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A. Introduction 

Human non-Hodgkin lymphomas represent 
a eomplex group of diseases with extremely 
varied c1inieal courses and a large number of 
histopathologie subtypes. Immunologie ap
proaches to this group of diseases have c1early 
shown that a great majority of these neoplasias 
are derived from B-eells (see Lennert 1978). 
Moreover, as with other neoplasias (Fialkow 
1976) they appear, with very few exeeptions, 
to be of monoc1onal origin as shown by light 
chain isotype restrietion (Levy et al. 1977). 

Various morphologieal entities are inc1uded 
in B-celllymphomas. Although the details and 
the nomenclature of the histopathologie c1assi
fieation remain an issue of controversy, there is 
general agreement that some B-cell lympho
mas are derived from cells of germinal centers, 
whereas others, such as immunoblastie lym
phomas and lymphomas with plasmacytoid 
features, appear to be at a maturation stage 
c10se to plasma eells with high intracellular 
eoneentrations of immunoglobulin as demon
strated by immunohistoehemistry (Taylor 
1978). These observations suggest that B-cell 
lymphomas are derived from different stages 
of B-eell differentiation and maturation 
pathways. 

In our laboratory we are trying to obtain 
more detailed information on the relationship 
between human B-eelllymphomas and normal 
B-cell differentiation and matura ti on path
ways. The problem is approached in two ways. 
First, a more detailed multiparameter analysis 
of surfaee markers on human lymphomas has 
been undertaken. Second, attempts are being 
made to trigger these lymphomas to proliferate 
and differentiate in vitro. Data from both these 
approaehes will be summarized in the present 
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paper. Our studies c1early demonstrate that 
human B-eell lymphomas ean be divided into 
immunologically distinct subsets. Moreover, 
such lymphomas may be triggered to prolifera
te and differentiate as measured by immuno
globulin (Ig) synthesis by anti-Ig, usually in 
combination with tumor promotor (TPA). 

B. Materials and methods 

I. Lymphoma Biopsies 

The studies to be reported have been carried out on 
cell suspensions from lymphoma biopsies containing 
more than 50% B-cells staining monoclonally for 
surface immunoglobulin (sIg). Histologie classifiea
tion was performed according to the Kiel classifica
tion system (Lennert 1978). 

11. Surface Markers and Capping 

For identifieation of sIg, anti human Ig sera labeled 
with fluorescein isothiocyanate (FITC) were obtai
ned from Dakopatts (Copenhagen, Denmark), with 
the exception of FITC-labelled anti-6 which was 
obtained from Behringwerke (Marburg, West Ger
many) to be described elsewhere (Godal et al., to be 
published). Complement receptors (CR) were iden
tified by standard procedures with Cs-defieient 
mouse serum in a blind fashion (Godal et al. 1978). 
Capping was carried out as described by Elson et al. 
(1973). 

111. Single Cell Flow Cytometry 

Two parameter flow cytometrie measurements of 
light scatter and fluorescence from lymphocytes 
stained with FITC-conjugated antisera were perfor
med with a laboratory-built flow cytometer (FCM) 
(Lindmo and Steen 1977). The method will be 
described in detail elsewhere (Godal et al. , to be 
published). 



IV. Cell and Nuclear Volumetry 

For determination of the cellular volume distribu
tions, the cells were suspended in 10 ml counting 
solution (isotone to Coulter electronics) and imme
diately measured by me ans of a modified Coulter 
counter (Steen and Lindmo 1978). Nuclear volume 
distributions were obtained by the same procedure 
using a counting solution whieh removes cytoplasm 
and fixes the nuclei in acid formaldehyde (Stewart 
and Ingram 1967). 

V. Lymphocyte Stimulation 

For stimulation with anti-Ig and/or TPA (12-0-Te
tra-decanoyl-phorbol-13-acetate) (Midland Corpo
ration, Uni ted States), cells were cultured in mieroti
tration plates with 2 X 105 cells per weIl with RPMI 
1640 medium and 10% fetal calf serum final 
concentration (Henriksen et al. 1980). 

VI. IonFlux 

Cellular uptake of 86Rb, which is assumed to reflect 
membrane transport of potassium, was carried out 
essentially as described elsewhere (Godal et al. 
1978; Iversen 1976). 

C. Results 

I. Immunological Subsets in Human B-Cell 
Lymphomas 

Surface concentration of Ig was determined by 
FCM analysis of cells stained under saturating 
conditions. The data were expressed as me an 
intensity for the positive cells as expressed 
relative to the mean intensity of unstained 
cells. 

As shown in Table 1, different histologie and 
immunologie groups showed large variations 

with regard to relative amounts of sIg. Thus, 
centroblastic/centrocytic lymphomas of the 
nodular type expressing IgG had only about 
one fifth of the sIg of lymphomas of the same 
histological type expressing IgM. Similarly, 
lymphocytic lymphomas or lymphoplasmacy
toid lymphomas had elearly lower concentra
tions of sIgM. Similar findings were made with 
anti-light chains in a radioimmunoassay. Mo
reover, as shown in Fig. 1 the relative amounts 
of IgD to IgM on lymphoma cells expressing 
both these iso types varied considerably from 
one lymphoma to the other, i.e., from a 1: 1 
ratio down to a 1: 6 ratio. The variation was 
particularly striking within the nodular group. 

Further evidence for immunological heter
ogeneity among human B-celllymphomas was 
uncovered by eR and capping studies. Only 26 
of 51 lymphomas expressed eR, and a very 
elose association between the presence of eR 
and capping with anti-~ was found. Out of 45 
lymphomas tested by both parameters, 42 
could be allocated into groups positive or 
negative in both test systems, whereas only two 
were elearly positive in one test system and 
negative in the other. This relationship betwe
en expression of complement receptors and 
capping was specific to sIgM, as cappinq with 
anti-() has been found positive irrespective of 
whether IgM was capped or not. Moreover, 
sIgG positive lymphomas revealed capping 
with anti-y, whereas all these lymphomas 
tested so far lack CR. 

Based on these combined data we can at 
present distinguish between five immunologi
cal subsets in B-celllymphomas. The relations
hip between these groups and the histopatho
logic elassifieation is shown in Table 2. All five 
immunologie groups were found among the 

Histologie type Mean intensity, 
positive subpopulation 

Table 1. The relative amounts 
of !-l and y heavy chains on 
lymphocytes from various hi
stologic types of B-cell lym
phomas by flow cytometrie 
analysis Centro blastiel centrocytic 

(nodular type) (n=4) 
Centroblastiel centrocytie 
(nodular type) (n=4) 
Centroblasticl centrocytie 
(diffuse type) (n=3) 
Lymphoplasmacytoid (n=3) 
Lymphocytic (n=3) 

a ±s.e. (mean) 

25 ±7 

24 ±5 
10 ±4 
6.4±0.8 

y 

4.8±0.5a 
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Fig. 1. The relative amounts of Il and () heavy chains 
on lymphocytes from nodular and diffuse centrobla
stic/centrocytic lymphomas and lymphoplasmacyto
id lymphomas as assessed by flow cytometric analy
sis. The lines connect the resuIts with anti-Il and 
anti-{) on each lymphoma tested. Cell suspension 
(biopsy) number is shown 

nodular lymphomas, whereas in contrast all six 
lymphomas examined in the diffuse lymphoey
tie group belonged to one immunologie group. 
The other histopathologie groups fall between 

these two, indieating a more limited heteroge
neity with regard to immunologie types, but 
the numbers are here too small to allow 
definite eondusions to be drawn. 

11. Responses of Lymphoma Cells to TP A and 
Anti-Ig 

Among various substances tested which are 
known to induce differentiation in erythro
leukemia cells, such as di-methyl-sulphoxide, 
we have found that TPA (10- 7 M) induced 
striking changes in a majority of lymphomas. 
These alterations indude a rapid enlargement 
in cellular volumes which can be measured 
within hours after exposure and the induction 
of cytoplasmie protrutions). In about 50% of 
the lymphomas nudear volume also inereases 
after addition of TPA. When anti-Igs are 
added to TP A, mitogenic effeets can be obser
ved as measured by thymidine incorporation 
and FCM. The mitogenie effeets have a dear 
dose-response relations hip to anti-Ig, with 
peak responses ranging from 2.5 to 250 Ilg per 
ml final concentration. The response shows 
a sharp peak on day 2 or 3. Among anti-Igs 
anti-,u most commonly gave a positive prolife
rative response (8 out of 14 cases), whereas 
4 out of 11 responded to anti-b and only one 
out of five to anti-y. 

By FCM analyses simultaneously measuring 
DNA and Ig contents in cells it can be dearly 
shown that lymphomas also often start to 
synthesize Ig. Moderate increases were found 
with TP A alone, whereas this was greatly 
enhanced by anti-Ig. Cells staining most stron
gly for Ig are found both with a GI and G z 

Table 2. Relationship between immunologie subtypes and the histopathologie classification in human B-cell 
lymphomas 

Lympho- Centroblasticl Centroblasticl Centro- Immuno- Lympho- Total 
cytic centrocytic centrocytic blastic blastic plasma 
(diffuse) (diffuse) (nodular) (diffuse) (diffuse) cytoid 

(diffuse) 

IgM, IgD, CR" 4c 4 3 11 (22%) 
IgM,IgDb 3 3 (6%) 
IgM, CR" 6 1 4 1 1 2 15 (30%) 
IgMb 2 4 3 2 4 15 (30%) 
IgG 1d 5 6 (12%) 

Total 6 (12%) 8 (16%) 20 (40%) 4 (8%) 3 (6%) 9 (8%) 50 

" The great majority also positive for capping with anti-Il c One in addition expressing sIgG 
b The great majority negative for capping with anti-Il d Also expressing sIgM 
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content of DNA, showing that at least in many 
cells DNA synthesis and Ig synthesis may 
occur simultaneously. 

By studying ion flux with anti-Igs we have 
found that early 86Rb uptake is closely associa
ted with a proliferative response to anti-Ig plus 
TP A. This uptake can be measured within 
minutes after addition of anti-Ig and takes 
place without TP A, whereas there was no 
correlation between 86Rb-uptake and anti-Ig 
induced capping. 

D. Discussion 

The present study demonstrates that human 
B-cell lymphomas can be subdivided into 
a number of distinct immunologie subsets. 
These subsets correspond only partially to the 
histopathologie classification. Some histologie 
groups comprise several distinct immunologie 
subsets. The prognostic signifieance of immu
nologie subclassifieation in B-celllymphomas 
remains to be determined. The material is 
enlarged and will be followed up to answer this 
question. 

Our findings raise a number of questions 
with regard to the B-cell maturation and 
differentiation processes. Of partieular inter
est in this regard is sIgD. Studies based on cell 
sorting (Black et al. 1978; Zan-Bar et al. 
1979) and parental administration of anti-IgD 
serum in mice (Dresser and Parkhouse 1978) 
have shown that IgD positive cells are involved 
in primary responses but that IgD becomes lost 
and is not present on mature memory cells. In 
our study IgD was found only on a proportion 
of nodular lymphomas derived from germinal 
center cells. Moreover, the mean amounts of 
IgD on those lymphomas which were positive 
were shown by FCM to vary from relatively 
strongly positive to almost negative. These 
findings suggest that IgD becomes lost during 
the B-cell maturation processes taking pI ace in 
germinal centers. It is interesting to note that 
a dissociation between capping of IgM and IgD 
was also found on a distinct sub set of nodular 
lymphomas, raising the possibility that IgD 
plays a distinct role in germinal centers. 

The lymphomas were also found to be 
heterogenous with regard to CR. Thus, all 
lymphomas expressing sIgG only were CR 
negative, whereas CR positive and CR negati
ve lymphomas were found both in the IgM + 
IgD and IgM groups. The most likely explana-

tion for these findings would be that CR may 
also be lost during B-cell maturation. This view 
is supported by experimental data from studies 
of thoracic duct lymphocytes, where Mason 
(1976) found 19S AFC precursors exclusively 
in the CR positive fraction, whereas 7S AFC 
precursors were found both in the CR positive 
and CR negative population. Since nodular 
lymphomas of germinal center cell origin 
showed this CR heterogeneity, our findings 
would indicate that CR mayaIso be lost during 
B-cell maturation taking place in germinal 
centers. Thus, our data would be compatible 
with a differentiation (bifurcation) process 
taking place in germinal centers, by whieh 
B-cells loose IgD but retain CR for the 
generation of recirculating sIgM and CR posi
tive memory cells, whereas the loss of CR may 
be an event along another matura ti on pathway 
involving a switch to sIgG. 

Lymphocytie lymphomas would be candida
tes a neoplastie counterparts to reeirculating 
sI gM and CR positive memory cells. These 
lymphoma cells are different from chronic 
lymphocytic leukemia (CLL) cells (Godal et 
al. 1978) because they cap with anti-IgM. 

The role of CR negative B-cells remains 
unclear, but since CR negative cells are found 
in immunoblastic lymphomas whieh have high 
intracellular concentrations of Ig (Land aas 
et al. , in press; Stein 1978; Taylor 1978) 
and also plasma cells are known to lack CR 
(Bums et al. 1979), these cells may represent 
precursors to antibody-producing cells. The 
lack of capping of sIgM in these cells is 
interesting. This would make them suitable as 
antigen-presenting cells to T -cells, whieh are 
essential for maturation to antibody secretion 
(Rohrer and Lynch 1979) and possibly to 
other B-cells for producing antibodies of 
higher affinity. 

Plasma cell development must also take 
place by events not involving germinal center 
formation, because the appearance of antibo
dy-producing plasma cells occurs be fore ger
minal center formation (White et al. 1975). In 
fact, the appearance of germinal centers coin
eides with the occurrence of eirculating immu
ne complexes (White et al. 1975), and immune 
complexes are highly effective in generating 
memory cells (Klaus 1979). The lymphoplas
macytoid group is interesting in this regard. 
Histopathologically, these lymphomas show 
morphologie evidence of maturation towards 
plasma cells. This can also be demonstrated 
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with immunohistochemieal methods (Land aas 
et al. , in press; Stein 1978) by which cyto
plasmie immunoglobulin can easily be de
tected. This group comprised 3 immunologie 
subsets (sIgM, sIgD, and eR positive; IgM 
and eR positive; only IgM positive), demon
strating that plasma cells may develop from 
different subsets of B-cells. The sIgM, sIgD, 
and eR positive cells have the surface charac
teristics of B-cells involved in a primary 
response and could reflect a plasma cell 
maturation pathway branching off prior to 
germinal center formation. 

The present study revealed definite diffe
rences with regard to the concentration of sIg. 
The highest concentrations were found in 
positive lymphomas of follicular center cell 
origin, whereas positive lymphomas within the 
same category had a substantially lower sIg 
concentration. Similarly, low concentrations 
were also present on lymphocytie lymphomas. 
As has been discussed above, both these types 
of lymphomas may correspond to B-cells at 
a higher maturation stage. Their lower concen
trations of sIg may therefore represent a matu
ration-associated loss of sIg. The pathway 
leading to sIgG positive cells may be associated 
with affinity maturation processes (Herzen
berg et al. 1980). 

A hypothetieal picture of the relationship 
between the different lymphomas and normal 
B-cell maturation and differentiation as di
scussed above is outlined in Fig. 2. 

slgM + 0, CR+ 

Germi nal cen t re ~ .,. 

Our findings that B-celllymphomas can be 
triggered to proliferate and synthesize Ig in 
vitro by anti-Ig, usually in combination with 
TP A, represent a new approach whieh may 
help in delineating these relationships and put 
them on a firmer basis. It has already been 
shown that lymphocytic lymphomas may diffe
rentiate towards plasma cells. 

Such studies mayaiso provide important 
information with regard to mechanisms of 
B-cell triggering. Our studies so far have 
c1early shown that sIg of either the 11, y, or 
{j type may deli ver transmembrane signals 
giving rise to an increased influx of K + and in 
concert with other agents, especially TP A, 
induce proliferation and differentiation in 
neoplastie B-cell arrested at different stages of 
differentiation. 
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