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A B S T R AC T Cellular interactions involved in the
pathogenesis of hypogammaglobulinemia were stud-
ied in six patients with commiloin variable immuno-
deficiency. Amounts of immunoglobulin (Ig)G and IgM
in the supemate of pokeweed mitogen-stimulated co-
cultures of normal and immunodeficient mononuclear
cells were measured by radioimmunoassays. Mono-
nuclear cells from three of six patients inhibited Ig
production of normal B cells (P < 0.005). When
purified patient and nonnal T cells were added to B
cells in various autologous or allogeneic combinations,
it was observed that immunodeficient T cells (AT) from
four patients suppressed normal IgM synthesis. Allo-
geneic normal T cells did not provide help for B cells
from these same immunodeficient patients. In two pa-
tients, autologous T cells were able to help autologous
B-cell IgM synthesis in vitro. In five patients, AT cells
inhibited nonrmal B-cell IgG synthesis. Removal of T
cells bearing la determinants or T cells with Fc-IgG
receptors (lid not dimlinish the suppressive effect of
AT cells oni normial B-cell Ig synlthesis. Addition of
inilomiiethacini, a prostaglandin synithetase inhibitor,
did not abrogate the suppressive effect of immuno-
deficient mlonionuclear cells. Addition of hvdrocorti-
sone succinate (10 ,sM) did reverse the suppressive
effect of AT cells on IgM production in one patient;
however, no in vitro reversal of suppressor cell effect
was recorded in five. Suppression by immune-deficient
T cells was eliminated bv 2,000 rad of x-ray irradiation
in three patients. After x-ray irradiation immune-
deficient T cells could function as helpers of normal
B cells.

INTRODUCTION

Patients with various forms of immune deficiency
present fascinating experiments of nature which may
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eventually provide definitive insight into important
features of immune regulation. The potential role of
suppressor thymus-derived (T) lymphocytes in patho-
genesis of common variable hypogammaglobulinemia
was first presented by Waldmann et al. (1) on the basis
of studies using co-cultures of patients' lymphocytes or
isolated T cells and peripheral blood lymphocytes
from normals in the presence of pokeweed mitogen.
Some patients with common variable hypogamma-
globulinemia may show normal proportions of pe-
ripheral blood bone marrow-derived (B) lymphocytes
bearing surface immunoglobulin (Ig)' but are incapable
of manufacturing circulating endogenous antibody. On
the other hand, some patients with congenital agamma-
globulinemia are apparently capable of generating a
low but definite number of specific plaque-forming
cells in vitro despite the absence of B lymphocytes
in peripheral blood (2). These latter observations sug-
gested that individuals with congenital agamma-
globulinemia possessed a small number of pre-B cells
capable of differentiation into Ig-producing cells. A
number of studies indicate that the broad spectrum of
immune deficiencies recorded in various patients
represents a variety of intrinsic defects either in im-
mnune system differentiation or in abnormalities of
cell to cell interaction (3-6).

Recent studies on the functional T-cell subsets Ty
and T, bearing receptors for the Fc portion of IgG
and IgM, respectively (7-9), have indicated that Ty
cells may function as suppressor cells and T,u as
helper cells uinder certain experimental conditions.
However, analyses of relative proportions and numbers
of Ty or T,u cells among heterogeneous groups of
immune-deficient patients have not clearly answered
the role of these T lymphocytes in the pathogenesis
of these immunodeficiency states (10-12).

The Ia antigen has been identified as an important

1 Abbreviations used in this paper: Ig, immunoglobulin;
MINC, peripheral blood mononuclear cells; PGE, prosta-
glandins of the E series.
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differentiation structure in human B cells as well as in
a number of other cells of hematopoietic origin (13-
17). Lymphocytes bearing Ta antigens are absent in
patients with infantile agammaglobulinemia (18);
however, recently some evidence has been presented
that T cells bearing Ia antigens may be involved in
various experimental systems in suppressor (19-21) or
helper activity (22). During the course of study of cell
surface markers in a large group of immune-deficient
patients, we noted that a certain proportion of such
individuals showed markedly increased proportions of
Ia-positive T cells.2 Part of the present study was
directed at the possible functional implications of such
a change. However, the major objective of the current
work was to assay T- and B-cell interactions among a
group of adult patients with commonvariable immuno-
deficiency using sensitive in vitro Ig synthesis assays,
and to dissect some of the immunological defects in
such patients.

METHODS
Patients studied. A group of six adult patients with com-

mon variable immune deficiency formed the major clinical

2 Williams, R. C., Jr., A. D. B. Webster, and M. F. Greaves.
Manuscript in preparation.

basis for the present work. A profile of these patients is
shown in Table I. All but patient 6 were receiving paren-
teral gammaglobulin once a month, or in some instances on
a biweekly basis. Of interest was the fact that proportions of
Ia(+) T cells varied markedly in many immunodeficient
patients. This was found by using the same reagents and
cell surface marker analysis throughout and did not appear to
be correlated in any discernable wvay with their clinical
status. No similar variation was recorded with normal control
subjects studied concurrently.

Lymphocyte cell surface markers. Blood was collected by
venipuncture in preservative-free heparin (1: 1,000). Pe-
ripheral blood mononuclear cells (MNC) were separated on
Ficoll-Hypaque gradients (Pharmacia Fine Chemicals, Div. of
Pharmacia, Inc., Piscataway, N. J.) (23) and washed three
times with Hanks' balanced salt solution. T lymphocytes
were detected by E-rosette formation using neuraminidase-
treated erythrocytes (24). B lymphocytes were determined
by a combination of surface marker assays including EAC-
rosette formation (25), EA, rosette formation (26), and fluores-
cein-labeled rabbit F(ab')2 anti-human F(ab')2 (26, 27).
Lymphocyte subpopulations enriched for T or B cells were
obtained using neuraminidase-treated sheep erythrocytes
and centrifugation of rosetting cells through a Ficoll-
Hypaque gradient. Nonrosetting cells left at the Ficoll-
Hypaque interface were considered to represent B cells plus
null cells. Cells forming E rosettes consisted of lympho-
cytes that produced 90-95% E rosettes on reassay after
separation. Cells that did not form E rosettes contained no
>5% E rosettes on reassay. Cell viability was >95% in all
preparations as determined by trypan blue dye exclusion.

TABLE I
Clinical Profile of Six Patients with CommonVariable Hypogammaglobulinemia Studied

Percent
Sex Serum IG levels* Serum Ig(+) Percent

Pa- and peripheral blood T Ia(+) Skin test
tient age IgG IgA 1gM lymphocytes cells Tyt T14 T cells§ Miscellaneous reactivity'

mg/i100 ml %

1 Y 51 220 48 40 6 89 16 39 17-50 Bronchiectasis severe All negative
repeated broncho-
pulmonary infection

2 d 68 115 0 0 4 73 11 53 5-25 Chronic bronchitis All negative

3 d 26 108 24 15 1 77 3 16 6-32 Urethral-rectal fistula with All negative
chronic perineal
suppuration 1.5 yr

4 d 67 0 0 0 1 79 24 19 3-6 Chronic sinusitis and All negative
bronchitis

5 d 42 140 0 16 3 67 3 45 4-35 Bronchitis; repeated Mumps 8/24 h
bronchopulmonary 3/48 h
infections concomitant
pernicious anemia

6 9 52 315 21 17 6 82 16 48 4-46 Sudden onset of Listeria All negative
meningitis

* Normal control values for immunoglobulins: IgG 1,278+36 mg/100 ml; IgA 282±128 mg/100 ml; and IgM 109+49 mg/100 ml.
t Ty cells normal mean 9.1+4.7%; T,u cells normal mean 48±9.0%.
5 Normal mean Ia(+) T cells 2.4±1.2%. In some patients studied proportions of Ia(+) T cells varied considerably over
a 6-mo period.

All patients were tested with purified protein derivative, mumps, coccidioidin, streptokinase-streptodornase, candida and
trichophytin. Skin test results expressed as millimeters of skin reactivity at 24 and 48 h.
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The proportions of Ty and T, cells in immllunodeficienit
patienits were determinedl as previously described (7-9, 27).
In addlition, T cells showing presence of' htuman Ia antigens
were determiinled after E rosetting of' lymphocytes, incuba-
tion of isolated T cells for 12 h in 5% C02-air at 37°C, and
staininlg with F(ab'), fragments of' rabbit anti-humilan Ia
antiserumii. The rabbit anti-humiiani Ia antiserumii was pre-
paredl using a well-characterized rabbit anti-humilan Ia reagent
generously provided by Dr. R. J. Winchester, The Rocke-
feller Uniiversity, New York. Immiiunie precipitates between
knowvn rabbit anti-Ia antisermtl and(l lvsates of Ia-positive
cltltture(l B-cell line membranes emulsified with comiiplete
Freund's adjuvant were injected at 2-wvk intervals for a
total of' four to six injections into rabbits. Antisera were
repeatedlx absorbed with fresh suspenisions of living human
thvmocvtes obtained from children un(dergoinig cardiac sur-
gery uintil no background staining of' humilan thymocytes or
clultuire(d T-cell lines was observed. F(ab')2 pepsin fragments
were prepared from absorbed rabbit anti-human Ia antisera
usinig two successive 12-h pepsin digestions of whole anti-
serum with 2 mg of pepsin/ml of antiserum and final clear-
ing by ultracentrifugation before use in cell surface marker
analvsis. Parallel studies with 50 normal adult controls showed
that the mean for Ia positive (+) T cells was 2.4±1.2% in this
population. Normal means for Ty andl T cells (letermiinledi in
the same group are showin in Table I.

Cell ctultulre an)d co-cuiltulre technliqui5es. MINC were ini-
tially adljusted to 1.0 x 10f/ml in RPMII 1640 me(liumiis with
10% fetal calf serum (Grandl Island( Biological Co., Grancd
Island, N. Y.) and 0.1 mg/mIii of gentamiiicini. Cell suspeni-
sions were incubated f'or 7 d in the presenice of an
optimal concenltration of pokeweedl iitogen (1:200 dilu-
tion, Grand Island Biological Co.). Several lots of fetal
calf serumil were testedl for cytotoxicity ancd the optimal
one tused in all subsequent experimelnts. Cells wvere cul-
ture(i in microculture plates (250 l/lwell, Linbro Chemi-
cal Co., Hamiden, Conn.) au(I maintainie(l at 37°C in 5% CO2-
air miiixture for 7 d. In mixture experimenits between patients
and normiial MINC, equal numbers of cells were mixed (final
cell concenltrationi, 3.0 x 105 in 250 ,ul). In other instances
1 uNI indcomethacin or 10 AMhydrocortisone succinate (both
f'rom Sigma Chemical Co., St. Louis, Mo.) was added to the
culture mediumii. Conitrols for adldition of indlomiiethacin in-
cltudedl cells incubated in RPMI-fetal calf serumil with 0.0 1%
ethanol as previously describecl (28). In these inistanices pres-
ence of' this concentrationi of' ethanol did niot affect control or
experimenital results (28). Wheni lymphocyte fractionis en-
richedl f'or T or B cells vere studied, B-lymnphocy-te frac-
tionis were acljusted to 6 x 104 cells/microplate wvell anid to this
coonstanit numiiber of B cells, varying lnumbers of T cells were
added. The total volume in each microwell was mlainitained
at 250 ,ul. After 7 d, plates were ceentrif'uged (500 g for
10 min) and(l all supernate collected for radioimmnunoassav
of stuperncatanit Ig produced.

Durinig the course of many experimiienits an attempt was
miiacle to dletermiine the effect of'various T-cell subsets oni Ig
synthesis. In this regard Ty cells were preparedl as originally
dlescribecl by Mloretta et al. (8, 9). These Ty putative
stuppressor cells wvere removed by EA rosettinig fromii pre-
viouslv T cell-eniriche(d preparationis. In addition, T-cell frac-
tionls were treated vith highly specific und(ligeste(d rabbit
anti-humiian Ia antiserumiii in the presence of' fresh rabbit
comiiplemiient to eliminiate the smlall fractioni in nonnals or
the larger fraction in comiibinie(d immunodeficiencv patients of'
Ia(+) T cells. Controls f'or such treatmenit incltuded normal
rabbit serum plus complemenit alonie.

Radioino munoassat, for supertiatatit IgA.l and IgG. Flat
bottom flexible microtiter plates (Cooke Enginieering Co.,

Alexand(ria, \'a.) were used for solid-phase radioimmunio-
assays. 100 ,ul of purified IgG or IgM (20 /ug/miil in phosphate-
buffered salinie conitaining 0.01% sodium azi(le) was placedl
in the wells. Plates were incubated 1 h at 37°C andl 16 h
at 4°C. After incubationi, wells were washedl three times
with phosphate-buffered saline andclippecl in gelatin buffer
(phosphate-buffered saline, 0.03% gelatini, 0.01% sodliumll
azide), and after 2 h at room temperature, plates were washed
once wvith Tween buffer (Atlas Chemical Indlustries, Inc.,
Wilmington, Del.). The Tweeni buffer conisiste(d of 0.05%
vol/vol Tweeni in phosphate-buffere(d saline conitainiing
0.01% so(diumil azi(le. 50 ul of superniate v.as placecl in the
wells anid 50 ,ul of 125I-labeled anti-IgG or 1gM was added.
Plates were incubated 30 mIi at 37°C and(l 30 min at 4°C for
IgG, or 12 h at 4°C for Ig-M. Wells were theni washe(d three
times wvith Tween buffer and the indiv idual well cut out with
scissors and couniite(d in a gammacouniter. Results were coml-
paredc with a stanidard curve preparedl by doubling dilutions
of purifiedl Ig (10 ,ug/iml-10 ng/ml). Exact amiiounlts of Ig in
supernates were then calculated by comiiputer. The computer
program hacl two parts. First, a polynomial regression of the
standard curve was established from stan(lardl (lilutionis, andcl
second, each counlt vas calculated by the polynomial
regressioni.

Humiiani IgG Was purifie(d fromii humilani gammiiiia globulin frac-
tion II (Penitex Biochemiiical, Kankakee, Ill.) by DEAEchro-
matography. Humilani IgNI wvas isolate(d fromii six pooledl
Waldenstrom patienlts' plasimas usinig a euglobulin precipita-
tion miietho(d anid finial DEAEchromatography. Purity of the
anitisera was verified by immiiiiuinodiffuisioni tusinig isolated Ig
comI)poniets. Rabbit anti-IgG andl anti-IgM were isolate(d by
passage of mlloniospecific serum through appropriate imimiluI10o-
absorptioni columnls anil elution of specific antibody before
labelinig. The purifiedl moniospecific aniti-Ig anitibodlies were
racliolabele(l with 125J by the chloraminie T metho(d (29).

Irra(liationi of cells. In some experimenits immllunie-
dleficienit T cells were irradiated (2 x 106I cells/mIii in RPMI
1640 with 10% fetal calf serunm) with 1,000 or 2,000 rad
(223 rad/min).

RESULTS

Effect oni Ig .sinltthesis blq niormiial .AINC after addi-
tiont of .\INC froml patienits wvith1 corn bitte(d immun71iOIe

leJficienicil. Preliminary screeninlg experiments tused
allogenieic co-culttures of 16 normal, uniirelatedl adult
subjects with radioimnmunoassay of IgG and(l IgM in
superniates after 7 d of co-culture. These experiments
showecl nio significanit alteration in expecte(d IgG or
IgM synthesis fromii that predictedl. In particular, such
allogenieic combinations resulted in n1o signiificant
mean dlecrease in IgG or IgM producedl.

When MINC from six clifferent patienits with comii-
binied immuntllie deficiency were co-cultturedv with MNC
fromii normiial subjects, Ig synthesis of niormiial B cells
initeractinig in the test system was often suppressed.
In Fig. 1, it cani be seen that patienits 1, 2, and 3
showed signiificanit suppressioni of IgG and(l IgM syn-
thesis in four different experimenits (P < 0.005). The
preclictecl amiiounlt (P) indicated by vertical brackets in
the figures was calculated Usinlg the followinig formula:
Normnal Ig production + Patient Ig productioni 2
= P. On the other hand, in patient 5, IgG synlthesis was

424 7. Mforito, A. D. Banikhlu(rst, andl R. C. WVilliam.s, Jr.
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FIGURE 1 Ig production by mixtures of normal and combined immune-deficient patient MNC.
A x A, culture of patient cells only; N x N, culture of normal cells only; A x N, culture of equal
numbers of normal and patient cells. P = predicted Ig production of A x N indicated by
brackets. All results are expressed as mean+SE Ig produced by 3 x 10-5 MNC(four different
normals) in nanograms per milliliter. Each bar represents the results of at least four triplicate
experiments.

suppressed but IgM was unaffected. Patients 4 and 6
did not show significant suppression of either normal
IgG or IgM in co-culture experiments (P > 0.05).
Even though patient 4 overall did not show suppres-

sion of three normal donors studied at different times
over an 11-mo interval, considerable variation was re-

corded in the ability of lymphocytes from patient 4
to suppress lymphocyte Ig synthesis by different
donors. Of interest was what appeared to be an appar-

ent cyclical variation of activity by MNCfrom pa-

tient 4 in suppression of Ig synthesis by co-cultured
normal lymphocytes. Somesuggestion was provided by
cumulative serial data that intrinsic synthesis of autol-
ogous Ig by lymphocytes from patient 4 was inversely
correlated with the degree of suppression of this pa-

tient's MNCfor normal lymphocyte Ig synthesis in
co-culture.

Effect of addition of purified or enriched T- or

B-MNCpopulations on Ig production. To investigate
the existence of a putative suppressor cell in patients
with combined immunodeficiency, T cells from im-
mune-deficient patients were added to normal adult B
cells in co-cultures. T cells from patients 1-5 sup-

pressed IgM synthesis in mixed cultures with four
different normal allogeneic B cells (P < 0.05) (Fig. 2).
This was noted using a wide range of ratios of pa-

tient T cells to normal B cells. In parallel experi-
ments, addition of normal T cell-enriched populations
to normal B cells resulted in help and an increase in
IgM synthesis in a dose-dependent fashion. Further-
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FIGuRE 2 The effect on IgM production resulting from the
addition of T cells to enriched B-cell suspensions. NB, normal
B cells; NT, normal T cells; AB, immune-deficient B
cells; and AT, immune-deficient T cells. Results are ex-
pressed as mean+SE, IgM produced by 0.6 x 105 B cells in
nanograms per milliliter of co-cultures of patients with four
different normal subjects. AT from patients 1-5 significantly
inhibited NB IgM production (P < 0.05). To avoid cluttering,
the bars indicating SE have been omitted around some
points but in such instances the SE was of the same
magnitude as the other points.

more, the addition of enriched normal T cells to these
six immunodeficient patients' B-cell fractions did not
result in significant help or any augmentation of IgM
production (Fig. 2). In the case of patients 5 and 6,
addition of immunodeficient subjects' separated T cells
to autologous B cells, however, did lead to augmenta-
tion of in vitro IgM synthesis. When T cells from pa-
tient 5 were added to normal allogeneic B cells, no
helper effect was observed. By contrast, when T cells
from patient 6 were added either to allogeneic nor-
mal B cells or autologous B cells, IgM production
was significantly enhanced (P < 0.025).

In Fig. 3 similar experiments involving co-culture of
syngeneic- and allogeneic-enriched normal or im-
munodeficient patients' T- or B-lymphocyte fractions
are shown with respect to IgG synthesis. Five pa-
tients (1-5) behaved similarly in that addition of
their T cell-enriched fractions to normal B cells

FIGURE 3 The effect on IgG production resulting from the
addition of T cells to enriched B-cell suspensions. NB,
normal B cells; NT, normal T cells; AB, immllune-deficient
B cells; and AT, immune-deficient T cells. Results are ex-
pressed as mean±SE, IgG produced by 0.6 x 105 B cells in
nanograms per milliliter in co-cultures of patients with four
different normal subjects. AT from patients 1-5 significantly
inhibited NBIgG production (P < 0.025). To avoid cluttering,
the bars indicating SE have been omitted around some points
but in such instances the SE was of the same magnitude as
the other points.

showed suppression of IgG synthesis in four different
experiments (P < 0.025). However, in patient 6
purified or enriched T cells caused augmentation of
IgG production by co-cultured normal B cells. In all
immunodeficient patients studied, addition of allo-
geneic normal T cells did not enhance or help IgG
production by B cells of imininnodeficient patients.
The decrease in Ig production of normal control seen
with higher T cell ratios was a restult of cell crowdiing.

Effect of rabbit anti-Ia anitiserum oni T cells. To
investigate the possibility that T cells with surface la
antigens might function as significant suppressor or
helper cells, various combinations of normial or im-
munodeficient patients' B and T cells were studied in
co-culture before and after lvsis of T cells bearing
la antigens. Results of these experiments are sum-
marized in Fig. 4. In three instances when normal T
and B cells were co-cultured before and after coi-

426 T. Morito, A. D. Bankhurst, and R. C. Williams, Jr.
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FIGuRE 4 The effect of the removal of cells with surface Ia
determinants on Ig production. NB, normal B cells; NT, nor-
mal T cells; AB, patient B cells; AT, patient T cells.
Results are expressed as mean-+-SE, Ig produced by 0.6
x 105 B cells in nanograms per milliliter in co-cultures of
a patient with five different normals (equal numbers of
patients and normal cells).

plement-mediated lysis of Ia-bearing T cells, slight
diminution of IgG synthesis was recorded (P < 0.025),
but in two experiments no significant change was
noted. The cytotoxic effect of the anti-Ia antiserum
was shown by the fact that 36.5+4.7% of immune-
deficient and 16.0+4.6% of normal T cells were killed
by complement-mediated lysis. Rabbit complement
alone was a control and showed only minor cytotoxicity
(<10%). The results shown in Fig. 4 represent the
mean value of these five experiments and show no
overall significant decrease in Ig production. Further-
more, in allogeneic combinations of normal B cells and
immunodeficient patients' T cells, patients' B cells and
normal T cells, or patients' B cells and patients'
T cells, no significant change in total Ig production
was noted after lysis of Ia(+) T cells by anti-Ia
antiserum and complement before introduction of T
cells into culture.

Eliminlatiot ofTycells. Because Tycells have been
implicated as suppressor cells in certain human sys-
tems, an attempt was next made to studv cellular
interactions in the basic lymphocyte co-culture svs-
tem using T cell-enriched populations before and after
elimination of Ty cells by EA rosetting. The results
of these six experiments are shown in Fig. 5. It can
be seen that when purified normal T cells were added
to normal B-cell fractions, a helper effect on both IgG
and IgM synthesis was seen. When normal T cells
(depleted of Ty cells) were added to normal B cells,
no significant change in IgG synthesis was apparent
in comparison with experiments performed with non-
depleted T-cell populations. In parallel experiments
when IgM synthesis was examined, removal of Ty
cells from normal T-cell suspensions actually resulted

IgM

6.0 xio 0 C

T Cells Added

FIGURE 5 The effect of the depletion of Ty cells on Ig
production. Various numbers of T cells were added to a fixed
number of B cells (0.6 x 105). NT, normal T cells; AT,
patient T cells. Ty 6 indicates that T cells with FC IgG
receptors were removed. Results are expressed as mean
tSE, nanograms per milliliter of Ig produced by 0.6 x 105 B

cells in co-cultures of six immunodeficient patients with
normal donors. Removal of Ty cells from NT suspensions
resulted in a significant decrease in IgM production (P
< 0.05). The patients' T cells did not change the sup-
pression even after the depletion of Ty cells.

in some relative diminution of IgM production (P
< 0.05). In all cases even when immune-deficient T
cells were depleted of Ty cells, these depleted T
cells would not help normal or autologous B cells and
a suppressive effect on normal B cells was still ob-
served. These data provided no evidence for an active
suppressor role for Ty cells using these in vitro
assays.

Effect of indomethacin and corticosteroids. Be-
cause prostaglandins of the E series (PGE) have been
shown to modulate immune function in other assay
systems (28), we decided to examine the possibility
that PGE synthesis might be involved in active sUp-
pression by T cells from some patients with coIml-
bined immune deficiency. In all patients studied,
addition of indomethacin (4tM) did not reverse the
inhibition of normal IgG or IgM production seen in
co-cultures of normal and immunodeficient pa-
tients' MNC.

Moreover, when hydrocortisone succinate (10 tLM)
was added to identical co-culture assays, no reversal of
IgG production was recorded in anv of the six
patients against four normal donors (Fig. 6). In con-
trast to this result in one of these patients, 5, a
marked increment in IgM production was noted after
hydrocortisone addition in two combinations of normal
and patient MNC. However, the other immuno-
deficient patients' suppression of normal IgM produc-
tion was not changed by addition of steroids to the
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FIGURE 6 The effect of the addition of hydrocortisone suc-

cinate (10 ,.M) to co-cultures of normal and patient MNC
(four experiments). A x A, Ig production by 3 x 105 patient
cells, A x N, Ig production by an equal mixture of patient
and normal MNC. The predicted production, indicated by
vertical brackets, is calculated as described in Results. Re-
sults are expressed as nanograms per milliliter of Ig,
mean+SE. S, hydrocortisone succinate (10 iMM). Patient 5

showed a significant increment in IgM production in co-

culture assays (P < 0.005).

culture. Data illustrating these results are shown
in Fig. 6.

Effect of x-ray irradiation. The T cells from im-
mune-deficient patients were irradiated with 1,000 or

2,000 rad. The results of these experiments are shown
in Figs. 7 and 8. X-ray irradiation had no effect on

the T cells from patient 1. The suppression of nor-

mal Ig production was eliminated by 2,000 rad of x-ray

irradiation in patients 2-4. As expected, because pa-

tient 6 was not suppressive in previous experiments,
x-ray irradiation of his T cells had no effect. After
2,000 rad of x-ray irradiation, the T cells from pa-

tients 2, 3, and 4 provided essentially normal help.
2,000 rad was more effective than 1,000 rad in the
elimination of suppressive cells.
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FIGuRE 7 The effect of x-ray irradiation of immune-deficient
T cells on IgM production. 0, normal cells; 0, immune-
deficient cells; R, rad. Results are expressed as mean±SE of
three experiments performed in triplicate.

DISCUSSION

Our results support the concept that many patients
with combined immunodeficiency and marked hypo-
gammaglobulinemia have circulating mononuclear
T cells that suppress the polyclonal activation of
normal B cells. These results confirm those originally
reported by Waldmann et al. (1). Three of six pa-

tients suppressed IgG and IgM synthesis in four
different, normal donors. In contrast with this group's
universal inhibition of Ig production, however, pa-

tient 5 showed selective suppression of IgG produc-
tion and patients 4 and 6 did not show consistent
or significant inhibition of IgG or IgM production
in three of four normal donors. Of incidental interest
was the fact that in serial studies of several immuno-
deficient patients a marked variation in proportions of
Ia(+) T cells was recorded. Thus, in patient 1 Ia(+) T
cells varied between 17 and 50% and in patient 6 be-
tween 4 and 46% when studied serially over a 4-6-mo
period (Table I). A majority of the patients studied by
Siegal et al. (30) and Waldmann and co-workers (1)
showed a similar suppression of Ig synthesis. In the
latter study the suppression was polyclonal because
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FIGURE 8 The effect of x-ray irradiation of immune-
deficient T cells on IgG production. 0, normal cells; 0,
immune-deficient cells; R, rad. Results are expressed as
mean±SE of three experiments performed in triplicate.

IgG, IgM, and IgA were uniformly depressed. In our
study, however, patient 5 showed a selective suppres-
sion of IgG alone. The identity of the putative sup-
pressor cell as a T cell is supported by the fact that
addition of purified T cells (>95% E rosettes, no
monocytes) to normal B cells actually resulted in a
significant suppression of base-line IgM and IgG pro-
duction (for example, patient 2 in Figs. 2 and 3). This
was noted, moreover, over a wide ratio of added pa-
tient T cells to normal B cells.

Aside from the fact that suppressor T cells exist in
these hypogammaglobulinemic patients, two other
possibilities for defective patient Ig synthesis must
also be considered. First, there may be a lack or func-
tional block in plasma cell precursors and, second,
there may be a deficiency of effective helper T cells.
With regard to the first possibility, some of our pa-
tients, 3 and 4, as well as others previously de-
scribed (31) have very few or no circulating cells
with surface Ig. However, this cannot be the sole ex-
planation for ineffective humoral antibody production
because other similar patients, 1, 2, 5, and 6, do show
lymphocytes bearing surface Ig. From the data pre-

sented here it can be seen that addition of normal T
cells did not augment patient Ig production. Curiously,
in patient 5 addition of normal T cells did not aug-
ment IgM synthesis, but the addition of autologous
cells to the in vitro system did. The reason for this
discrepancy is not clear because it is generally
thought that similarity of the major histocompatibility
complex between B and T cells is not essential for
in vitro mitogen-stimulated polyclonal Ig svnthesis
(30). In the case of patient 6, the addition of patient
T cells to normal B cells demonstrated a helper effect.
A similar addition to autologous B cells showed some
augmentation of IgM synthesis, but not of IgG, demon-
strating that this patient had normal helper T-cell
function but an apparent deficiency of responder B
cells. Patient 6 did not exhibit a suppressor effect in
co-culture assays with the nonrmal cells used in the
experiments shown in Figs. 2 and 3. Thus, at least in
this patient, a suppressor T-cell effect was not able to
camouflage helper function.

The x-ray irradiation experiments indicated that the
suppressor cells were radiosensitive to 2,000 rad.
Furthermore, in patients 2-4 such irradiated im-
mune-deficient T cells would function as helpers of
normal Ig production. This provides good evidence
that the suppression was not simply a lack of helper
effect.

One puzzling aspect of the data was the normal
amount of IgM (patients 5 and 6, Fig. 2) produic-
tion when patient B and T cells were cultured in vitro.
In other words, no defect in a plasma cell precursor
or T-cell immunoregulation was apparent based on
such studies. We have no explanation for this incon-
gruity except that there must be undefined defects in
the in vivo milieu that would account for decreased
serum Ig. One possibilitv that was not excluded by our
data is that there may be increased in vivo Ig
catabolism in these patients.

Despite the data in mice (19, 20, 32) and inferential
data in man (33) that suppressor immunoregulatory
cells may show surface la determinants, our co-culture
experiments failed to remove the suppressive effect of
patient MNCon normal B cells after selective lysis of
patient T cells bearing Ia determinants. Similar find-
ings have recently been presented by Fu et al. (22).

Because it has been shown that human T cells with a
receptor for IgG (Ty cells) have a suppressive effect
on normal mitogen-stimulated polyclonal Ig synthesis
(9), it was logical to examine the possibilitv that the
suppressor T cells in patients with hypogamma-
globulinemia might indeed be Ty cells. Patient Ty cells
were depleted from unfractionated T cells bv the
incubation of cells with IgG-coated erythrocytes. After
such Ty-cell depletion, patient T cells still significantly
suppressed base-line normal Ig production and could
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not help patient B cells. These data support the fact
that suppressor T cells in all of the hypogamma-
globulinemic patients where these experiments were
conducted were not invariably Ty cells. Moretta et al.
(10) reported a single patient with thymoma and
hypogammaglobulinemia who was able to synthesize
Ig after the removal of Ty cells. The reason for the
discrepancy between this latter result and our data
is not clear, but may simply represent the fact that
some, but not all, suppressor cells are Ty cells.
This possibility is supported by the fact that many of
Moretta's hypogammaglobulinemic patients did not
show increased proportions of circulating Ty cells
(10). Moreover, there was no relationship between
documented in vitro suppression of Ig synthesis and
proportions of Ty cells in our own patients.

Because PGE have been shown to modulate im-
mune function and to be responsible for the impair-
ment of cellular immunity in patients with Hodgkin's
disease (34, 35), we examined the possibility that the
suppression observed with patient T cells might in-
volve PGE-mediated mechanisms. Accordingly, indo-
methacin was added to co-cultures between normal
cells and patient cells; however, no enhancement of
Ig synthesis was observed. These results provide
strong evidence that such B-cell suppression was not
mediated directly by PGE. Moreover, these data are of
particular interest because we have recently demon-
strated a temporary reversal of skin test anergy in two
of these same patients after a therapeutic trial of
indomethacin (36).

17 yr ago Soothill et al. (37) reported a patient with
hypogammaglobulinemia who responded to the ad-
ministration of prednisone with increased serum Ig
levels. In support of this observation, our results
showed that the suppression of normal IgM produc-
tion by T cells from one of six patients with hypo-
gammaglobulinemia was reversed in vitro by hydro-
cortisone. IgG production was not similarly affected.
At present this patient has not received a therapeutic
trial of corticosteroids because he is fearful of their
side effects. Waldmann et al. (38) reported a similar
reversal of suppression with corticosteroids in one of
their patients. On the basis of these previous ob-
servations, despite the negative in vitro data using
lymphocyte co-culture techniques in the presence of
corticosteroid, one of our patients, 3, underwent a
therapeutic trial of 40 mgof prednisone/d for 7 d during
a period of time when he was desperately ill with
perineal suppuration. This therapeutic trial in his
case did not affect either serum Ig levels or the
ability of his MNCto produce IgG or IgM in vitro.

Finally, it appears that the depressed serum Ig levels
in patients with common variable hypogamma-
globulinemia are probably the result of several factors.
Various combinations of defective plasma cell pre-

cursors coupled with increased numbers of suppressor
T cells are instrumental in selective or polyclonal
impairment of Ig synthesis. It would appear that the
suppressor T cells in combined immunodeficiency
patients do not invariably possess Fc-IgG receptors or
surface Ia determinants. Furthermore, PGE does
not appear to be a causative factor in circulating
Ig suppression. The in vitro enhancement of IgM
synthesis in one of our patients suggests that inter-
mittent administration of corticosteroids may prove
to be clinically useful in some patients where in vitro
assays can be undertaken before making a clinical
decision as to therapeutic efficacy. Recent data pre-
sented by Gelfand et al. (39) suggest that agents
such as lithium may modulate or decrease sup-
pressor T-cell activity of lymphocytes in vitro.
More precise knowledge of basic regulatory mecha-
nisms that are either overactive or deficient in pa-
tients with a spectrum of immune deficiencies may
eventuallv lead to effective therapeutic intervention.
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