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Summary. We have studied the histogenesis of 
malignant lymphoma (ML), small cleaved cell of 
the B-cell type and intermediate lymphocytic lym- 
phoma (mantle zone lymphoma) by comparing im- 
munophenotypes and ALP-activity of neoplastic 
cells with those of germinal center cells (follicular 
center cells) and mantle zone (MZ) cells of second- 
ary follicles in non-neoplastic lymphoid tissues. 
The neoplastic cells in 3 cases of ML, follicular, 
small cleaved cell and 1 case of ML, small cleaved 
cell expressed the phenotypes similar to those of 
germinal center (GC) B lymphocytes (SIgM +, BI + 
B2 +, CALLA +, SigD-, IL-2R-, Leu-1- and 
ALP-).  The neoplastic cells in 2 cases of ML, fol- 
licular, small cleaved cell and 12 cases of ML, dif- 
fuse, small cleaved cell displayed the characteristic 
phenotypes of MZ B lymphocytes (SIgM +, SIgD +, 
BA-1 +, IL-2R +, Leu-1 + and ALP+). The pheno- 
types of 2 cases of mantle zone lymphoma were 
closely comparable with those of MZ B lympho- 
cytes. These findings indicate that the histogenesis 
of ML, small cleaved cell of the B-cell type is heter- 
ogeneous and can be divided phenotypically into 
2 types (GC B lymphocyte origin and MZ B lym- 
phocyte origin). It is also apparent that intermedi- 
ate lymphocytic lymphoma (mantle zone lym- 
phoma) is derived from MZ B lyrnphocytes of sec- 
ondary follicles. 
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Introduction 

Malignant lymphoma (ML) small cleaved cell of 
the B-cell type defined by the International Work- 
ing Formulation (1982) includes ML, follicular, 
predominantly small cleaved cell (ML centroblast- 
ic-centrocytic (small), follicular by the Kiel classifi- 
cation (Lennert et al. 1978)), and ML, diffuse, 
small cleaved cell (ML centrocytic (small) by the 
Kiel classification). Intermediate lymphocytic lym- 
phoma (mantle zone lymphoma) is considered to 
be a subtype of non-Hodgkin's lymphoma with 
cytological features between those of small lym- 
phocytic lymphoma and small cleaved cell lym- 
phoma (Weisenburger et al. 1982). In the Interna- 
tional Working Formulation, intermediate lym- 
phocytic lymphoma (ILL) has however, been clas- 
sified as ML, diffuse, small cleaved cell. The cellu- 
lar origins of these lesions are controversial and 
not precisely determined. ML, small cleaved cell 
of the B-cell type is considered to be derived from 
germinal center cells (follicular center cell, small 
cleaved cells or centrocytes), ILL, however is 
thought to be derived from lymphocytes of prima- 
ry lymphoid follicle and mantle zone of secondary 
follicles (Nanba et al. 1977; Weisenburger 1984), 
follicular center cells (Stein et al. 1982) or post- 
follicular center cells (Cossman et al. 1984). B-cell 
lymphomas may well represent monoclonal pro- 
gression arrested at a particular stage of B-cell dif- 
ferentiation (Salmon and Seligmann 1974) and 
may be distinguished phenotypically by immuno- 
logical and enzymatic expression that relate to 
stages of normal B-cell differentiation. 

The purpose of this study is to clarify the histo- 
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Table 1. Monoclonal antibodies used in this study 

Monoclonal Specificity Cluster Source 
antibody designation 

AntMgM mu heavy chains 

Anti-IgD delta heavy chains 

Anti-IgG gamma heavy chains 

Anti-IgA alpha heavy chains 

Anti-B1 pan B CD 20 

Anti-B2 C3d-receptor; CD 21 
dendritic reticulum ceils 
subset of B lymphocytes 

NU-B1 unclassified restricted B 

BA-1 pan B CD 24 

Anti-CALLA common ALL antigen CD 10 

Anti-IL-2R 1L-2R, T-activated CD 25 

Anti-Leu-1 pan T; small CD 5 
proportion of normal B-cells 

Anti-Leu-4 pan T CD 3 

Becton-Dickinson 

Becton-Dickinson 

Becton-Diekinson 

Becton-Dickinson 

Coulter Immunology 

Coulter immunology 

Nichirei 

Hybritech 

Beeton-Diekinson 

Becton-Dickinson 

Becton-Dickinson 

Becton-Dickinson 

genesis of ML, small cleaved cell of the B-cell type 
and ILL (mantle zone lymphoma) by performing 
immuno- and enzymehistological staining on non- 
neoplastic and neoplastic lymphoid tissues. 

Materials and methods 

20 cases of malignant lymphoma (ML), small cleaved cell of 
the B-cell type and ILL (mantle zone lymphoma) and 7 cases 
of non-neoplastic lymphoid tissue (5 tonsils and 2 lymph nodes) 
were used for the present study. ML, small cleaved cell of the 
B-cell type was classified according to the criteria of the Interna- 
tional Working Formulation (1982) and a diagnosis of ILL 
(mantle zone lymphoma) was made on the basis of the histologi- 
cal criteria by described by Weisenburger et al. (1982). The se- 
ries included 5 cases of ML, follicular, small cleaved cell (ML, 
eentroblastic-centrocytic, follicular by the Kiel classification), 
13 cases of ML, diffuse, small cleaved cell (ML, centrocytie 
by the Kiel classification) and 2 cases of mantle zone lym- 
phoma. All tissues were fixed in PLP (periodate-lysin-parafor- 
maldehyde) fixative (McLean and Nakane 1974) for 4 h and 
snap-frozen at - 7 0  ° C. Five-micron sections were cut and 
placed on albumin-coated slides before immunostaining. 

All mouse monoclonal antibodies used in this study are 
identified in Table 1. Normal swine serum, swine anti-rabbit 
immunoglobulin and peroxidase-antiperoxidase complex (PAP) 
were purchased from Dakopatts (Copenhagen, Denmark). 
Rabbit anti-mouse IgG and rabbit anti-mouse IgM were ob- 
tained from Cappel Products (West Chester, Pennsylvania). 
Avidin-biotin-peroxidase complex (ABC kit) was from Vector 
Laboratories Inc., (Burlingame, California). 

Immunohistochemical staining was performed by using the 
PAP method of Sternberger et al. (1970) with some modifica- 
tions, and the ABC method of Hsu et al. (1981). Immunoelec- 
tron microscopy was carried out using a pre-embedding method 
with certain modifications. The simultaneous staining of differ- 
ent lymphocyte surface antigens was performed by a modifica- 
tion of the double immunoenzymatic labelling technique using 
two different substrates for horseradish peroxidase conjugated 

antibodies as described by Si et al. (1983). 3-amino-9-ethylcar- 
bazol (AEC) with a red color reaction and 4-chloro-l-naphthol 
with a blue one were used as the reaction substrates. 

For the alkaline phosphatase (ALP) reaction sections were 
incubated in ALP medium containing naphthol AS-BI phos- 
phoric acid (10 mg) and fast red violet LB (10 mg) in 0.2 M 
Tris-HC1 buffer, pH 9.3. After 30 min incubation at 37 ° C, the 
slides were rinsed in distilled water and subsequently mounted. 
Double staining with ALP reaction and immunohistochemical 
staining were performed for identifying ALP ÷ B1 + cells. 

Controls for method specificity were established by the om- 
ission of primary antibody or the replacement of primary anti- 
body with BALB/C mouse serum. 

Results 

Immuno- and enzymehistochemistry of non-neo- 
plastic lymphoid tissues are shown in Table 2. Dis- 
tinct staining patterns were clearly discernible after 
the use of monoclonal antibodies with the PAP 
or ABC methods as well as after the ALP reaction. 
The staining patterns of the tonsils and lymph 
nodes were similar. Anti-IgM reacted with ger- 
minal center (GC) cells and mantle zone (MZ) lym- 
phocytes, showing intense membranous staining. 
In addition, intercellular staining in the GCs was 
also observed. In contrast with the expression of 
IgM throughout the lymphatic follicles, expression 
of IgD was more limited. Anti-IgD reacted inten- 
sely with MZ lymphocytes, but not with GC cells. 
Anti-IgG reacted with small numbers of GC cells, 
showing membranous and cytoplasmic staining 
and with intercellular material in the GCs. Anti- 
IgA reacted with a few GC cells, and there ap- 
peared to be some intercellular staining as well. 
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Table 2, Phenotypic expression of  B lymphocytes in lymphoid 
tissues (tonsils and lymph nodes) 

Germinal Mantle Interfolli- 
center zone cular area 

S I g M  + + + + + 

S I g D  - + + + / -  

S I g G  + / - - + / - 

S I g A  - - - 
B1 ( C D  2 0 )  + + + + + 
B 2  ( C D  2 1 )  + + + 

N U - B 1  + + + + 

B A - 1  ( C D  2 4 )  - + + + 

CALLA ( C D  1 0 )  + + + / - -  - 

I L - 2 R  ( C D  2 5 )  - + / -  - 
Leu I (CD 5) -- + / - + / -- 
ALPase - + + + / -  

+ + = m a n y  cells stained; + =moderate  number of  cells 
stained; + / - = cells occasionally stained; - = negative 

MZ lymphocytes showed no staining with anti- 
IgA. 

Anti-B1 (CD20) showed prominent membra- 
nous staining of  GC cells and MZ lymphocytes, 
and also some intercellular staining in the GCs. 
Anti-B2 (CD21) reacted with the minority of  MZ 
lymphocytes and GC cells; there was also marked 
intercellular staining with reticular patterns in 
some areas of  the MZs and in the GCs. BA-1 

(CD24) reacted with MZ lymphocytes but not with 
GC cells. NU-B1 reacted with MZ lymphocytes 
and stained a minority of  GC cells in a hazy, pe- 
ripheral manner. Anti -CALLA (CD10) showed 
hazy and diffuse staining of  the GCs but did not 
react with MZs. Immuno-electronmicroscopically, 
however, the majority of  GC cells and a small 
number of  MZ lymphocytes were CALLA posi- 
tive. Positive reaction products were observed in 
the cell surface, rough endoplasmic reticulum and 
perinuclear space in a pointillistic pattern. 

IL-2R + (CD25) B lymphocytes and Leu-I + 
(CD5) B lymphocytes were identified by the double 
immunoenzymatic labelling technique. Only a very 
limited number of  IL-2R + B lymphocytes were 
seen in the MZ, mostly adjacent to the interfollicu- 
lar areas. N o  IL-2R + B lymphocytes were seen 
in the GCs. There were few scattered Leu-1 + B 
lymphocytes in the MZs and interfollicular areas 
adjacent to the MZs of  secondary follicles and 
none seemed to be present in the GCs. IL-2R + 
B lymphocytes and Leu-1 + B lymphocytes were 
of  small or medium-sized cell type. ALP + lympho- 
cytes were seen mostly in the MZs, and a smaller 
number of  positive cells were scattered through 
some interfollicular areas adjacent to the MZs. Fi- 
broblastic reticulum cells in the interfollicular areas 
also showed ALP-positivity. The double staining 

Table 3. Immunologic phenotypes and ALP-activity of  malignant lymphoma, small cleaved cell of  the B cell type and mantle 
zone lymphoma 

Case Histo- Phenotypic expression 
N o .  logic 

type S I g M  S I g D  B I  B 2  N U - B 1  B A - 1  C A L L A  I L - 2 R  L e u  1 L e u 4  ALPase 
( C D  2 0 )  ( C D  2 1 )  ( C D 2 4 )  ( C D  1 0 )  ( C D  2 5 )  ( C D  5)  ( C D  3 )  

1 F S C  + - + - + . . . . . .  

2 F S C  + - + - + - + . . . .  

3 F S C  + + + + + + - + - - - 

4 F S C  + - + + + + - + / -  - - + 

5 F S C  + - + + + - + . . . .  

6 D S C  + - + - + . . . . . .  

7 D S C  + + + - + + . . . . .  

8 D S C  + - + . . . .  + - - - 

9 D S C  + + / -  + . . . .  + /  . . . .  

10  D S C  + + + - + + - + - - - 

11 D S C  + + + - + - + - - - + 

12  D S C  + - -  + - + - -  - -  - -  + - -  - 

13 D S C  + - ( S I g A  +)  + - + + - - + - - 
14 D S C  + + + + . . . .  + - - 
15 D S C  + + + + - + - + - - - 

16  D S C  + - + + + + - - + - - 

1 7  D S C  + + + - + + - + + - + 

18  D S C  + - + - + + . . . .  + 

1 9  M Z L  + + + - -  + + / -  - + - -  - -  + 

2 0  M Z L  + + + - -  + + - - -  + / - - + / - 

F S C :  Malignant lymphoma, follicular, small cleaved cell; DSC: Malignant lymphoma, diffuse, small cleaved cell; MZL: Mantle 
zone lymphoma (intermediate lymphocytic lymphoma) 
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technique with ALP reaction and B1 immunostain-  
ing confirmed that ALP + lymphocytes expressed 
B1 antigen. 

The results of immunohistochemical  staining 
and ALP reaction on 20 cases of  ML, small cleaved 
cell of the B-cell type and ILL (mantle zone lym- 
phoma) are shown in Table 3. 

In the 5 cases of ML, follicular, small cleaved 
cell the neoplastic cells in 3 cases (cases 1, 2 and 
5) expressed surface immunoglobulin M (SIgM) 
and pan B-cell antigens, B1 and NU-B1. Two cases 
(case 2 and 5) showed CALLA positivity. Cases 3 
and 4 expressed SIgM, BI, B2, NU-B1 and BA-1. 
In addition, case 3 also displayed a positive reac- 
tion with anti-IgD and anti-IL-2R, and case 4 ex- 
pressed IL-2R and ALP-activity (Figs. 1 A and B). 
All 5 cases lacked reactivity to anti-Leu-1 (CD 5) 
and anti-Leu-4 (CD 3). 

In ML, diffuse, small cleaved cell (13 cases) 

Fig. 1 A, B. ML, follicular, small cleaved 
cell (Case 4). 
A Lymph node, showing a follicular 
(nodular) proliferation of neoplastic cells 
(Haematoxylin-eosin, x 12). 
B The neoplastic follicles are positive for 
ALP ( x 40) 

the neoplastic cells were positive with anti-B1 but 
negative with anti-Leu-4. All cases expressed sur- 
face immunoglobulin (SIg); 4 cases (cases 6, 8, 12 
and 18) expressed SIgM only, 8 cases (cases 7, 9, 
10, 11, 14, 15, 16 and 17) showed the marker  ex- 
pression of both SIgM and SIgD and 1 case 
(case 13) reacted with anti-IgM and anti-IgA. Six 
cases (cases 8, 9, 10, 15, 17 and 18) expressed IL- 
2R and 5 of them showed the marker expression 
of both SIgM and SIgD. Five cases (cases 12, 13, 
14, 16 and 17) expressed Leu-1 antigen (Figs. 2A 
and B); 2 cases (cases 14 and 16) displayed the 
expression of both SIgM and SIgD and in 1 case 
(case 17) SIgM, SIgD and ALP-activity were found 
on the neoplastic cells. 4 cases (cases 7, 11, 17 and 
18) were positive for ALP;  3 cases (cases 7, 11 
and 17) expressed both SIgM and SIgD and 2 cases 
(cases 17 and 18) expressed IL-2R. Case 6 was pos- 
itive with anti-IgM, anti-Bl and NU-BI.  The 
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Fig. 2A, B. ML, diffuse, small cleaved 
cell (Case 14). 
A The neoplastic cells react with anti- 
IgD ( x 462) and 
B with anti-Leu-1 (CD 5) ( x 462) 

marker expression was compatible with that of GC 
cells. 

In ILL (mantle zone lymphoma) the neoplastic 
cells in both cases (cases 19 and 20) showed the 
marker expression of SIgM, SIgD, B1, NU-B1, 
BA-1 and ALP (Figs. 3A and B). In addition, cases 
19 and 20 expressed IL-2R and Leu-1 respectively. 
Anti-B2 reacted with dendritic reticulum cells but 
not with neoplastic cells. 

Discussion 

Immunohistochemical and histochemical studies 
on non-neoplastic lymphoid tissues revealed that 
MZ B lymphocytes were characterized by the 
marker expression of SIgM, SIgD, BA-I and ALP. 
Moreover, it was confirmed by double staining 

method that only a very limited number of IL-2R + 
B lymphocytes and Leu-I ÷ B lymphocytes were 
found in the MZs and around the MZs of second- 
ary follicles. However, GC B lymphocytes ex- 
pressed of SIgM, B1, B2, NU-B1 and CALLA. 

The distribution of SIgM ÷-, SIgD ÷-, BI+-, 
BA-1 +- and CALLA+-B lymphocytes was roughly 
comparable with those reported previously by 
Bhan et al. (1981), Hsu et al. (1984) and Wakasa 
(1986). Although Weisenburger et al. (1987) re- 
ported that mantle and germinal center cells in the 
reactive lymph nodes were negative for CALLA, 
immunoelectron microscopic study confirmed the 
presence of CALLA on only a limited number of 
MZ lymphocytes, and on the majority of GC cells 
in non-neoplastic lymphoid tissue. The distribution 
of IL-2R ÷ B lymphocytes and ALP ÷ lymphocytes 
was different from that found by Hsu et al. (1985) 
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Fig. 3A, B. Mantle zone lymphoma 
(Case 19). A Lymph node, showing an 
isolated germinal center surrounded by 
atypical lymphoid cells (Haematoxylin- 
eosin, x 20). 
B ALP activity is found on the 
neoplastic cells, but not on the benign 
germinal center ( x 50) 

and Hofman et al. (1985) but that of  ALP + lym- 
phocytes was similar to the patterns described by 
Nanba et al. (1979) and Poppema et al. (1980), 
who found ALP + cells in both the primary follicles 
and the MZ of secondary follicles. Hsu et al. (1985) 
found that IL-2R and ALP were expressed exclu- 
sively on marginal zone B cells in the spleen. In 
addition, Hofman etal .  (1985) described the 
marker expression of  IL-2R on interfollicular B 
cells and GC cells as well as on MZ B cells. How- 
ever, in the present study double immunohisto- 
chemical staining indicates that IL-2R + B lympho- 
cytes are confined to the MZ of secondary follicles 
and that the majority of  ALP + lymphocytes are 
localized in the MZ. Hence, IL-2R and ALP as 
well as SIgD may be useful markers in determining 
B cell lymphomas of  MZ B lymphocyte origin. 

Leu-1 antigen is expressed on certain B lym- 

phocytes, even though this antigen was previously 
thought to be restricted to T lymphocytes. Leu-1 + 
B cells are considered to be part of  normal B cell 
development in the fetus (Bofill et al. 1985; Antin 
JH 1986) but their role is still unknown. They are 
found exclusively in large numbers in the fetal folli- 
cles of  the spleen, lymph nodes and tonsils (Bofill 
et al. 1985), while in normal adult lymphoid tissues 
(spleen and lymph node) only a few Leu-1 + B cells 
are found (Goffi et al. 1983). However, the distri- 
bution of  these cells is not clear. The present study 
using double immunoenzymatic labelling, indicates 
that almost all of  the Leu-I + B cells are present 
in the MZs and in the interfollicular areas adjacent 
to the MZs of secondary follicles in normal adult 
lymph nodes and tonsils. However, this finding 
differs from that of  Weisenburger et al. (1987), 
who reported that Leu-1 antigen was not found 
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S lgD +, BI  +, B2+ / - ,  

- I  +, CALLA +/ -  , I L -2R+ ]  - ,  
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Schematic p resen ta t i on  o f  the h is togenes is  o f  ma l ignan t  lymphoma (ML) ,  small c leaved cell and 

mant le -zone  lymphoma ( i n te rmed ia te  l ymphocy t i c  lymphoma) 

I .  GC B l y m p h o c y t e - d e r i v e d  lymphoma 
(GCB l ymphocy te  o r i g i n )  
SlgM +, B I " ,  B2 +, CALLA + , S l g D - ,  I L - 2 R - ,  
Leu -1 -  and ALP-  

I . a . M L ,  f o l l i cu la r ,  small c leaved cell (case I ,  2 and 5) 
l 

I - b . M L ,  d i f f use ,  small c leaved cel l  (case 6) 

2. MZ B l y m p h o c y t e - d e r i v e d  lymphoma 
(MZB l ymphocy te  o r i g i n )  
SlgM +, SlgD +, B A - I  +, IL -2R +, Leu-1 + and ALP + 

2~a.ML, f o l l i cu la r ,  small c leaved cell (case 3 and 4) 
., II 

I n te rmed ia te  l ymphocy t i c  lymphoma,  
i a fo l l i cu la r  g r o w t h  pa t t e rn  

2 -b .ML,  d i f f use ,  small c leaved cell (case 7 - 18) 

., I n te rmed ia te  l ymphocy t i c  lymphoma,  
a d i f f use  g r o w t h  pa t t e rn  

2 - c .Man t l e - zone  lymphoma (case 19 and 20) 
II 

I n te rmed ia te  l ymphocy t i c  lymphoma,  
a fo l l i cu la r  mant le -zone  g r o w t h  p a t t e r n  

Fig. 4. Schematic presentation of the histogenesis of ML, small cleaved cell of the B cell type and intermediate lymphocytic 
lymphoma (mantle zone lymphoma). ML, small cleaved cell of the B cell type is derived from distinct populations of B cells 
(GC B lymphocyte and MZ B lymphocyte). Mantle zone lymphoma is derived from MZ B lymphocytes. ML, follicular, small 
cleaved cell of MZ B lymphocyte origin corresponds to a follicular variant of intermediate lymphocytic lymphoma (ILL). ML, 
diffuse, small cleaved cell of MZ B lymphocyte corresponds to a diffuse variant of ILL. Mantle zone lymphoma corresponds 
to a folicular mantle-zone variant of ILL. A follicular and a follicular mantle-zone growth patterns may progress into a diffuse 
pattern 

on the mantle and germinal center cells of  second- 
ary follicles. This difference may be attributable 
to the technical methods used. 

Leu-I antigen may be a useful marker for dis- 
tinguishing MZ B lymphocytes from GC B lym- 
phocytes or for separating ILL from the diffuse 
follicular center cell (FCC) lymphomas (Weisen- 
burger et al. 1987). In any event, it appears impera- 
tive that double immunoenzymatic labelling for 
identifying IL-2R + B cells and Leu-1 ÷ B cells 
should be performed, because of the expression 
of IL-2R and Leu-1 on T cells. 

A total of  20 cases with ML, small cleaved cell 
of  the B-cell type and ILL (mantle zone lym- 
phoma) were studied immunohistochemically and 
histochemically in order to determine the cellular 
origin of  the neoplastic cells, subsequently, it was 
determined that such lymphomas can be divided 
into 2 subgroups according to their cellular charac- 
teristics (Fig. 4). The first subgroup is derived from 
GC B lymphocytes. The neoplastic cells display 
the characteristic phenotypes of GC B lymphocytes 
(SIgM +, BI +, B2 +, NU-BI +, CALLA +, SIgD-,  
IL-2R-,  Leu-1- and ALP-) .  The cell type is ap- 

parently a small cleaved cell with an irregular nu- 
clear contour. Three follicular lymphomas (cases 1, 
2 and 5) and I diffuse lymphoma (case 6) belong 
to this subgroup. ML, diffuse, small cleaved cell 
type in this subgroup might have evolved from 
ML, follicular, small cleaved cell type. 

Another subgroup is derived from MZ B lym- 
phocytes. The neoplastic cells express the charac- 
teristic phenotypes of MZ B lymphocytes (SIgM +, 
SIgD +, BA-I +, IL-2R +, Leu-I + and ALP+). The 
cells are medium-sized similar to MZ lymphocytes, 
possessing a round or a slightly irregular and in- 
dented nucleus. Two follicular lymphomas (cases 3 
and 4), 12 diffuse lymphomas (cases 7, 8, 9, 10, 
11, 12, 13, 14, 15, 16, 17 and 18) and 2 mantle 
zone lymphomas (cases 19 and 20) belong to this 
subgroup. The neoplastic cells almost always ex- 
press at least I of  the 4 phenotypic markers of 
SIgD, IL-2R, Leu-1 and ALP, and sometimes 2 
or even all 4 markers. It is of  interest that 2 cases 
with follicular lymphomas (cases 3 and 4) showed 
the marker expression of SIgD, IL-2R and ALP 
characteristic of  MZ B lymphocytes. Follicular 
lymphomas are usually considered to be of follicu- 
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lar center cell origin (Jaffe et al. 1974; Lukes and 
Collins 1975). However, our data suggest that fol- 
licular lymphomas are not always derived from fol- 
licular center cells (GC cells) and some MZ B lym- 
phocyte-derived lymphomas may reveal a follicular 
pattern. 

Mantle zone lymphoma is characterized histo- 
logically by a proliferation of small or medium- 
sized lymphoid cells revealing wide mantle-zone 
growth around benign-appearing germinal centers. 
It is a variant of  ILL (Weisenburger 1984). In re- 
gard to the cellular origin of  mantle zone lym- 
phoma, some have reported that the neoplastic 
cells are derived from the B lymphocytes of prima- 
ry follicles or mantle zones of secondary follicles 
(Nanba etal.  1977; Weisenburger 1984), while 
others have postulated that the neoplastic cells are 
derived from follicular center cells (Stein et al. 
1982) or post-follicular center cells (Cossman 
1984). In addition, Van den Oord et al. (1986) have 
proposed that mantle zone lymphoma probably ar- 
ises from marginal zone lymphocytes expressing 
SIgM and ALP, which are located in the outerlayer 
of the lymphocytic corona or are scattered 
throughout the corona in the lymph node. The 
present data indicate that mantle zone lymphoma 
arises from MZ B lymphocytes of the secondary 
follicles since the neoplastic cells show the charac- 
teristic phenotypes of MZ B lymphocytes (SIgM +, 
SIgD +, BA-1 +, IL-2R +, Leu-1 + and ALP+). This 
indicates that mantle zone lymphoma may repre- 
sent a follicular mantle-zone variant of  MZ B lym- 
phocytes-derived lymphomas, as reported by Wei- 
senburger et al. (1982). From the above findings, 
MZ B lymphocyte-derived lymphomas may ex- 
press a follicular, a follicular mantle-zone or a dif- 
fuse-growth pattern. Follicular and follicular man- 
tle-zone growth patterns may progress to a diffuse 
pattern (Palutke et al. 1982; Weisenburger 1984). 
ML, follicular, small cleaved cell of  MZ B lympho- 
cyte origin corresponds to a follicular variant of  
ILL, and ML, diffuse, small cleaved cell of  MZ 
B lymphocyte origin corresponds to a diffuse vari- 
ant of  ILL (Fig. 4). 

Five cases of diffuse lymphomas (cases 12, 13, 
14, 16 and 17) and 1 case of mantle zone lym- 
phoma (case 20) expressed Leu-1 antigen. Most 
cases showed a conversion to a CLL-like pattern 
with neoplastic cells in the peripheral blood. The 
Leu-1 antigen is expressed on a small number of 
lymphomas and leukaemias of B-cell origin as well 
as on certain normal B cells (Kamoun et al. 1981 ; 
Foon et al. 1982; Caligaris-Cappio et al. 1982; 
Foon and Todd 1986), although this antigen was 
originally defined as pan-T antigen. B-cell type 
chronic lymphocytic leukaemias (B-CLL) and 

small lymphocytic lymphomas (or well differen- 
tiated lymphocytic lymphomas, WDL) often ex- 
press Leu-i antigen. In recent years Van den Oord 
et al. (1986) and Weisenburger et al. (1987) found 
the presence of  Leu-I antigen on mantle zone lym- 
phoma or on ILL. Cossman et al. (1983) reported 
that Leu-I antigen was found in ILL and WDL 
but not in follicular center cell lymphomas. In ad- 
dition, Gobbi et al. (1983) reported that RFA-1 
(similar to Leu-1) reacted exclusively with B-CLL 
but not with centroblastic-centrocytic lymphomas. 
However, Burns et al. (1983) described that Leu-1 
antigen was expressed on follicular lymphomas, 
ML, diffuse large cell type and large cell immuno- 
blastic type as well as on ML, diffuse small and 
intermediate lymphocytic type. The present study 
revealed that the Leu-1 + B lymphocyte was a small 
or medium-sized cell type confined to the MZs and 
interfollicular area adjacent to the MZs of second- 
ary follicles, and Leu-1 + B cell lymphomas dis- 
played the characteristic phenotypes of the MZ B 
lymphocyte. In addition Engleman et al. (1981) re- 
ported that Leu-1 antigen could not be found on 
transforming follicular center cells in a number of 
reactive follicular hyperplasias. Leu-I + B cell lym- 
phoma, small cleaved cell type, therefore, may rep- 
resent the neoplastic counterpart of  Leu-I + B lym- 
phocytes, especially Leu-1 + MZ B lymphocytes, 
and Leu-1 + B cell lymphoma, large cell type com- 
prising ML, follicular, large cell (ML, centroblast- 
ic-centrocytic (large), follicular by the Kiel classifi- 
cation), ML, diffuse, large cell (ML, centrocytic- 
centrocytic (large), diffuse; centrocytic (large), and 
centroblastic, diffuse by the Kiel classification) and 
ML, large cell, immunoblastic (ML, immunoblas- 
tic by the Kiel classification) may occur as a result 
of a transformation of  Leu-1 + small or medium- 
sized neoplastic B cells or as a result of a malig- 
nant transformation of Leu-i + small or medium- 
sized B cells. 

It is difficult histologically to distinguish be- 
tween lymphomas of MZ B lymphocyte origin and 
lymphomas of  GC cell origin, even though there 
may be present some difference in the morphology 
of neoplastic cells. Cossman et al. (1984) reported 
that the major difference in marker expression be- 
tween ILL and FCC lymphoma was Leu-1 antigen. 
Weisenburger et al. (1987) reported that the pres- 
ence of Leu-1 antigen and the absence of CALLA 
clearly separated ILL from the diffuse FCC lym- 
phomas. However, Cossman et al. (1984) and Jaffe 
et al. (1987) consider that a variable percentage of 
cases of ILL express CALLA. In addition, the 
CALLA-positive neoplastic cells in case 11 simul- 
taneously displayed the characteristic phenotypes 
of MZ B lymphocytes (SIgD + and ALP +). 
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The present data indicate that CALLA is pres- 
ent not only on the majority of GC cells but on 
a few MZ lymphocytes in the secondary follicles 
of reactive lymph nodes and tonsils. These findings 
would suggest that CALLA + B cell lymphoma, 
small cleaved cell type (case 11), may represent a 
neoplastic proliferation of CALLA + MZ B lym- 
phocytes. The presence and absence of CALLA 
is not always useful for distinguishing ILL from 
the diffuse FCC lymphoma. It is necessary, there- 
fore, to detect the marker expression of SIgD, IL- 
2R and ALP as well as Leu-1 and CALLA on 
the neoplastic cells in order to separate ILL from 
the FCC lymphomas, since Leu-1 is not always 
expressed on the neoplastic cells of  MZ B lympho- 
cyte origin. 

References 

Antin JH, Emerson SG, Martin P, Gadol N, Ault KA (1986) 
Leu-I + (CD 5 +) B cells. A major lymphoid subpopulation 
in human fetal spleen: phenotypic and functional studies. 
J Immunol 136:505-510 

Bhan AK, Nadler LM, Stashenko P, Mcgluskey RT, Schloss- 
man SF (1981) Stages of B cell differentiation in human 
lymphoid tissues. J Exp Med 154:737-749 

Bofill M, Janossy G, Janossa M, Burford GD, Seymour GJ, 
Wernet P, Keleuren E (1985) Human B cell development. 
II. Subpopulations in the human fetus. J Immunol 
134:1531-1538 

Burns BF, Warnke RA, Doggett RS, Rouse RV (1983) Expres- 
sion of a T-cell antigen (Leu-1) by B-cell lymphomas. Am 
J Pathol 113:165-171 

Cossman J, Neckness LM, Hsu SM, Longo D, Jaffe ES (1983) 
Low-grade lymphomas. Expression of developmentally re- 
gulated B-cell antigens. Am J Pathol 115:117-124 

Engleman EG, Warnke R, Fox RI, Dilley J, Benike C J, Levy 
R (1981) Studies of a human T lymphocyte antigen recog- 
nized 15y a monoclonal antibody. Proc Nath Acad Sci USA 
78:1791-1795 

Foon KA, Todd RF (1986) Immunologic classification of leu- 
kemia and lymphoma. Blood 68:1-31 

Foon KA, Schroff RW, Gale RP (1982) Surface markers on 
leukemia and lymphoma cell: Recent advances. Blood 
60 : 1-9 

Gobbi M, Calizaris-Cappio F, Janossy G (1983) Normal equiv- 
alent cells of B cell malignancies: analysis with monoclonal 
antibodies. Br J Haemotol 54:393-403 

Hofman FM, Modlin RL, Bhoopat L, Taylor CR (1985) Distri- 
bution of cells bearing the Tae antigen during ontogeny 
of human lymphoid tissues. J Immunol 134:3751-3755 

Hsu SM, Raine L, Franger H (1981) The use of avidin-biotin- 
peroxidase complex (ABC) in immunoperoxidase tech- 
niques: A comparison between ABC and unlabeled anti- 
body (PAP) procedures. J Histochem Cytochem 29 : 577-580 

Hsu SM, Jaffe ES (1984) Phenotypic expression of B-lympho- 
cytes. 1. Identification with monoclonal antibodies in nor- 
mal lymphoid tissues. Am J Pathol 114:387-395 

Hsu SM (1985) Phenotypic expression of B lymphocytes. III. 
Marginal zone B cells in the spleen are characterized by 
the expression of Tac and alkaline phosphatase. J Immunol 
135:123-130 

Jaffe ES, Bookman MA, Longo DL (1987) Lymphocytic lym- 

phoma of intermediate differentiation - mantle zone lym- 
phoma: a distinct subtype of B-cell lymphoma. Human Pa- 
thol 18:877 880 

Jaffe ES, Shebach EM, Frank MM, Berard CW, Green I (1974) 
Nodular lymphoma: evidence for origin from follicular B 
lymphocytes. N Engl J Med 290:813-819 

Lennert K (1978) Malignant lymphomas other than Hodgkin 
disease. Springer Verlag, Berlin, Heidelberg, New York 

Lukes RJ, Collins RD (1975) New approaches to the classifica- 
tion of the lymphoma. Br J Cancer (Suppl II) 31:1 28 

Lukes R J, Parker JW, Taylor CR, Tindle BH, Cramer AD, 
Lincoln TL (1978) Immunologic approach to non-Hodg- 
kin's lymphoma and related leukemias : Analysis of the re- 
sults of multiparameter studies of 425 cases. Semi Hematol 
15:322-351 

McLean IW, Nakane PK (1974) Periodate-lysine-paraform-al- 
dehyde fixative: a new fixative for immunoelectron micros- 
copy. J Histochem Cytochem 22:10721083 

Nanba K, Jaffe ES, Braylan RC, Soban EJ, Berard CW (1979) 
Alkaline phosphatase-positive malignant lymphoma: a sub- 
type of B-cell lymphomas. Am J Clin Pathol 68 : 535-542 

National Cancer Institute sponsored study of classification of 
non-Hodgkin's lymphomas. Summary and description of 
a Working formulation for clinical usage (1982) Cancer 
49:2112-2135 

Palutke M, Eisenberg L, Mirchandani I, Tabaczka P, Husain 
M (1982) Malignant lymphoma of small cleaved lympho- 
cytes of the follicular mantle zone. Blood 59:317-322 

Ritz J, Nadler LM, Bhan AK, Wotis-McConartz J, Perando 
JM, Schlossman SF (1981) Expression of common acute 
lymphoblastic leukemia antigen (CALLA) by lymphomas 
of B-cell and T-cell lineage. Blood 58 : 648-652 

Salmon SE, Seligman M (1974) B-cell neoplasia in man. Lancet 
58:1230-1233 

Si L, Roscoe G, Whiteside TL (1983) Selective distribution and 
quantitation of T-lymphocyte subsets in germinal centers 
of human tonsils. Arch Pathol Lab Med 107:228-231 

Stein H, Gerdes J, Mason DY (1982) The normal and malig- 
nant germinal center. Clin Haematol 11 : 531-559 

Sternberger LA, Hardy PH Jr, Cuculis JJ (1970) The unlabeled 
antibody-enzyme method of immunohistochemistry. Prepa- 
ration and properties of soluble antigen-antibody complex 
(horseradish peroxidase-antihorseradish peroxidase) and its 
use in identification of spirochetes. J Histochem Cytochem 
18 : 315-333 

Van den Oord JJ, de Wolf-Peeters C, Desmet VJ (1986) The 
marginal zone in the human reactive lymph node. Am J 
Clin Pathol 86:475-479 

Van den Oord JJ, de Wolf-Peaters C, Pulford KAF, Mason 
DY, Desmet VJ (1986) Mantle zone lymphoma. Immuno- 
and enzyme-histochemical studies on the cell of origin. Am 
J Surg Pathol 10: 780-788 

Wakasa H (1986) Malignant lymphomas and related disorders 
- A pathological study -. Acta Haematol JPN 49:1475- 
1490 

Weisenburger DD, Kim H, Rappaport H (1982) Mantle-zone 
lymphoma: a follicular variant of intermediate lymphocytic 
lymphoma. Cancer 49 : 1429-1438 

Weisenburger DD (1984) Mantle-zone lymphoma. An Immu- 
nohistologic study. Cancer 53:1073-1080 

Weisenburger DD, Linder J, Daley DT, Armitage JD (1987) 
Intermediate lymphocytic lymphoma: An immunohisto- 
logic study with comparison to other lymphocytic lympho- 
mas. Human Pathol 18: 781-790 

Accepted March 14, 1988 


