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Abstract

The bare lymphocyte syndrome is a rare combined immunode-
ficiency disorder associated with the absence of class I and/or
class II major histocompatibility (MHC) antigens. Although it
has been inferred that the immune deficiency is a consequence
of disordered MHC-restricted interactions among otherwise
normal cells, the biological capabilities and differentiation of B
lymphocytes deficient in class II MHCantigens have not been
rigorously analyzed. Wehave examined the phenotypic and
functional attributes of B cells with absent class II MHCanti-
gens. Our data demonstrate that these B cells are intrinsically
defective in their responses to membrane-mediated activation
stimuli. In addition, virtually all the B cells had phenotypic
evidence of arrested differentiation at an immature stage. Fi-
nally, these B cells also failed to express the C3d-EBV recep-
tor normally present on all B lymphocytes. These data indicate
that class II MHCmolecules are vital participants in early
events of the B cell activation cascade, and that other non-
MHCmembrane molecules may also be absent as a conse-
quence of either arrested differentiation or as a result of the
basic defect affecting the expression of MHCmembrane
antigens.

Introduction

The bare lymphocyte syndrome (BLS)' is a rare immunodefi-
ciency disease caused by or associated with the failure of ex-
pression of cell surface antigens encoded for by the major
histocompatibility complex (MHC). Since the initial descrip-
tions of this disorder, approximately 30 patients with this dis-
order have been described (1-5). It is now apparent that this
syndrome is heterogeneous with regard to defective cell surface
antigen expression. In some patients with this disorder, there is
defective expression of only class I MHCantigens encoded for
by the HLA-A, B, and C genetic loci, while in other patients,
class II MHCantigens (HLA-DR, DQ, and DP antigens) are
not expressed (4, 5). Patients who fail to express both class I
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1. Abbreviations used in this paper: BCGF, B cell growth factors; BLS,
bare lymphocyte syndrome; PE, phycoerythrin; SAC, Staphylococcus
aureus, Cowan I strain; [3H] TdR, tritiated thymidine.

and II MHCantigens have also been identified (5). Clinically,
this syndrome is manifest as a combined immunodeficiency
presenting early in life, and affected individuals are susceptible
to a number of severe and/or opportunistic infections by a
wide variety of pathogens. Chronic, severe diarrhea and mal-
absorption is also a characteristic feature of patients with the
BLS, and death is commonwithin the first few years of life.

The intrinsic molecular lesions responsible for the defec-
tive expression of membrane MHCantigens in this syndrome
have not yet been identified. Similarly, the pathogenetic basis
for the defects in cellular and humoral immunity has only
inferentially been defined. Because MHCantigens have an
important role as recognition structures for interactions
among immunocompetent cells (6-8), it has generally been
assumed that the immune deficiency can be attributed to the
inability of cells to recognize antigens in the context of self
MHCmolecules. However, there are other possible mecha-
nisms that could contribute to the defective immune respon-
siveness seen in individuals with the BLS. For example, recent
evidence suggests that the functions of class II MHCmolecules
in lymphocyte responses are complex and are not restricted to
mediating cell-cell interactions. Class II MHCantigens appear
to be directly involved in B cell activation events that are
independent of interactions between immunocompetent cells
(9-12). Similarly, defective B cell differentiation may also lead
to immune deficiency. At present, information concerning the
differentiation of B cells in the BLS is scanty.

Wehave previously shown that antibodies reactive with
class II MHCantigens inhibit B cell activation (1 1). However,
these studies could not determine whether this inhibitory ef-
fect was the result of a direct negative signal produced by the
bound antibody, or whether the inhibition was a consequence
of disrupted function and/or intracellular transit of class II
molecules. Because B cells in the class II MHCdeficiency
syndrome do not express these molecules, this "experiment of
nature" offers the opportunity to distinguish between these
two possible mechanisms. In this study, we have examined the
phenotypic and functional characteristics of B lymphocytes in
a patient with the class II MHCdeficiency syndrome. Our data
demonstrate that B cells that do not express class II antigens
are intrinsically defective in their responses to inductive mem-
brane-mediated activation stimuli. In addition, virtually all the
B cells had phenotypic evidence of arrested differentiation at
an immature stage characterized by expression of the HB4
antigen. Finally, these B cells failed to express the C3d-EBV
receptor normally present on circulating B lymphocytes.
These data demonstrate the intimate involvement of class II
MHCantigens in the intracellular events required for B cell
activation. Furthermore, they show that the defect(s) responsi-
ble for this syndrome may also affect the expression of non-
MHCencoded membrane molecules.
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Methods

Patient and control subjects. The individual with the bare lymphocyte
syndrome was a male born to nonconsanguinous parents. He initially
presented with failure to thrive, diarrhea, and thrush at 4 mo of age.

Initial evaluation revealed panhypogammaglobulinemia, normal
numbers of circulating T and B lymphocytes, but an absence of cells
expressing HLA-DR antigens or other class II MHCantigens (13). The
functional capabilities and phenotypic characteristics of the patient's B
cells were examined serially over an I 1-mo span and did not vary

significantly during this period. Control cell populations were obtained
from age-matched normal individuals or, when appropriate, from
healthy adult volunteers. Informed consent was obtained under proto-
cols approved by the Human Subjects Protection Committee of the
UCLASchool of Medicine.

Monoclonal antibodies and reagents. Monoclonal antibodies (mab)
used in these studies include: OKT4, an anti-CD4 mab, and Genox
3.53, an antibody reactive with HLA-DQantigens (obtained from the
American Type Culture Collection, Rockville, MD); 2D2, a mabanal-
ogous to the Leu-2 mab and reactive with CD8+ cells (14); HB-4, a

mab reactive with a subpopulation of B cells in peripheral blood and
bone marrow (15); HB-5, which reacts with the CD21 antigen that
serves as the B cell CR2 receptor for C3d and Epstein-Barr virus (C3d-
EBV) (16); and HB-7 (Leu-17), which reacts with the CD38 antigen
present on immature cells of B lymphocyte lineage (17). Another
CD38 mab, OKT10, as well as OKT9, which reacts with the transferrin
receptor, were obtained from Ortho Pharmaceuticals (Raritan, NJ).
The Leu-l mab, the Leu-10 (anti-DQ) mab, and antibodies to HLA-
DRantigens and the IL-2 receptor were obtained from Becton-Dick-
inson (Sunnyvale, CA). The B7/21 (anti-HLA-DP) and LB3. 1 (anti-
HLA-DR) mab were kindly provided by Dr. Michael Brenner (Dana-
Farber Cancer Institute). The Bal and Ba2 mabwere obtained through
the generosity of Drs. Tucker LeBien and John Kersey. Affinity-puri-
fied, fluorochrome-conjugated goat antibodies specific for human or

murine immunoglobulin heavy or light chains were obtained from
Southern Biotechnology Associates (Birmingham, AL).

Preparation and fractionation of mononuclear cell populations.
Methods for the preparation and fractionation of cells have been de-
scribed in detail (14). In brief, MNCwere isolated from heparinized
venous blood samples by Ficoll-Hypaque density gradient centrifuga-
tion. After incubation on plastic culture dishes to deplete monocytes, T
lymphocytes were isolated by rosette formation with sheep erythro-
cytes treated with 2-aminoethylisothiouronium bromide and density
gradient centrifugation. In most experiments, the nonrosetting (E-)
cells were used as the source of B lymphocytes. Methods used to isolate
small resting B cells from the E- fraction for other experiments are

described below.
Media. All cells were washed and cultured in RPMI 1640 medium

supplemented with 10% fetal calf serum (FCS; Gibco Laboratories,
Grand Island, NY), 2 mMglutamine, penicillin (100 U/ml), and
streptomycin (0.1 mg/ml).

Purification of Tcell subpopulations. The CD4+ subpopulation of
T cells was isolated by negative-selection panning methods, as de-
scribed (18). In brief, petri dishes were coated with affinity-purified
goat anti-mouse immunoglobulin antibodies (Southern Biotechnology
Associates). T cells were treated with the 2D2 (CD8) mab, washed, and
sequentially incubated on two antibody-coated plates for 1 h at 40C to
remove CD8+ cells. The nonadherent cells isolated in this fashion
were > 88% CD4+.

Immunofluorescent phenotypic analysis. Methods for direct and
indirect immunofluorescent analysis of cell membrane antigens have
been described in detail (11, 16). Cells were stained either directly with
rhodamine, fluorescein (FITC)- or phycoerythrin (PE)-labeled anti-
bodies, or indirectly with unconjugated mab followed by fluor-
ochrome-conjugated goat anti-mouse Ig antibodies. For one-color in-
direct staining experiments, FITC-conjugated goat anti-mouse Ig
(Southern Biotechnology Associates) was used as the second layer. In

other experiments, the appropriate combination of fluorochrome-
conjugated goat antibodies specific for murine heavy chain isotypes
were used. Cells stained with FITC only, PE only, or with both FITC
and PEwere analyzed by flow cytometry, using an EPICS Ccytometer
(Coulter Instruments, Inc., Hialeah, FL). For analyses of cells stained
with rhodamine-conjugated antibodies (either alone or in combination
with FITC), reactivity was assessed using a fluorescence microscope (E.
Leitz, Inc., Rockleigh, NJ) with epi-illumination.

Evaluation of B lymphocyte size. To evaluate changes in B cell
volume after stimulation with anti-mu antibodies, small resting B cells
were isolated using a unit gravity density gradient sedimentation tech-
nique (19). The separation apparatus used consisted of a cylindrical
incubation chamber mounted on a variable angle platform. An inlet-
outlet valve attached to a gradient maker and a peristaltic pump was
located at the bottom of the chamber. For gradient preparation, the
chamber was placed at a 300 angle from horizontal, and 900 ml of a
continuous 2-4% Ficoll gradient (in media containing 1% FCS) was
pumped into the bottom of the chamber. This was underlayered with
180 ml of a 10% Ficoll cushion. Nonadherent T cell-depleted (E-)
MNCsuspended in 50 ml of media containing 1%Ficoll were added to
the top of the chamber, which was then returned to the horizontal
position, and cells were allowed to sediment for 3 h. The chamber was
then repositioned at a 300 angle from horizontal, and 30 ml fractions
were pumped from the bottom of the chamber. The size of the cells in
each fraction was analyzed with a Coulter Channelyzer, and the frac-
tions with small B lymphocytes were pooled. B cells isolated in this
fashion are homogeneous in size (see Fig. 2), contain fewer than 0.1%
esterase-positive monocytes, and have proliferative responses charac-
teristic of small resting B cells (19). These cells were then cultured for
24 h in the presence of either a control antibody or monoclonal anti-
mu antibodies (50 ,g/ml), and cell size changes were assessed with a
Coulter Channelyzer.

B cell proliferation assays. B cell proliferation was assessed in [3H]-
thymidine ([3H]TdR) assays (1 1). In most experiments, nonadherent
E- cells were used as the source of B lymphocytes. The E- cells (1 X lIO)
were cultured in triplicate flat-bottomed microtiter wells in a total
volume of 0.2 ml/well. To assess T cell-independent B cell prolifera-
tion, cells were stimulated with SADA.4 (50 ,g/ml), a mitogenic mab
reactive with human mu heavy chains (20) or with formalin-fixed,
protein-A bearing S. aureus (SAC) at a final concentration of 0.01%.
Controls included medium alone and medium containing an equiva-
lent concentration of an unreactive mab. In addition, T cell-dependent
B proliferation was assessed, using a previously described method in
which B cells are co-cultured with mitomycin C-treated T cells and
PHA(21). Cultures were incubated at 370C for 60 h, then pulsed with
[3H]TdR (0.5 gCi/well). After an additional 14-16 h of culture, cells
were harvested with a semiautomated harvester, and [3H]TdR uptake
was determined.

B cell differentiation assays. The differentiation of B cells into
antibody-secreting plasma cells was evaluated as previously described
(22). Briefly, E- cells (75 X 103) were cultured in triplicate flat-bottom
microtiter wells with varying numbers of T cells or T cell subpopula-
tions and pokeweed mitogen (PWM; Gibco) at a final dilution of
1:250. After 7 d, culture supernatants were harvested, and the IgG and
IgM concentrations were measured using an ELISA. For the ELISA,
microtiter ELISA plates (Dynatech, Alexandria, VA) were coated
overnight with affinity-purified goat antibodies specific for either
human muor gammaheavy chains. After the plates were blocked with
1%bovine serum albumin, serial dilutions of the culture supernatants
were incubated in the wells for 24 h. The plates were then washed, and
alkaline phosphatase-labeled goat anti-human Ig antibodies were
added for 4 h. The plates were again washed, and enzyme substrate was
added for colorometric assessment of bound antibody, which was de-
termined with a Dynatech ELISA plate reader. Background was deter-
mined in wells incubated with media alone. Quantitation of the IgG
and IgM concentrations in the supernatants was made from a standard
curve derived with Ig standards.
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Results

Phenotypic features of B lymphocytes in BLS. During normal
B lymphocyte maturation, B-lineage cells undergo a sequence
of changes in their expression of membrane antigens. There-
fore, to assess the maturity of B cells in the BLS, we analyzed
their membrane antigen phenotype by immunofluorescent
staining with a panel of antibodies. Preliminary studies deter-
mined that 15-25% of blood nonadherent MNCexpressed
surface (sIg) molecules, the definitive marker for B cell identi-
fication. To determine the isotypic characteristics of the sIg
present, two-color immunofluorescence analyses were per-
formed. MNCfrom either BLS or normal controls were
stained with rhodamine-conjugated goat antibodies specific
for human Fab determinants (to detect all slg+ cells) and
FITC-conjugated, affinity-purified goat antibodies specific for
either mu, delta, alpha, or gammaheavy chains or for kappa or
lambda light chains. As shown in Table I, virtually all sIg+
cells in the BLS expressed the muand delta heavy chains, and
the relative frequency of expression for each was only slightly
higher than seen in controls. Only a small percentage (- 3%)
of the BLS cells had surface IgG molecules, and no sIgA+ cells
were detected. The ratio of kappa/lambda light chain expres-
sion was 1.50-1.72, which was normal. Both the absolute
number and the relative frequency of B lymphocytes among
MNCin the BLS patient were normal for age. Thus, the ab-
sence of class II MHCantigens did not adversely affect B cell
production, nor did it result in major qualitative alterations of
surface Ig expression.

The expression of other cell membrane molecules on B
lymphocytes was similarly analyzed. As shown in Table II, all
MNCfrom this BLS patient expressed class I MHCantigens
reactive with the W6/32 mab. Since the mean and peak fluo-
rescence intensity were comparable for BLS and normal cells
stained with this mab (data not shown), there did not appear to
be any significant quantitative deficit of class I MHCantigens
on any of the BLS cells. In contrast, no class II HLA-DR, DQ,
or DP antigens were detectable on the BLS cells. Two-color
immunofluorescence analyses demonstrated that virtually all
of the B cells from both the control and BLS individuals ex-

Table . Surface Immunoglobulin Expression by B Lymphocytes
in the Bare Lymphocyte Syndrome

Isotype* BLS$ Normal

sIgM 96 89-94
sIgD 95 85-91
sIgG 3 5-11
sIgA 0 0-6
kappa/lambda

ratio 1.61 1.40-1.72

* Nonadherent mononuclear cells were stained with FITC-labeled,
affinity-purified goat anti-human Fab antibodies (to identify B cells)
and with the appropriate rhodamine-labeled goat antibody specific
for the indicated immunoglobulin isotype. The percent of Fab+ cells
expressing each isotypic determinant was quantitated by fluorescence
microscopy.
t Mean percent of surface immunoglobulin-positive cells coexpress-
ing the indicated chain in two experiments.

Table I. Membrane Antigens Expressed by B Lymphocytes
in the Bare Lymphocyte Syndrome

Percent of sIg+ cells
coexpressing the antigen

Monoclonal Antigen
antibody* recognized BLS* Normals

W6/32 Class I MHC 97-99 96-100
Anti-HLA-DR HLA-DR 0 >95
LB3.1 HLA-DR 0-1 >95
Genox 3.53 HLA-DQ 0 >90
Leu-10 HLA-DQ 0 >90
B7/21 HLA-DP 0-1 >90
Bi CD20 95-97 92-97
Leu-17 CD38 65-71 35-44
Leu-1 CD5 0-2 <2
HB-4 B subset 93-95 54-62
HB-5 CD21 3-5 86-95
B2 CD21 2-7 86-95

* Nonadherent mononuclear cells were stained with FITC-labeled,
affinity-purified goat anti-human Fab antibodies (to identify B cells)
and with the indicated mab (either directly with PE-conjugated mab,
or indirectly using the appropriate rhodamine-labeled goat antibody
specific for the mab immunoglobulin isotype). The percent of Fab+
cells coexpressing each antigen was quantitated by fluorescence mi-
croscopy or flow cytometry.
* Percent of surface immunoglobulin-positive cells coexpressing the
indicated antigen in two experiments.

pressed the BI (CD20) antigen, whereas Leu-l+ (CD5+) B
cells were virtually undetectable in each population. Expres-
sion of the Bal, Ba2, and cALLa antigens on BLS and normal
B cells were comparable (data not shown). In contrast, the
percentage of B cells expressing the CD38 antigen, a molecule
expressed by relatively immature B cells (17), was increased in
the BLS. Similarly, whereas only 58% of control B cells ex-
pressed the HB-4 antigen, which is found on a subset of rela-
tively immature circulating B cells (15), all sIgM+ B cells from
the BLS patient coexpressed the HB-4 antigen. There was also
a striking difference noted in the expression of the CD21 anti-
gen, a molecule identified by the HB-5 or B2 mabs that func-
tions as the B cell C3d-EBV receptor (23, 24). Whereas almost
all normal B cells expressed this molecule, CD21 antigen ex-
pression by B cells in the BLS was virtually undetectable
(Table II). The fluorescence staining intensity of anti-CD21
antibodies with B cell-enriched (E-) cells from normal or BLS
individuals is quantitatively shown in Fig. 1.

Analysis ofB cell activation in BLS. Cross-linkage of sIgM
molecules initiates a series of events that collectively are
termed B cell activation. One early event that occurs with this
stimulus is B cell enlargement (25, 26). To analyze the extent
to which B cells deficient in class II MHCantigens could re-
spond to signals provided by sIgM cross-linkage, small resting
B cells were isolated from BLS or control MNC, and each
population was stimulated with anti-mu antibodies at 37°C.
After 24 h, B cell size was analyzed with a Coulter Channe-
lyzer. Results are shown in Fig. 2. Both normal B cells and
those from the patient underwent significant enlargement after
stimulation. The magnitude of the mean increase in cell vol-
ume was only slightly less for the B cells deficient in class II
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Figure 1. Absence of CD21 anti-
gens (C3d/EBV receptors) in the

| 'a | \ bare lymphocyte syndrome. Non-
No. adherent T cell-depleted (E-)

mononuclear cells from a normal
control donor (A) or from the bare

\,\ lymphocyte syndrome patient (B)
were stained with either an

B unreactive control antibody (dot-
ted line) or the HB-5 (anti-CD2 1)
antibody (solid line) and analyzed

/J<\ by flow cytometry. The CD21 an-

CNell tigen was expressed by 53% of
No

normal E- cells (which contained
/,1 Ws \ 56% sIgM+ B cells) but was unde-

tectable on cells from the bare
lymphocyte syndrome patient

LOGFLUORESCENCEINTENSITY (which contained 61 %B cells).

antigens than was observed with normal B cells, and it was well
within the normal range.

Wealso examined whether stimulation with anti-mu anti-
bodies effected changes in the cell surface phenotype of the B
lymphocytes. Anti-mu antibodies increased the relative
amount of HLA-DR antigens expressed by normal B lympho-
cytes - 300% (as estimated by changes in mean fluorescence
staining intensity) but failed to induce detectable HLA-DR on
the BLS cells (data not shown). Similarly, BLS cells treated
with anti-mu antibodies did not express B cell activation anti-
gens such as transferrin receptors (as assessed with the OKT9
mab) or receptors for IL-2 (as assessed with an anti-IL 2 recep-

A
A It

''I

Figure 2. Effects of anti-mu
stimulation on B cell size.
Isolated small, resting B
cells from a normal control
(A) or the patient with bare
lymphocyte syndrome (B)
were cultured 24 h in either
control medium (dotted
line) or in the presence of
anti-mu antibodies (solid
line). Both normal B cells
and those from the bare
lymphocyte syndrome pa-
tient increased in size to a

CELL VOLUME - comparable degree.

tor mab). Thus, although B cells deficient in class II MHC
antigens can be induced to enlarge by cross-linkage of slg mol-
ecules, no additional phenotypic evidence of B cell activation
was observed.

B cell proliferation. Two assay systems were used to deter-
mine whether class II antigen-deficient B lymphocytes could
be induced to proliferate by stimuli that are mitogenic for
normal B cells. In the first series of experiments, B cells from
normal or BLS individuals were stimulated with either anti-
muantibodies or with SAC, both of which act as T cell-inde-
pendent mitogens. Representative data from one of three such
experiments are shown in Table III. Whereas both of these
stimuli induced significant proliferation in normal B cells, vir-
tually no proliferation was observed in the B lymphocytes in
the BLS. This was not due to suppressive effects, as the re-
sponse of normal B cells was not inhibited (nor enhanced) by
the inclusion of cells from the BLS individual (data not
shown). Similarly, the unresponsiveness of BLS cells did not
appear to be due to the absence of a requisite accessory cell
function since the addition of control semiallogeneic adherent
cells to BLS B cells did not confer responsiveness.

Because B lymphocytes can also be induced to proliferate
by activated helper T cells (21), we analyzed whether B cells in
the BLS could respond to mitogenic stimuli from activated
autologous or allogeneic T cells. In these experiments, normal
or BLS B cells were cultured in the presence of PHA with
purified autologous or allogeneic CD4+ T cells (pretreated
with mitomycin C to abrogate their proliferative capability).
As shown in Table IV, normal B cells underwent a vigorous
proliferative response in the presence of activated CD4+ cells.
Both the allogeneic CD4+ cells (i.e., those from the BLS pa-
tient) and the normal (autologous) T cells were able to induce
this response. In contrast, B cells from the BLS patient were
unresponsive to stimuli provided by either population of
helper T cells. When the response of these two B cell popula-
tions to preformed growth factors (BCGF) released by PWM-
activated T cells was analyzed, only the normal B cell popula-
tion contained cells that responded to soluble factors. The
defective response of the BLS B lymphocytes was again not
corrected by adherent cells from the normal donor (not
shown).

Despite numerous attempts at Epstein-Barr virus (EBV)
transformation using a variety of approaches, including T
cell-depletion before EBV addition and/or culturing cells in
cyclosporin A, no evidence of proliferation or transformation

Table III. B Lymphocyte Proliferation in the Bare
Lymphocyte Syndrome

[3H]TdR uptake by B cells from:

Stimulus* BLS Normals

None 800±37 927±100
Anti-mu 879±123 10,296±593
SAC 974±85 21,233±854
BCGF 673±122 5,395±468

* Nonadherent, T cell-depleted (E-) lymphocytes (1 X 105/well) were
cultured with the indicated stimulus for 3 d. Cultures were pulsed
with [3H]TdR during the final 14-16 h of culture. Results are ex-
pressed as mean counts per minute uptake±SEM.
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Table IV. T Cell-dependent B Lymphocyte Proliferation in the
Bare Lymphocyte Syndrome

[3H]TdR uptake

T cells added* Mitogen BLS Normals

None - 350±37 427±144
None PHA 418±88 594±93
Autologous CD4+ - 542±47 636±83
Allogeneic CD4+ - 692±95 840±52
Autologous CD4+ PHA 774±104 27,774±742
Allogeneic CD4+ PHA 611±83 17,935±89

* Nonadherent, T cell-depleted (E-) lymphocytes (1 X 105/well) were
cultured with mitomycin C-treated autologous or allogeneic CD4+T
cells (7.5 X 104/well) in the presence or absence of PHAfor 3 d. Cul-
tures were pulsed with [3H]TdR during the final 14-16 h of culture.
Results are expressed as mean counts per minute uptake±SEM.

of BLS B cells was observed, even when cultures were allowed
to incubate for 4-6 wk. Transformation of B cells from control
individuals was uniformly successful.

B cell differentiation to antibody-secreting cells. The ability
of BLS B cells to differentiate into antibody-secreting plasma
cells was assessed in a PWMassay. As shown in Table V,
virtually no B cell differentiation was observed when BLS B
cells were cultured in the presence of PWM-activated CD4+
cells; only a small amount of IgM was produced. This lack of
response was seen using both allogeneic and autologous T
cells. Since the production of antibody in this assay is largely a
function of in vivo-activated B cells (27), these results suggest
that the defect in BLS B cell activation observed in vitro mir-
rors a comparable in vivo defect.

Discussion

The bare lymphocyte syndrome is a rare immunodeficiency
disorder characterized by the absence of class I and/or class II
membrane antigens encoded for by genes of the MHC. In the
studies herein, we have examined the consequences of defi-
cient expression of class II MHCantigens on the differentia-

Table V. B Cell Differentiation in the Bare Lymphocyte Syndrome

Immunoglobulin secretion

B cells* CD4+ cells 1gM IgG

ng/ml

BLS 125 100
BLS BLS 175 100
BLS Control 475 125
Control 225 450
Control BLS 700 750
Control Control 6,500 7,750

* Nonadherent, T cell-depleted (E-) lymphocytes (7.5 X 104/well)
were cultured with BLS or control CD4+ cells (7.5 X 104/well) and
PWMfor 7 d. Culture supernatants were harvested and analyzed for
IgM or IgG with an ELISA. Results are expressed as nanograms per

milliliter of antibody.

tion and functions of B lymphocytes. Our studies show that
class II antigen-deficient B cells have a profound intrinsic de-
fect in their response to stimuli that induce B cell activation
and proliferation. This functional defect is accompanied by an
apparent block in B cell differentiation that results in the pres-
ence of a homogeneous population of B cells that uniformly
express the HB-4 antigen, a marker normally found on only a
subset of B cells. In addition, we show for the first time that
these cells may also fail to express a non-MHC encoded B cell
antigen, the CD21 (C3d/EBV receptor) molecule.

The precise molecular defects responsible for the MHC
deficiency syndrome have not been identified. Since the syn-
drome can involve defective expression of class I, class II, or
both class I and II antigens (5), it is likely that the defects
responsible for this syndrome are heterogeneous. Although the
BLS could result from deletion of the structural genes encod-
ing for MHCantigens, this defect has not yet been reported,
and hybridization studies with probes for class II genes demon-
strated that all class II MHCstructural genes were present in
this patient (data not shown). A variety of regulatory gene
defects could also produce the MHCdeficiency syndrome, and
defective transcription of class II MHCgenes has been demon-
strated in cells from some BLS patients (28). Interestingly, the
phenotypic consequences of the underlying defect(s) may
differ in T cells and B cells. In reports to date, T cells from all
BLS patients have retained the class II-deficient phenotype
after activation and culture in IL-2. Identical results were ob-
tained for IL-2-dependent T cell lines generated from the pa-
tient described herein (data not shown). In contrast, the B cell
defect in certain BLS patients can be partially overcome after
in vitro transformation with EBV (28). Similarly, B cells from
some BLS patients may express detectable HLA-DR antigens
in vivo (29). Thus, it appears that the primary defect(s) may be
incompletely expressed in B cells from at least some BLS pa-
tients. Furthermore, this may be associated with a mitigation
of the functional deficits, since these patients produced anti-
body in vivo and in vitro (29). Although we were unable to
obtain EBV-transformed B cells for analysis, the B cells from
this patient did not express class II antigens when cultured
with anti-mu antibodies, a stimulus that significantly increases
class II antigen expression on normal B cells (30). Thus, it
appears that the heterogeneity of the molecular lesions may
produce variability in the magnitude of both the class II defi-
ciency and the B cell functional impairment.

The early maturational events leading to the production of
B cells do not appear to be affected by the absence of class II
antigens since the numbers of sIg+ cells are normal in the BLS.
The vast majority of the B cells in the BLS were sIgM+/sIgD+
cells, as is seen in normal individuals and other BLS patients
(4, 30). Furthermore, the sIgM appeared to be inserted in a
functionally relevant fashion since cross-linkage with anti-mu
antibodies provided the initial activation signal resulting in B
cell enlargement. The expression of kappa and lambda light
chains was also normal. The most notable abnormality re-
garding surface Ig expression observed was the absence of de-
tectable sIgA+ B cells. It is unlikely that this represents physio-
logical variability, since sIgA+ B cells are normally present in
children of this age (31). This finding could reflect (a) disrup-
tion, at any level, of the coordinated events involved in heavy
chain isotype switching and slg expression, or (b) a defect in a
helper T cell function required for the expansion of sIgA+
cells.
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Analyses of the expression of other B cell membrane anti-
gens on class II-deficient B cells revealed several interesting
findings. First, there was an increased frequency of B cells
expressing the CD38 antigen in the BLS. This antigen is ex-
pressed by a population of relatively immature B cells (17). In
conjunction with previous studies showing that BLS B cells
retain a neonatal pattern of sIgM and sIgD expression (4, 30),
these data suggest that B cell maturation in the BLS may be
delayed or arrested. This possibility was further supported by
the observation that the B cells in the BLS uniformly expressed
the HB-4 antigen. In normal adults and neonates, the HB-4
antigen is expressed by a subset of relatively immature (but
functionally intact) resting B cells (15). Although there are
several possible explanations for the absence of the HB-4 anti-
gen-negative subset, we believe this reflects an arrest in B cell
maturation, perhaps analogous to that proposed to account for
the deficiency of the Lyb5+ subset in xid mice (32). This arrest
could be due to a primary B cell defect associated with the
absence of class II MHCantigens, or it could be a secondary to
deficient immunocompetent cell interactions.

The most striking phenotypic abnormality associated with
the absence of class II MHCantigens was the absence of CD21
antigens. This membrane molecule has previously been shown
to serve as the B cell receptor for the C3d complement frag-
ment as well as for the EBV(23, 24). It has also been suggested
that this antigen may play a role in mediating signals asso-
ciated with B cell activation (33, 34). Thus, the absence of
CD21 antigens may contribute to the B cell functional defects
observed in our studies. This is particularly true with regard to
our inability to transform the BLS B cells with EBV, since the
receptor for virus is essential for transformation (35). Although
EBV-transformed B cell lines from some BLS patients have
been established (28, 36), analyses of CD21 antigen expression
on B cells from these patients have not been reported. Given
the apparent heterogeneity of this syndrome in other respects,
it is possible that the expression of CD21 antigens may also
vary quantitatively. However, it is also likely that class II-defi-
cient B cells are unable to respond appropriately to the mito-
genic effects of EBV, in analogous fashion to their failure to
respond to other B cell mitogens. The slow initial growth that
has been reported for transformed BLS B cells (36) is consis-
tent with the data from our functional studies.

The basis for the defect of CD21 antigen expression in this
patient is currently unknown. In normal B cells, this antigen is
expressed during the transition of pre-B cells to their sIg+
progeny, and it is normally present on the vast majority of
sIg+ cells in the neonate and adult (16). Thus, the absence of
CD21 antigens could indicate that pre-B to B cell maturation
is incomplete in the BLS. Alternatively, this absence could
result from the same regulatory defect responsible for the class
II MHCantigen deficiency. Such a hypothetical molecular
defect would have to be quite limited in nature, since the
expression of the majority of B cell membrane antigens is
unaffected. Moreover, the expression of these molecules does
not appear to be inherently linked, since mutant B cell lines
deficient in class II MHCantigen expression do express CR2
molecules reactive with the HB-5 mab (Cotner, T., and L. T.
Clement, unpublished observations).

In addition to the defect in B cell proliferation, this pa-
tient's B cells were also deficient in their ability to differentiate
in a pokeweed mitogen assay to become immunoglobulin-se-
creting cells, thus mimicking the patient's hypogammaglobu-
linemia in vivo. This was true whether the B cells were cul-

tured with purified autologous CD4+helper cells or with those
from a normal control donor. The B cells that respond in this
T cell-dependent assay are large, low density sIgD- cells that
presumably have been previously activated in vivo (27). Since
BLS B cells appear to be intrinsically abnormal in this regard,
one would not anticipate their presence in the circulation. It
should also be noted, however, that the helper T cells in the
BLS patient failed to induce differentiation of normal B cells,
although they were capable of inducing normal B cells to pro-
liferate. Whereas quantitative defects in CD4+ T cells have
been described in several other BLS patients, the observed
helper cell defect was not merely quantitative because purified
CD4+ cells were used. The basis for this defect is currently
under investigation.

Since class II MHCantigens mediate interactions among
immunocompetent cells that are required for B cell differen-
tiation and antibody production, it has generally been as-
sumed that the hypogammaglobulinemia seen in BLS patients
results from ineffective interactions among T cells, B cells, and
accessory cells. However, recent studies have suggested that
the role of these membrane molecules in the functions of B
cells is not restricted to regulating cellular interactions. Rather,
it appears that class II MHCantigens are integral participants
in the intracellular processes associated with B cell activation
(9-12, 37, 38), events that are quite independent of T cell or
accessory cell influences. Wehave previously shown that
monoclonal antibodies reactive with human class II antigens
significantly inhibited stimulus-induced increases in B cell
RNAsynthesis and proliferative responses to T cell-dependent
or T cell-independent stimuli. In contrast, these antibodies
only partially inhibited activation-dependent increases in B
cell size. Although these data suggested that class II MHC
molecules participate in early, inductive events of the B cell
activation cascade, the use of exogenous antibodies compli-
cated the interpretation of these data, since anti-class II anti-
bodies might produce a negative signal that directly inhibited
or otherwise disturbed cellular activation. Since we have
shown in the present studies that B lymphocytes deficient in
their expression of class II MHCantigens have virtually iden-
tical abnormalities in activation and proliferation as those ef-
fected by anti-class II antibodies, it is reasonable to infer that
the previously described effects of anti-DR and anti-DQ anti-
bodies were the result of alterations in the functions and/or
intracellular traffic of class II molecules rather than secondary
to an externally-imposed negative signal. Thus, this "experi-
ment of nature" adds important support for the notion that
class II antigens participate directly in the physiology of B cell
activation.
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