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Ahstruct. Peripheral blood mononuclear leukocytes (MNL) from 11 of 30 healthy adults 
elaborated detectable IgM RF when stimulated with pokeweed mitogen. In order to assess 
the possibility that suppressor T-cell activity might account for the nonexpression of IgM RF 
in vitro in some individuals, the influence of T cells on IgM RF production by autologous B 
cells prepared from donors whose unfractionated MNL synthesized IgM RF in response to 
PWM was investigated. Untreated T cells supported IgM RF production by autologous B 
cells with optimal synthesis observed at T:B cell ratios of 2: 1: at higher T:B cell ratios a de- 
cline in IgM RF production occurred. I n  contrast, at higher T:B cell ratios irradiated 
T cells supported consistently higher levels of IgM R F  production than untreated T 
cells suggesting the presence of radiosensitive suppressor T cells for IgM RF in these indi- 
viduals. To determine the frequency of these suppressor cells, irradiated T cells were com- 
pared to untreated T cells for capacity to support IgM RF production by autologous B cells 
from 12 randomly selected donors at T:B cell ratios of 3: 1. Untreated T cells from 4 of 12 
individuals were capable of cooperating in induction of IgM RF production by autologous B 
cells, whereas irradiated T cells supported IgM RF production in 6 of 12 individuals. Levels 
of IgM RF production in all 6 individuals were significantly higher with irradiated T cells 
than with untreated T cells; in 2 individuals IgM RF synthesis by autologous B cells was ob- 
served only in the presence of irradiated T cells. In 4 of 6 individuals increases in the ratio of 
IgM RF total IgM synthesis occurred with irradiated T cells (when compared to untreated T 
cells). suggesting disproportionate suppression of RF production. These results indicate the 
presence of radiosensitive T cells capable of suppressing IgM RF production in a significant 
fraction of healthy adults and raise the possibility that these cells may regulate in vivo ex- 
pression of RF. 

Considerable evidence suggests that  
rheumatoid factors (RF)2 contribute to the 
pathogenesis of inflammation in rheumatoid 
arthritis (RA) ( 1 ,  2). For instance, R F  have 
been demonstrated to be a constituent of 
immune complexes present in the serum 
( 3 ) ,  synovial fluid (4), and synovial fluid 
PMNs ( 5 )  of patients with RA. 

Cellular mechanisms underlying expres- 
sion of R F  are incompletely understood. In 
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Abbreviations used: RF, rheumatoid factor( s); RA, 
rheumatoid arthritis; PMN, polymorphonuclear leu- 
kocyte; MNL, mononuclear leukocytes; PWM, poke- 
weed mitogen; AET, 2-aminoethylisothiouronium 
bromide; SRBC, sheep red blood cells; VBS-BSA, 
veronal-buffered saline containing 1% bovine serum 
albumin. 

our previous studies, circulating B cells ca- 
pable of synthesizing IgM R F  in vitro were 
shown to be present in approximately 40% 
of healthy adults (6, 7). However, the ab- 
sence of detectible serum IgM R F  in these 
individuals suggested that activation of B 
cells programmed to make R F  was subject 
to regulatory influences. In view of evi- 
dence that in vitro synthesis of IgM R F  was 
T-cell dependent (6-8), the possibility that 
suppressor mechanisms might contribute to 
regulation of R F  expression seemed plausi- 
ble. The data in this report indicate that cir- 
culating radiosensitive T cells capable of 
diminishing in vitro IgM R F  synthesis are 
demonstrable in some healthy adults. 

Materials and Methods. Preparation 
and culture of peripheral blood mononu- 
clear leukocytes ( M N L ) .  Peripheral blood 
was obtained from 42 healthy adult volun- 
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teers without personal or family history of 
rheumatic disease. MNL were prepared 
from each individual by density centrifuga- 
tion using the method of Boyum (9). The 
cells were washed two times in MEM, five 
times in RPMI 1640 containing 5% heat- 
inactivated fetal calf serum (Microbiologi- 
cal Associates, Walkersville, Md.), and two 
times in complete medium (RPMI 1640 
containing 10% heat-inactivated fetal calf 
serum, 2 mM glutamine and 20 pglml gen- 
tamycin). MNL were adjusted to 1 x lo6 
celldm1 and cultured in 1-ml aliquots in 
plastic tubes for 7 days at 37" in a 5% CO, 
and air atmosphere. Pokeweed mitogen 
(PWM) (Grand Island Biological Co. ,  
Grand Island, N.Y.) was added to one-half 
of the cultures (at least quadruplicates) at 
the initiation of culture in a concentration 
predetermined to be optimal in our hands 
(10 pg per culture). At the termination of 
culture, the tubes were centrifuged and su- 
pernatants harvested and frozen at -20" 
until assayed for IgM and IgM RF. 

Isolation of T-cell and enriched B-cell 
fractions. T cells and enriched B cells were 
isolated from MNL using the method of 
Saxon et al.  (10). Briefly, MNL were ro- 
setted with AET-treated sheep red blood 
cells (SRBC) at 37" for 10 min and then at 4" 
for 20- 30 min following centrifugation 
(1000 rpm X 10 min). The mixture was 
gently layered on Ficoll- Hypaque (Phar- 
macia Fine Chemicals Inc., Piscataway, 
N.J.) and the rosetted cells separated from 
nonrosetting cells by density centrifugation. 
Both rosetting and nonrosetting fractions 
were then rerosetted followed by an addi- 
tional density gradient centrifugation over 
Ficoll- Hypaque to obtain further purifica- 
tion. SRBC in the T-cell fraction were lysed 
with a KHC0,-buffered N&CL solution. 
The rosetting population (T cells) consisted 
of less than 3% nonrosetting cells and less 
than 1% surface Ig-positive cells ( 1  1) .  The 
B cell-enriched population consisted of 
45-60% surface Ig positive cells and less 
than 2% rosetting cells. 

Irradiation of T cells.  In some experi- 
ments T lymphocytes ( 1  x lo6 celldm1 in 
RPMI 1640, containing 5% fetal calf serum) 
were irradiated (3000 R) with a Pickard- 

Vanguard Ortho Voltage X-Ray Therapy 
Unit using 280 kVp at 20 mA with a half- 
value layer of 1.3 mm of copper at a dis- 
tance of 38 cm. Doses were delivered at 
a rate of 136 rad/min. Irradiated T cells (and 
parallel nonirradiated T cells) were washed 
twice in complete medium and cell viability 
determined. No effect on cell viability (try- 
pan blue exclusion) was observed 1 hr after 
treatment. 

Radioimmunoassay of I g M .  The method 
for radioimmunoassy of IgM utilized in this 
laboratory has been previously described in 
detail (6). Briefly, dilutions of an isolated 
monoclonal IgM standard (encompassing 
the range 0.5 to 15 ng) or of unknown sam- 
ples were incubated together with 1 ng of 
*251-labeled IgM and a dilution of specific 
goat anti-human IgM such that approxi- 
mately 50% of the label was precipitated 
when incubated alone. After 16 hr at room 
temperature, excess formalinized Cowan I 
strain Staphylococcus aureus was added to 
each tube and the mixture agitated and in- 
cubated an additional hour at room temper- 
ature. The tubes were then centrifuged and 
an aliquot from each tube counted in a gamma 
counter (Biogamma 1500, Beckman In- 
struments Inc., Palo Alto, Calif.) Standard 
curves were constructed for each experi- 
ment by plotting mean counts per minute 
of 12sI-labeled IgM in the supernatant for 
each input of IgM standard. Quantitative 
values for IgM in unknown samples were 
calculated by determining the mean counts 
per minute of lz5I-1abeled IgM in the su- 
pernatant for each dilution of unknown and 
then by referring to the IgM standard curve. 
All assays were performed in duplicate or 
triplicate. Preliminary experiments were 
conducted which established that IgM RF 
did not interfere with IgM determinations in 
the assay. 

Radioimmunoussuy of I g M  rheumatoid 
fac tor .  The procedure utilized in these 
studies has been previously reported in de- 
tail (12). Briefly, duplicate aliquots of an 
isolated monoclonal IgM RF (encompass- 
ing the dose range 0.5 to 10 ng per tube) 
and unknown samples were placed in both 
human IgG and bovine serum albumin 
(BSA)-coated polypropylene tubes and in- 
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cubated at room temperature for 18-20 hr. 
The tubes were then aspirated, washed with 
0.15 M NaCl, 0.005 M Verona1 buffer, pH 
7.5, containing 1% radioimmunoassay 
grade bovine serum albumin (VBS-BSA) 
and incubated with 10 ng of lz5I-1abeled 
anti-human IgM for 4 hr at room tempera- 
ture. Each tube was aspirated, washed with 
VBS-BSA, and counted in a gamma 
counter. Standard curves were constructed 
for each experiment by plotting mean counts 
per minute of 1251-labeled anti-IgM bound 
per IgG-coated tube (minus BSA control) 
for each input of IgM RF. Quantitative 
values for unknowns were calculated by 
determining the mean counts per minute of 
'251-labeled anti-IgM bound (IgG tube mean 
minus BSA tube mean) for each dilution of 
unknown and then by referring to the RF 
standard curve. All assays were performed 
in duplicate. The coefficient of variation for 
this assay has previously been shown to be 
8.2- 18.6% depending on the concentration 
of IgM RF being measured (12). 

Stutisticul methods. Statistical compari- 
sons between group means were made 
utilizing Student's t test and P values de- 
rived from standard tables by extrapolation. 

Results. In  vitro production of I g M  
rhcumutoid factor by M N L  fiom healthy 
adults.  Peripheral blood MNL from 30 
healthy adults were cultured for 7 days in 
the presence and absence of pokeweed 
mitogen (PWM). As shown in Fig. 1,  IgM 
RF was not detectable in culture superna- 
tants of MNL cultured in the absence of 
PWM. In contrast, MNL from 11 of 30 in- 
dividuals elaborated IgM RF when cultured 
in the presence of PWM (mean * 1 SD = 
14.7 5 14.8 ng/106 cells). Thus, under these 
conditions 37% of healthy adults had de- 
monstrable circulating B cells capable of syn- 
thesizing IgM RF when stimulated with 
PWM. The inability to demonstrate R F  
production by MNL from approximately 
two-thirds of healthy adults raised the pos- 
sibility that T-cell influences might contrib- 
ute to nonexpression of RF in these indi- 
viduals. In this regard, we have previously 
shown that PWM-induced synthesis of IgM 
RF is strictly T-cell dependent (6, 7). 

Effect of varying T-cell input o n  in vitro 

- 
PWM 

FIG. 1 .  IgM RF synthesis by cultured peripheral 
blood MNL from healthy adults. MNL from 30 healthy 
adult donors were incubated for 7 days in the presence 
and absence of PWM and culture supernatants then 
assayed for IgM RF. Quadruplicate cultures were 
pooled and assayed in duplicate at two dilutions. 

I g M  RF synthesis by autologous B cells. In 
order to assess T-cell influence on IgM RF 
production by B cells, T- and enriched B- 
cell fractions were initially prepared from 
healthy donors whose unfractionated MNL 
synthesized R F  in response to  PWM. 
Neither T cells alone nor T cell-depleted B 
cells synthesized detectable IgM RF in re- 
sponse to PWM (data not shown). Addition 
of untreated T cells supported PWM- 
induced RF  production by autologous B 
cells; optimal RF  synthesis was generally 
observed at T:B cell ratios of 2:l (Figs. 2A 
and B). At higher T:B cell ratios, subopti- 
mal R F  production occurred (Figs. 2A 
and B). 

The possibility that T-suppressor cells 
might account for the decline in RF pro- 
duction observed at higher T:B cell ratios 
was investigated by comparing the effect of 
irradiated versus untreated T cells on RF 
production by autologous B cells. In this 
regard, several investigators have previ- 
ously shown irradiation to be a simple 
method of selectively eliminating suppres- 
sor T-cell activity (13-15). As shown in 
Figs. 2A and B, irradiated T cells also sup- 
ported R F  production by autologous B 
cells. At lower T:B cell ratios (up to 2:1), 
irradiated T cells either induced similar 
levels of RF synthesis to that observed with 
untreated T cells (Fig. 2A) or, in some indi- 
viduals, supported consistently greater RF  
production by autologous B cells than un- 
treated T cells (Fig. 2B). At higher T:B 
ratios, further increases in R F  production 
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FIG. 2. Dose-response effect of added T cells (un- 
treated versus irradiated) on IgM RF synthesis by au- 
tologous B cells. MNL from two representative 
healthy adult donors (A and B) were separated into T- 
and enriched B-cell fractions. B cells were cultured at 
a density of 3 x 105 cells/ml and varying concentra- 
tions of untreated or irradiated T cells were added. The 
cell mixtures were cultured for 7 days in the presence 
of PWM (1 ml cultures in duplicate) and the culture 
supernatants assayed for IgM RF. Neither B cells nor 
T cells (untreated or irradiated) synthesized detectable 
IgM RF when cultured alone. 

were consistently observed with irradiated 
T cells in contrast to the decline with un- 
treated T cells (Figs. 2A and B). These re- 
sults, suggesting variable degrees of sup- 
pressor T-cell influence on RF production, 
prompted a comparison of the effect of ir- 
radiated versus untreated T cells on RF 
production by autologous B cells from ran- 
domly selected healthy donors. 

Effect of irradiated versus untrruted T 
cells on RF production by uutologous B 
cel ls .  M N L  from 12 randomly chosen 
healthy adult donors were separated into T- 
and enriched B-cell fractions. Untreated or 
irradiated T cells were added to autologous 
B cells at a ratio of 3:l and culture super- 
natants assayed for IgM and IgM RF at the 
termination of culture. RF was not detected 
in supernatants from B- or T-cell fractions 
when cultured alone. As shown in Fig. 3,  
RF was detected in 4 of 12 individuals when 
untreated T cells were cultured with autol- 
ogous B cells in the presence of PWM (9.9 
2 7.9 @culture). In contrast, RF produc- 
tion by autologous B cells could be demon- 
strated in 6 of 12 individuals in the presence 
of irradiated T cells (21.6 2 25.8 nglculture; 
P < 0.05). B cells from 2 of these 6 individ- 

UNTREATED IRRADIATED 
AUTMOGOUS AUTOLOGOUS 

:g%Y : 9 3 ,  

FIG. 3 .  Effect of irradiated versus untreated T cells 
on IgM RF production by autologous B cells. MNL 
from 12 randomly selected healthy adult donors were 
separated into T- and enriched B-cell fractions. B cells 
were cultured at 3 x 105 cells/ml in the presence of 9 X 

105/ml T cells (untreated or irradiated (3000 R)) and 
cultured in the presence of PWM for 7 days (I-ml cul- 
tures in duplicate). Culture supernatants were assayed 
for IgM RF. Neither B cells nor T cells (untreated or 
irradiated) synthesized detectable IgM RF when cul- 
tured alone. 

uals elaborated RF only when cultured with 
autologous irradiated T cells whereas in the 
other 4 individuals, increases in RF pro- 
duction were observed with irradiated T 
cells in comparison to untreated T cells 
(Fig. 3). 

No consistent pattern of change in the 
ratio of IgM RF to total IgM synthesis by B 
cells was observed with irradiated T cells 
versus untreated T cells (Fig. 4). In 4 of 6 
cases, however, increases in the ratio of 
IgM RF/IgM synthesis by B cells occurred 
with irradiated T cells when compared to 
untreated T cells, suggesting disproportion- 
ate suppression of RF synthesis by untreated 
T cells. 

Discussion. Peripheral blood MNL from 
a significant fraction of healthy adults con- 
tain B cells capable of synthesizing IgM RF 
in vitro (Fig. 1 )  (6-8, 16). Infrequent ex- 
pression of RF in sera of healthy individuals 
argues for the presence of regulatory mech- 
anisms governing activation of these cells. 
In this report, evidence is presented which 
indicates that radiosensitive T cells capable 
of suppressing PWM induced in vitro IgM 
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FIG. 4. Effect of irradiated versus untreated T cells 
on the ratio of IgM RF/IgM synthesis by autologous B 
cells. MNL from 12 randomly selected healthy adults 
were separated into T- and enriched B-cell fractions. B 
cells were cultured at 3 x 105 cells/ml in the presence of 
9 x 1Wml T cells (untreated or irradiated (3000 R)) and 
cultured in the presence of PWM for 7 days ( 1-ml cul- 
tures in duplicate). Culture supernatants were assayed 
for IgM and IgM RF and the results are expressed as 
the ratio (IgM RF (ng/culture)/IgM (ng/culture) x 100). 
Only results are depicted from the 6 individuals whose 
B cells synthesized detectable IgM RF. 

RF synthesis occur in a significant fraction 
of healthy adults. This conclusion is sup- 
ported by dose-response analysis of irra- 
diated versus untreated T cells in the pres- 
ence of autologous B cells (Figs. 2A and B) 
in which consistent enhancement of IgM 
RF production by irradiated T cells was ob- 
served at higher T:B cell ratios. Further- 
more, in 6 of 12 healthy individuals studied, 
enhanced IgM RF production occurred 
when B cells were cultured with irradiated 
T cells (Fig. 3). Of particular interest is the 
observation that B cells from 2 individuals 
only synthesized detectable RF in the pres- 
ence of irradiated T cells. Increases in IgM 
RF/IgM ratios in 4/6 individuals with irra- 
diated T cells (Fig. 4) suggests dispropor- 
tionate suppression of IgM RF synthesis in 

these individuals and argues against “non- 
specific” suppression of IgM. 

Progress in the development of mono- 
clonal antibodies directed against human 
T-cell antigens analogous to Lyt antigens in 
the mouse should soon permit identification 
of the T-cell subset(s) responsible for sup- 
pression of RF synthesis in these studies. In 
this regard, Thomas et al. (17) have re- 
cently demonstrated at least two distinct 
radiosensitive populations of T cells (an 
OKT8+ cell and an OKT4+ cell). which 
cooperate in suppressing PWM-induced 
immunoglobulin secreting cells. 

The results of this study support the hy- 
pothesis that suppressor mechanisms at 
least partially account for in vivo nonex- 
pression of RF by healthy adults. Inability 
to demonstrate in vitro RF production in 6 
or 12 individuals in the presence of irradi- 
ated T cells, however, also suggests addi- 
tional mechanisms are involved in the regu- 
lation of RF synthesis. Whether defects in 
suppressor activity for RF contribute to the 
enhanced RF synthesis observed in RA 
(7 ,8)  will require additional study. Analysis 
of regulatory mechanisms governing ex- 
pression of potentially harmful immuno- 
globulins such as RF may eventually con- 
tribute to our understanding of “triggering” 
mechanisms responsible for induction of 
these antibodies in disease. 
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