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The genetic information for a number of distinct immune functions in mice can be 
assigned to one (or more) subregions of the/-region, which is located within the major 
histocompatibility complex (H-2) of chromosome 17 (1, 2). Cell surface antigens 
encoded by genes that map within the/-region of H-2 are called Ia (immune response- 
associated) antigens (3, 4). Unlike determinants encoded within the K and D regions 
of H-2, Ia-antigens appear predominantly on B cells and monocytes. However, a 
subset of T cells may express Ia antigens. In particular, the I-J subregion contains the 
genetic information for surface-membrane markers found on suppressor T cells and 
a special class of helper T cells (2, 5). 

In humans, the major histocompatibility genes map within the HLA complex of 
chromosome 6, and genes within the HLA-D region control the expression of antigens 
that appear to be the homologues of murine Ia antigens (6, 7). Sera from multiparous 
women and allosensitized individuals may contain antibodies reactive to B cells and 
monocytes, and such alloantibodies have been used to characterize human Ia-like 
antigens (8, 9). These antigens exist as a bimolecular glycoprotein complex (10), and 
they comprise the so-called DR system of HLA antigens. The DR determinants contain 
a nonpolymorphic antigenic component, which can be detected by heteroantisera 
raised in rabbits immunized against glycoproteins with an ~28,000-33,000 mol wt 
derived from B cells (11, 12). 

Heteroantisera and alloantisera directed against human Ia-like antigens appear to 
interact with the same 28,000- to 33,000-dalton glycoprotein complex (13, 14). By 
analogy to murine systems, human Ia-like antigens are most readily evident on B cells 
and monocytes. However, some T cells (especially after exposure to activating stimuli) 
express Ia-like antigens (15-18). The role of Ia antigens in the regulation of human 
immune responses has, as yet, not been defined. 

The purpose of this article is to report our findings that antibodies to nonpoly- 
morphic Ia-like antigens (p23,30) can depress the production of immunoglobulins by 
normal human B cells under conditions of polyclonal activation, and that a maximal 
inhibitory effect requires the presence of a radiosensitive subset of regulatory T cells 
in our experimental system. 

Mater ia ls  and  Me th o d s  
In Vitro Biosynthesis of Immunoglobulin. To study the transition of circulating normal human 

lymphocytes into immunoglobulin-secreting plasma cells, we cultured 2 × I06 unseparated ceils 
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in the presence of pokeweed mitogen at 37°C in 5% COz in R P M I  1640 media  tha t  conta ined 
10% heat- inact ivated fetal calf  serum, 4 m M  L-glutamine, 50 U / m l  penicillin, and  50/ . tg/ml 
streptomycin. The  techniques used have been previously reported in detail  (19). We measured 
the cumulat ive  secretion of IgM, IgG, and  IgA by heavy-chain specific double-ant ibody 
radioimmunoassays essentially as previously described for IgE (20). We prepared both  T cells 
and  B ceils, freed of  T ceils, by a combina t ion  of immunoabsorben t -co lumn purif ication and  
spontaneous rosette formation with sheep erythrocytes (21). Before use, sheep erythrocytes were 
removed from the T-cell popula t ion by exposure to A C K  lysis buffer (NH4CI, KHCO3, EDTA, 
and  distilled H20).  Pokeweed mitogen-s t imulated B cells, rigorously freed o f T  cells, synthesize 
little or no immunoglobul ins ,  nor do they show a substant ial  level of proliferation in vitro. The  
ability of added cells to restore immunoglobu l in  product ion by these purified B cells is an 
indicat ion of helper  cell activity (21). The  capacity of cells to depress immunoglobu l in  
product ion by indicator  B cells in the presence of adequa te  helper cell function is a measure of 
suppressor cell activity (19). Normal  circulat ing T-cell populat ions represent a heterogeneous 
mixture of potent ial  helper and  suppressor cell subsets. 

Antiserum to Ia-like Antigens (p23,30). We prepared a rabbi t  ant iserum to nonpolymorphic  
h u m a n  Ia-like antigens. The  papain-solubilized, purified p23,30 protein complex was the 
immunogen  as previously described (11). The  ant iserum used selectively causes the bimolecular  
immunoprec ip i ta t ion  profile of m e m b r a n e  proteins characterist ic of Ia-like antigens using 
sodium dodecyl sulfate polyacrylamide gel analysis. The  serologic and  biochemical  properties 
of the ant iserum used in the experiments  described in this article are reported in detail  elsewhere 
(7, 14). T ° test the effect of this an t i serum upon in vitro immunoglobul in  production,  1/.tl was 
added to various populat ions of cells at the start of the cul ture  (volume = 1 ml) and  left in for 
the entire 12-d culture period. Normal  rabbi t  serum served as the control. Both the ant iserum 
and  the normal  serum reagents were heat- inact ivated (56°C for 30 rain) before use. Complement  
was not added. 

Resul ts  

Table I illustrates the effect of antiserum to human Ia-like antigens on the 
production of immunoglobulin by normal unseparated lymphocytes. The antiserum 
decreased pokeweed mitogen-driven immunoglobulin production in vitro using un- 
separated lymphocytes from three unrelated normal individuals. The level of sup- 
pression ranged from - 6 5  to 95%. Normal rabbit serum did not inhibit immunoglob- 
ulin production. Because normal B cells and monocytes readily express Ia-like surface 
membrane determinants, this effect is open to a number  of interpretations, including 
a direct antibody-induced inhibition of the B cells within the unseparated lymphocyte 
target population. Moreover, it is difficult to standardize experiments with unsepa- 
rated lymphocyte populations because the regulatory T-cell:indicator B-cell ratios 
may vary. For these reasons, we next concentrated on experiments involving purified 

TABLE I 

Inhibitory Effect of a Heteroantiserum to Human la-like Antigens upon 
Immunoglobulin Production by Normal Lymphocytes In Vitro* 

Rabbit serum IgM lgG IgA reagent added 

ng secreted 
a-Ia 580 258 328 

NRS 2,76(1 3.836 976 

* 2 × 106 normal mononuclear cells (prepared by Ficoll-Hypaque gradient density 
isolation) were cultured for 12 d. A rabbit antiserum to p23,30 (a-la) or normal rabbit 
serum (1 ~tl/final 1 ml culture w)lume) was added at the beginning and [eft in throughout 
the culture period. Pokeweed mitogen was the polyclonal activator~ Complement was 
not added. NRS, normal rabbit serum. 
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FIG. 1, Immunosuppressive effect of a heteroantiserum to human Ia-like antigens requires the 
presence of a radiosensitive T-cell subset. Here 5 × 105 normal B cells were cultured in the presence 
of pokeweed mitogen without T cells, or with various combinations of irradiated or unirradiated 
autologous T cells. In this system, irradiation was used to neutralize the suppressor pool of normal 
T cells without appreciably impairing the helper pool. 5 × 105 unirradiated and/or 5 x 105 
irradiated T cells were added to the indicator B cells. The antiserum (without complement) brought 
about a suppressor effect, but only when unirradiated T cells were also added to the system. Ig 
values represent IgA, but IgM and IgG results were comparable. *Cells received 2,000 R x 
irradiation in advance, ct-Ia, rabbit antiserum to p23,30; NRS, normal rabbit serum. 

T cells and  B cells to help us resolve whether the funct ional  capacity of T cells 
influenced the abil i ty of the ant iserum to suppress in vitro humora l  i m m u n e  function. 
Five separate experiments were performed with purified B / T  populat ions from four 
unrela ted normal  individuals.  

In  these experiments,  we took advantage  of the relative radioresistance of normal  
helper T cells and  the relative radiosensitivity of normal  suppressor T cells. If  the 

ant iserum to Ia-like antigens acted directly at the level of B cells or monocytes, 
suppression of immunog lobu l in  synthesis would be expected when we cul tured B cells 
with either irradiated or uni r rad ia ted  autologous T cells. O n  the other hand,  if the 
ant iserum to Ia-like ant igens had to funct ion through a regulatory T-cell in termediary  
for the expression of its inhibi tory  activity, one would expect depressed immunoglob-  
ul in  synthesis only when un i r rad ia ted  T cells were present. The  results shown in Fig. 
1 provide evidence th~tt the inhibi tory  effect exerted by the ant iserum to Ia-like 
ant igens occurred only when uni r rad ia ted  T cells were provided. The  data  indicate 
that normal  B cells did not produce immunog lobu l in  alone. When  irradiated or 
uni r rad ia ted  autologous T cells were provided as the source of helper activity, there 
was a restoration of immunog lobu l in  production.  The  addi t ion  of the ant iserum to 
Ia-like ant igens (p23,30) to the mixture  of B cells and  uni r rad ia ted  T cells profoundly 
depressed i m m u n o g l o b u l i n  production.  Suppression did not take place when the 
indicator  popula t ion  was a mixture  of B cells and  irradiated T cells exposed to this 
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antiserum. This observation suggests that a radiosensitive subset of autologous T cells 
is necessary for the anti-Ia suppressor effect in this system. The suppressor effect was 
restored when unirradiated autologous T cells were once again introduced into the 
system. In the five experiments performed with purified B cells, inhibition of immu- 
noglobulin production in the presence of unirradiated autologous T cells ranged from 
88 to 99% when the antiserum to Ia-like antigens was added to the cultures. The 
levels of suppression for IgM, IgG, and IgA were comparable. 

When we used unirradiated T cells and indicator B-cell populations from unrelated 
normal individuals, the antiserum to Ia-like antigens produced only a modest or no 
suppressor effect. This suggests that there may be a genetic preference for the 
suppressor T-cell effect brought about by the presence of antibodies to Ia-like 
determinants in this system. 

Discussion 

In analyzing the participation of suppressor cells in the inhibitory effect brought 
about by antibodies to human Ia-like antigens in these kinds of experiments, it is 
necessary to obtain a starting population of indicator B cells rigorously depleted of T 
cells. Operationally, the indicator B-cell population should not secrete substantial 
quantities of immunoglobulins when cultured alone in the presence of pokeweed 
mitogen. When the indicator B-cell population alone secretes substantial quantities of 
immunoglobulins, one must assume that there is a contaminating pool of regulatory 
T cells. When such contaminating T cells are present, it may be impossible to 
distinquish between the influence of regulatory T cells and a direct inhibitory action 
of the antibodies on B cells or monocytes. 

The data presented in this report provide evidence that human Ia-like antigens can 
play a role in the T-cell regulatory control ofhumoral  immune function. An antiserum 
to purified Ia-like components (p23,30) suppressed polyclonally activated immuno- 
globulin production in vitro. This form of suppression was most clearly evident when 
various combinations of normal B cells and autologous irradiated or unirradiated 
normal T cells were used as the indicator system. The suppressor effect does not 
appear to operate through a simple action at the level of target B cells or monocytes 
alone. 

In a wide range of experimental systems, antibodies to Ia antigens can depress both 
cellular and humoral immune reactions (22-27). Most workers have concluded that 
anti-Ia antibodies exert their inhibitory effects by directly interfering with B-cell or 
monocyte functions. There are experimental systems in which it appears unnecessary 
to postulate more complex phenomena, such as an alteration of regulatory T-cell 
function, to explain the activity of antibodies to Ia antigens. However, our data would 
suggest that in certain systems the suppressive effects of such antibodies cannot be 
adequately explained without considering the role of  regulatory T cells. 

Recent experiments by Fu et al. (28) indicate that human T cells involved in the 
generation of allogeneic helper activity express Ia-like antigens. Therefore, one should 
keep in mind that under some experimental conditions antibodies to Ia could impair 
certain helper cell functions. 

In the experimental system reported in this article, the antibodies to Ia-like antigens 
did not appreciably affect helper activity (Fig. 1, B cells + irradiated T cells), but 
rather the antibodies induced the emergence of suppressor T-cell activity. From our 
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da ta ,  we infer tha t  at wha tever  point  (B cell, monocyte ,  or T cell) an t i - Ia  an t ibodies  
pe r tu rb  the i m m u n e  system ini t ia l ly ,  the final suppressor  effect m a y  require  the 
pa r t i c ipa t ion  of  suppressor T cells. This  has bo th  theoret ical  and  cl inical  implicat ions.  

S u m m a r y  

W e  s tudied the effects of  an an t i se rum to h u m a n  Ia-l ike ant igens  (p23,30) upon  the 
polyclonal  ac t iva t ion  of  normal  B cells (cul tured with  various combina t ions  of  
i r r ad ia ted  and  un i r r ad i a t ed  T cells) to become immunoglobu l in - sec re t ing  cells after  
s t imula t ion  with  pokeweed mi togen  in vitro. W e  found that  the an t i se rum suppressed 
immunog lobu l in  product ion .  The  inh ib i tory  effect d id  not  a p p e a r  to result from a 
s imple in teract ion at the B°ce l l /monocyte  level alone. Ra ther ,  the inh ib i tory  effect 
required the presence of  a radiosensi t ive subset of  autologous  suppressor  T cells. 

Recewed for pubh'cation 24 September 1979 and in revised form 1 November 1979. 
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