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A B S T R A C T In vitro infection with Epstein-Barr
virus of bone marrow-derived (B) lymphocytes from
blood of patients with X-linked or common varied
agammaglobulinemia resulted in the establishment of
long-term B-lymphoid cell lines (LCL). LCL were
established only with B lymphocytes from patients
whose B cells f;ailed to respond to in vitro mitogenic
stimulation. In contrast, lymphocytes from patients
without small B lymphocytes or with B cells that syn-
thesized but fasiled to secrete Ig failed uniformly to
establish LCL. Analysis of the "nonsecretory" B lym-
phocytes demonstrated the presence of receptors for
C3b and C3d as well as surface Ig, but absence of de-
tectable receptors for Epstein-Barr virus.

All of the six cell lines that were established formed
rosettes with EAC3 but not with sheep erythrocytes.
Four of the six LCL were principally surface IgD bear-
ing and did not synthesize detectable Ig for secretion.
Two of the cell lines were indistinguishable from cell
lines from normal individuals: they had surface IgG,
A, M, and D and synthesized and secreted Ig.

INTRODUCTION

Agammaglobulinemia is a heterogeneous immuno-
deficiency disease resulting from the failure of develop-
ment or differentiation of bone marrow-derived (B)
lymphocytes.' Most, but not all, patients with the
X-linked form of agammaglobulinemia lack small B
lymphocytes, as defined by surface Ig, C3 receptors,
and Epstein-Barr virus (EBV) receptors (1-3). Some
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1Abbreviations used in this paper: B, bone marrow-de-
rived; BSA, bovine serum albumin; E, sheep erythrocytes;
EBSS, Earle's balanced salt solution; EBV, Epstein-Barr
virus; FBS, fetal bovine serum; LCL, lymphoid cell line;
LMF, lymphocyte mitogenic factor; PWM,pokeweed mito-
gen; SDS, sodium dodecyl sulfate; TCA, trichloroacetic
acid.

experiments have suggested that these patients have
precursor cells that may be induced to differentiate
under appropriate circumstances (4, 5). In contrast,
patients diagnosed to have the common variable form
of agammaglobulinemia usually have normal numbers
of small B lymphocytes (6-10). Their B cells fail to
produce imunoglobulin in response to mitogenic
stimulation. Lymphocytes from a few patients have
been reported to respond to mitogenic stimulation
by the production of intracellular immunoglobulin
that was not secreted (6, 8, 10).

In vitro stimulation of peripheral lymphocytes by
mitogens, including pokeweed mitogen (PWM), lym-
phocyte mitogenic factor (LMF), or EBV, results in
the increased synthesis and eventual secretion of
IgM or IgG by B lymphocytes (11-15). Morphologi-
cally, the small B lymphocytes enlarge and undergo
mitosis, and differentiate into immunoglobulin-secret-
ing lymphoblasts. In cultures stimulated by PWM
and LMF, some of these lymphoblasts mature into
plasma cells (15). In cultures stimulated by EBV, some
of the lymphoblasts are immortalized, giving rise to
long-term lymphoid cell lines that secrete immuno-
globulin, usually of several classes (16-18). These
cells have surface receptors for C3, Fc, and EBV and
bear surface immunoglobulin, usually of several heavy
chain classes.

Weattempted to establish long-term lymphoid cell
lines from agammaglobulinemic patients by in vitro
transformation of lymphocytes with EBV. The ability
of lymphocytes from patients with agammaglobulinemia
to give rise to established cell lines would serve to
characterize B-cell developmental stages present in
the peripheral blood. Characterization of the immuno-
logic properties of the cell lines would permit deter-
mination of B cell-associated defects including failure
of immunoglobulin production. Finally, cell lines
derived from agammaglobulinemic patients that failed
to produce immunoglobulin might serve to define
stages in B-cell development and differentiation.
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METHODS

Patients. Lymphocytes from 14 patients with a primary
diagnosis of agammaglobulinemia were used in experiments
to start lymphoid cell lines (Table I). Four patients were
diagnosed to have the X-linked form of agammaglobulinemia.
Before treatment, they had serum IgG < 50 mg/100 ml; IgM
and IgA were undetectable. Onset of the disease in these
patients was before 2 yr of age. Each patient had a maternal
male relative with agammaglobulinemia. 10 patients were
diagnosed to have the common variable form of agamma-
globulinemia. Before treatment, IgG was < 200 mg/100 ml,
IgM < 50 mg/100 ml, and IgA < 50 mg/100 ml. Onset of the
disease ranged from before 2 yr of age to 50 yr of age. Two
patients were brothers.

Lymphocytes from most of these 13 patients had been
previously characterized by EAC3 rosette formation and
surface immunofluorescence (3,8). Additionally, lymphocytes
were fractionated on discontinuous gradients of bovine serum
albumin (BSA), yielding "precursor" cell, T cell-, and B cell-
rich fractions. B-lymphocyte fractions from patients with
B cells had been tested for synthesis and secretion of Ig in
vitro in response to a T cell-derived mitogen (LMF).

All patients except patient 1.14 were without other disease
at the time of study. Patient 1.14 had a benign lymphopro-
liferative disorder. Peripheral blood was the source of lympho-
cytes from all patients except patient 1.14 from whomspleen
cells were obtained at splenectomy. All patients were on
gamma globulin replacement therapy. All procedures were
approved by the Committee on Clinical Investigation and
informed consent was obtained.

Lymphocyte cell cultures. Peripheral blood was collected
in preservative-free heparin (Sigma Chemical Co., St. Louis,

TABLE I
Patients Studied

Peripheral blood

Diag- Designation
Patient Age B cells nosis Response to LMF of LCL

yr

8.20 22 - XLA*
10.10 19 - XLA
20.16 14 - XLA

4.8 13 + XLA No Ig synthesis LAZ 166
1.34 26 - CVA§

23.34 23 - CVA
5.6 19 + CVA No Ig synthesis LAZ 135
4.23 31 + CVA No Ig synthesis LAZ 153,

S-2
10.13 25 + CVA Ig synthesis,

No secretion
18.12 14 + CVA Ig synthesis,

No secretion
20.3 15 + CVA Ig synthesis,

No secretion
1.14 55 + CVA Not tested LAZ 165

18.3 8 + CVA No Ig synthesis LAZ 184
10.2 16 + CVA No Ig synthesis LAZ 202

* X-linked agammaglobulinemia.
4 Siblings.
§ Commonvaried form of agammaglobulinemia.

Mo.), and lymphocytes were separated by Ficoll-Hypaque
(Pharmacia Fine Chemicals, Piscataway, N. J.) sedimenta-
tion (19). Primary cultures were seeded at d 2 x 106 cells/ml
in 10-ml cultures and were fed twice a week by allowing
the cells to sediment at unit gravity for 1 h at 370C followed
by removal of 3 ml of the supernate and replacement with
3 ml of fresh media. Primary cultures were initiated and
maintained in medium composed of 100 ml RPMI 1629 (20),
20 ml fetal bovine serum (FBS), 1 ml horse serum, 1 ml of
100 mMsodium pyruvate, 1 ml of 100 x Eagle's "nonessen-
tial" amino acids (21), 1 ml of mM2-mercaptoethanol (22)
and 1 ml of 1 x 104 U/ml sodium penicillin G, 1 x 104 ,g/ml
streptomycin sulfate, and 0.2 M L-glutamine.

Transforming virus was obtained from the marmoset lym-
phoblastoid cell line, B95-8 (23, 24) (starter culture was
provided by Dr. George Miller, Yale University School of
Medicine). One-tenth ml of virus-containing medium was
added per milliliter of culture. All cultures were maintained
for a minimum of 8 wk or until there were no viable cells
left in the culture. Proliferation of viral-transformed cells
usually occurred within 4-6 wk. The cultures were expanded
by the addition of fresh medium until there were adequate
numbers of cells to be stored in liquid nitrogen. Cells to be
frozen were washed and resuspended in culture medium
with 7.5-10% dimethyl sulfoxide (DMSO) at d 3 x 107
cells/ml. At the time of freezing and periodically thereafter,
all cell lines were tested for Mycoplasma contamination
and found to be negative by growth on Mycoplasma test plates
(Grand Island Biological Co., Grand Island, N. Y.).

Cell culture and cell lines. After a cell line was estab-
lished, it was grown in RPMI 1640 medium (25) or Eagle's
suspension minimal essential medium (22) supplemented
with 10% FBS, 1 ml of 1 x 104 U/ml sodium penicillin G,
1 X 104 ,ug/ml streptomycin sulfate, and 0.2 M L-glutamine,
1 ml Eagle's nonessential amino acids, and 1 ml of 1 mM
sodium pyruvate/100 ml medium.

Three long-term lymphoid cell lines were used for normal
controls. CCRFCEMis a T-cell line derived from a patient
with acute lymphoblastic leukemia (26, 27). LAZ 67 and
RPMI 1788 are B-cell lines derived from normal donors.

Mononuclear peripheral blood lymphocytes were isolated
from heparinized blood by density centrifugation over Ficoll-
Hypaque gradients (19). In some experiments, cells were
fractionated into "precursor," T cell-, and B cell-rich frac-
tions on discontinuous gradients of BSA (28). The gradients
were constructed in 2% decrements, starting with 35% as
the bottom layer, and decreasing to 17% albumin (layer 1).
Layers 1, 2, and 3 were pooled to form the precursor-cell
fraction (17), layers 4 and 5 were pooled to constitute the
T cell-rich fraction 2, and layers 6, 7, and 8 were pooled to
form the B cell-rich fraction 3. Monocyte contamination was
almost completely confined to fraction 1.

Rosette formation. For rosette formation, cells were
suspended at 2 x 106 cells/ml in Earle's balanced salt solution
(EBSS) with 2% FBS which had been absorbed with sheep
erythrocytes (E). For E rosettes, 0.05 ml of a 10% suspen-
sion of E was added to 1 ml of cell suspension, incubated
at 37°C for 30 min, centrifuged at 200 g for 5 min, and then
incubated at 40C for 2 h. E coated with antibody and the first
four components of complement (EAC3b) were prepared.
EAC3d (mouse) was prepared with the substitution of fresh
mouse serum for the human complement components. The
purity of EAC3d reagent was verified by its failure to form
rosettes with human erythrocytes, demonstrating the absence
of EAC3b (29-31).

One-tenth ml of 1%EAC3 was added to 0.1 ml of cell sus-
pension, the mixture was centrifuged at 200 g for 5 min, and
incubated at 370C for 90 min. The percent E and EAC3rosette
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formation was determined by counting at least 200 cells in
a hemocytometer.

Antisera. Rabbit antisera to human heavy and light chains
were purchased from Behring Diagnostics (Somerville, N. J.).
They were rendered specific by absorption with appropriate
myeloma proteins coupled to Sepharose (Pharmacia Fine
Chemicals) (32). For fluorescent antibody procedures, the
IgG fraction of each antisera was separated by chromatog-
raphy on DEAE-cellulose (0.015 Mphosphate buffer, pH 6.8).
They were conjugated to fluorescein isothiocyanate (Bio-
Quest, BBL & Falcon Products, Div. of Becton, Dickinson
& Co., Cockeysville, Md.) as previously described (33).
Before use, fluorescent antisera were centrifuged at 100,000 g
for 1 h to remove aggregated material. For immune precipita-
tion, monospecific antiserum to rabbit IgG was raised in a goat.

Fluorescent antibody. Living cells (1 x 106, >90% viable
by trypan blue dye exclusion) were washed three times with
EBSS and resuspended in 50 ,ul of appropriately diluted
test antiserum. They were incubated for 40 min at 4°C, washed
three times with cold EBSS, resuspended in 50% glycerol:
50% EBSS, and dropped on microscope slides. Fixed cells
were prepared with a Shandon-Elliot cytocentrifuge (Shandon
Southern Instruments Inc., Sewickley, Pa.). Slides were
fixed with 5% (vol/vol) acetic acid in 96% ethanol at -200C
for 30 min (34). Slides were stained with the appropriate
antisera for 40 min in a humid chamber, washed with three
changes of EBSS, and mounted in 50% glycerol:50% EBSS.
Cells were examined with a Zeiss fluorescence microscope
(Carl Zeiss, Inc., New York) equipped with an HBO200 W
mercury lamp, a BG 12 primary filter, and a K 510 second-
ary filter.

EBV receptors were determined as described by Jondal
et al. (35). Virus from the B95-8 cell line (23, 24) was incu-
bated with the cells for 60 min with shaking at 40C. The cells
were washed three times with cold EBSS, and then incubated
with 50 ,lM of fluorescein isothiocyanate-conjugated human
reference anti-EBV MAserum (Mutua, kindly provided by
Dr. M. Jondal), for 30 min. Cells were then washed three
times with cold EBSS and examined immediately with a
fluorescence microscope.

Immunoglobulin synthesis and secretion. Cells were
washed twice with EBSSand resuspended at 5 x 106 cells/ml
in Eagle's minimal essential medium without leucine supple-
mented with 10% dialyzed FBS, 1 ml of 200 mML-gluta-
mine/100 ml medium, and 2 ,uCi [14C]leucine/ml (New Eng-
land Nuclear, Boston, Mass.). The cells were incubated for
12-14 h, after which the supernatant medium was collected,
the cells washed twice with EBSS, and lysed by the addition
of Nonidet P-40 (Bethesda Research Laboratories, Rockville,
Md.) to 0.6%. After 30 min, the cell lysate was centrifuged
at 2,000 g for 20 min to remove cell debris.

Aliquots of the cell supernatant medium and the cell lysate
were examined for Ig by the addition of specific antiserum,
followed 1 h later by the addition of goat antiserum to rabbit
IgG at equivalence. Controls included precipitation with
normal rabbit serum and specific precipitation of solutions
in which normal rabbit serum had been precipitated. The
mixtures were incubated at 4°C overnight, washed three
times with cold EBSS, and resuspended in 2%sodium dodecyl
sulfate (SDS), 1% 2-mercaptoethanol. The reduced proteins
were alkylated with iodoacetic acid.

Immune precipitates were electrophoresed in 7.5% acryla-
mide slab gels with SDS-phosphate buffer (36). The slab
gels were dried in a Hoefer gel drying apparatus (Hoefer
Scientific Instruments, San Francisco, Calif.) and autoradio-
graphed with Kodak RPR54 X-ray film (Eastman Kodak Co.,
Rochester, N. Y.) to detect de novo immunoglobulin syn-
thesis and secretion.

Immunoglobulin production by the cell lines was also as-
sessed by comparison of the radioactive material precipitable
with antiserum to Ig with trichloroacetic acid(TCA)-precipita-
ble material. 40,000,000 cells were incubated in RPMI 1640
medium with V2 normal concentration of cold leucine with
2 IACi ['4C]leucine/ml for 18-20 h. Medium or cells were
coprecipitated in triplicate with (a) normal rabbit serum-
goat antiserum to rabbit IgG, (b) rabbit antiserum to human
Ig (heavy and light chain specific)-goat antiserum to rabbit
IgG, and (c) 10% TCA. All precipitates were redissolved in
0.5 N NaOH, neutralized, and assayed in a Packard Scintil-
lation Counter (Packard Instrument Co., Inc., Downers
Grove, Ill.) with Insta-Gel.

RESULTS

Establishing lymphoid cell lines. Concurrent
studies indicated that long-term lymphoid cell lines
(LCL) could be readily established from normal in-
dividuals by EBV obtained from the B95-8 cell line.
From 300 attempts to establish LCL from normal and
control peripheral blood samples 95% success was
achieved.

Peripheral lymphocytes were isolated from venous
blood of immunodeficient patients by density centrifu-
gation over Ficoll-Hypaque. Table II shows the results
of attempts to initiate LCL with and without EBV.

Five patients with X-linked or commonvaried agam-
maglobulinemia, whose peripheral blood lacked B
lymphocytes as defined by EAC3 rosette formation
and surface Ig were studied (patients 8.20, 10.10, 20.16,
1.3, and 23.3). 15 cultures were initiated from these
patients, all of which failed to yield long-term LCL.
11 of these were from 3 patients with X-linked agamma-
globulinemia without B lymphocytes. The remaining

TABLE II
Establishing Lymphoid Cell Lines

Cultures Cultures
initiated established

With Without With Without
Patient B cell EBV EBV EBV EBV Cell line

8.20 - 2 2 0 0
10.10 - 3 0 0
20.16 - 6 2 0 0

4.8 + 2 2 2 0 LAZ 166
1.3 - 2 0 0

23.3 - 2 0 0
5.6 + 5 2 5 0 LAZ 135
4.23 + 6 0 6 - LAZ 153, S-2

10.13 + 6 0 0
18.12 + 4 2 0 -
20.3 + 6 0 0

1.14 + 2 2 2* 0 LAZ 165
18.3 + 2 2 2 0 LAZ 184
10.2 + 2 2 2 0 LAZ 202

* These cultures finally were established 6 mo after
incubation.
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four were from two patients with the common varied
form of agammaglobulinemia whose blood also lacked
B lymphocytes.

Four patients with common varied agammaglobuli-
nemia had B lymphocytes that failed to synthesize Ig
in short-term culture in response to T cell-derived
LMF (patients 5.6, 4.23, 10.2, and 18.3). 15 cultures
of lymphocytes from these patients were initiated
with EBV. All 15 of these cultures resulted in the estab-
lishment of LCL.

Splenic lymphocytes were obtained from patient
1.14 who had a splenectomy due to a lymphopro-
liferative disorder associated with agammaglobulinemia.
Cultures of splenic lymphocytes gave rise to LCL upon
EBV infection but not in the absence of added virus. In
addition, one patient with X-linked agammaglobulinemia
who had B cells in his peripheral blood (patient 4.8) was
the source of another LCL.

Three patients with common varied agammaglobu-
linemia had B lymphocytes that responded to antigen
and LMF in short-term culture by synthesizing but
not secreting Ig. 16 cultures initiated with EBV from
these patients failed to result in the establishment
of any LCL.

Fractionation of lymphocytes. Lymphocytes from
three patients were fractionated on discontinuous
BSA gradients. Three fractions, consisting of cells
with the characteristics of B cells (fraction 3), T cells
(fraction 2), and precursors to T and B cells (fraction 1)
were used to initiate cultures with EBV. Table III
shows the results of this experiment. Because patient
8.20 had X-linked agammaglobulinemia without B
lymphocytes, there were inadequate numbers of cells
from fraction 3 to test. As was found with unfractionated
lymphocytes, no cell lines were established from any
fraction of his lymphocytes. In contrast, all three frac-
tions from the two patients with B cells (5.6 and 4.23)
who were tested resulted in the establishment of LCL.
The B-cell lines derived from fraction 2 presumably
represent contamination of this T-cell preparation by
small numbers of B cells and are an indication of the
ability of small numbers of appropriate cells to give

TABLEIII
Lymphoid Cell Lines from Fractionated Lymphocytes

Fraction

1 2 3

Initi- Estab- Initi- Estab- Initi- Estab-
Patient ated lished ated lished ated lished

8.20 2 0 2 0 0 0
5.6 2 2 2 2 2 2
4.23 4 4 4 4 4 4

rise to LCL. Unfractionated lymphocytes from these
two patients had also given rise to LCL.

In all, LCL were established from six agamma-
globulinemic patients. All four patients whose B lym-
phocytes had been reported to be unresponsive to
mitogenic stimulation had cells capable of establishing
LCL. No LCL were established from patients who
lacked B lymphocytes. Fractionation of peripheral
lymphocytes demonstrated that we could establish
cell lines when fewer than 1% B cells were present.
The establishment of LCL was not suppressed by the
presence of T cells in any of the three fractions. LCL
were not established from three patients whose B
cells responded to mitogenic stimulation by synthesis
of Ig which was not secreted, despite repeated attempts.
None of the cultures initiated without added EBV
resulted in established LCL.

Lymphocyte surface properties. In view of the
failure of B lymphocytes from patients with "nonsecre-
tory" B cells to establish LCL, we examined the surface
properties of these patients' cells. Inasmuch as EBV
receptors are thought to be a B-cell property associated
with C3d receptors, we included C3b and C3d surface
receptors in our study.

Normal peripheral blood lymphocytes from two
healthy donors and cells from three LCL were exam-
ined for EAC3b and EAC3d rosette formation,
surface Ig, and EBV receptors (Table IV). Normal
lymphocytes expressed all four properties in percent-
ages ranging from 17 to 21%. In samples of peripheral
lymphocytes from single individuals, the values ob-
tained for each of the properties examined were within
2% of the other properties examined. All four charac-
teristics measured the percentage of B lymphocytes
in peripheral blood of normal individuals.

The T-cell line, CCRF CEM, did not react with

TABLE IV
B-Cell Markers on Unfractionated Lymphocytes

Peripheral lymphocytes positive for

EAC3b EAC3d Surface EBV
Patient rosettes rosettes Ig receptors

Normal lymphocytes 19-22 17-19 16-19 14-23
CCRFCEM(T-cell

line) 0 0 0 0
LAZ 67 (normal B-cell

line) 48 41 80 76
LAZ 165 (agamma

B-cell line) 40 42 64 22
20.3 20 21 13 0
1.3 15 NT* 17 8
2.3 19 19 16 0

* Not tested.
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EAC3b or EAC3d, bear surface Ig, or have EBVrecep-
tors, although it did form E rosettes (data not shown).
The two B-cell lines, LAZ 67 and LAZ 165, expressed
each of the B-lymphocyte properties. However, the
percentage of cells expressing surface Ig, EBV recep-
tors, or EAC3b or EAC3d rosette formation, were not
correlated. The percentage of EAC3b (human) and
EAC3d (mouse) rosette-forming cells were closely
correlated.

Lymphocytes from three patients with nonsecretory
B cells which failed to establish LCL were examined
for coexpression of the four B-cell properties. Two
of the patients had EAC3b and EAC3d rosette-forming
cells and surface Ig-bearing cells, but no EBVreceptor-
positive cells (Table IV). The third patient had a de-
creased number of EBV receptor-positive cells in
relation to the number of surface Ig and EAC3b- and
EAC3d-positive cells.

To ensure that the cells that expressed one B cell-
associated property were the same cells that expressed
other properties, we separated lymphocytes into "pre-
cursor," T cell-, and B cell-rich fractions on discon-
tinuous BSAgradients. Normal lymphocytes in each of
the three fractions coexpressed the four B cell-associ-
ated properties (Table V). The precursor-cell fraction
contained 21-24% EAC3b, EAC3d rosette-forming,
surface Ig-bearing, and EBV receptor-positive cells;
the T-cell fraction 2 contained about 5-7% such B-cell
marked cells; and the B cell-rich fraction 3 contained
62-88% positive cells.

Peripheral lymphocytes from two patients were
fractionated before examination (Table V). Of primary
concern is the B cell-rich fraction 3. From two patients,

TABLE V
B-Cell Markers on Fractionated Lymphocytes

Cells reactive with

Surface EBV re-
Patient E EAC3b EAC3d Ig ceptors

Normal lymphocytes
Fraction 1* 24 23 21 24 24

2 65 5 6 6 7
3 7 62 62 88 84

10.13
Fraction 1 21 NTt 42 15 0

2 54 13 14 5 0
3 5 46 69 60 0

18.12
Fraction 1 NT NT NT NT 0

2 73 15 14 NT 0
3 9 54 58 NT 0

* Fraction 1, precursor-rich fraction; fraction 2, T cell-rich
fraction; fraction 3, B cell-rich fraction.
t Not tested.

most of the cells in this fraction were EAC3b and
EAC3d rosette forming and surface Ig bearing, but
none of the cells was EBVreceptor positive. The T cell-
rich and precursor-cell fractions from these two pa-
tients were also without EBV receptor-positive cells.

Characterization of LCL. The six LCL derived
from five agammaglobulinemic patients were exam-
ined for immunological characteristics associated
with long-term B-lymphoid cell lines. These properties
were C3 receptors, surface immunoglobulin, cytoplas-
mic immunoglobulin, and immunoglobulin synthesis
and secretion. All LCL were studied during the 1st
mo after being established. Because of the possiblity
of restriction of immunoglobulin production with
increasing time in culture, the cell lines were examined
at least once more after 6-12 mo in culture. No drift
of immune properties has been noted, even in cell
lines that have now been in culture for more than 2 yr.

Cells from all six of the cell lines formed EAC3
rosettes in percentages varying between 37 and 66%
(Table VI). These values are comparable to the percent
rosette-forming cells from B-LCL derived from normal
individuals (30-70%). None of the LCL formed ro-
settes with E, indicating the B-cell character of these
EBV-derived LCL.

Two cell lines (LAZ 135 and LAZ 165) showed sur-
face fluorescence with antisera to y-, a-, ,u-, and 8-
heavy chains (Table VI). The remaining four LCL
(LAZ 153, S-2, LAZ 184, and LAZ 202) showed fluores-
cence with antisera to 8- and ,u-heavy chains, but not
to 'y- or a-heavy chains. The predominant class of im-
munoglobulin on the surface of these LCL was IgD,
with IgM present only on a lesser percentage of the
cells. Preincubation of the cells with normal rabbit
serum or heat-aggregated rabbit serum Ig did not alter
these results.

The four cell lines that showed predominantly sur-
face IgD were examined for intracellular Ig by fixed
cell immunofluorescence. LAZ 202 showed fluores-

TABLE VI
Surface Properties of Lymphoid Cell Lines

Surface Ig
antiserum to human

E EAC,
Cell line Patient rosettes rosettes y a /I

LAZ 135 5.8 0 53 42 22 61 30
LAZ 153 4.23 0 43 0 0 3 37
S-2 4.23 0 48 0 0 10 84
LAZ 165 1.14 0 40 36 18 27 19
LAZ 184 18.3 0 37 0 0 11 36
LAZ 202 10.2 0 51 0 0 27 22
LAZ 67 Normal

control 0 48 35 60 42 32
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cence only with antisera to 8-chains (Table VII). The
,u-chains present on the surface of some of these cells
were apparently not synthesized in sufficient quantity
to cause intracellular fluorescence. 88% of the cells
from LAZ 153 were fluorescent with antisera to 8-heavy
chains and an additional 23% reacted with antiserum
to ,-chains. The other cell line from this patient, S-2,
showed low numbers of cells fluorescent with antisera
to 8-, ,-, and a few (6%) to y-chains. Cells from LAZ 184
were similarly reactive with fluorescent antisera to
8- and ,u-heavy chains, and again a few cells (4%) to
y-heavy chains.

Supernatant medium and cytoplasmic lysate prepara-
tions from cells incubated with [14C]leucine were
precipitated with antisera specific for ,u-, y-, a-, or
8-heavy chains, K- and X-light chains, human Ig (spe-
cific for y-, a-, u-, and 8-heavy chains and K- and X-light
chains), or with normal rabbit serum. Each of these
precipitates was redissolved, reduced, and alkylated,
and electrophoresed in SDS-acrylamide gels. Fig. 1
shows the autoradiographs of electrophoretic gels
containing precipitates obtained with antiserum to
human Ig. Two of the LCL (LAZ 135 and LAZ 165)
showed de novo Ig synthesis and secretion. IgG and
IgM production were identified by mobility in the
SDS-gels and by precipitation with antiserum to ,u-
and y-heavy chains. These two cell lines had surface
IgG, A, M, and D. The remaining four cell lines (LAZ
153, LAZ 184, LAZ 202, and S-2) did not show de novo
Ig production. LAZ 153 showed trace bands comigrat-
ing with y- and L chains; however, precipitation of
radioactive material from 100 x 106 cells with anti-
serum to y-heavy chains failed to confirm the produc-
tion of IgG by this cell line. These four cell lines pro-
duced a protein that comigrated with ,u-heavy chains.
This protein was precipitable with antisera to y-, a-,
and 8-heavy chains and with normal rabbit serum.
The nonspecific precipitation and the absence of asso-
ciated light chains indicate that this material was not
immunoglobulin.

The determination of immunoglobulin production
or lack of production was confirmed by a radioimmuno-
assay. By indirect precipitation, the percentage of

TABLE VII
Inttracellular Fluorescein I.sothiocya nate Staiining

Fixed cells staining with antiserum to

Cell line y a 8

LAZ 153 0-1 0 23 88
S-2 6 0 15 17
LAZ 184 4 0 6 32
LAZ 202 0 0 0 8

1 2 3 4 5 6 7

I"
A_

ii .A

A B AB A B AB A B AB A B

FIGURE 1 Autoradiographs of SDS-gel electrophoresis of
immune precipitates (antiserum to human Ig) from LCL.
(A) Cytoplasimic proteins. (B) Proteins secreted into the cul-
ture medium. (1) LAZ 202, (2) LAZ 184, (3) LAZ 153, (4)
S-2, (5) LAZ 165, (6) LAZ 135, (7) LAZ 67 (normal control).

TCA-precipitable protein that could be identified as
immunoglobulin was determined. Immunoglobulin
production was found in the cell lines LAZ 135 and
LAZ 165. In contrast, the remaining four cell lines,
LAZ 153, LAZ 184, LAZ 202, and S-2, failed to pro-
duce immunoglobulin detectable by this technique
(Table VIII).

DISCUSSION

Patients with agammaglobulinemia who have no
detectable small B lymphocytes in their blood lack
cells capable of giving rise to EBV-transformed LCL.
In contrast, patients with B cells that fail to respond
to mitogenic stimulation have EBV-transformable
cells, which yield LCL. Furthermore, patients with
B lymphocytes that respond to mitogenic stimulation
by the synthesis of immunoglobulin which is not se-
creted fail to give rise to EBV-transformed LCL. Exam-

TABLE VIII
Immunoglobulin Production

TCA-precipitable protein

Secreted Cytoplasmic

LAZ 67 12.5 8.6
LAZ 135 8.3 0
LAZ 165 5.1 5.6
LAZ 184 0 0
LAZ 202 0 0
LAZ 153 0 0
S-2 0 0
CCRFCEM 0 0
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ination of the cell surface properties of these non-
secretory B lymphocytes showed that they have C3b
and C3d receptor-bearing and surface immunoglobulin-
bearing B cells which lack detectable EBV receptors.
Characterization of the immunologic properties of es-
tablished LCL from agammaglobulinemic patients re-
vealed that most LCL had C3 receptors but restricted
surface Ig expression and no synthesis of immuno-
globulin for export. However, two LCL had C3 re-
ceptors, expressed surface IgG, A, M, and D, and pro-
duced immunoglobulin that was secreted into the cul-
ture medium, which is analogous to LCL derived from
normal individuals.

Peripheral blood lymphocytes from patients who
lack detectable small B lymphocytes have been shown
to contain some EAC3 rosette-forming, surface IgM-
bearing lymphocytes which sedimented in fraction 1
of BSAgradients (28). Percy et al. (5) have found anti-E
plaque-forming cells in PWM-stimulated lymphocytes
from patients with X-linked agammaglobulinemia
who had no small B lymphocytes. The plaque-forming
cell population is presumably contained in the frac-
tion 1 population of precursor cells. These studies
suggested that these patients have precursors to small
B lymphocytes. Despite this, lymphocytes from these
patients failed to establish LCL in response to EBV
infection. BSA-gradient fractionation, used in an at-
tempt to concentrate the precursor cells, also failed
to yield LCL, indicating that such cells are not suscepti-
ble to EBV transformation.

We were unable to establish LCL from patients
with nonsecretory B cells. These lymphocytes are
unique in their failure on repeated attempts to estab-
lish cell lines in response to EBVinfection. This failure
led us to reexamine the B cell-associated properties of
lymphocytes from all of our patients whose B cells
were nonsecretory. Lymphocytes from five patients
with this defect were examined. All five patients had
normal numbers of B lymphocytes in their peripheral
blood when assessed by C3b and C3d receptors and
surface immunoglobulin. Four of the five patients had
no EBV receptor-bearing lymphocytes as judged by
antiserum to EBVprovided by Dr. Jondal. A minimum
of 500 cells was scanned, and no positive cells were
found. The remaining patient had fewer B cells de-
fined by EBV receptors than B cells defined by C3b
and C3d receptors and surface immunoglobulin. Iso-
lated nonsecretory B-lymphocyte fractions also had no
EBV receptors. Other BSA fractions had fewer C3b
and C3d receptor- and surface immunoglobulin-bear-
ing cells but no EBV receptor-bearing cells.

Our results are in agreement with the studies of
Greaves et al. (37) and Jondal and Klein (38) that B
lymphocytes contain the population of cells with EBV
receptors, and further agree with the study of Hayward
and Greaves (39) that patients who lack B lymphocytes

by other surface characteristics lack cells susceptible
to EBV infection. The failure of nonsecretory B lym-
phocytes to establish LCL and the absence of detectable
EBV receptors is in contradiction of the expected
B-cell susceptibility to EBV infection and represents
a unique finding. Jondal et al. (40) and Yefenof et al.
(41) have previously shown a close correlation between
EBV receptors and C3d receptors. The experiments
we performed on the nonsecretory B lymphocytes
demonstrated that EBV receptors on B cells are dis-
tinct from C3d receptors.

Nonsecretory B lymphocytes may represent an
unusual stage of differentiation. EBV receptors are
lacking from plasma cells. At some stage in the dif-
ferentiation of small B lymphocytes into antibody-
secreting plasma cells, EBV receptors are lost. Non-
secretory B lymphocytes may be unable to differen-
tiate into plasma cells, retaining some characteristics
(C3 receptors and surface Ig) of small B lymphocytes
but not EBV receptors. Alternatively, the absence
of EBV receptors may be secondary to a glycosylation
defect, similar to other reports (42, 43).

Common varied agammaglobulinemia is usually
associated with the presence of B lymphocytes that
fail to produce immunoglobulin. In most studies, this
failure to produce immunoglobulin has been associ-
ated with a failure to respond to mitogenic stimulation
(6-10,44). EBVcan serve as a B-cell mitogen, inducing
IgM production (13). In the patients we studied, lym-
phocytes that failed to respond to LMF stimulation
responded to EBV stimulation and infection by in-
creased cell division resulting in immortalization.
This suggests that EBV stimulates B lymphocytes by
a different mechanism than PWMor LMF.

Weestablished LCL from only 5 of the 13 patients
we studied. All of the cell lines were established from
B cells that failed to respond to mitogenic stimulation.
Four cell lines derived from three patients had cells
with immunologic characteristics of primitive, or pre-
cursor, B lymphocytes. The properties were the pres-
ence of C3 receptors, surface and intracellular IgD,
and no detectable immunoglobulin production. Two
cell lines derived from two patients had immunologic
characteristics of B-cell lines derived from normal
individuals. These properties were the presence of
C3 receptors, surface immunoglobulin of several
classes, and synthesis and secretion of radioactively
labeled immunoglobulin.

Four cell lines showed a primary pattern of surface
or intracellular fluorescence with antiserum to IgD.
These cell lines did not have significant numbers of
surface IgG-, IgA-, or IgM-bearing cells and they did
not synthesize immunoglobulin for export. The cell
line S-2 had surface IgD on 84% of the cells, with 10%
expressing surface IgM. Many fewer cells had intra-
cellular fluorescence with antiserum to IgD (17%)
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and IgM (15%). The cell line LAZ 153 had more cells
with intracellular IgD (88%) and IgM (23%) than cells
with surface IgD (37%) or IgM (3%). These two cell
lines were derived from the same patient at different
times. The consistent expression of IgD, either as cell
surface or as intracellular molecules, demonstrates
an intrinsic maturational defect in the B cells from this
patient. The other two cell lines (LAZ 184 and LAZ
202) also predominantly expressed surface and intra-
cellular IgD, with a smaller component of IgM-bearing
cells. None of these cell lines secreted immunoglobu-
lin. The phenotype of these cell lines may represent
a developmental block due to intrinsic defect(s) in
these patients' B lymphocytes.

A small number of cells from LAZ 184 and S-2 had
intracellular IgG. No surface IgG-bearing cells were
found in these cultures. These few cells may repre-
sent a transition state between the IgD-bearing primi-
tive B cells and a more differentiated state which
synthesizes IgG. Radioactively labeled culture me-
dium from LAZ 153 showed a small amount of material
which comigrated with y- and L chains in electropho-
resis. There may be a small number of cells in these
cultures which synthesize IgG that was not detected
by immunofluorescence.

Cell lines derived from two patients, LAZ 135 and
LAZ 165, had immune characteristics that were indis-
tinguishable from LCL derived from normal individ-
uals. These findings are in contrast to previous studies
which showed that isolated B lymphocytes from patient
4.5 (LAZ 135) failed to respond to mitogenic stimula-
tion (8). Two explanations of this discrepancy suggest
themselves. First, this patient may have normal, re-
sponsive B lymphocytes present in insufficient numbers
to have been detected in previous studies. Alterna-
tively, these B lymphocytes may be defective in mito-
genic or antigenic triggering. EBV transformation may
be able to circumvent such an intrinsic defect. If the
latter explanation is correct, LAZ 135 and LAZ 165
may be defective in immunologic properties which
were not tested in these studies.

Prolonged cultivation of a LCL may result in pheno-
typic restriction to production of a single class of im-
munoglobulin (16, 17, 45). All of the agammaglobuli-
nemic cell lines were examined during the 1st mo
after they were established and at least once again
after 6-12 mo of culture. We saw no alterations in
the phenotype of the cell lines. In particular, the IgD-
bearing cell lines that did not produce immunoglobulin
had this phenotype from the time of being established.
This phenotype was stable.

The IgD-bearing LCL we studied were derived
from surface IgD- and IgM-bearing B lymphocytes
from patients with agammaglobulinemia.

The discordance of expression of surface and intra-
cellular immunoglobulin in these cell lines reiterates

previous studies which showed the independent ex-
pression of these two properties (46, 47). The estab-
lishment of LCL that do not secrete immunoglobulin
serves to dissociate the property of "immortalization"
associated with EBV infection from the property of
differentiation. The surface IgD-bearing LCL derived
from patients with agammaglobulinemia present new
opportunities for the study of B-lymphocyte develop-
ment and differentiation. Unlike B lymphocytes from
the patients' peripheral blood, they are available in
unlimited quantities. Finally, detailed analysis of the
properties of these cell lines may show alterations
from the normal state which will confirm or deny hy-
pothesized functions of B-lymphocyte properties.
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