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Enhanced B cell survival in familial macroglobulinaemia is associated with increased
expression of Bcl-2
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SUMMARY

A family with three cases of macroglobulinaemia of undetermined significance (MGUS), and one case
each of immunoblastic lymphoma, Waldeitre macroglobulinaemia and multiple myeloma was first
described 20years ago. We have previously identified 10 out of 35 healthy family members tested
whose lymphocytes produced abnormally high amounts of immunoglobulins in culture. In the present
study lymphocyte subpopulations of these hyper-responders have been further characterized and
lymphocyte reactivity and survivah vitro have been studied. No differences were detected in the
proportions of resting B lymphocytes (CD1Pco-expressing CD5, CD10, CD11b, or CQ38d the
CD4/CD8 ratio of T cells was normal before and after stimulation with pokeweed mitogen (PWM). The
initial rate of response in terms of immunoglobulin production was not increased, but immunoglobulin
levels continued to rise during the second week of culture whereas the production peaked at 8 days in
control cultures. This was associated with significantly greater survival of lymphocytes and at 14 days
surviving B cells could only be identified in samples from hyper-responders. A lymph node removed
because of tuberculosis from a family member 23 years before the diagnosis of multiple myeloma
showed very marked Bcl-2 expression in a B cell follicle. This was not seen in a tuberculous lymph node
from an unrelated subject. Stimulated cultures from three hyper-responders tested demonstrated
significantly higher retention of Bcl-2 in B cells compared with one family control and six unrelated
controls. We conclude that the increased production of immunoglobulins previously observed in this
family with an inherited tendency for benign and malignant B cell proliferation is the result of enhanced

B cell survival, which is associated with increased expression of Bcl-2 following stimulation.
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INTRODUCTION death. Thus apoptosis is prevented by a preponderance of dimers
The importance of programmed cell death (apoptosis) in thecontamlng Bcl-2, whereas Bax promotes the activation of cell
) . _death proteases [4,5].
development of mature B and T cells as well as in the regulation . N . .
Inappropriate cell survival in the immune system may result in

of immune responses is now well recognized [1,2]. Death SignalEJeni n and malignant lymphoproliferative disorders and autoim
are delivered to cells by signalling cascades, triggered throug g gnant lymphop .

S munity. Thus mutations in the Fas gene are manifested as lym-
surface receptors such as Fas [3]. The sensitivity of a cell to theseho roliferative  svndromes.  sometimes  with _ additional
death signals depends on Bcl-2 and related molecules, such as BdX'°P Y !

. autoimmune symptoms, in mice and humans [3]. The Bcl-2 gene
Bcl-X Bcl-Xs. Th lecules fi h -orh : . - :
cl-X, and Bel-Xs. These molecules form homo- or eterodlmerswas described originally as the gene involved in the t14:18

in the mitochondrial membrane and some of these can for . e . . .
membrane channels. The composition of these dimers C;%[anslocatlon characterllstlca.llly a;somated Wlifh follicular B cell
determine the initiation of the later stages of programmed Ce”ymphomas. Transgenic mice with hypt_aractlw_a Bel-2 develop
lymphomas and may also express autoimmunity, dependent on
genetic background [6,7]. No hereditary disorders in man have so
Correspondence: Helga Mgihundsdir, Molecular and Cell Biology far been ascribed to the Bcl-2 gene.

Research Laboratory, Icelandic Cancer Society, PO Box 5420, 125 Rey- An Ice‘IandiC family With.macroglobulinaemia and .B cell
kjavik, Iceland. malignancies was first described in 1978 [8]. At that time one

E-mail: helgam@krabb.is case of immunoblastic lymphoma was diagnosed, and two cases
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of benign monoclonal gammopathy along with one case ofB and T cell subpopulations

Waldenstion’s macroglobulinaemia were identified in the same B and T cell subpopulations were analysed by flow cytometry
sibship. The family was investigated for evidence of macroglobu-using the Becton Dickinson FACScan and directly labelled MoAbs
linaemia and nine asymptomatic family members were found tao: CD3, CD4, CD8, CD5, CD10, CD11b, CD19 and CD38
have polyclonally elevated serum levels of IgM. In one of these(Becton Dickinson, San Diego, CA). In paraffin-embedded tissue
family members multiple myeloma was diagnosed 9years latersections B cells were identified using antibody against CD20
Around 25 similar families have been reported in the literature(clone L26) from Dako A/S (Glostrup Denmark).

[9,10]. Some of these families have also shown signs of auto-

immunity, but there is no clinical or laboratory evidence of Cell survival in culture

autoimmunity in the Icelandic family. In 1989 blood samples Cells were cultured as described above. After 2, 8 and 14 days in
were again collected from 35 family members and tested forculture aliquots were removed for haemocytometer counting using
invitro responses to mitogens. No differences were detected itrypan blue exclusion to indicate viability. The percentage of
proliferative responses but samples from 10 family memberssurviving cells on day 14 was calculated as: (number of cells
showed increased production of 1gG, IgA and IgM, defined asalive on day 14/number of cells alive on day<2)00.

>3s.d. above the mean for a group of unrelated control subjects.

These 10 family members will be referred to as hyper-responder€xpression of Bcl-2 protein

Their position in the pedigree suggested heredity [10]. For theMouse monoclonal anti-Bcl-2 (clone 124) was obtained from Dako
present study further samples were collected from family memberand used unlabelled for immunohistochemistry oprd-paraffin-

in 1991 and 1994, with the aim of analysing further the possibleembedded tissue sections. After deparaffinization and rehydration
mechanisms behind this hyper-responsiveness of B cells. To thithe sections were heated in OMtitrate buffer for twice 5minin a
end we analysed B and T cell subpopulations, measured cethicrowave oven for antigen retrieval. Staining was visualized
survival and studied Bcl-2 expression in resting cells and followingusing Vectastain ABC Kit (Vector Labs, Burlingame, CA). The
stimulation. same antibody was used directly FITC-labelled for flow cytometry
of fresh or cultured peripheral blood mononuclear cells (PBMC)
following the manufacturer’'s protocol. For double staining of a
surface marker and Bcl-2 the cells were incubated with RPE-
Subjects and samples labelled antibody against the surface antigen and then fixed in 1 ml
Peripheral blood samples were collected, using EDTA as antiof 0-25% formaldehyde added slowly while vortexing and incu-
coagulant, from nine family members on two different occasions;bated in the dark for 15min at room temperature. After washing
six of these were previously known to show abnormally highonce with PBS the cells were permeabilized in 1 ml of coRC{4
production of immunoglobuling vitro and were thus classified as 70% methanol for 60 min at°€. In the cultures the cells were
hyper-responders (H), three family members had been classified asitially depleted of monocytes by adherence to 25*aulture
normal responders (N). On each occasion samples were collectdtisks (Nunc) for 90 min. This prevented the loss of apoptotic cells
from the same number of healthy control donors (C) of the sames verified by preliminary experiments.

age and sex. Mononuclear cells were prepared by centrifugation

through Ficoll-Hypaque (Histopaque; Sigma, St Louis, MO). Detection of apoptosis

Part of each sample was used fresh for measurements, as detaildgdoptosis was detected using the TUNEL assay for flow cytometry
below, the remainder was cryopreserved for later use. For the studBoehringer-Mannheim, Mannheim, Germany) according to the
of phenotypic markers and Bcl-2 expression cryopreservednanufacturer’s instructions.

samples were used, including those from the first sample collection

from 35 family members as well as control samples from RESULTS

the Icelandic Cancer Society’s biological specimen bank.

Sections of paraffin-embedded tissue samples from patientSubpopulation analysis of B and T cells

belonging to the family and selected control patients were obtainedh order to test for possible differences in the proportions of B cell
from the Dungal collection of archival tissue, Department of subsets, PB lymphocytes were analysed by flow cytometry for

SUBJECTS AND METHODS

Pathology, University of Iceland, Reykjavik, Iceland. expression of CD5, CD10, CD11b and CD38 along with CD19 as a
B cell marker. Unstimulated cells from seven hyper-responders
Cell culture and seven normal responders from the family were tested and

Culture was performed in 2-ml lymphocyte tubes from Nunc compared with cells from 26 healthy donors. No differences were
(Roskilde, Denmark) at fOcells/ml using RPMI1640 medium observed between cells from family members and unrelated con-
containing 0-01 HEPES buffer, 0-& glutamine, 50 U/ml peni- trols, and the proportions of peripheral blood B cells expressing
cillin, 50 ug/ml streptomycin (@co, Paisley, UK) and 10% fetal CD5, CD11b and CD38 were 27-6%, 4-2% and 57-1%, respec-
calf serum (FCS; HyClone Labs, Logan, UT). Stimulation with tively, for all groups combined, whereas CD10 was undetectable.
pokeweed mitogen (PWM; Sigma, St Louis, MO) was carried outSubpopulations of T cells expressing CD4 or CD8 were analysed
at 1pg/ml. In experiments measuring immunoglobulin production, during 6—14days of culture with or without mitogen on two

hydrocortisone (Sigma) was added at 3. separate occasions. During the 6-day culture with mitogen no
differences were detectable between family members and controls.
Immunoglobulin productioim vitro The means for both groups showed an increase in the proportion of

Immunoglobulin levels in cell-free culture supernatants wereCD3' T cells from 64% to 83% and a decline in B cells from 15%
measured after 2, 4, 6, 8 and 14 days of culture using the ELISAo 6%. The ratio of CD4 to CD8 cells increased slightly with
method described by Sigégonet al. [11]. culture in both groups. During the 14-day culture there were no
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Fig. 1. Invitro production of IgG in cultures from six hyper-responders (H) and three normal responders (N) from the family and six unrelated
control subjects (C), stimulated withufy/ml of pokeweed mitogen (PWM).

differences in relative cell numbers in the unstimulated cultures. Inmmunoglobulins was associated with a longer-lasting response
the stimulated cultures, however, no viable B cells could be detecterhther than differences in the initiation, it was of interest to monitor
at the end of the culture period in any of eight control cultures,the survival of lymphocytes in culture. After an initial proliferative
whereas five out of six cultures from hyper-responders contained eesponse in cultures exposed to PWM these cultures showed a
small proportion of B cells (0-8—2-6%). There was therefore aconsiderably higher death rate than unstimulated cultures. The
suggestion of enhanced survival of B cells but no evidence ofroportion of surviving cells after 14 days of culture with PWM
differences in the pattern of T cell subsets that might suggestompared with day 2 is shown in Table 1. Cultures from hyper-
deficiencies in T cell-operated control of B cells. In fact, the lowestresponders showed significantly higher proportionate cell survival
individual CD4/CD8 ratios were found among the hyper-respondersthan cultures from normal responders from the family or unrelated
control subjects. One hyper-responder (no. 2) did not show
Time course and dose dependence of immunoglobulin production
in response to mitogen stimulation
Seven of the 10 family members originally defined as hyper-
responders were retested once or twice. Although there was
some variability between test occasions, five subjects consistently

Table 1. Lymphocyte survival in cultures stimulated
with pokeweed mitogen (PWM)

showed high levels, including a mother and two of her children. In
our first experiments the measurements were performed after
7 days of culture. It was thus possible either that the initiation of
response was more vigorous in lymphocytes from the hyper-
responders, or that their response was sustained for longer. Immu-
noglobulins were measured in culture supernatants after 2, 4, 6, 8
and 14 days of culture on two separate occasions. The main results
are shown in Fig. 1. The initial rate of response was the same for
five hyper-responder family members and controls. Thus IgG
production was first detectable on day 4 and the levels were very
similar in hyper-responder cultures and control cultures; pg34

ml (range 0-34—1-6fg/ml) and 0-4ug/ml (range 0-18-1-32)/

ml), respectively. In the longer-term cultures, differences were
observed, with 1gG levels increased over controls on day 8 and
continuing to rise up to 14 days of culture in the hyper-responders,
whilst in cultures from normal responders or control subjects the
levels peaked on day 8 (Fig. 1). Cultures were also tested with a
lower dose of PWM (0-&g/ml). This produced erratic stimulation
and there was no evidence of higher sensitivity among the hyper-
responders (results not shown).

Lymphocyte survival during 14 days of culture with and without
mitogen
Having established that the abnormally high production of
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Per cent lymphocytes alive
on day 14 compared with day 2

Hyper-responders:

1 58-9
2 20-5
3 67-4
4 575
5 67-7
6 86-6
Mean 59.8*
Normal responders:
1 25.0
2 45.5
3 56-8
Mean 42.4
Controls (n=9):
Mean 35.5*
Range 21-5-53-0
s.d. 12.2

The percent cell survival was calculated as described
in Subjects and Methods. The individual subjects are
numbered as in Fig. 1. Statistics: two-tailed Student’s
t-test.

*P=0-016.
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increased cell survival, and 1gG production in this sample was o &

lower than on two previous occasions. This was the oldest family |
member tested, 89years at the time of third testing. As already, .
noted above, surviving B cells were only present in 14-day =
stimulated cultures from hyper-responders. il

Expression of Bcl-2 protein in tissue samples and cultured
lymphocytes B
In the last part of this study we looked for evidence that the =
enhanced B cell survival was associated with increased expressiol: 5
of Bcl-2. Archival tissue samples were available from the lym- =~ = =
phoid neoplasias that have been diagnosed in this family. Bcl-2:t’\'ﬁ, :
was strongly expressed in the immunoblastic lymphoma and bone A &
marrow biopsies from the case of Walderistte macroglobulin- _“Eh
aemia, and the case of multiple myeloma showed more scattered_
expression. The pattern of expression was identical to that seen ir'fd:
sections from unrelated control patients with the same diagnoses.';‘-i-',.;l_ 9 A
From the family member who developed multiple myeloma a ..
lymph node had been removed because of tuberculosis 23 year’#’-?:%,";.
previously. As shown in Fig. 2b), this lymph node showed marked BT.. '?j.f
expression of Bcl-2 in a B cell follicle. For comparison, normal 3 3L
follicles revealed very little Bcl-2 expression in B cell follicles
(Fig. 2a), in contrast to the strong expression characteristic of T cell ®
areas. The same was true of a tuberculous lymph node from alﬁ.
unrelated patient (Fig. 2c), demonstrating that Bcl-2 expression in . & ity ;
lymphocytes is not influenced by the mycobacteria. The identity of | . T A
lymphocytes as B cells was confirmed by staining adjacent tissue M‘Iﬂ 5 5
sections with antibody against CD20. T i I ctles 5
The expression of Bcl-2 was analysed by flow cytometry on WA
two separate occasions in unstimulated and PWM-stimulated I
cultures of PB lymphocytes. In freshly isolated lymphocytes Bcl- L "r"{';i*é | ‘
2 was expressed in 88% (range 77—93%) of B cells and 96% (range 3

of Bcl-2 changed with time in several control cultures tested,
showing an initial rise to almost 100%, followed by a marked
decline after-48 h of culture particularly in the presence of PWM.

sized lymphocytes increased to around 50% (at 48 h) and around
90% (at 192 h), as judged by TUNEL staining. Table 2 shows the |

for one hyper-responder (H-4) and one control subject. The picture
for T cells was similar, although there was a higher proportion of
large blasts in the control culture. For the B cells the proportion of
small, dying cells was much lower in the sample from H-4 and aIIFi

size groups show reten.tlon of Bel-2. lymph node, (b) tuberculous lymph node from family member, and (c)
In the secor_1d Se”e_‘s two other hyper-responders a_‘nd _0 berculous lymph node from unrelated patient. Note the marked expres-
normal responding family member were tested along with fivesjon of Bel-2 in the B cell follicle (b) compared with (a) and (c) (arrows).
control subjects. Cultures from the two hyper-responders containegbriginal mag.x 125.)
9:9% (H-5) and 16-6% (H-3) Bcl2B cells (CD19) after 6 days
of culture with PWM (total ungated cell population). This popula- difference became apparent with increasing time in culture when
tion was 5-4% (range 2-9-8-4%, s.d. 2-2) in five control subjectthe control cells started showing a decline in Bcl-2 expression and
who showed an equivalent level of proliferative response. The oneell death. The prolonged retention of Bcl-2 in the hyper-responder
normal-responding family member was within the normal rangecells compared with controls was specific for B cells (Fig. 3b).
with 7-4% of the stimulated cell population co-expressing Bcl-2
and CD19. Hyper-responders did not differ from controls in the
Bcl-2 expression of B cells before stimulation; the proportion of DISCUSSION
Bcl-2* B cells was 6:9% (C), 7-4% (H) and 7-8% (N). Figure 3 The family described here has been under study for 20 years. This
shows one of these experiments in further detail, analysed witliong study period is, of course, reflected in the work. On the one
respect to Bcl-2 cells. It is clear that the hyper-responder was nothand knowledge and technology have advanced, on the other hand
different from the controls at the beginning of the culture but thefamily members have died or been unavailable for repeated

g. 2. Immunohistochemical staining for Bcl-2 protein in (a) normal
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Table 2. Size distribution and Bcl-2 expression of lymphocytes after 4 days of culture with pokeweed
mitogen (PWM)

Small (%) Medium (%) Large (%) Total (%)
Control CD3 19 41 40 100
CD3" and Bcl-2 8 38 39 85
H-4 CD3" 10 71 19 100
CD3" and Bcl-2 8 69 18 96
Control CD19 42 15 43 100
CD19" and Bcl-2 8 11 40 59
H-4 CD19" 12 26 62 100
CD19" and Bcl-2" 9 25 62 95

Analysed from flow cytometry by gating the cells into small, medium sized and large cells that formed
distinct subgroups on the scattergrams. The size distribution is shown for T and B cells separately and the
fraction of Bcl-2" cells within each subgroup.

sampling for other reasons, and the younger family members havihus a secondary phenomenon. The enhanced Bcl-2 expression in
provided fewer samples than the older generations. The firsB cells in the tuberculous lymph node of the patient who subse-
observations were on clinical manifestations of clonal B cell quently developed multiple myeloma was particularly remarkable,
disorders and polyclonally raised serum levels of IgM in otherwiseas this is not a known feature of reactive B cell follicles. It is not
healthy family members [8]. Later it was demonstrated thatlikely that this indicated the presence of a malignant clone of B
cultured B cells from some family members produced increaseatells since 23 years passed until the multiple myeloma was diag-
amounts of immunoglobulins of all classes upon mitogenic stimunosed. This family member had also been investigated 9years
lation and they were identified as hyper-responders [10]. In thébefore the multiple myeloma was diagnosed and showed then a
current study we have obtained evidence that this abnormally higklight polyclonal rise in serum IgM but no evidence of a mono-
immunoglobulin production is associated with prolonged survivalclonal paraprotein [8]. Bone marrow biopsies of the multiple
of B cells and enhanced expression of Bcl-2 after stimulation. Nomyeloma showed only moderate expression of Bcl-2 in the
abnormalities were detected in B cell phenotype using markers thahalignant cells. Since the original description of the t14:18
have been associated with Waldeisit® macroglobulinaemia translocation in B cell lymphomas it has now been realized that
[12] or that are characteristic of differentiation stages of B cellsthis translocation can also be detected in the peripheral blood of
[13]. The time course of immunoglobulin production showed thatnormal blood donors [22]. It is thus conceivable that the retained
there was no indication of accelerated B cell triggering, and intacBcl-2 expression in B cells of hyper-responders following stimula-
immunoglobulin class switching implies normal control by T cells. tion in vitro was caused by selection in culture of cells harbouring
This was further supported by the changes seen in the proportiorthis translocation. This would imply a higher frequency of t14:18
of CD4" and CD8 T cells during culture. Previous studies had in the hyper-responders. There is, however, no evidence of
shown that the proliferative response of lymphocytes from thechromosomal instability in these family members judging from
hyper-responders to mitogenic stimulation was not increased anklaryotypings on freshly isolated lymphocytes or Epstein—Barr-
natural killer (NK) cell function was normal [10]. Thus the basic infected B cell lines (unpublished results). The frequency of
functional abnormality in this family is an extended life span of B t14:18 has been noted to increase with age [23]. Increased expres-
cells following stimulation with prolonged expression of Bcl-2.  sion of Bcl-2 was confirmed in family members aged from 21 to
Bcl-2 was first described as the protein over-expressed in B8years.
cell-derived malignancies as a consequence of the t14:18 translo- No clear picture has emerged as yet of the physiological control
cation which brings the bcl-2 gene into proximity with the of Bcl-2 or other related proteins. Since Bcl-2-type proteins are
immunoglobulin heavy chain locus [7,14,15]. It was soon realizedpresent in a wide variety of cell types, control mechanisms are
that Bcl-2 is also expressed in normal cells and is a hallmark ofikely to depend on different growth factors and differentiation
long-lived T cells and B cells [7,15-18]. The requirement for Bcl-2 factors according to cell type. Thus it has been shown that Bcl-2 is
for lymphocyte survival is demonstrated by the fulminant apopto-up-regulated by IL-5 in eosinophils [24] and IL-15 in NK cells
tic loss of mature lymphocytes in Bcl-2-deficient mice [19]. It has [25]. In T cells IL-2 and IL-10 have been associated with up-
since become clear that Bcl-2 is but one member of a large familyegulation [26,27] and IL-6 prevented down-regulation [28]. In
of molecules that are engaged in the control of cellular life andnormal tonsillar B cells IL-10 directed differentiation into plasma
death [4,5]. Some of the more recently described Bcl-2-relatedtells and down-regulation of Bcl-2 [29,30], whereas CD40-L with
molecules have also been implicated in B cell longevity, includinglL-2 induced Bcl-2 and maintained proliferation and survival [29].
Bcl-x [20] and Al [21]. We have not had the opportunity to test for Inappropriate escape from apoptosis in the immune system is
the involvement of these Bcl-2-related proteins in the family associated with two types of pathology, lymphoproliferative dis-
described here. eases (benign or malignant) and autoimmunity [3,31-34]. Muta-
Bcl-2 expression of freshly isolated unstimulated peripheraltions leading to lack of functional Fas result in an increased life
blood B cells was not noticeably higher in samples from hyper-span of T cells and are associated with autoimmunity and lym-
responders compared with unrelated controls or normal respondg@hoproliferative disease in mice and men [3]. The clinical picture
family members. The prolonged increase in Bcl-2 expression wagé man, the so-called Canale—Smith syndrome, consists mainly of

© 1999 Blackwell Science LtdClinical and Experimental Immunolog$17:252—260
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widespread lymphoproliferation in childhood, that appears to be 9 Renier G, Ifrah N, Chevalier A, Seint-Andre JP, Boasson M, Hurez D.
usually oligiclonal and benign, with occasional autoimmunity Four brothers with Waldenstn@s macroglobulinaemia. Cancer 1989;
[35,36]. Mice with an immunoglobulin Bcl-2 transgene have  641554-9. ) o _ _
extended B cell survival and show polyclonal follicular lympho- 10 ©@mundsdttir HM, Johannesson GM, Sveinstio S, Einarsddtir S,
proliferation [37]. In the context of the present study it is of interest Hegeman A, Jensson.O:am!Ilal macrpglobullnaemla: hyperactlve‘
B-cells but normal natural Killer function. Scand J Immunol 1994,
to note that CD% cells were not over-represented among the 40:195—200.
ex_panded B cell population, amdvitro proliferative responses to ;4 Sigfisson A Babbage JW, Souhami RL. Defectiie vitro antibody
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