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A B S T R AC T The peripheral blood lymphocytes
of nine patients with hyper immunoglobulin (Ig)M
immunodeficiency were studied in an attempt to define
the cellular basis of this disorder. B cells were normal
in number but qualitatively abnormal in all patients.
Approximately one-half of the B cell consisted of small
lymphocytes (7-9 ,um in diameter) bearing surface
IgM and IgD, as well as C3 receptors. These cells were
driven to secrete IgM but not IgG after in vitro stimu-
lation by pokeweed mitogen. In the blood there were
also large lymphocytes (10-14 ,m in diameter) that
possessed surface as well as intracytoplasmic IgM but
lacked C3 receptors. These cells spontaneously se-
creted large amounts of IgM in vitro and on electron
microscopy were found to be rich in rough endoplasmic
reticulum. Such a subpopulation of lymphoid cells
was not detected in normal peripheral blood and was
unique for all patients with hyper IgM immunodefi-
ciency studied.

T cells from all patients were normal in number and
in function both in, vivo and in vitro and were able to
generate adequate T-cell help to support IgG synthesis
by normal B cells. So evidence was obtained for T cells
capable of suppressing normal IgG synthesis in any
of the patients after coculture with normal peripheral
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blood lymphocytes. The defect in hyper IgM immu-
nodeficiency is intrinsic to B cells, which fail to switch
from IgM to IgG synthesis.

INTRODUCTION

An immunodeficiency disease has been characterized
in both an X-linked and acquired form in patients
whose sera contain increased amounts of immuno-
globulin (Ig)M and IgD and are markedly deficient in
the other immunoglobulins (1). Patients affected with
hyper IgM immunodeficiency are extremely suscep-
tible to recurrent pyogenic infections, to autoimmune
disease induced by IgM antibodies (2), and to a malig-
nant lymphoproliferative disease of IgM-producing
B cells (3).

The IgM-producing B lymphocytes were charac-
terized in lymphoid tissues of these patients by
Cruchaud et al. (4). Since that time, experimental
models of the disease have been evoked by blocking
the maturation of B cells at various stages of their
ontogeny (5). The present study was undertaken to
characterize B cells in the blood of nine patients with
hyper IgM immunodeficiency.

METHODS
The objectives of the study were explained to the patients or
their parents and consent was obtained.
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Intradermal skin tests for delayed
hypersensitivity
Intradermal skin tests were performed with 0.1 ml of the

following antigens diluted in sterile saline: streptokinase-
streptodornase (Varidase, The Lilly Research Laboratories,
Eli Lilly & Co., Indianapolis, Ind.), 40 U Streptokinase, 10 U
streptodornase; Candida antigen (Dermatophytin 0, Hollister-
Stier Laboratories), diluted 1:50.

Isolation of peripheral blood
lymphocytes (PBL)1
Mononuclear cells were obtained from peripheral blood

of healthy volunteer, adult human aonors by Ficoll-Hypaque
(Pharmacia Fine Chemicals, Inc., Piscataway, N. J.) density
gradient centrifugation. After washing three times in Hanks'
balanced salt solution (Microbiological Associates, Walkers-
ville, Md.), the cells were resuspended in RPMI 1640
(Microbiological Associates) supplemented with penicillin
(100 U/ml), streptomycin (100 ,ug/ml), and 10% heat-inacti-
vated serum obtained frdm human donors with type AB,
Rh+ erythrocytes (complete culture medium).

Rosette formation with sheep erythrocyte
intermediates
Sheep erythrocyte (6) intermediates EA, EAC14, and

EAC1423 were prepared with human components of com-
plement (6) and adjusted to a final concentration of 1% in
phosphate-buffered saline (PBS). Lymphocyte susperisions
were adjusted to 2 x 106 cells/ml in PBS that contained 10%
serum from a donor with type AB, Rh+ erythrocytes and ab-
sorbed three times with sheep erythrocytes (E). Equal volumes
of lymphocyte and E or E-intermediate suspensions were
mixed. Tubes that contained E and EA were incubated for
30 min at room temperature, whereas those that contained
EAC1423 and EAC14 were incubated for the same period
of time at 37°C. After this initial incubation, all tubes were
centrifuged at 200 g for 5 min at 4°C and the pellets were
incubated at 40C for 1 h. Cells were then resuspended and
examined microscopically. Lymphocytes intimately associ-
ated with more than four erythrocytes were counted.

Immunofluorescent staining
Immunofluorescence was performed with commercially

obtained (N. L. Cappel Laboratories Inc., Cochranville, Pa.),
fluorescein-conjugated antisera raised in goats against human
immunoglobulins (polyvalent), IgM, and human IgD myeloma
proteins. These two latter antisera were rendered mono-
specific by absorption over the appropriate IgG, IgM, or
IgD myeloma proteins coupled to Sepharose 4B (Pharmacia
Fine Chemicals, Inc.). Surface immunofluorescence was
performed by adding 0.1 ml of conjugated antiserum to an
equal volume of a suspension containing 5 x 10" cells/ml
of Medium 199 supplemented with 5% fetal calf serum and
5 cM sodium azide. Cells were incubated for 45 min at 4°C,
washed three times at 40C in the medium described above,
and transferred to a glass slide in a drop of glycerol:PBS (9:1).

1Abbreviations used in this paper: BSA, bovine serum al-
bumin; E, sheep erythrocyte; LMF, lymphocyte mitogenic
factor; PBL, peripheral blood iymphocyte(s); PBS, phos-
phate-buffered saline; PWM,pokeweed mitogen; TT, tetanus
toxoid.

Slides were examined with a Zeiss fluorescent microscope
(Carl Zeiss, Inc., NewYork). At least 200 cells were examined
and the percentage of fluorescent cells recorded.

Intracytoplasmic staining was performed by preparing
cytocentrifuge smears with 0.1 ml of cell suspension at a con-
centration of 5 x 106 cells/ml. The slides were fixed in a pre-
cooled (-20°C) mixture of ethanol (100 parts) and glacial
acetic acid (5 parts) for 10 min. The slides were then rehydrated
by washing in three changes of PBS of 5 min each. Staining
was performed in a humid chamber by applying a drop of the
conjugated antiserum on the cell smear for 30 min at room
temperature. The slides were then washed in three changes
of PBS and mounted in PBS-glycerol.

Fractionation of lymphocytes on
gradients of bovine serum albumin (BSA)
Lymphocytes were fractionated on discontinuous gradients

of BSA(Sigma Chemical Co., St. Louis, Mo.) by a modification
of the method of Dicke et al. (6). Gradients were formed
in 16 x 125 mmplastic tubes by layering 1 ml of the albumin
solutions in 2% decrements, starting with 35% and ending
with 19% solutions. 1 x 106 cells were suspended in 1 ml
of 17% BSA and layered on top of the gradient. Tubes were
centrifuged at 10°C and 900 g for 45 min. Nine fractions were
obtained: fraction 1 represents cells at the interface between
17 and 19% albumin; and fraction 9, those between 33 and
35% albumin. Cells that sediment in the middle portion of
the BSAgradient (fractions 23-27% BSA) have been shown to
be enriched in T lymphocytes (80-85% form E rosettes) (6).

Preparation of B-cell rich populations
Various fractions of the BSA gradient were enriched for B

cells by isolation of the E nonrosette-forming cells from these
fractions followed by depletion of adherent cells. After
rosette formation with E, the E nonrosette-forming cells were
separated over a Ficoll gradient, washed, resuspended at a
concentration of 1 x 106 ml, and distributed into plastic Petri
dishes (Falcon Labware, Div of Becton, Dickinson & Co.,
Oxnard, Calif.). After an incubation period of 1 h at 37°C the
nonadherent cells were gently aspirated with a Pasteur
pipette, washed in Hanks' balanced salt solution, and re-
suspended in complete culture medium (7).

Electron mnicroscopy
Cell pellets of lymphocytes were fixed in 2%glutaraldehyde

in 0.1 M cacodylate buffer, pH 7.4, that contained 0.1 M su-
crose, and 4.5 mMCaCl2 for 1 h at 4°C. They were rinsed three
times in 0.1 Mcacodylate buffer, pH 7.4, that contained 0.1 M
sucrose and postfixed in 2%aqueous OSO4for 1 h at 4°C. The
cells were stained en bloc with 1.5% uranyl acetate in 0.5 M
maleate buffer, pH 6.2, and dehydrated in graded ethanol
and embedded in Epon (Shell Chemical Co., Houston, Tex.).
Thin sections were cut with a diamond knife (DuPont
Instruments, Wilmington, Del.) on an LKB Ultratome III
(LKB Instruments, Inc., Rockville, Md.) and picked up on
carbon-coated grids. They were stained with lead citrate
and examined in a Philips 300 electron microscope (Philips
Electronic Instruments, Inc., Mahwah, N. J.).

Proliferative response to mnitogens and antigens
Lymphocyte suspensions were cultured in complete culture

medium at a concentration of 1 x 106 cells/ml in plastic micro-
titer culture wells (Falcon Labware) in the presence or ab-
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sence of mitogen or antigen. Cultures were incubated for 3 d
with the mitogens phytohemagglutinin-P (Difco Laboratories,
Detroit, Mich., final dilution, 1:500), concanavalin A (Calbio-
chem-Behring Corp., American Hoechst Corp., San Diego,
Calif., 50 ,ug/ml), and pokeweed mitogen (PWM) (Grand
Island Biological Co., Grand Island, N. Y., final dilution 1:100)
and for 6 d with tetanus toxoid (TT). (Massachusetts Biological
Laboratories, 10 ug/ml). In all patients there was a known
history of immunizations with TT. Cultures were pulsed with
[3H]thytnidine (2.0 Ci/mM, New England Nuclear, Boston,
Mass.) and 16 h later the degree of [3H]thymidine incorporated
into DNAwas determined with a tissue culture automatic
harvester (Flow Laboratories, Inc., Rockville, Md.). Results
were expressed as counts per minute of [3H]thymidine
incorporated per culture and as stimulation indices (SI) where:
SI = counts per minute of [3H]thymidine incorporated per
stimulated culture/counts per minute of [3H]thymidine incor-
porated per unstimulated culture.

Preparation of T-cell helper factor
The basic design for the production of T-cell supernates that

contained lymphocyte mitogenic factor (LMF) has been
described (8). Briefly, PBL were cultured in complete medium
at 1 x 107/ml for 48 h. One set of cultures received antigen TT
(10 /ig/ml) at the onset of the incubation period and were
designated preincubated (P) cultures. A duplicate set of cultures
received an equivalent amount of antigen at the end of the in-
cubation period and were designated reconstituted (R) cultures.
The incubation was terminated by pelleting the cells (200 g for
10 min). The supernates of the cultures were collected, filtered
through a 0.22 ,M Millipore filter (Millipore Corp., Bedford,
Mass.), and stored at -20°C until testing.

Mitogenesis and immunoglobulin
synthesis by B cells

Mitogenesis. B lymphocytes were cultured in 0.2 ml cul-
tures in the wells of microtiter plates (Falcon Labware) at a
concentration of 1 x 106 cells/ml in the presence of PWMor a
0.5 dilution of T-cell supernates. After an incubation period of
6 d the degree of [3H]thymidine incorporated into DNAwas
determined. Results were expressed as counts per minute of
[3H]thymidine incorporated per culture. and as mitogenic
index (MI) where: MI = counts per minute of [3H]thymidine
incorporated in P-stimulated culture/counts per minute of
[3H]thymidine incorporated in R-stimulated culture.

Imtnunoglobulin synthesis. B-cell rich suspensions were
cultured at 2 x 106 cells/ml in 16 x 125 mmsterile Falcon
plastic culture tubes in the presence of PWMor of a 0.5 dilu-
tion of T-cell supernates. Because B-cell rich suspensions
were depleted of T cells by a single E-rosetting step, enough
contaminating T cells were left behind to allow the B cells to
respond to PWM.After a 5-d incubation period the cell pellets
were thoroughly washed in Hanks' balanced buffer solution
and resuspended at 4 x 106/ml in fresh RPMII 1640 medium
deficient in L-valine, L-leucine, and L-isoleucine, and sup-
plemented with 14C-radiolabeled amino acids (200 Ci/mM,
NewEngland Nuclear) (2 ,uCi/ml) and with 10%dialvzed fetal
calf serum (Microbiological Associates). 48 h iater the
supernates of the cultures were harvested, filtered through a
0.22 NMI Millipore filter, and frozen at -20°C until tested. The
amount of newly made IgM and IgG present in these
supernates was determined by a sandwich radioimmunoassav
wvith 20 jig of human IgG or 20 ,tg of human IgM (Walden-
str6m's macroglobulin) and rabbit anti-human IgG or anti-
humlan IgM at e(quivalence as described (8). The precipitates

were washed twice in PBS, were twice dissolved in 0.1 N
acetic acid, and then reprecipitated with an equal volume of
0.1 N sodium hydroxide. The precipitates were finally dis-
solved in 0.1 N acetic acid and their radioactivity was counted
in a liquid scintillation counter (Tri Carb, Packard Instrument
Co., Inc., Downers Grove, Ill.) with Aquasol (New England
Nuclear) for scintillation fluid.

The spontaneous mitotic and synthetic activity of B cells
was determined by incubating freshly isolated cells for 24 h
in the presence of [3H]thymidine or 14C-amino acids and de-
termining the radioactivity incorporated into DNAand into
de novo secreted immunoglobulins, respectively.

One-way mixed lymnphocyte cultures
Stimulator cells were depleted of adherent cells as de-

scribed above, and irradiated with 3,000 rad using a Cesium
source (Gammator M Series, Kewaunee Scientific Equip-
ment Corp., Adrian, Mich.) immediately before their addition
to responder cells at a 1:1 ratio. Cultures were incubated at a
final cell concentration of 1 x 106 cells/ml for 6 d, then assayed
for DNAsynthesis as described previously.

Suppressor cell assay
The capacity of patients' cells to suppress IgG synthesis and

secretion by normal PBL was asayed as described by
Waldmann et al. (9). Patients' PBL at 2 x 1(6 cells/ml were
mixed with an equal volume of PBL at 2 x 106 cells/mIl from a
normal adult donor. Aliquots of the mixture were incubated in
the presence or absence of PWMand assayed for their capacity
to secrete Ig into their supernates as described above. Ig
secreted by the mixed-cell population was compared to that
secreted bv individual components of the mixture (i.e.,
patients' cells alone and normal donor cells alone) incubated
under similar conditions. A measure of the degree of
suppression of immunoglobulin production, the coculture
index (CCI) was defined as: CCI = 2x counts per minute
patients' cells + normal cells cocultured with PWVM)/(counts
per minute patients cells + PWM)+ (counts per minute
normal cells + PWM).

In our laboratory, coculture of lymphocytes from 16 pairs of
normal donors has yielded a coculture index of 1.04+±0.20 for
IgG and 0.9±0.15 for IgM. Enhancement or suppression
occurs when the coculture index deviates more than 2 SD
above or below the mean, respectively.

Miscellaneous studies
The ability of sera from different patients to inhibit lympho-

cvte transformation was determined by substitution of patient
serum for inormal serum in various experiments. Cytotoxicitv
of patienits' sera to B and T lymphocytes isolated from normal
donors was determined bv the method of Terasaki et al. (10).
Lymphoblastoid cell lines were established from the patients'
blood lymphocytes wvith Epstein-Barr virus (11).

RESULTS

The age, sex, and serum immllunoglobulin levels of
the nine patients are shown in Table I. It should also
be noted in the same table that all the patients had a
normal number of peripheral blood T cells as measured
by E rosettes and that these cells responded normally
to phytohemagglutinin. Skin tests with streptokinase-
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TABLE I
Immunologic Laboratory Findings in Patients with Hyper IgM Immunodeficiency

Cells with surface staining
Serum immunoglobulins

E PHA EAC1423 Anti- Anti- Polyvalent
Patient Sex Age IgG IgM IgA rosettes Si rosettes IgM IgD anti-Ig

yr mg/dl % % %

1 M 19 <10 1,700 <5 57 77 12 17 11 19
2 F 8 <10 1,220 <5 53 84 10 16 9 18
3 F 9 120 1,700 <5 63 122 15 21 14 24
4 M 3 220 530 <5 52 116 13 19 12 20
5 M 6 40 400 18 60 87 13 17 13 17
6 M 12 115 300 <5 73 106 12 20 13 23
7 F 44 150 520 15 58 94 14 18 10 22
8 F 55 80 440 <5 66 81 17 21 12 20
9 M 4 190 3,300 <5 51 71 16 17 11 20

Normal adult range 600-1,500 50-200 60-290 52-71 76-148 12-23 6-18 4-13 9-22

streptodornase and Candida antigens were positive in
all eight patients tested. The proliferative response of
PBL to stimulation with concanavalin A, PWM,and TT
antigen was also normal in all nine patients. Normal
amounts of LMF that was able to induce both IgM
and IgG synthesis in normal B cells, was released by
T cells of all the patients. The total number of IgM-
and IgD-bearing B cells in the peripheral blood was
within normal limits or increased in all nine patients
(Table I).

When B cells from normal donors are separated on
BSA density gradients 70-80% of them sediment in
fractions 6-9 (27-35% BSA) and <5% sediment in
fraction 3 (21-33% BSA). In all nine patients there
was a slight decrease in the proportion of B cells in
the lower fractions of the gradient (fractions 6-9),
whereas the proportion of B cells in fraction 3 was in-
creased (Fig. 1 and Table II). Those cells that were
less dense and sedimented in fraction 3 were large
lymphoid cells (10-14 ,um in diameter) whose surface
stained weakly with anti-mu chain antiserum, and
hardly at all with anti-delta chain antiserum; they
lacked C3 receptors and constituted 36% of the cells
found in this fraction of the patients' lymphocytes
(Table II). Cells with similar characteristics were not
found in the same fraction of peripheral blood from
normal donors. Fluorescent staining of the cells in this
gradient fraction revealed the presence of abundant
intracytoplasmic IgM. Electron microscopy of these
cells revealed a large nucleus, abundant cytoplasm,
and a well-developed rough endoplasmic reticulum
(Fig. 2). It was concluded that these cells are IgM
secretory plasmacytoid cells. This assumption was
verified by incorporation of radioactive leucine,
valine, and isoleucine into newly synthesized IgM
secreted in the culture fluid supernates of these cells.

They also exhibited high spontaneous rates of DNA
synthesis as assessed by incorporation of [3H]thymidine
(Table III). These rates of DNAand IgM synthesis
did not increase after PWMor LMF stimulation.

The in vitro behavior of B cells derived from fractions
6-9 differed from that of B cells obtained from fraction
3 of the BSAgradient. Patients' B cells that sedimented
in fractions 6-9 of the BSA gradient had physical
characteristics similar to those of normal B cells (Table
II). They were small in size (7-10 ,um in diameter) and
had strong reactivity with EAC1423 (70-80%). Whereas
double fluorescent staining experiments were not
performed, from the results obtained with individual
fluorescein-conjugated antisera to IgM, IgD, and human
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FIGURE 1 Relative distribution PBL of normal subjects and
of patients with hyper IgM immunodeficiency on gradients
of BSA.
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TABLE II
Comparison of B Cells in BSA Fraction 3 and Fractions 6-9 in Patients

with Hyper IgM Immunodeficiency and in Normal Patients

BSA fraction 3 BSA fractions 6-9

Patients Controls Patients Controls

Percentage of total*
B-cell number 36±9 4±2 48±14 72±13

Percentage of EAC1423
rosettes t 18.6±7.8 95.1±20.7 83.3±17.7 87.0±11.1

Percentage of cells with
membrane IgMt 95.3±21.9 80.3±18.3 78.3±15.4 78.1±18.0

Percentage of cells with
membrane IgDt 14.4±7.5 52.1±13.1 71.6±21.8 60.7±11.5

* (B-cell number in the BSA fraction/total B-cell number) x 100. B cell number was determined
by enumerating the cells that stained with fluorescein-conjugated polyvalent goat anti-human
immunoglobulin antiserum.
t (Number of cells positive for the marker/number of B cells in the BSA fraction) x 100.

immunoglobulin (polyvalent) shown in Table II, we
would infer that some of the cells must contain both mu
and delta chain markers. Otherwise, the percentage of
cells staining with either anti-IgM or anti-IgD should

FiGuRE~2 Electron micrograph of a plasmacytoid cell from
patient No. 3. The nucleus (N) and Golgi apparatus (G) are
indicated. The cytoplasm is filled with a large amount of
rough endoplasmic reticulum. x8,400.

not exceed 100%. Electron microscopy revealed that
these cells possessed a scanty cytoplasm with very little
amounts of endoplasmic reticulum and were indis-
tinquishable from normal B cells. However, the B cells
of the patients differed from normal B cells in that they
did not increase their basal rate of IgG synthesis after
PWMstimulation. (Table III).

Miscellaneous studies. None of the sera from the
patients was cytotoxic to normal human B or T cells.
None of these sera inhibited proliferation and IgG syn-
thesis of normal B cells after stimulation with PWM.

PBL from all nine patients generated normal amounts
of the T-cell helper factor (LMF) after stimulation with
TT antigen. LMF from all patients caused normal B
cells to engage in DNAsynthesis and IgM secretion
to the same extent as LMFderived from controls.

No suppressor activity for PWM-induced IgG or IgM
synthesis was detected in the PB of seven patients
tested upon coculture with PBL from normal donors.

Lymphocytes from seven of the patients rendered
free of macrophages served as good stimulators in one-
way mixed lymphocyte cultures. Furthermore, lympho-
blastoid cell lines were established successfully with
Epstein-Barr virus from five out of six patients tested.
These cell lines secreted exclusively IgM into their
supernates and served as good stimulators in one-way
mixed lymphocyte cultures.

DISCUSSION

This study of the PBL of nine patients with hyper
IgM immunodeficiency has revealed a unique cellular
abnormality. All nine patients had a very significant
number of plasmacytoid cells in their blood that were
synthesizing and secreting IgM. Such cells are not
detected in normal peripheral blood. The peripheral
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TABLE III
In Vitro Behavior of B Cell-Rich BSA Fractions in Patients

with Hyper IgM Immunodeficiency and in Controls*

Fraction 3 Fractions 6-9

Patients Controls t Patients Controls

cpm cpm

Spontaneous [3H]thymidine
incorporation 7,163+2,384 1,035+316 752±227 921±307

IgM synthesis
Spontaneous 5,804+1,733 327±144 208±60
PWM-induced 1,710±806 - 2,233±582 2,872+735

IgG synthesis
Spontaneous 55± 106 286±67 242±59
PWM-induced 28±49 327± 181 3,105±862

* Values represent the mean±SD for the nine patients and for eight controls matched for age and sex.
t Too few control B cells could be purified from fraction 3 to carry synthetic studies.

blood of the patients contained a normal number of B
lymphocytes that differed from the B lymphocytes of
normal individuals in that in vitro PWMcould induce
an increase in their rate of IgM synthesis but not of
IgG synthesis. All nine patients had normal T-cell
number and function. There was no evidence for sup-
pressor cells or serum factors that impeded the normal
maturation of their B lymphocytes. The results indicate
that the B cells in hyper IgM immunodeficiency fail
to differentiate in vivo and in vitro into IgG synthesiz-
ing cells.

In the ontogeny of B lymphocytes, IgM, and IgD
are first expressed as surface membrane immuno-
globulins (12). The subsequent ontogeny of the B
lymphocytes is manifested by the surface expression of
all the immunoglobulins together with their synthesis
for secretion. The generation of isotypic diversity can
be blocked in newborn mice by the administration
of antiserum to the heavy chain of the IgM (anti-mu)
(13). There was no evidence for anti-IgM antibodies
in the patients studied. Bursectomy of chick embryos
before hatching results in hyper IgM immuno-
deficiency with low specific antibody titers, a condi-
tion resembling the clinical syndrome observed in
these patients. As no equivalent organ to the bursa is
known in mammals it is difficult to envision that a
discrete anatomical lesion could result in hyper IgM
immunodeficiency.

Blaese et al. (14) have shown that transfer of cells
from immunodeficient bursectomized chicken to
normal chickens render the recipients agammaglobu-
linemic. These suppressor cells, however, develop in
the bird sometime after bursectomy apparently in re-
sponse to antigens in the environment similar to these
on normal B cells. No evidence for such suppressor
cells was obtained in any of the patients.

Ia antigens are cell membrane components that are

the gene products of the major histocompatibility
locus in man and mouse. They are found principally
on the cell membrane of B cells and macrophages and
are the antigens responsible for the mixed lymphocyte
reaction. Press et al. (15) have demonstrated in mice
that expression of Ia antigens in B lymphocytes is a
prerequisite for IgG synthesis but not for IgM syn-
thesis. Therefore, B cells that are Ia negative may
synthesize and secrete IgM only but not IgG. The
human analogues of the Ia antigens were present on
the B lymphocytes of the patients. This was demon-
strated by the normal capacity of their purified B cells
and of their lymphoblastoid cell lines to serve as stim-
ulators in one-way mixed lymphocyte cultures.

The etiology of the block of normal B-cell matura-
tion in the patients studied remains unknown. Feed-
back regulation of IgM synthesis by IgG has been pro-
posed but not proven (16), and gammaglobulin replace-
ment therapy results only rarely in a decrease in the
circulating levels of IgM. Continuous antigenic stim-
ulation, because of the recurrent infections and the
poor quality of specific IgM antibody produced, could
result in an over-compensatory increase in the
quantity of IgM produced.

The patients described in this study reflect the
heterogeneity of hyper IgM immunodeficiency. Five
of the nine cases occurred in two families, a sixth case
followed congenital rubella infection. Yet, all the pa-
tients share the same maturation block of the B cell
at the stage of the switch from IgM to IgG synthesis
with subsequent development of supranormal levels
of IgM.
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