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Summary. Human myeloma cells are malignant counter- 
parts ofplasma cells which represent the most differentiated B 
cells. Myeloma cells are. however, heterogeneous in their 
surface antigen expression (Katagiri et al. 1984. 1985). 
which may reflect that normal plasma cells have a spectrum 
of differentiation. To test this hypothesis, immunoglobulin- 
secreting cells (ISC) of non-neoplastic nature were studied 
with regard to their surface antigen expression by using a 
combination of reverse haemolytic plaque assay and comple- 
ment-dependent cytolysis. Non-neoplastic ISC were found to 
have a broad spectrum of differentiation stages from the 
immature type of CD20+. HLA-DR+, CD38+ in the 

peripheral blood to the mature type of CD20-, HLA-DR-, 
CD38 + in the bone marrow. In patients with polyclonal B 
cell activation (PBA), ISC showed a more immature antigen 
expression in comparison with ISC in normal controls or 
patients without PBA. The surface antigen development of 
ISC was clearly demonstrated throughout the stages in the 
analysis of mitogen-induced ISC in vitro. No significant 
difference in the surface phenotype of ISC was found among 
heavy chain classes. Thus, non-neoplastic ISC show a 
spectrum of differentiation similar to that of myeloma cells, 
depending on the site where ISC are located, and on the 
degree of PBA in vivo. 

B cells are known to differentiate into immunoglobulin (1g)- 
producing plasma cells, under antigenic stimuli or in the 
presence of a polyclonal B cell activator in vitro. It is also 
generally accepted that, in the course of differentiation, B 
cells lose their B cell-associated determinants such as surface 
Ig(sIg), HLA-DR. CD19 or CD20, and acquire CD38 and a 
large amount of cytoplasmic Ig of secretory type (Anderson et 
al. 1984: MacLennan. 1986: Freedman & Nadler. 1987: 
%la, 1987). In a previous study we analysed the phenotypic 
expression of human myeloma cells, malignant counterparts 
of plasma cells, by using a panel of monoclonal antibodies 
(Katagiri et al, 1984). The results showed a phenotypic 
variety of myeloma cells characterized by variable expression 
of sIg. HLA-DR. CD9. CD20 and CD38. Furthermore, we have 
also shown phenotypic heterogeneity in established human 
myeloma cell lines (Katagiri et al, 1985). These findings have 
been confirmed by other workers (Goldstein et al, 1985: 
Parreira et al, 198 5: San Miguel et al. 1986). 

Although the phenotypic variety of myeloma cells might 
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reflect their neoplastic clonal involvement in the early stage 
of B cell differentiation in this disease, a hypothesis can be 
advanced that normal plasma cells have a broad spectrum of 
differentiation by themselves. To test this hypothesis, we 
examined the surface expression of non-neoplastic immuno- 
globulin-secreting cells (ISC) circulating in the peripheral 
blood, or located in the spleen and bone marrow, together 
with mitogen-induced ISC in vitro. We report here that non- 
neoplastic ISC do indeed present a phenotypic variety similar 
to that of myeloma cells, and that the phenotypic expression 
of non-neoplastic ISC is dependent on their location and the 
degree of polyclonal B cell activation in vivo. 

MATERIALS AND METHODS 
Subjects ofthe present study. We studied 12 normal controls 

and 27 patients with various diseases including mononucleo- 
sis syndrome, monoclonal gammopathy of undetermined 
significance (MGUS) (Dune & Salmon, 1985). multicentric 
Castleman’s lymphoma, immune complex disease with neph- 
ritis and angioimmunoblastic lymphadenopathy with dys- 
proteinaemia (AILD). The diagnosis of each case was con- 
firmed by routine haematological and immunological 
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Table 1. Comparative study of modified PFC plus CDC assay with conventional indirect 
immunofluorescence (IDIF) for evaluation of surface phenotype of human myeloma 
cell lines 

Per cent reactivity with monoclonal antibody 

Cell line Method CD9 CDlO CD2O CD38 HLA-DR PCA-1 

"MI8266 IDIF 90 0 0 9 0  0 75 
PFC/CDC 9 7  0 0 95 0 79 

OPM-I IDIF 0 0  0 30 0 0 
PFC/CDC 0 0 2 25 0 0 

Three independent experiments were done, which showed similar results. The 
representative data are shown in this table. 

findings, as well as by standard clinical criteria and histologi- 
cal findings when available. For phenotypic evaluation of ISC 
in the peripheral blood, five normal subjects and eight cases of 
mononucleosis syndrome were tested. For evaluation of ISC 
in the bone marrow, we studied three cases of MGUS, five 
cases of polyclonal hypergammaglobulinaemia and one case 
of mononucleosis syndrome. These five cases of polyclonal 
hypergammaglobulinaemia included one of multicentric 
Castleman's lymphoma, one of immune complex disease with 
nephritis, one of AlLD and two of hepatic cirrhosis: the first 
two cases showed a plasma cell excess in the bone marrow 
( > 5%). Seven normal subjects without any haematological 
or immunological abnormalities were also tested for evalu- 
ation of bone marrow ISC. As sources of ISC in the spleen, 10 
cases who underwent splenectomy because of refractory 
thrombocytopenia were included. 

Cell isolation. Using standard Ficoll-Hypaque density gra- 
dient centrifugation (Boyurn, 1968), mononuclear cells 

(MNC) were isolated from heparinized peripheral blood or 
from bone marrow samples obtained by iliac bone marrow 
puncture. For isolation of MNC from the spleen, a portion of 
the spleen was minced and homogenized in Hanks' balanced 
salt solution, and then a single cell suspension was centri- 
fuged on a density gradient. 

Cell culture. The peripheral blood MNC obtained from 
normal subjects were suspended in RPMI 1640 medium with 
10% fetal calf serum (FCS) at  a concentration of 2 x IOh/ml. 
and then incubated at  37OC for 1 h in plastic dishes for 
monocyte depletion. Following washing three times, non- 
adherent cells were recovered and cultured with 0.01% 
Stnphylococcus aureus Cowan I (STA. Zymed). in the presence 
or absence of 10 u/ml recombinant interleukin-2 (IL-2) 
(kindly supplied from Takeda Chemical Industries Ltd). in 
RPMI 1640 with 10% FCS in humidified air with 5% C02 at 
37°C.  Cultured cells on days 5. 7 and 9 were used as 
materials. 

Table 11. Surface phenotypic expression o f  IgC-ISC in the peripheral blood 

Case 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
12 
13 

Mean f SE 

Per cent positivity 

Diagnosis CD9 

Normal 0 
Normal 0 
Normal 0 
Normal 0 
Normal 0 
MS 0 
MS 2 
MS 0 
MS 0 
MS 0 
MS 19 
MS 0 
MS 0 

C'D10 CD20 CD38 HLA-DR PCA-I 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 89 76 
0 22 83 
0 47 67 
0 8 3  5 3  
0 73 66 
0 64 45 

37 87 65 
0 93 88 

41 79 68 
0 91 72 
29 96 61 

7 77 70 
7 83 52 

0 
0 
0 

16 
0 
0 
1 

1 5  
0 
0 
0 
0 
0 

2f2 0 9 f 4  7 6 f 6  6 7 f 3  2 f 2  

MS: mononucleosis syndrome. 
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Table Ill. Surface phenotypic expression of IgG-ISC in the bone marrow 

Per cent positivity 

Case Diagnosis CD9 CDlO CD20 CD38 HLA-DR PCA-1 

1 Normal 
2 Normal 
3 Normal 
4 Normal 
5 Normal 
6 Normal 
7 Normal 
8 MGUS 
9 MGUS 

10 MGUS 
11 MS 
12 MCL 
13  ICD 
14 AILD 
15 HC 
16 HC 

Mean f SE 

42 0 0  81 2 23 
11  0 0  78 0 0 
0 0 0  26 0 0 

11 1 0 92 6 18 
0 0 0  83  6 0 
1 0 0  93 3 0 
0 0 0  86 0 37 
9 0 0  87 0 0 

50 0 0  97  3 10 
0 0 0  90 0 0 
8 0 7 91 28 2 

11 0 0  94 72 18 
0 0 0  57 79 0 

17 12 0 85 0 0 
1 0 0  82 0 30 
0 0 0  73 0 0 

1 0 f 4  1 + 1  Of0 8 1 f 4  l 2 f 6  9 f  3 

MGUS: monoclonal gammopathy of undetermined significance: MS: mononucleosis 
syndrome: MCL multicentric Castleman’s lymphoma: ICD: immune complex disease 
with nephritis: AILD angioimmunoblastic lymphadenopathy with dysproteinaemia: 
HC: hepatic cirrhosis. 

Plaque forming cell (PFC) plus complement-dependent cytoly- 
sis (CDC) assay. For the phenotypic analysis of ISC, we 
modified a standard reverse haemolytic PFC assay (Nagai et 
al, 1981) by using MNC pre-treated with monoclonal 
antibody plus complement. In this method, PFCs expressing 
the antigen recognized by the tested monoclonal antibody are 
selectively lysed in the presence of complement, and unla- 
belled PFCs remain intact in the treated sample. Thus, the 

percentage reduction of PFC count of the pre-treated sample 
compared to the untreated control indicates the proportion of 
the subset bearing the antigen tested in the whole PFC 
compartment. MNC suspended in Eagle’s MEM were incu- 
bated with monoclonal antibody and rabbit complement 
(Behring) for 30 min at 3 7°C. The cells were then optimally 
diluted with Eagle’s MEM. mixed with heavy chain specific 
anti-human Ig rabbit antiserum (Behring), protein-A (Phar- 

Table IV. Surface phenotypic expression of IgG-ISC in the spleen 

Per cent positivity 

Case Diagnosis CD9 C D l O  CD2O CD38 HLA-DR PCA-1 

1 ITP 
2 ITP 
3 ITP 
4 ITP 
5 ITP 
6 ITP 
7 ITP 
8 HC 
9 IPH 

10 SLE 

Mean f SE 

33 0 0 92 53 
25  4 0 95 37 
0 0  0 99 19 

44 0 0 98 0 
25 0 0 75 68 
0 0 0 77 65 
0 0 0 77 56 

57 0 0 95 40 
47 0 5 88 90 

0 0  33 49 21 

2 3 f 7  O f 0  4 f 3  8 5 f 5  4 5 f 9  

10 
53 
20 
0 
0 
0 
0 

30 
0 

29 

1 4 f 6  

ITP: idiopathic thrombocytopenic purpura: HC: hepatic cirrhosis: IPH: idio- 
pathic portal hypertension: SLE: systemic lupus erythematosus. 
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Table V. Comparison of surface phenotypic expressions among IgC-. IgA- and IgM-ISC 

~ ~~ 

Per cent positivity 
Heavy chain -- 

Source Case class ofIg C1>9 CDIO CD20 CD38 HLA-DR PCA-I 
- 

Peripheral 12  G 
blood A 

1 3  G 
A 
M 

Bonemarrow 2 G 
A 
M 

3 G  
M 

4 G  
A 

11 c 
A 
M 

Spleen 7 G  
M 

1 0  G 
A 
M 

0 0  
0 0 
0 0 
3 0  
0 0 

I 1  0 
16 0 
41 0 
0 0 
0 0 

11 1 
20 1 3  

8 0 
0 0 
0 1 

0 0 
0 0 

0 0 
1 5  0 
1 1  0 

7 
0 

7 
11 
22 

0 
0 
0 
0 
0 
0 
0 
7 
2 
0 

- 0  
0 

33 
1 1  
24 

77 
90 

83  
83  
84 

78 
76 
85 

26 
23 

92 
89 

91 
91 
89 

77 
71 

49 
36 
41 

70 0 
80 0 

52 0 
74 0 
81 0 

0 0 
3 0 

11 22 

0 0 
0 0 

6 18 
20 30 

28 2 
28 0 
19 0 

56 0 
85 0 

21 29 
34 13 
54 21 

macia)-coupled sheep erythrocytes and guinea-pig comple- 
ment (Cappel). The mixture was packed in a Cunningham 
chamber (Takahashi Giken) and incubated for 12-16 h at 
3 7°C. All experiments were performed in triplicate, and MNC 
pre-treated with complement alone were used as the control. 
The monoclonal antibodies used in this study were as follows: 
BA-2/CD9, BA-3/CD10 (Hybritech), Bl/CDZO, PCA-1 
(Coulter), OKIal/HLA-DR (Ortho) and BMAOl00/CD38 
(Behring). Although CD9 was considered to be an antigen 

1 T 

5 7 9 
culture day 

expressed on immature B cells, it was recently reported that 
some myeloma cells expressed CD9 and that this antigen 
might be re-expressed on the last differentiation stage of B- 
cells as well as CD38 (Katagiri et al, 1984; San Miguel et al, 
1986). Thus, CD9/BA-2 was also examined in this study. All 
monoclonal antibodies used were complement fixing and 
therefore cytotoxic in the presence of complement. The per 
cent reactivity of PFCs for each monoclonal antibody was 
calculated as 

\HLA-DR 

5 7 9 
culture day 

Fig 1. Surface phenotypic differentiation of 
STA-induced ISC. IgG- and IgM-ISC 
generated during in vitro culture with 0.01% 
STA were analysed on days 5, 7 and 9. Data 
represent mean fSE ( n = 5 ) .  0, CD20: 0, 

CD10. 
HLA-DR; A ,  CD38; A, PCA-1: 0, CD9; W, 
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\ T  

5 7 9 
culture day 

5 7 9 
culture day 

100 x 
PFC value of control - PFC value of pre-treated sample 

PFC value of control 

The efficiency of this PFC plus CDC assay was tested using 
two human myeloma cell lines, RPMI8226 (Matsuoka et al, 
1967) and OPM-1 (Katagiri et al, 1985). As shown in Table I. 
the PFC plus CDC assay was found to give very similar results 
to the conventional indirect immunofluorescence method in 
evaluating the phenotype of ISC. 

RESULTS 

Surface phenotypic expression of spontaneous ZSC 
In the peripheral blood, ISC of IgG class from normal subjects 
were positive for CD38 and HLA-DR, but almost completely 
lacking in the other &cell determinants. ISC from mononuc- 
leosis syndrome also expressed CD38 and HLA-DR, but in five 
of eight cases, at least part of the ISC were found to bear CD20 
(Table II). In the bone marrow, IgG-ISC were generally 
positive for CD38, but essentially lacked HLA-DR except in 
three cases. These three cases with HLA-DR expression of ISC 
were multicentric Castleman's lymphoma, immune complex 
disease with nephritis and mononucleosis syndrome, and the 
first two cases showed polyclonal hypergammaglobulinae- 
mia with a plasma cell excess in the bone marrow. In nine of 
16 cases, CD9 and/or PCA-1 were expressed on ISC in a 
variable proportion, irrespective of HLA-DR expression (Table 

In the spleen, IgG-ISC showed a variety of surface antigen 
phenotypes. CD38 were strongly positive, but the positivity of 
HLA-DR varied from 0 to 90%. Cases 6 and 7 showed an 
identical phenotype to normal circulating ISC bearing CD3 8 
and HLA-DR, while in case 4 the ISC were completely 
negative for HLA-DR resembling bone marrow ISC. In eight 
of 10 cases the ISC were positive for CD9 and/or PCA-1 in a 
higher proportion than those of the peripheral blood. Thus, 
ISC in the spleen seemed to have an intermediate surface 
expression between circulating ISC and bone marrow ISC. In 
the systemic lupus erythematosus (SLE) case, CD38 + and 

111). 

100 

50 

Fig 2. Surface phenotypic differentiation of 
STA plus IG2-induced ISC. IgG- and IgM-ISC 
generated during in vitro culture with 0.01% 
STA and 10 u/ml recombinant IL-2 were 
analysed. Each symbol represents the same 
as in Fig 1 .  

HLA-DR + ISC were rather decreased in proportion, and one- 
third of the ISC were positive for CD2O (Table IV). 

In eight cases, ISC of IgA and/or IgM class were also tested 
for the phenotypic expression, There were no differences in 
the surface phenotypes of these ISC among the three heavy 
chain classes (Table V). 

Surface phenotypic expression o j  ZSC induced by STA in vitro 
STA-induced ISC were detectable after 5 d of incubation. On 
day 5, almost all of the generated ISC were positive for CD38 
and HLA-DR. and about half expressed CD20. The positive 

Determinants 
Immunoglobulin surface / secretory 1 
CD38 - 
HLA-DR - 
0 2 0  = 
CD9* n 
PCA-1* - 

Phenotype of ISC 

ISC induced with 
STA - 
STA+ IL-2 L 

Spontaneous I SC 
Peripheral blood - 
Spleen - 
Bone marrow - 
(myeloma cells) 

Neoplastic L 

* expressed in a limited population 

Fig 3. Surface phenotypic development during terminal B cell 
differentiation. Upper column shows the surface expression of B cells 
in terminal differentiation stage. Lower column shows the distribu- 
tion of non-neoplastic ISC and neoplastic ISC (myeloma cells). 
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of CD20 in the peripheral blood and HLA-DR in the bone 
marrow, so that they were phenotypically distinctive from 
the ISC of normal controls. Again, regarding the bone 
marrow, ISC of patients presenting polyclonal hypergam- 
maglobulinaemia with a plasma cell excess (multicentric 
Castleman’s lymphoma and immune complex disease with 
nephritis) were shown to bear HLA-DR, but those of the other 
patients and normal controls were not. These findings 
suggest that phenotypic immaturity of ISC may be a marker 
of unusual B cell activation in vivo. In the absence of unusual 
B cell activation, however, the phenotypic development of 
ISC seems to be restricted by the environment where they are 
located. Since B cells obtained from the peripheral blood were 
shown to retain the capacity to develop to the fully- 
differentiated plasma cell level at least under in vitro condi- 
tions, limited differentiation of ISC in the peripheral blood or 
spleen might result from an inhibitory effect exerted by the 
environment. Alternatively, ISC might have homing tend- 
ency for the individually appropriate environment matching 
their surface expression, and the development of surface 
antigens in terminal B cell differentiation possibly plays a role 
in the phenotype-restricted ISC distribution. Another 
remarkable Finding of this study is a lack of phenotypic 
difference of ISC among Ig heavy chain classes. In STA- 
stimulated culture, the phenotypic development of IgM-ISC 
was almost identical to that of IgG-ISC. This is also the case in 
the study of fresh ISC. Thus, IgM-ISC and IgG-ISC seem to 
have equivalent differentiation capacity provided that they 
are under the same conditions. In general, however, Ig- 
producing tumours of IgM class are phenotypically and 
morphologically less mature than those of other Ig classes 
(Foon et al. 1982: Kucharska-Pulczynska et al. 1987). 
Perhaps this is not due to biological differences in the 
maturation capacity of normal ISC among Ig classes. We 
think this is better interpreted as differences in organs or 
tissues mainly involved by neoplastic cells among Ig heavy 
chain classes. Alternatively, intrinsic susceptibility to matu- 
ration defect of neoplastic B cells may vary among heavy 
chain classes. 

We have demonstrated a wide variety of surface pheno- 
types of non-neoplastic ISC and their distribution, which 
might be one of the biological bases of the broad spectrum of 
clinical and immunological presentations of Ig-producing 
neoplasms. Fig 3 shows a possible surface phenotypic 
development during terminal B cell differentiation. Yet- 
unknown factors can also be presumed to be regulating the 
development and distribution of ISC. Further studies should 
be focused on this problem. 

rates for HLA-DR and CD20 decreased rapidly during the 
course of the culture, and a majority of the ISC were positive 
only for CD38 at the termination of the culture. ISC bearing 
CD9 and PCA-1 were limited to a very small population 
throughout the culture. There was no significant difference 
in phenotypic development between IgG- and IgM-ISC (Fig 
1). Fig 2 shows the phenotypic expression of ISC in the 
presence of IL-2. In this experiment, expression of CD20 on 
the ISC was limited to a very small proportion even in the 
early stage of the culture, and the positive rate for CD38 also 
decreased during the culture, as did the rate for HLA-DR. 
About half of the ISC were negative for CD38 at the 
termination of the culture. 

DISCUSSION 

By using the PFC plus CDC assay, we have demonstrated the 
surface phenotypic expression of non-neoplastic ISC. which 
comprise a minor subpopulation within the MNC compart- 
ment in various tissues. The results showed a variety of 
phenotypes of ISC. similar to that of myeloma cells. Mature 
plasma cells are known to express CD38 antigen but lack 
other determinants commonly expressed on B cells (MacLen- 
nan, 1986). Although this surface phenotype is also a 
representative one for myeloma cells, they often show more 
‘immature’ surface phenotypes characterized by variable 
expression of HLA-DR, sIg, CD9, CDlO and CD20, or in some 
instances, they lose even CD38 during the course of differen- 
tiation (Katagiri et al. 1984). Furthermore, established 
human myeloma cell lines also show phenotypic heteroge- 
neity in accordance with fresh myeloma cells (Goldstein et al. 
1985; Katagiri et al. 198 5). At present, however, only limited 
data have been reported regarding the phenotypic expression 
of normal ISC (Gobbi et al. 1983: Gyotoku et al. 1985; De la 
Senetnl, 1986; Nathanetal, 1986).Therefore, ourstudy was 
designed to identify the ‘normal’ counterparts of phenotypi- 
cally heterogeneous myeloma cells. The majority of non- 
neoplastic ISC in the bone marrow were found to express only 
CD38. sharing a representative phenotype with myeloma 
cells. Also. in agreement with a previous report (Gyotoku et 
al. 198 5). circulating ISC showed a less mature phenotype of 
CD3 8 + , HLA-DR + , in accordance with immature myeloma 
cells. ISC in the spleen bore an ‘intermediate’ phenotype 
between the bone marrow and peripheral blood ISC. charac- 
terized by varied expression of HLA-DR. CD9 and PCA-1 in 
combination with CD38. Furthermore, the phenotypic de- 
velopment of ISC was clearly demonstrated in STA-induced in 
vitro culture, showing an identical spectrum to that of 
myeloma cells, from CD20 + , HLA-DR + , CD38 + to 
CD38 + / - . The addition of IL-2 accelerated phenotypic 
differentiation of STA-induced ISC, in agreement with recent 
reports that IL-2 enhanced proliferation and differentiation 
into ISC of STA-stimulated B lymphocytes (Devos et a/. 198 5;  
Pryjma et al, 1986; Punnonen & Eskola, 1987). Worthy of 
note is the fact that the ISC from subjects with ‘enhanced’ 
polyclonal B cell activation such as mononucleosis syndrome 
or SLE patients are less mature in the phenotype than those 
from other patients or normal controls. For example, the ISC 
of mononucleosis syndrome showed an additional expression 
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