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Enhancement of Human Lymphocyte Transformation
by Aggregated HumanGammaGlobulin

T. DOUGLASKINSELLA

From the Rheumatic Diseases Unit, Department of Medicine, Queen's
University, Kingston, Ontario K7L 3L6, Canada

A B S T1 R A C T The effect of heat-aggregated humain
gamma globulin (aggFII) on the induction of in vitro
lymphocyte transformation, measured by the uptake
of tritiated thymidine into newly synthesized DNA,
was studied with peripheral blood lymphocytes derived
from 12 patients with rheumatoid arthritis (RA), six
with ankylosing spondylitis (AS), two with systemic
lupus erythematosus (SLE), and seven normiial subjects.
It was found that 200 i,g aggFII induced significant
transformation of the lymphocytes of eight patients
with RA, five with AS, one with SLE, and one normal
subject. Neither deaggregated FlI nor heat-aggregated
human serumialbumin induced significant transforma-
tion of the lymphocytes of any subject tested. A source
of complemenit appeared necessary to support aggFI1-
induced blastogenesis, since enhanced tranisfornmationi
occurred only in the presenice of fresh plasma. Heat-
inactivated plasmiia and fetal calf serum (FCS), and
FCS devoid of hemolytic complement, failed to sup-
port enhanced blastogenesis in the presence of aggFII.
Since substrates similar to those enmploy ed in these
studies are present in vivo in the rheunmatoid joint, it
is suggested that aggFII may enhance intra-articular
lymphocyte transformationi in subjects with RA.

INTRODUCTION

Various in vitro studies indicate that human gamma
globulin (FII),' particularly in an aggregated form
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1 Abbreviations tsed in this paper: aggEII, aggregated
gamma globulin; aggHSA, aggregated human serum albu-
min; AS, ankylosing spondylitis; C, complement; C3, third
component of complement; C4, fourth component of com-

(aggF1I), can combine with rheumatoid factor (RF)
to form a complex (1, 2) and to activate the blood
complement (C) sequence (3, 4), thereby releasing
a variety of phlogistic mediators (5). Since other stud-
ies have shown that synovial fluids derived from some
patients with rheumatoid arthritis (RA) exhibit de-
pressed levels of C (4, 6) and can contain aggFlI
and RF (7) which is frequently in the form of intra-
cellular immune complex-like inclusions containing C
(8), it has been postulated that aggFII may partici-
pate in the pathogenesis of rheumatoid synovial in-
flammation via humoral imnmune mechanisms (9). Con-
trary to the foregoing, there has been no unequivocal
demonstration that cell-mediated illmmuniity involv ing
Fli is imiiplicated in the pathogenesis of rheumatoid
inflammation. In particular, in vivo studies employilg
delayed hypersensitivity skin r esponses to native- and(
aggFII (10, 11) and the intra-articular injection of
purified FII into human volunteers (12), have not re-
solved this question. Because of controversial results
derived from such in vivo studies (10-13) others have
relied oIn in vitro techniques, including in vitro lym-
phocyte transformation whiclh is known to be a re-
liable correlate of cell-mediated immuinity (14), to in-
vestigate possible roles for Fli and RF in the patho-
genesis of RA. Unfortunately, recent studies have
reported that neither isolated FII (11, 15, 16) nor
isolated RF (17) can consistently induce in vitro
transformation of peripheral blood lymphocytes of sub-
jects with RA. Thus, in contrast to the situation re-
garding humoral immunity, the majority of currently
available evidence has not delineated a role for FIT
in cell-mediated immunity in the pathogenesis of RA.

plement; deaggFIl, deaggregated gamma globulin; FlI,
human gamma globulin; FCS, fetal calf serum; HSA,
human serum albumin; [3H]Tdr, tritiated thymidine;
PBS, phosphate-buffered saline; PHA, phytohemagglutinin;
RA, rheumatoid arthritis; RF, rheumatoid factor; SLE,
systematic lupus erythematosus.
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The present studies were suggested by observations
that sonme circulating lymphocytes possess surface re-
ceptors for C-containing immune complexes (18) and,
as reviewed above, that some RA synovial fluids
contain complexes of aggFII with RF and/or C.
Accordingly, the experiments to be described were
designed to approximate in vivo circumstances by eval-
uating the blastogenic effect of aggFII and deaggre-
gated FII (deagg FII) on peripheral blood lympho-
cytes in the presence of a source of C, namely fresh
autologous plasma. The results of these studies demon-
strate that in vitro lymphocyte transformation can be
induced by aggFII under such conditions.

METHODS

Study groups. 12 patients with RA, 6 with ankylosing
spondylitis (AS), 2 with systemic lupus erythematosus
(SLE), and 7 normal subjects were studied. All RA pa-
tients had "classical" or "definite" diseases by criteria of
the American Rheumatism Association (19), and all but
one were seropositive for RF, as determined by a slide
latex test (Hyland Div., Travenol Laboratories, Inc., Costa
Mesa, Calif.) and by a micromethod for the sensitized
sheep cell test, standardized with amboceptor and reference
serum for RF donated by the World Health Organization
(20); titers ranged from 1/8 to 1/16,384. All patients with
AS and SLE had negative tests for RF. Active disease
necessitated acetylsalicylic acid therapy in a minimum daily
dose of 1,800 mg for all patients with RA, AS, and SLE;
in addition, one patient with RA received 10 mg prednisone/
day, one with SLE, 250 mg chloroquine/day, and three with
AS, 200-400 mg phenylbutazone/day. None of the normal
subjects displayed clinical or serological evidence of an
immune disorder.

Preparation of protein solutions. Lyophilized Cohn frac-
tion II (Grand Island Biological Co., Grand Island, N. Y.)
was reconstituted in phosphate-buffered saline (PBS),
pH 7.2, to desired concentrations in volumes of 0.05 ml.
Since such solutions were found to contain variable amounts
of aggregates, as determined by their ability to deplete
fresh plasma of hemolytic complement (3, 11), aliquots
were deaggregated (11) by centrifugation in a Beckman
model L centrifuge (Beckman Instruments, Inc., Spinco
Div., Palo Alto, Calif.) at 150,000 g X 90 min in a
Beckman SW-50 swinging bucket rotor, and the upper
one-third of the supernate (deaggFII) was sterilized by
gentle passage thropgh a 0.45-/im pore Millipore filter
(Millipore Corp., Bedford, Mass.). Portions of such de-
aggregated supernates were then heated in a water bath
at 56°C X 30 min to induce aggFII. Human serum albumin
(HSA) (Hyland Div., Travenol Laboratories, Inc.), di-
luted to provide 200 ,tg/0.05 ml, was aggregated (aggHSA)
by heating at 71°C X 60 min. Protein concentrations of
aliquots of all solutions were determined, after digestion
in 0.1 N NaOH for 30 min, in a Coleman model 111
spectrophotometer (Coleman Instruments Div., Perkin
Elmer Corp., Maywood, Ill.). Protein loss during deaggre-
gation was usually so minimal as to require no compensa-
tory adjustment of concentration of these solutions. Studies
by double diffusion in agar gel (21) and by immunoelec-
trophoresis (22) revealed that the solutions of FII con-
tained predominantly IgG an(d a trace of IgM but no

albumin, Ino f ourth component of complement (C4), nor
third component of complement (C3). Similar techniques
revealed that the solutions of HSA contained only albumin
and an a-globulin which, although not further identified,
was not IgG, IgA, IgM, C4, nor C3.

Determinations. Levels of hemolytic complement (CH50)
in plasma and FII-free fetal calf serum (FCS) were de-
termined as described by Mayer (23). The marked sensi-
tivity of the CH50 assay to the presence of aggFII was
utilized to ensure that batches of FII which had been de-
aggregated by centrifugation were indeed free of aggre-
gates (3, 11). Plasma concentrations of C3 were deter-
mined by single radial immunodiffusion, employing com-
mercial immunoplates (Hyland Div., Travenol Laborator-
ies, Inc.), containing 5 Al plasma/well. Studies of plasma
levels of C3 were initiated on the day on which cultures
were established for lymphocyte transformation, or, in a
few instances, within 24 h, with samples which had been
immediately frozen at -20°C. Reaction volumes for de-
termination of C activation were identical to those usually
employed in lymphocyte cultures and consisted of duplicate
tubes containing 0.05 ml (200 ,ug) agg- or deaggFII in
0.2 ml plasma. After incubation at 37°C X 20 min, appro-
priate aliquots were withdrawn for C determinations. Re-
sults are expressed as the decrease of C concentration
in plasma after addition of 200 ,g aggFII as compared
to the simultaneously determined C value in a plasma ali-
quot to which 200 ug deaggFII had been added as a
dilution control.

Leukocyte cuiltures. 50 ml of venous blood, containing
1,000 units preservative-free heparin (Connaught Medical
Research Laboratories, Toronto, Canada), were obtained
from each subject. Erythrocytes were usually sedimented
by gravity at room temperature in an inverted syringe,
but for some normal subjects several centrifugations at
75 g X 20 min were required. The leukocyte-rich super-
natant plasma was centrifuged at 250 g X 10 min in glass
tubes and the resultant cell pellet, after three washes in
RPMI 1640 culture medium (Grand Island Biological Co.),
was resuspended in sufficient RPMI 1640 to provide 5 X
105 small lymphocytes in 0.2 ml. Supernatant plasma was
centrifuged once again at 1500 g X 10 min at 4°C before
addition to autologous cultures and, when required in
some experiments, heat inactivated at 56°C X 30 min in
a water bath. FIT-free FCS (Grand Island Biological
Co.) was employed in the fresh and/or heat-inactivated
form in some experiments.

Cultures were established in triplicate or quadruplicate
in final volumes of 1.0 ml, containing 5 X 105 lymphocytes,
20% autologous plasma or FCS, 0.05 ml FII, and 0.5%
of 200 mMl-glutamine and antibiotics. Initial experiments
employing concentrations of 50, 100, 200, 600, and 1,000
,ug of agg- and deaggFII in 0.05-ml volumes indicated that
200 ,ug usually provided optimal in vitro mitogenic re-
sponses and, accordingly, all experiments reported herein
were conducted in the presence of 200 ,ug FII (agg or de-
agg) /culture tube. In the majority of experiments, addi-
tional cultures containing fresh autologous plasma and 0.05
ml of a 1/10 dilution of phytohemagglutinin (PHA)
(Difco Laboratories, Detroit, Mich.), added on the 3rd
day of incubation, were established to ensure that cul-
tured cells were capable of undergoing a mitogenic re-
sponse. In some experiments, additional cultures were es-
tablished containing 200 /tg aggHSA to evaluate the mag-
nitude of tritiated thymidine ([3HITdr) uptake by pro-
liferation of phagocytic leukocytes during culture.
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TABLE I

Summary of Lynmphocyte Transformation Responses to PHA, deaggFII, and aggFII Correlated with
Original C3 Levels and Reduction Induced by aggFII

C3
MI§ in presence of

Lymphocyte Native Reduction
donor Control cultures PHA$ deaggFIIlj aggFIl¶I plasma by aggFII

cPm mg/mi
RA

T. W.
D. L.
C. C.
J. P1.
C. S.
A. L.
J. F.
J. P.
E. R.
C. L.
E. E.
E. C.

1074-8
266±-108
407±-66
2854-43
250±--115

1,243±-325
127±-81
674±4 167
167±E17
3274-66
347-±30
339 4±50

Mean (-SE) 385 (±-88)
AS

G. C.
A. R.
H. M.
J. L.
I. F.
E. W.

1,887±t432
1,092 -90

323--40
608±t3
280±-31
180-±27

Mean(-SE) 728 (-±268)

SLE

37.4
403.5

2.5
2.4

13.1
27.3

159.1
9.4
3.0

16.2
53.7
68.4

1.4
**

1.3
1.7t$
1.4
2.4tt

0.8
0.7

1.2

66.3 (±-33.2) 1.3 (±-0.4)

72.1
48.0

245.8
116.5
210.4

67.1

126.6 (±-33.6)

7.6
4.7
4.6
3.2
2.9
2.7
2.2
2.1
1.8
1.6
1.1
1.0

2.9 (±i0.5)

- 9.5
8.6
5.8

- 2.9
- 2.2
0.9 1.4

1.35
1.78
2.30
1.00
0.89
0.90
0.94
1.32
1.06
1.80
1.60
0.97

0.27
0.81
0.75
0.26
0.08
0.11
0.24
0.17
0.18
0.00
0.05
0.12

1.32 (±t0.13) 0.25 (-±0.07)

1.75
1.40
1.29
1.33
1.55
2.75

0.25
0.41
0.43
0.39
0.26
0.45

- 5.0 (± 1.4) 1.67 (-±0.22) 0.36 (±0.03)

J. A.
L. T.

Normal
P. W.
I. P.
A. C.
J. N.
A. B.
F. W.
J. D.

Mean (+SE)

426±t 103
390±t66

301 ±-48
819-±34
376±4188

2,507-±981
249--58
941±-245
140±t23

761 (±X312)

78.4
116.9

142.2
13.3
57.2

4.3
6.6

35.7

43.2 (±X21.4)

1.4 3.0
0.6 1.5

0.9

1.4

0.7

1.0 (±-0.2)

4.4
1.6
1.6
1.5
0.9
0.9
0.9

1.6 (±-0.4) 1.47 (-±0.15) 0.22 (±-0.04)

* Control cultures, cpm = counts per minute in unstimulated control cultures.
I PHA = 0.05 ml PHAadded on 3rd day of culture.
§ MI = mean counts per minute in experimental cultures divided by mean counts per minute in control
cultures; all cultures contain fresh autologous plasma and were harvested after 5 days.

deaggFII = 200 ,ug FIT, deaggregated by centrifugation at 150,000 g X 90 mim.
aggFII = 200 jug FII, aggregated by heating (56°C X 30 min).

** (-) = not done.
tt Preparations of deaggFIlI employed in these experiments decreased the titer of hemolytic complement in
fresh plasma by more than 25%; all other, less than 10%.

Cultures were maintained in loosely capped polypropylene
tubes (Falcon Plastics, Div. of BioQuest, Oxnard, Calif.)
for 51 days at 37°C in a humidified atmosphere of 5% C02

in air and were pulsed during the final 18 h with 2.0 gCi
of ['H]Tdr, sp act 5.0 Ci/mmol (Amersham/Searle Corp.,
Arlington Heights, Ill.). They were then processed for
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0.86
0.57

1.20
1.90
1.17
2.00
1.41
1.17

0.07
0.07

0.15
0.15
0.15
0.20
0.44
0.23



liquid scintillation counting as reported previously (24)
and counted in a Philips liquid scintillationcounter (Philips
Electronic Instruments, Mount Vernon, N. Y.), employing
an external standard and a correction for background
counts. In some experiments identical cultures were estab-
lished and processed for liquid scintillation counting at both
3 days and 53 days to evaluate the effect of duration of
culture on aggFII-induced blastogenesis. Results of all
experiments are expressed as a mitogenic ipdex (MI)
which is the ratio obtained by dividing mean counts per
minute in experimental cultures (containing agg- or de-
aggFII) by those in control cultures which contained no
FII. MI of 2.0 or greater were arbitrarily chosen to
represent enhanced lymphocyte transformation in this sys-
tem. A Student's t test, employing an Olivetti Programma
101 calculator (Olivetti Underwood Corp., New York),
was applied to evaluate the significance of the difference
between the means of each of the study groups.

RESULTS

Blastogenic effects of aggFII and PHA. MI for
each subject in response to 200 ,ug aggFII or 0.05 ml
PHA in fresh plasma are shown in Table I. MI in
response to aggFII for the 12 RA subjects ranged
from 1.0 to 7.6 with a mean of 2.9 (SE±0.5), while
those for the normal group ranged from 0.9 to 4.4
with a mean of 1.6 (SE±0.4) (P> 0.05 in compari-
son to the normal group). The range of MI for the
six AS subjects was 1.4-9.5 with a mean of 5.0 (SE
±+1.4) (P<0.05 in comparison to the normal group).
The two SLE subjects had MI of 3.0 and 1.5. In total,
15 of the 27 subjects had MI of 2.0 or greater in
response to aggFII, mean 4.4 (SE±0.6), while 12
subjects had MI less than 2.0, mean 1.2 (SE±0.1);
the difference between these means was significant
(P < 0.001).

In 3-day cultures (data not shown) aggFII failed
to induce significant transformation of lymphocytes
from three subjects with RA, one each with AS and
SLE, and two normal subjects.

MI after PHA stimulation are recorded (Table I,
column 2) for all but one subject (normal, J. D.). No
correlation was observed between the magnitude of
aggFII and PHA MI for individual subjects (Table I,
columns 2 and 4).

Blastogenic effect of aggFII compared to deaggFII.
Comparative MI for aggFII and deaggFII in parallel
cultures containing fresh autologous plasma can be seen
in Table I (columns 3 and 4). The range of MI for
eight RA subjects was 1.0-7.6 in the presence of
aggFII and 0.7-2.4 in the presence of deaggFII. In
the latter experiments, MI of 1.7 and 2.4 in the presence
of deaggFII were encountered with two subjects; the
preparations of deaggFII employed in these two ex-
periments were found to consume more than 25%
CHw0 units in native autologous plasma, thereby sug-
gesting inadequate deaggregation of the FIT. One AS

TABLE I I
Comparison of Lymphocyte Transformation Responses

to aggFII and aggHSA

MI* in presence of
Lymphocyte

donor Diagnosis aggFIlt aggHSA§

T. W. RA 7.6 1.7
C. S. RA 2.9 0.6
A. L. RA 2.7 1.3
C. L. RA 1.6 0.9
L. T. SLE 1.5 1.1
E. W. AS 1.4 1.0

Mean (4SE) 2.9 (40.9) 1.1 (±0.1)

* MI = mean counts per minute in experimental cultures
divided by mean counts per minute in control cultures; all
cultures contain fresh autologous plasma.
t aggFIL = 200 Ag heat aggregated (56°C X 30 min) FII.
§ aggHSA = 200 ;g heat aggregated (71°C X 60 min) HSA.

subject had MI of 1.4 and 0.9 in the presence of aggFII
and deaggFII, respectively. Two SLE subjects had MI
of 3.0 and 1.5 with aggFII, and 1.4 and 0.6 in the
presence of deaggFII. Three normal subjects had a
range of MI from 0.9 to 4.4 in the presence of aggFII
and from 0.7 to 1.4 in the presence of deaggFII. These
studies demonstrated that 200 ug deaggFII was unable
to induce blastogenesis of peripheral blood lymphocytes
in the presence of fresh plasma.

Effect of aggHSA on uptake of ['H] Tdr. To as-
certain the magnitude of ['H]Tdr uptake due to syn-
thesis of DNA by phagocytic leukocytes in 5-day cul-
tures, the leukocytes of four subjects with RA and one
each with SLE and AS were cultured in parallel in
the presence of 200 Ag each of aggFII and aggHSA
(Table II). In the presence of aggFII three of six
subjects had MI greater than 2.0, whereas in the
presence of aggHSA all had MI less than 2.0, indi-
cating that in this system an MI of 2.0 or greater was
unlikely to represent uptake of ['H] Tdr by in vitro
proliferation of phagocytic leukocytes.

Effect of inactivation of C on blastogenic responses.
In seven experiments (Table III, columns 1 and 2)
200 ug aggFII was added to parallel cultures contain-
ing fresh plasma or plasma which had been decomple-
mented by heat inactivation before addition of aggFII.
Heat inactivation inhibited the blastogenic response to
aggFII which the lymphocytes of one subject with RA
(MI = 3.2) and two with AS (MI = 5.8 and 2.2) had
displayed in the presence of fresh plasma. After heat
inactivation the decrease in CH50 units in plasmas
ranged from 91 % to 99% with a mean decrease of
94%.

MI obtained in response to 200 Ag aggFII in autolo-

Lymphocyte Transformation by Aggregated GammaGlobulin 1111



rABLE III

Comparison of Lymphocyte Transformitation Responses in
4utologous Plasma and FCS

MI* with aggFI4: in

Autologous plasma Fetal calf serum
Lymphocyte

donor Fresh§ Inactivated Fresh¶ Inactivated

RA
T. W. 7.6 1.2 0.6
J. P1. 3.2 0.8 -

J. P. 2.1 - - 1.1
E. E. 1.1 0.5 0.9 1.2
E. C. 1.0 - - 0.8

AS
J. M. 5.8 0.7 - -
I. F. 2.2 1.1 - 0.8
E. W. 1.4 - 0.7 0.9

Normal
A. C. 1.6 1.4 1.1 0.7
J. N. 1.5 1.( --
J. D. 0.9 -- 1.() -
F. W. (1.9 0.9 -

* MI = counts per minute in cultures containing aggFIl divided by mean
counts per minute in cultures without aggFII.
I aggFII = 200 Ag heat-aggregated (56°C X 30 min) human gamma
globulin.
§ Fresh = autologous plasma obtained on day on which cultures established.

11 Inactivated = autologous plasma or commercial calf serum heated in a
water bath at 56°C X 30 min to inactivate hemolytic complement.
T Fresh = fetal calf serum obtained frozen from commercial supplier; she lf

life greater than five days.
** (-) = not done.

gous plasma or in FCS are also compared in Table
III. M\oderate to marked enhancement of lymphocyte
transformation was displayed by two subjects with RA
(MI = 7.6 and 2.1) and one with AS (MI = 2.2) in
the presence of fresh autologous plasma (Table III,
column 1), but no enhancement occurred with any sub-
ject in parallel cultures containing heat-inactivated
FCS (Table III, column 4). In some of these experi-
ments the mitogenicity of aggFII was also compared
in parallel cultures of both fresh and heat-inactivated
plasma and FCS (Table III). It was found that only
fresh autologous plasma supported aggFII-induced blas-
togenesis; neither fresh nor heat-inactivated FCS sup-
ported a blastogenic response to aggFII (Table III,
columns 3 and 4). Aliquots of three separate batches
of FCS were employed in these experiments, and none
were found to contain detectable hemolytic comple-
ment activity in either the fresh or heat-inactivated
preparations. It should be noted that although the
"fresh" preparations of FCS were received frozen from
a commercial supplied they had an undetermined "shelf
life" before delivery. These experiments indicated that
under otherwise identical experimental conditions a
source of C was re(tluired for expression of aggFII-
induced blastogenesis.

Effcct of aggFII on plasma C3 lcvels. Except for
one normal subject, C3 concentrations were deter-
nlined before and after the addition of 200 ,ug aggFII
to plasma in all experiments (Table I, columns 5 and
6). For individual subjects and diagnostic groups no
correlation was found between the degree of blasto-
genesis and the extent of C3 depletion by aggFII
(Table I, columns 4 and 6). When the responses of
the 15 subjects with enhanced blastogenesis (MI > 2.0)
were compared to those of 11 subjects without such
enhancement, it was found that the mean decrease in
the level of plasma C3 after addition of aggFII was
0.31 mg/ml (range 0.07-0.81 mg/ml) for the former
group and 0.18 mg/ml (range 0-0.45 mg/ml) for the
latter (P < 0.1).

DISCUSSION

The present studies demonstrate that the addition of
200 usg of aggFII, but not deaggFII to fresh autologous
plasma was associated with enhanced in vitro blasto-
genic transformation of the peripheral blood lympho-
cytes of 15 of 27 subjects. Specifically, the mean re-
sponse of the 15 subjects with MI of 2.0 or greater
was 4.4, in comparison to a mean of 1.2 for the 12
subjects with indices of less than 2.0; the difference
betwieen these means was highly significant statisti-
cally (P <0.001). In addition, by employing the same
MI of 2.0 or greater to define enhanced blastogenesis,
it was found that aggFII induced such enhancement
with lymphocytes derived from 8 of 12 patients with
RA, 5 of 6 with AS, 1 of 2 with SLE, and 1 of 7
normal subjects. Thus, the results of these studies in-
dicate that in the presence of fresh autologous plasma,
aggFII can induce significant transformation of the
blood lymphocytes of some normal individuals and
patients with immune arthropathies.

No statistically significant differences between the
mean responses of the 7 normal subjects (mean MI=
1.6), the 12 patients with RA (mean MI = 2.9), and 2
patients with SLE (MI = 3.0 and 1.5) were found.
Although lymphocytes of the AS patients did demon-
strate a quantitatively greater mean response than
those of the other study groups, other studies con-
ducted in this laboratory and reported in abstract form
indicate that AS lymphocytes, in comparison to nor-
mal and RA lymphocytes, also display greater in vitro
blastogenesis in the mixed leukocyte reaction and in
response to PHA (25). Thus, the results of the present
studies with aggFII provide additional evidence for an
increased sensitivity of AS lymphocytes to a variety
of blastogenic stimuli. In the context of the present
studies, therefore, it would appear that aggFII-induced
blastogenesis is not specific for lymphocytes derivedl
fromii stibjects with imniuntie arthropathlies. althotugl
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lymphocytes of the latter subjects respond to a fixed
dose of aggFII more frequently than do those of nor-
mal subjects.

Since the present studies were designed to approxi-
mate the intra-articular cellular milieu of RA, a mixed
population of peripheral blood leukocytes was employed
in culture. However, such a leukocyte population con-
tains mononuclear phagocytes (monocytes) which can
l)roliferate in vivo by mitotic division in response to
inflammatory phagocytic stimuli (26). Accordingly, in
the present experiments it was necessary to differenti-
ate in vitro DNA synthesis ([3H]Tdr uptake) which
might be due to mitosis of phagocytic monocytes and/
or macrophages from that which was due to mitosis of
co-cultivated lymphocytes. Since it is known that mono-
nuclear phagocytes avidly phagocytose aggregated HSA
(27), experiments were designed to compare [3H]Tdr
uptake in parallel cultures containing aggHSA and
aggFII. These experiments demonstrated that the up-
take of [3H]Tdr, expressed as an MI, was invariably
greater in the presence of aggFII than in the presence
of a similar amount of aggHSA, thereby indicating
that the observed ['H]Tdr uptake was not solely a re-
flection of macrophage proliferation in response to a
phagocytic stimulus.

Current evidence indicates that human peripheral
blood contains at least two populations of morphologi-
cally similar, but functionally distinct, lymphocytes,
namely, thymus-derived T cells and bone marrow-de-
rived B cells (reviewed in reference 28). In addition,
it has been shown that T cells, but not B cells, undergo
in vitro blastogenic transformation in response to PHA
(29) and that B cells possess surface membrane recep-
tors for C (18) and for immunoglobulins, including
aggFII (30). In view of these considerations, the re-
sults of the present studies suggest that the observed
response to aggFII may have been mediated by B cells.
In particular, the lack of correlation in the present
studies between PHA and aggFII blastogenic re-
sponses for individual subjects would support such an
interpretation, as would those studies which have dem-
onstrated that B cells possess surface receptors for
complement-fixing immune complexes (18) and for
aggFII (30). Thus, with respect to the present stud-
ies, it is attractive to speculate that complexes formed
in vitro between aggFII with RF and/or C reacted
with B cells bearing appropriate receptors and initiated
the observed blastogenic sequence. Studies have been
commenced which will directly evaluate this possibility.

The failure of deaggFII, which does not fix C (3),
to induce blastogenesis in the presence of fresh autolo-
gous plasma suggests that participation of C may have
been necessary for expression of the reaction described.
This interpretation is augmented by those experiments

in which it was demonstrated that both heat-inactivated
plasma and FCS devoid of hemolytic complement were
also unable to support aggFII-induced blastogenesis,
Indeed, this requirement for fresh plasma may account
for the negative results reported by previous investiga-
tors who employed heat-inactivated humiian AB sera
(15) or calf sera (16) in similar studies with human FII.
At the same time it is clear that activation of the C
sequence by aggFII was not the sole requisite for
expression of this reaction; although the mean deple-
tion of plasma C3 by aggFII in the group of 15 sub-
jects with enhanced blastogenesis was greater than
that in the group of 12 subjects without enhanced blas-
togenesis, individual subjects demonstrated no signifi-
cant quantitative correlations between depletion of
plasma C3 and enhancement of lymphocyte blastogene-
sis. Thus, the foregoing considerations suggest that
several factors may regulate the extent of aggFII-in-
duced blastogenesis, namely, activation of the C sys-
tem, an appropriate amount of aggFII, and the pres-
ence of an appropriate number of B cells. Indeed, this
interpretation is consistent with a recent hypothesis
which suggests that activated C3 is required for B
cell activation (31) and with current studies conducted
by the author which demonstrate that, in fresh autolo-
gous plasma, activation of the alternate pathway of C
by endotoxin, zymosan, and inulin initiates dose-de-
pendent levels of in vitro blastogenesis of human lym-
phocytes in the absence of any mitogen (T. D. Kin-
sella, unpublished observations).

In conclusion, the present studies suggest a mecha-
nism whereby aggFII might assist in perpetuating the
subsynovial lymphoid hyperplasia which is so charac-
teristic of some immune arthropathies, such as RA.
Various authors have demonstrated that aggFII is
present in rheumatoid synovial fluids (7), that activa-
tion and utilization of C occurs within the RA joint
(4, 6), and that intra-articular complexes of IgG
and C are present in patients with RA (8). Accord-
ingly, although comparable information is not avail-
able for other immune arthropathies, studies of the
intra-articular milieu in patients with RA have provided
abundant evidence of the in vivo availability of sub-
strates similar to those utilized in the present in vitro
studies. By analogy with the present studies, therefore,
the availability of C-fixing aggregated IgG in the RA
joint might provoke in vivo intrasynovial lymphocyte
transformation and persistent subsynovial lymphoid
hyperplasia. Support for this concept can be derived
from other studies conducted in this laboratory which
have demonstrated that the majority of RA synovial
fluids are mitogenic in vitro for autologous lympho-
cytes (24). Although it is likely that the reaction de-
scribed in the present studies is but a secondary phe-
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nomenon, and not the primary inducer of RA (or im-
mune) synovitis, it is apparent that such a mechanism
could conitribute to the propogation of chronic rheu-
matoid synovitis, with or without persistence of the
primary inducer. In effect, these studies suggest that
aggFII could support rheumatoid synovitis via cellular
as well as humoral immune mechanisms.

Addendum. After this work was submitted, a paper by
M. D. Reynolds and N. I. Abdou was published (1973. J.
Clin. Invest. 52: 1627), which confirmed that aggregated
gamma globulin can induce in vitro transformation of
human lymphocytes.
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