *C-amino acid incorpora-
tion into soluble protein than were comparable
weights of synovial tissue. Much of this difference

628 J. D. Smiley, C. Sachs, and M. Ziff

cpm recovered cpm
Weight in soluble in

Tissue incubated protein tissue

g cpm/

mg

Rheumatoid synovia*

L.W. 10.0 1,175,000 118
H.R. 10.0 2,950,000 295
M.C. 9.3 3,640,000 392
V.M. 4.2 1,450,000 690
Lymph node-1% 0.20 33,000 165
Lymph node-2§ 0.05 53,000 1070
Normal spleenl|| 16.50 1,440,000 87
Felty’s spleen 9.70 108,000 11

* These specimens were accurately weighed after mincing
to permit possible comparison with other tissues.

{ Abdominal node obtained at elective surgery for
cholecystectomy.

§ Inguinal node obtained during herniorrhaphy.

|| Removed after abdominal trauma.

may be explained by the much greater erythrocyte
content of spleen compared with synovium or
lymph node.

In view of the variability introduced by the
presence of components such as fibrous tissue and
erythrocytes in any comparison of immunoglobulin
synthesis between synovial and lymphoid tissue on
a weight basis, the ratio of immunoglobulin syn-
thesis to total soluble protein synthesis was chosen
as a better measure of the relative rate of immuno-
globulin synthesis in synovial and lymphoid tis-
sues, respectively.

TaBLE VI

Comparison of Immunoglobulin Synthesis of Human
Lymphoid Tissues and Rheumatoid Synovial
Membranes

% Total radioactivity*

Tissue 1gG IgA IgM
Rheumatoid synovia
(Mean of 12 specimens) 28.8 4.3 3.5
Lymph node-1 16.7 2.2 1.7
Lymph node-2 10.0 4.8 5.8
Normal spleen 29.9 2.0 3.2
Felty's syndrome spleen 63.4 5.5 2.7

* Radioactivity in total newly synthesized soluble-protein.



Relative to over-all protein synthetic activity,
as reflected by the percentage of total radioactivity
incorporated into newly synthesized soluble pro-
tein, the rheumatoid synovia were as active in the
synthesis of immunoglobulin as the normal spleen,
and somewhat more active than the two lymph
nodes studied (Table VI). The spleen from the
patient with Felty’s syndrome showed approxi-
mately twice the immunoglobulin synthesis that
was observed in the rheumatoid synovia.

Quantitation of rheumatoid factor produced dur-
ing rheuwmatoid synovial tissue imcubation. The
proportion of IgM-C of DEAE Fraction IV
coprecipitable with rheumatoid factor and heat-
aggregated human IgG is shown in Table VII.
Since Fraction IV contains all of the detectable
rheumatoid factor in rheumatoid sera (20), only
this fraction was analyzed. As can be seen, a mean
of only 1.2% of the radioactivity present in Frac-
tion IV from the rheumatoid synovia was co-
precipitated with rheumatoid factor, although a
mean of 14.7% of this peak represented IgM-*4C.
From Felty’s spleen supernatant, 2.5% of the
total cpm in Fraction IV coprecipitated with
rheumatoid factor and 15% precipitated as IgM-
14C, respectively. When a normal spleen was
-examined, only 0.6% of the total cpm in Fraction
IV coprecipitated with rheumatoid factor, and
4.2% of the fraction precipitated as IgM-*C.
‘Since, by this separation technique, a small amount

TaBLE VII

Proportion of IgM-“C of DEAE Fraction IV Coprecipitable
with Rheumatoid Factor and Heat-Aggregated IgG

% of Total radioactivity

Source of
DEAE IgM- IgG-rheumatoid
fraction IV anti IgM factor precipitate
Rheumatoid synovia

D.P. 13.5 0.8

D.F. 25.2 2.4

M.F. 74 1.1

V.M. 25.0 1.9

H.R. 11.2 0.8

E.S. 10.9 0.0

M.W. 10.0 1.1

Average 14.7 1.2

Rheumatoid spleen 15.0 2.5

- Normal spleen 4.2 0.6

Immunoglobulin Synthesis by Rheumatoid Synovial Membrane

of IgG is carried over into DEAE Fraction IV,
it is possible that some IgG counts were also
coprecipitated with the added rheumatoid factor.
Therefore, this procedure provides only an upper
limit to the percentage, representing rheumatoid
factor, of the IgM-**C coprecipitable from synovial
membrane suspensions, i.e., an average of 9% of
the IgM-4C in the seven patients studied. Patient
E. S., who showed no detectable rheumatoid fac-
tor in DEAE peak IV by this technique, was
rheumatoid factor-negative by the latex fixation
and sensitized sheep cell agglutination techniques
(21, 22), which thus lends support to this method
for quantitation of rheumatoid factor.

DISCUSSION

Incorporation of “C-amino acids into soluble
protein by rheumatoid synovial membrane suspen-
sions. There was a very active level of protein
synthesis in the rheumatoid synovial tissue sus-
pensions. All of the isolated fractions separated on
DEAE-cellulose contained large amounts of radio-
activity that had been incorporated during the in
vitro incubation period, presumably into soluble
cytoplasmic proteins, as well as into cell products
such as immunoglobulins. It is to be expected that
differences in the proportions of various cell types
would alter the distribution of radioactivity among
the various protein fractions obtained with DEAE
chromatography. This would also be influenced by
any differences in the intensity of antigenic stimu-
lation of these cells, and it is possible that the
observed variations in protein synthetic activity
from patient to patient may at least, in part, be
accounted for on this basis. It is of interest that
the two samples of synovium obtained from differ-
ent joints of the same patient, W. C., showed only
small differences in the pattern of uptake of radio-
active label into the soluble protein fractions. How-
ever, the differences noted probably reflect mainly
variability in the amount of lymphoid infiltration
of synovia from one joint to another.

Newly synthesized immunoglobulin i soluble
protein fractions. Consideration of the amount
of newly synthesized immunoglobulin must take
into account the fact that only 60 to 70% of the
radioactivity applied to the DEAE columns could
be recovered by this fractionation. In addition,
the IgG, IgA, and IgM from synovial cultures
were spread into several protein peaks (Table II),
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which suggests considerable heterogeneity. The
values presented for each chromatographic frac-
tion, therefore, reflect relative recoveries from
DEAE of the individual soluble proteins, includ-
ing the immunoglobulins., LoSpalluto * has shown
that the loss of immunoglobulin on DEAE is not
uniform among IgG, IgA, and IgM, because he
could recover approximately 80% only’of applied
IgA, 50% of applied IgG, and only about 30% of
applied IgM on DEAE chromatography of serum
containing known amounts of these immunoglobu-
lins. Thus, it is possible that somewhat more IgG
and two or three times as much IgM may have
been synthesized than was recovered in the present
experiments.

The values obtained (Table IIT) represent the
first quantitative data on the magnitude of immu-
noglobulin synthesis by rheumatoid synovium.
They complement the qualitative localization of
IgG and IgM previously reported by others
(4-6). Since many cell types other than lympho-
cytes and plasma cells are present in the syno-
vium, the high proportion of total protein synthe-
sis noted, which is devoted to immunoglobulin
synthesis in this tissue, indicates that active anti-
body synthesis takes place in the rheumatoid syno-
vium and supports the impression held by many
investigators (23, 24) that rheumatoid arthritis
has an immunologic basis. Whether these immu-
nological phenomena involved are primary or sec-
ondary remains an entirely open question.

It is of interest that 78.6% of the immunoglobu-
lin synthesized was IgG. The antigen responsible
for the elaboration of various rheumatoid and
rheumatoid-like factors has been shown to be IgG
(25), and it has been suggested that the forma-
tion of these factors results from alteration of the
IgG as a consequence of combination of antibody
with its specific antigen (26). It is, therefore,
likely that synthesis of rheumatoid factor in the
synovium, which has been shown to occur in the
synovial membrane (5), results from stimulation
by antigen-antibody complexes derived from com-
bination of this newly formed IgG with, as yet
unidentified, antigens.

The local immune response of the synovial
membrane might be anticipated to give rise to the
mononuclear cell proliferation noted in rheumatoid
synovitis without the necessity for an accompany-
ing more generalized immune response. Recent
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studies in man of IgA in nasal secretions after a
repeat challenge with adenovirus have shown
specific IgA antibody to be produced almost en-
tirely by cells localized within the nasal mucosa
(17). In addition, oral challenge of monkeys im-
munized against cholera vibrio lipopolysaccharide
has shown the most intensive antibody formation
to occur within the intestinal lymphatic tissue, as
well as in the mesenteric lymph nodes (28).
These observations emphasize the possibility of
local stimulation of an immune response in non-
lymphoid connective tissue structures when the
antigen is presented to a localized anatomical site.

Immunoglobulin synthesis by nonrhewmatoid
synovia. It was of interest to determine whether
normal human synovial tissue also synthesizes
gamma globulin. Since normal synovia were not
available for study, three synovia from hip joints
of patients who had elective orthopedic procedures
were evaluated. Two of these, obtained during
fracture revision of the hip, showed insignificant
synthesis of IgG, IgA, and IgM. A third patient,
who had experienced 2 yr of pain in the hip asso-
ciated with aseptic necrosis due to Legg-Perthes’
disease, synthesized about one-third as much IgG
and equal amounts of IgM as the mean values
noted in the rheumatoid synovia studied. Although
histologic sections were not available, the small
amounts of immunoglobulin synthesized in the
tissues obtained during fracture surgery probably
represent base line levels of synthesis which occur
in normal synovial tissue. The somewhat increased
level of synthesis found in the synovium from
the patient with Legg-Perthes’ disease pre-
sumably represents secondary chronic inflamma- -
tory changes.

Comparison of immunoglobulin synthesis of
rhewmatoid synovial wmembranes and human
lymphoid tissues. Comparison on a weight basis
of total soluble-protein synthesis in rheumatoid
synovia with that of other lymphoid tissues of
normal and rheumatoid patients indicates that the
levels of synthesis in lymphoid tissues and synovia
were similar in amount. They were smaller in the
spleen, presumably, because of the absence of
y-globulin synthesis by the erythrocytes within
this organ. The relatively large variations among
the rheumatoid synovia, between the two lymph
nodes, and between the two spleens could reflect
a difference in antigenic stimulation of these tis-



sues, but also must reflect, in large part, the
relative densities of lymphoid cells.

Synovia, lymph nodes, and spleen all showed
similar levels of IgA and IgM synthesis. This
striking similarity of immunoglobulin synthesis in
rheumatoid synovia and in the lymph node tissue
emphasizes the immunologic nature of the rheuma-
toid process and calls attention to a basic similarity
between chronic inflammatory tissue and lymphoid
tissue.

An interesting aspect of the present work was
the observation of a lower-than-anticipated level
of IgA synthesis in spleen, lymph node, and syno-
vial tissues. Turnover studies of radioactively
labeled IgA (29) and IgG (30) have shown that
total body IgA is produced in amounts equal to
half that of IgG in most normal subjects. Since
both the normal and pathological tissues examined
in the present experiments produced predomi-
nantly IgG, it may be assumed that IgA is synthe-
sized in other anatomical sites. The recent demon-
stration of predominantly IgA synthesis in the
lymphoid collections of salivary glands (31), nasal
mucosa (27), and intestine (32) provides evidence
for the existence of these alternate sites of IgA
synthesis which could account for the quantita-
tively similar levels of synthesis of IgA and IgG
in the whole body. Studies by Van Furth (33),
using radioautographs of normal human lymphoid
tissues cultured in vitro, also showed IgG to be
the predominant immunoglobulin formed in lymph
node and bone marrow cells, even though he ob-
served that peripheral blood lymphocytes and
spleen appeared to make equal amounts of IgG
and IgA.

Proportion of IgM-**C of DEAE Fraction IV
coprecipitable with rheumatoid factor and heat-
aggregated IgG. Knowledge of the antibody
specificity of the immunoglobulins produced in the
rheumatoid synovium would be of great interest.
As an initial step, the proportion of IgM present
as rheumatoid factor was evaluated. The technique
of coprecipitation of radioactively labeled IgM
with carrier rheumatoid factor has the limitation
that the nonspecific radioactivity coprecipitated has
not been accurately defined. However, the tech-
nique does permit assignment of an upper limit to
the per cent of IgM that represents rheumatoid
factor, which appears to be less than 10% of the

Immunoglobulin Synthesis by Rheumatoid Synovial Membrane

IgM-4C formed by the rheumatoid synovial
membrane. ‘

The small amount of radioactivity, 0.6% of the
total counts, which was coprecipitated in the super-
natant from the normal spleen, is probably indica-
tive of the magnitude of the nonspecific coprecipi-
tation obtained with this method. The one
synovial membrane studied that fell below this
value was obtained from a patient, E. S., who
showed negative tests for rheumatoid factor by
both the slide latex and sensitized sheep cell
agglutination methods. However, although latex
fixation titers were available in six of the seven
rheumatoid patients reported in Table VII, there
was no consistent quantitative relationship between
the serum titer of rheumatoid factor and the level
of rheumatoid factor formation or IgM synthesis.
in their synovial cultures. The variable intensity
of lymphoid infiltration of different areas, even
within the same synovium, complicates the inter-
pretation of quantitative comparisons of the his-
tology with the over-all rheumatoid factor or im-
munoglobulin synthesis.

The necessity for continued antigenic stimula-
tion to maintain active gamma globulin production
is well recognized, since germ-free animals fail
to develop typical lymphatic tissue and have low
levels of immunoglobulins in their serum. This
suggests that the rheumatoid synovial tissue, in
view of its high level of immunoglobulin produc-
tion, is being subjected to active stimulation on a
chronic basis. Whether this active immunoglobu-
lin synthesis results from local antigenic stimulus
by a component of that tissue or whether the
inflamed synovial tissue merely provides a reposi-
tory for already stimulated lymphocytes derived
from the circulation remains to be determined.
However, the decreased levels of a number of
complement components in the synovial fluid (11)
argue for the presence of antigen as well as anti-
body, at least in the synovial extracellular com-
partment.

ACKNOWLEDGMENTS

We wish to express our appreciation to Dr. Louis
Paradies and his colleagues of the Department of Ortho-
pedic Surgery, University of Texas Southwestern Medical
School, who provided the sterile synovial tissue for these
studies. We would also like to thank Miss Carole L. Smith
for invaluable technical assistance.

631



This study was supported by grant AM-08418-03 from
the National Institutes of Health,

10.

11.

12.

13.

14.

15.

632

REFERENCES

. Smiley, J.D., C. Sachs, and M. Ziff. 1966. In vitro

synthesis of «-globulin by rheumatoid synovia. Arthri-
tis Rheumat. 9: 541.

. Smiley, J. D., and C. Sachs. 1967. Immunoglobulin

synthesis by rheumatoid synovial membrane compared
to other lymphoid tissues. Federation Proc. 26: 752.
(Abstr.)

. Collins, D. H. 1949. The Pathology of Articular and

Spinal Diseases. E. Arnold and Co., London. 179.

. Kaplan, M. H,, and J. H. Vaughan. 1959. Reaction of

rheumatoid sera with synovial tissues as revealed by
fluorescent antibody studies. Arthritis Rheumat. 2:
356. (Abstr.)

. Mellors, R. C.,, A. Nowoslawski, L. Korngold, and

B. L. Sengson. 1961. Rheumatoid factor and the
pathogenesis of rheumatoid arthritis. J. Exptl. Med.
113: 475.

. Fish, A. J., A. F. Michael, H. Gewurz, and R. A.

Good. 1966. Immunopathologic changes in rheumatoid
arthritis synovium. Arthritis Rheumat. 9: 267.
Rodman, W. W,, R. C. Williams, Jr., P. J. Bilka, and
H. J. Miiller-Eberhard. 1964. Immunofluorescent
localization of B,C and B:E globulin components in
synovial tissues from rheumatoid arthritis patients.
Arthritis Rheumat. 7: 749. (Abstr.)

. Hollander, J. L., D. J. McCarty, Jr., G. Astorga, and

E. Castro-Murillo. 1965. Studies on the pathogenesis
of rheumatoid joint inflammation. I. The “R.A. Cell”
and a working hypothesis. Ann. Internal Med. 62: 271.

. Vaughan, J. H.,, E. V. Barnett, and M. Sobel. 1966.

Cytoplasmic inclusions of y-globulins in rheumatoid
arthritis and other diseases. Arthritis Rheumat. 9:
548. (Abstr.)

Pekin, T. J., Jr., and N. J. Zvaifler. 1964. Hemolytic
complement in synovial fluid. J. Clin. Invest. 43: 1372.
Fostiropoulos, G., K. F. Austen, and K. J. Bloch.
1965. Total hemolytic complement (CHs) and second
component of complement (C2') activity in serum
and synovial fluid. Arthritis Rheumat. 8: 219.

Aidem, H. P, and L. D. Baker. 1964. Synovectomy
of the knee joint in rheumatoid arthritis. J. Am. Med.
Assoc. 187: 4.

Ropes, M. W,, G. A. Bennett, S. Cobb, R. Jacox, and
R. A. Jessar. 1958 Revision of diagnostic criteria for
rheumatoid arthritis. Bull. Rheumatic Diseases. 9: 175.
Eagle, H. 1959. Amino acid metabolism in mam-
malian cell cultures. Science. 130: 432.

LoSpalluto, J., J. Chegoriansky, A. Lewis, and M.
Ziff. 1960. Chromatographic properties of gamma
globulin: Behavior of serum gamma macroglobulins.
J. Clin. Invest. 39: 473.

J. D. Smiley, C. Sachs, and M. Ziff

16.

17.

18.

19.

20.

21.

22

23.

24.

25.

26.

27.

28.

30.

31

32.

33.

Heremans, J. F., and J. P. Vaerman, 1962. g2A-
Globulin as a possible carrier of allergic reaginic
activity. Nature. 193: 1091.

Flodin, P., and J. Killander. 1962. Fractionation of
human-serum proteins by gel filtration. Biochim. Bio-
phys. Acta. 63: 403. .

Bray, G. A. 1960. A simple efficient liquid scintillator
for counting aqueous solutions in a liquid scintillation
counter. Anal. Biochem. 1: 279.

Singer, J. M., C. M. Plotz, and R. Goldberg. 1965.
The detection of anti-globulin factors utilizing pre-
coated latex particles. Arthritis Rheumat. 8: 194.
LoSpalluto, J., and M. Ziff. 1959. Chromatographic
studies of the rheumatoid factor. J. Exptl. Med. 110:
169.

Bianchi, F. A., and M. K. Keech. 1963. Comparison of
two slide tests in rheumatoid arthritis. J. Am. Med.
Assoc. 185: 318.

Heller, G., A. S. Jacobson, and M. H. Kolodny. 1949.
A modification of the hemagglutination test for
rheumatoid arthritis. Proc. Soc. Exptl. Biol. Med.
72: 316.

Christian, C. L. 1964. Rheumatoid arthritis-etiologic
considerations. Arthritis Rheumat. 7: 455.

Ziff, M. 1961. Genetics, hypersensitivity and the con-
nective tissue diseases. Am. J. Med. 30: 1.

Allen, J. C, and H. G. Kunkel. 1966. Hidden rheuma-
toid factors with specificity for mnative ~-globulins.
Arthritis Rheumat. 9: 758.

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

Butler, W. T., R. D. Rossen, and T. A. Waldmann.
1967. On the mechanism of appearance of IgA in
nasal secretions in man. Federation Proc. 26: 312.
Felsenfeld, O., W. E. Greer, and A. D. Felsenfeld.
1967. Cholera toxin neutralization and some cellular
sites of immune globulin formation in Cercopithecus
aetheiops. Nature. 213: 1249,

. Solomon, A., and T. B. Tomasi, Jr. 1964. Metabolism

of IgA (B:A) globulin. Clin. Res. 12: 452, (Abstr.)
Solomon, A., T. A. Waldmann, and J. L. Fahey.
1963. Metabolism of normal 6.6S y-globulin in normal "
subjects and in patients with macroglobulinemia and
multiple myeloma. J. Lab. Clin. Med. 62: 1.

Tomasi, T. B., Jr.,, E. M. Tan, A. Solomon, and
R. A. Prendergast. 1965. Characteristics of an im-
mune system common to certain external secretions.
J. Exptl. Med. 121: 101.

Crabbé, P. A, A. O. Carbonara, and J. F. Heremans.
1965. The normal human intestinal mucosa as a major
source of plasma cells containing ya-immunoglobulin.
Lab. Invest. 14: 235.

Van Furth, R. 1964. The formation of immuno-
globulins by human tissues in vitro. Ph.D. Thesis,
University of Leiden. Leiden, Netherlands. 127.



