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A B S T RA C T In a young woman with ulcerative
colitis, hypoimmunoglobulinemia, and humoral im-
munodeficiency, lymphocyte counts vary between 600
and 1,000 per mm3 with 0.5-1.5% bone marrow-
derived (B) cells and 98-99% thymus-derived (T) cells.
Anti-lymphocyte antibodies were detected by im-
munofluorescence and by microlymphocytotoxicity
with increased reactivity at +4°C. They belonged to
the IgM class and were polyclonal. Studies performed
with various normal lymphocyte subpopulations,
several lymphoblastoid cell lines and lymphocytes
from immunodeficiency patients showed that these
antibodies reacted with B cells. The corresponding
antigen(s) is distinct from membrane-bound immuno-
globulins, is not an alloantigen, and is probably
unrelated to the la-like molecules. Pokeweed mitogen
stimulated B cells appear to lose this antigen. Cells
from various lymphoproliferative disorders were
tested. T-derived and "non T-non-B" leukemic cells
did not react with the antibody. Malignant cells
from B-derived lymphomas and prolymphocytic leu-
kemias were reactive. The incidence of positivity
of the leukemic cells among patients with common
B chronic lymphocytic leukemia was surprisingly low
(one-third of the patients).

The autoantibody nature of the anti-B-cell anti-
bodies and their pathogenic role in the genesis of
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the patient's hypoimmunoglobulinemia was demon-
strated by the effect of removal of antibodies by
massive plasmaphereses which were followed by a
dramatic and transitory increase of B-cell figures.
Whereas most primary immunodeficiency syndromes
appear to result from an arrest in the differentia-
tion capabilities of immunologically competent cells,
autoantibodies to circulating B lymphocytes may be
incriminated in the pathogenesis of some cases of
hypogammaglobulinemia.

INTRODUCTION

Most primary immunodeficiency (ID)1 syndromes
appear to result from an arrest in the differentia-
tion capabilities of immunologically competent cells
at various stages (1). However other mechanisms
such as specific killing of normally maturing lympho-
cytes by lymphocytotoxic autoantibodies could be
incriminated in the pathogenesis of some ID. Lympho-
cytotoxins have been recently reported in a variety
of human diseases, including systemic lupus erythem-
atosus and inflammatory bowel diseases (2, 3). The
data on the occurrence of such anti-lymphocyte anti-
bodies in patients with ID are very scarce (4, 5). In
the hitherto reported cases neither a definite anti-B
(bone marrow-derived) or anti-T (thymus-derived)
specificity nor a clear relationship with immuno-
depression have been established.

IAbbreviations used in this paper: CLL, chronic lympho-
cytic leukemia; ID, immunodeficiency; IF, immunofluores-
cence; PBL, peripheral blood lymphocytes; PHA, phyto-
hemagglutinin; PWM, pokeweed mitogen; SIg, surface
immunoglobulins.
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We have found, in the serum of a patient with
panhypoimmunoglobulinemia and a profound de-
crease in the number of circulating B cells, anti-
lymphocytic antibodies with clear specificity for B
lymphocytes which appear to play a role in the
pathogenesis of the B-cell deficiency. This antibody
will be referred below as D. S. antibody.

METHODS
Case report and immunological evaluation of the patient.

Patient D.S. is a Portuguese woman born in 1943 whose
family clinical history was not contributive. She was entirely
well until 1970 when she developed recurrent bronchitis and
diarrhea. In 1972, she was found to have a moderately
enlarged spleen, bronchectasia, and ulcerative colitis. In
1975, very serious bronchopulmonary infections occurred
with cardiac failure, and the severity of the ulcerative colitis
led to total colectomy. A detailed report of the intestinal dis-
ease will be published elsewhere.2

Serum immunoglobulin (Ig) levels were repeatedly meas-
ured and varied between 2 and 5 mg/ml for IgG, 0.3 and 0.7
mg/ml for IgM, and 0.1 and 0.15 mg/ml for IgA. The study of
humoral immunity showed a moderate and dissociated
impairment. The level of anti-B isohemagglutinins was
normal. No antipoliomyelitis antibodies were found. The
titers of antibodies to tetanus toxoid remained low after
challenge whereas the patient responded normally to
diphtheria toxoid. Someplasma cells containing IgA, IgM, and
IgG were found in the intestinal mucosa and germinal centers
were present in the mesenteric lymph nodes obtained at
colectomy. The patient was unresponsive to intradermal in-
jections of streptokinase-streptodornase and tuberculin, but
the intradermal reaction to candidin was positive and she
exhibited a normal response after sensitization to dinitro-
chlorobenzene. Peripheral blood lymphocytes (PBL) re-
sponded normally to in vitro stimulation by phytohemag-
glutinin (PHA), pokeweed mitogen (PWM), and allogeneic
lymphocytes.

PBL counts varied between 600 and 1,000 per mm3.
Repeated studies of surface immunoglobulins (SIg), aggre-
gated IgG binding, and formation of spontaneous rosettes
with sheep erythrocytes were performed according to meth-
ods described in detail elsewhere (6) and showed values of
0.5 to 1.5% for B cells and 98-99%o for T lymphocytes,
without "null" lymphocytes unidentified by the surface
markers.

An IgM type-positive Coombs test was transitory ob-
served. Antinuclear factors were negative and serum total
hemolytic complement was normal.

Lymphocytotoxicity. Microlymphocytotoxicity assays
were performed according to Terasaki et al. (7) with the
following minor modifications: lymphocytes were incubated
at +4°C for 30 min with serum D.S. followed by an incuba-
tion at 37°C for 60 min with rabbit fresh serum as a source
of complement.

Immunofluorescence (IF) studies. The reactivity of D.S.
antibodies with living cells was studied by membrane IF by
both the direct and indirect techniques. As reported below,the D.S. antibodies belong to the IgM class and react atthe B-cell surface independently of SIg. Indirect staining
could therefore be performed either on cells lacking SIgM or
after capping of SIg by anti-Ig reagents. In the latter ex-
periments, the cells were first stained with fluorescein

2 Matuchansky, C., et al. Manuscript in preparation.

conjugated antisera to human Ig, either polyvalent or mono-
specific for , chains, then incubated at 37°C for 60 min to
induce capping, and cooled down to 0°C. The following steps
were performed at +4°C: incubation with D.S. serum, wash-
ing, and further incubation with a rhodamine-conjugatedanti-, reagent. The cells were examined with a Leitz
Orthoplan fluorescence microscope (E. Leitz, Inc., Rockleigh,N.J.) equipped with a Ploem's vertical illuminator with
alternative illumination using filter combinations specificfor fluorescein and rhodamine. The procedures used to
prepare mononuclear cell suspensions from peripheralblood, tonsils, or thymus, the methods used for IF, the
characteristics and specificity controls of conjugated IgG or
F(ab')2 fragments of polyvalent or monospecific antisera
to Ig chains have been previously described in detail
(8). Since the very low IgM level in serum D.S. precludedits purification, a 33% ammonium sulfate precipitate from
D.S. serum was conjugated to fluorescein and used for
direct IF. This conjugate had an ODratio (OD 280 nm/OD
495 nm) of 1.2 and a protein concentration of 0.785
mg/ml. Most experiments were performed with a concentra-
tion of 0.1-0.2 mg/ml and similar results were obtained
with further dilutions up to 0.025 mg/ml. Since this con-
jugate was prone to nonspecific staining, it was kept frozen
in small portions and IF studies were performed within a
few days after thawing. Direct or indirect staining with D.S.
antibody was also performed in combination with usual
lymphocyte markers such as SIg, IgG aggregate binding, and
E-rosette formation.

Other methods. T-lymphocyte-enriched populations were
obtained by passing PBL through nylon-wool columns and
B-cell-enriched populations by elimination of E rosette
forming cells by Ficoll centrifugation.

PBL stimulated by PHA and PWMwere also studied
with the D.S. antibody. Proliferative responses were con-
trolled by [3H]thymidine incorporation. Cultured lympho-blastoid cell lines and human fibroblasts were kindly providedby Dr. M. Fellous.

Extensive plasmaphereses were achieved with a con-
tinuous flow blood cell IBM separator (IBM Corp., White
Plains, N.Y.).

RESULTS
Demonstration and characterization of D.S. anti-

bodies. Using microlymphocytotoxicity assays, D.S.
serum was shown to react with lymphocytes from
all 57 normal individuals tested, from both sexes and
with various HLA phenotypes. The percentage of
killed cells ranged from 15 to 25% and the serum
titer reached 1/128. The lymphocytotoxic activity was
detectable at 37°C and at room temperature and
was moderately increased at 4°C. In direct IF studies,
D.S. conjugate stained 12-20% (mean 14.5%) PBL
from all 20 normal donors tested.

In indirect IF tests performed after capping of SIg,
D.S. antibodies were revealed on target lymphocytes
by specific anti-, conjugates but not by conjugated
antisera to the other heavy chain classes. Further-
more the pure IgG fraction obtained from D.S. serum
by diethylaminoethyl cellulose chromatography and
conjugated to fluorescein yielded negative results.
Thus, D.S. anti-lymphocyte antibody was shown to
belong exclusively to the IgM class. That these IgM
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antibodies possessed both light chain types was estab-
lished by indirect IF experiments with the proliferat-
ing lymphocytes from a patient with heavy y chain
disease which bore only surface y chains and was
devoid of light chains. D.S. antibodies could be
stained on these lymphocytes by both anti-K and anti-X
conjugated antisera as well as by the anti-,u conjugate.
D.S. antibodies were thus characterized as polyclonal
IgM molecules.

Anti-B-cell specificity. The percentage of normal
PBL reactive with D.S. antibody was similar to the
expected figures for B cells. Analogous percentages
of SIg-bearing and D.S.-positive lymphocytes were
found within unseparated PBL, PBL enriched for B
cells or for T cells, tonsil cells, and thymocytes
(Table I). The PBL from three patients with sex-
linked or variable immunodeficiencies and without
any detectable B cells were not stained by DS con-
jugate. The T-derived lymphoblastoid cell line
MOLT-4 did not react with D.S. conjugate whereas
three B lymphoblastoid lines (Daudi, Raji, and T-51)
were heavily labeled. D.S. antibodies could be com-
pletely adsorbed out on Raji cells.

Experiments combining direct IF staining with D.S.
conjugate and E rosette formation were performed
on PBL from three normal donors (Table II). A
complete exclusion of the two markers was found,
except for 1% of cells which were positive for both.
Whenthe same experiment was performed with tonsil
cells, E rosette + D.S. + cells were not observed
whereas 95% of the non-E rosetting cells were
labeled by D.S. conjugate.

TABLE I
Percentage of Normal Lymphocytes Stained by Conjugated

D. S. Antibody Compared to Usual
Lymphocyte Markers

Exper- D. S. Ag-
Lymphocyte iment con- gregated
population number jugate SIg IgG E rosettes

PBL
Unfractionated 1 13 13 15 68

2 11 11 16 64
3 24 18
4 13 12

T enriched* 1 0.5 1
2 0.5 0.5

B enrichedt 1 74 72
2 65 65

Tonsil 1 39 53
2 46 52 47

Thymus 1 0 0 98

* After passage through nylon-wool column.
t After depletion of E-rosetting cells by Ficoll centrifugation.

TABLE II
Experiments Combining Direct Staining with D. S.

Conjugate and E-Rosette Formation

Separate
studies Combined study

Exper- E E E E E
iment rosette D. S. rosette+ rosette- rosette- rosette+

number alone alone D. S.- D. S.+ D. S.- D. S.+

%lymphocytes

1 ND ND 52 16 31 1
2 68 13 56 1 1 32 1
3 64 11 58 11 30 1

Double labeling of normal PBL with a mixture of
anti-K and anti-X antisera conjugated to rhodamine and
with fluorescein conjugated D.S. antibodies showed
that the vast majority but not all of the D.S. reactive
lymphocytes bore SIg. Conversely a small subset of
SIg-bearing cells appeared to lack the antigenic
determinant(s) reacting with D.S. antibody. In these
experiments, of 100 fluorescent cells 81% were SIg
+ D.S.+, 4% SIg - D.S.+, and 15% SIg + D.S.-.
Capping of SIg induced on normal or leukemic lympho-
cytes by monospecific anti-,u or anti-S rhodamine
conjugates did not result in a redistribution of the
membrane antigen(s) revealed by D.S. antibody. In-
deed restaining by fluorescein D.S. conjugate in
noncapping conditions showed a diffuse distribution.
Similarly a diffuse staining pattern of SIgM or SIgD
was observed on cells after capping induced by the
fluorescein D.S. conjugate.

Double labeling experiments with conjugated heat-
aggregated human IgG and D.S. antibodies showed
that 97% of the fluorescing cells were double labeled
with only 2% positive for the IgG aggregates and
negative for D.S. and 1% stained by the D.S.
conjugate and negative for IgG aggregates. It should
be noted that D.S. antibody strongly inhibited the
fixation of aggregated IgG but the reverse was not
true.

Reactivity with cells from lymphoproliferative dis-
eases. As shown in Table III, leukemic T-derived
cells (9) and acute lymphoblastic leukemia cells
were not reactive with D.S. antibody whereas pro-
liferating B-derived cells from patients with lympho-
mas or y-chain disease gave positive results. In
contrast to these results and to the fact that most
B lymphocytes from all normal individuals react
with D.S. antibody, the incidence of B-derived chronic
lymphocytic leukemia (CLL) with reactive leukemic
cells was surprisingly low. In those negative B CLL
cases which were further studied, the absence of the
antigen(s) combining with D.S. antibody was con-
firmed by the unability of these leukemic cells
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TABLE III
Reactivity of D. S. Antibody with Cells from Lympho-

proliferative Diseases (Direct IF and [or]
Microcytotoxicity)

Number
reactive

Number with D. S.
Disease B or T nature tested anfibody

T-derived CLL T 7 0

Acute lymphoblastic T 1 0
leukemias non-T non-B 4 0

Burkitt's lymphoma with
leukemic presentation B 1 1

Poorly differentiated
lymphocytic lymphoma B 3 3

y-Heavy chain disease B 2 2

B-derived CLL
Common B 33 11
Prolymphocytic B 4 4
With serum mono-

clonal Ig B 4 3

(similarly to T-derived leukemic cells and contrarily
to D.S.-positive "proliferating cells") to absorb out
D.S. antibodies. It should be noted that the pro-
liferating cells from all four cases of prolympho-
cytic CLL (10) and three of four cases of CLL with
a monoclonal Ig serum spike reacted with D.S.
antibody, whereas positive results were obtained in
only one-third of the common CLL cases. In all
negative cases, the leukemic cells stained faintly for
SIg; on the other hand many of the positive CLL
cases were featured by high density SIg on the leu-
kemic cells.

Reactivity with mitogen-stimulated lymphocytes.
PHA and PWMstimulated lymphocytes from three
normal donors were studied for SIg and reactivity
with D.S. antibody by direct immunofluorescence.
After a 4-day stimulation with PHA, the figures for
SIg and for D.S. antigen-bearing cells were con-
comitantly decreased to 2%. Conversely with PWM-
stimulated lymphocytes at day 4, 7-18% (mean 13.5%)
of the cells bore SIg, whereas only 3-4% of the
stimulated lymphocytes reacted with D.S. antibody.
At day 7 of PWMstimulation, 2-5% (mean 3.3%) of the
cells were still carrying SIg but the reactivity with
D.S. antibody was no longer observed. PWMstimu-
lated B cells thus appeared to lose D.S. antigen.

Reactivity with other tissues. D.S. antibody was
found to react both by direct IF and by micro-
cytotoxicity with normal human fibroblasts from all
seven tested cultures. The adsorption of serum D.S. on
human fibroblasts abolished its reactivity with B cells.

The anti-lymphocytic activity of D.S. antibody re-
mained unaffected after adsorption of D.S. serum on
erythrocytes from the patient herself and from donors
with various phenotypes.

Effects of plasmaphereses on circulating B cells. A
6-h plasmapheresis was achieved with a continuous
flow blood cell separator with permanent restitution
of the plasmatic mass with stored normal plasma. This
plasmapheresis allowed to pull out 5 liters of plasma,
i.e., more than twice the patient's plasma volume. As
shown on Fig. 1, this plasmapheresis was followed by
a dramatic increase in the number of B cells which
reached normal figures on day 3 with a normal
distribution for the various SIg classes and types. This
rise was transitory since at day 6 the number of B cells
decreased again to previous levels. Concomitantly, the
anti-B antibody, which was no more detectable in the
serum sample obtained at the end of the plasma-
pheresis, was found again 1 day later and rose
progressively back to the initial titer within 6 days.

13 days later the patient underwent a second plasma-
pheresis for only 4 h. Similar but less striking effects
were observed. The percentage of circulating B cells
reached 5%at day 2 but decreased again to 1% at day
4. The antibody remained detectable at a low titer
at the end of the second plasmapheresis and its rate
of reappearance was faster than after the first plasma-
pheresis since it rose back to the titer of 1/128 at day 3.

DISCUSSION

The anti-lymphocyte antibodies which were detected
by immunofluorescence and cytotoxicity in the serum
of this patient with panhypoimmunoglobulinemia and
a profound decrease in the number of circulating B
lymphocytes belonged to the IgM class and were poly-
clonal. Their cytotoxic activity in vitro was maximum
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FIGUREs 1 Effects of plasmaphereses on the percentage of B
lymphocytes in the blood and on the titer of D.S. anti-B
antibodies. MCTX, microcytotoxicity.
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at +4°C. The anti-B-cell specificity of these auto-
antibodies was established by double labeling experi-
ments and by the study of normal lymphocyte subpop-
ulations, lymphoblastoid cell lines, and cells from
patients with ID or with lympho-proliferative dis-
eases. However a small subset of circulating B cells
(1% of PBL) appears to lack the corresponding anti-
gen(s) which conversely may be present on a small
subset (1% of PBL) of cells expressing T markers.

The precise nature of the B-cell antigen(s) that react
with D.S. antibodies remains unknown. These anti-
gen(s) are clearly distinct from SIg since they were
shown to cap independently and since D.S. antibodies
react with Raji cells (which lack SIg) and fail to react
with SIg-bearing PWM-stimulated lymphocytes. In
view of their presence on the B cells from all nor-
mal individuals so far tested, the antigenic deter-
minant(s) revealed by D.S. antibodies appear to be
distinct from the group of B-cell alloantigens which
have close similarity to the Ia antigens of the mouse
(11). Moreover they appear to be distinct from the
common determinants of these Ia-like molecules re-
vealed by various hetero-antisera (12-14) since D.S.
antibodies react with fibroblasts, do not react with
cells from patients with "non-B-non-T" acute lympho-
blastic leukemias, and fail to inhibit mixed lympho-
cyte reactions (in experiments kindly performed by
Dr. Fradelizi).

The surprising lack of reactivity of D.S. antibodies
with the proliferating cells from two-thirds of pa-
tients with common B CLL can probably not be ex-
plained on the basis of the arising of these leukemic
clones from a negative B-cell subset since such a
subset accounts for less than 5% of normal B PBL.
Whether this negative finding is related to the neo-
plastic nature of the CLL cells or to the various levels
in the differentiation pathway of the B-cell line where
proliferating clones from individual CLL patients ap-
pear to be blocked (6) is presently unknown. In this
context, it is worth noting that the antigen(s) reacting
with D.S. antibodies are expressed on only a minor
proportion of SIg-bearing PWM-transformed B cells on
the 4th day of culture and are no longer detectable
on the 7th day. Thus, the B-cell antigen(s) reacting
with D.S. antibodies are possibly expressed at only
certain stages of B-cell differentiation.

Anti-lymphocyte antibodies have been rarely re-
ported in patients with primary ID. A complement-
dependent lymphocytotoxic factor was demonstrated
in the serum of a young boy with low serum IgM,
impaired cellular immunity, absent immunologic
memory, and episodic lymphopenia (4). In another
boy with recurrent infections and deficiency of both
cellular and humoral immunity, a high titer IgM
antibody to IgG was found and was thought to be
responsible for a non-HLA associated lymphocytotox-

icity which was blocked by IgG (5). In patient D.S.,
it may be assumed that the antibody to B lympho-
cytes is an autoantibody and that it played a crucial
role in the pathogenesis of hypoimmunoglobulinemia,
since the withdrawal of this antibody by plasma-
pheresis was followed by a dramatic and transitory
increase in the number of circulating B lymphocytes.
Since those B cells which escape the noxiousness of the
autoantibodies are presumably able to differentiate
normally, it is not surprisirng that in patient D.S.
the very low figures for circulating B cells contrasted
with a fair but not extremely profound hypoimmuno-
globulinemia, a relatively moderate impairment of
humoral immunity (with normal cellular immunity),
the presence of germinal centers in the mesenteric
lymph nodes, and grossly normal figures for plasma
cells in the intestinal tract. Autoantibodies to B
lymphocytes should be systematically searched in
patients with ID when such discrepancies are ob-
served.
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