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Summary. Sixteen cases of so-called reticulum cell sarcoma (RCS) of the lymph node 
were systematically studied using histological, eytochemical, electron microscopic, and im- 
munochemical methods. In  8 cases some of the tumor cells showed PAS-positive globular 
cytoplasmic inclusions. The reactions for non-specific esterase or other marker enzymes were 
not positive in any case. Electron microscopically the cytoplasm contained many free poly- 
ribosomes. There was little ergastoplasm in most cases, but a moderately to strongly increased 
amount in 3 cases. The tumor tissue homogenate contained significantly increased amounts 
of IgM in 12 eases and of IgA in one case. Of the 12 IgM-positive RCS 5 showed serum IgM- 
levels within, 3 below, and only 2 above the normal range. This indicates that most of the 
RCS produced but did not secrete IgM. 2 cases labeled for surface-:[gM revealed a positive 
reaction on a large number of tumor cells. We conclude that at least most of the RCS in our 
study were not derived from reticulum ceils or histiocytes, but instead from lymphatic cells 
of the B-cell series. The morphologic similarity of the RCS-cells to "antigen-induced blasts" 
(called immunoblasts) suggests that RCS are derived from such blasts. This interpretation is 
especially supported by one case whose cells resembled immunoblasts not only morphologically 
but also with respect to the site of Ig-production: the perinuclear space. In general we therefore 
call RCS immunoblastic sarcoma of B-cell type and specify the tumor as plasmoblastic 
sarcoma if a significant amount of ergastoplasm is electron microscopically detectable. 

I n  discussing re t i cu lum cell sa rcoma (RCS) i t  is essent ial  to  know w h a t  a 
r e t i cu lum cell (RG) rea l ly  is. I f  we u n d e r s t a n d  the  confusing d a t a  p resen ted  in the  
l i t e ra tu re  correct ly ,  2 ma in  types  of ~ C  are  genera l ly  d is t inguished : the  nonphago-  
cyt ic  RC t h a t  cap ture  an t igen  on the  cell surface and  phagocy t ic  RC t h a t  are 
capab le  of phagoey tos i s  to  an  app rop r i a t e  challenge (Maruyama and  Masuda,  
1965; Nossal  et al., 1968; Mori  and  Lenncr t ,  1969; Veldman,  1970). The  l a t t e r  
t y p e  is therefore  r ega rded  b y  m a n y  au thors  as a f ixed macrophage  (Gall,  
1958; R a p p a p o r t ,  1966; Carr,  1973; Cline and  Gold, 1973). According to most  
pa tho log is t s  RCS is de r ived  f rom these phagocy t i c  RC (Bernhard  and  Leplus,  
1964; Ke l lne r  etal., 1966; R a p p a p o r t ,  1966; Lukes,  1968; Math6 etal., 1970; 
Berard ,  1972; Schni tzer  and  Kass ,  1973). These cells are called h is t iocytes  b y  
Gall  (1958) and  R a p p a p o r t  (1966) and numerous  Amer ican  pathologis ts .  F o r  RCS 
t h e y  therefore  use the  t e r m  ma l ignan t  l y m p h o m a ,  h i s t iocyt ie  type .  

Repor t s  of the  occasional  occurrence of p a r a p r o t e i n - " e m i a "  or monoclonal  
macrog lobu l inemia  in cases of I~CS (Schaub,  1952 ; Azar  et al., 1957 ; Du tche r  and  
F a h e y ,  1959; Kraus s  and  Sokal,  1966; Waldens t rSm,  1968; Wor l ledge  et al., 1968; 
Moore et al., 1970) as well as the  f inding t h a t  the  cells of some RCS con ta in  
re la t ive ly  well deve loped  rough  endoplasmic  rc t i cu lum (Bernhard  a n d  Leplus,  
1964; Lemler t ,  1966; Okano et al., 1966; Mori  and  Lenner t ,  1969) led us of as- 
sume t h a t  RCS-cel ls  are  more  closely r e l a t ed  to  immunoglobul in ( Ig) -produc ing  
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cells t han  to re t icu lum cells. For  two years we have  therefore  been s tudying the  

Ig -con ten t  of mal ignan t  l y m p h o m a  tissue. In  pre l iminary  communica t ions  (Stein 

et al., 1972 a;  Stein et al., 1972 b) we repor ted  on 4 cases of I%CS where we were able 

to ex t rac t  h ighly increased amounts  of IgM from the  t umor  tissues compared  to 

the  amounts  found in normal  lymph  node tissue. I n  order to examine  whether  

this increased tissue-IglV[ represented a re la t ive ly  constant  f inding we have  now 

analyzed a larger series of I~CS for the tissue Ig-content .  In  addit ion,  we have  

inves t iga ted  the ceils of 2 RCS for the occurence of surfaee-Ig (S-Ig). 

] l a te r ia l  and 1VIethods 

Source o/Material 
The following investigations were performed on 120 malignant lymphomas. Most of them 

were sent by mail to our institute in special containers from various hospitals and institutes 
of pathology in Germany and Austria. Before shipment the tumor tissues were cut. into 
3 portions and packed as follows: one portion was put into formalin, the second was fixed 
for 2 hours in glutaraldehyde and then put into cacodylate buffer, and the third (the largest) 
was placed in a thermos bottle and covered with dry ice. Imprints were made from the fresh 
cut surface of each tumor. Serum samples were also placed in the thermos bottle. 

Light Microscopy 
The part of the tumor tissue fixed in 10 % formalin was embedded in paraffin. The sections 

were stained with the following methods: hematoxylin-eosin (H & E), Giemsa (Merck, Ger- 
many), PAS, and Ladewig (1938) and silver-impregnation (Gomori). 

Enz yme-C ytochemistr y 
The activities of acid phosphatase, non-specific esterase, naphthol-AS-D-chloroacetate- 

esterase, and endogenous peroxidase were studied in the imprints of more than 30 RCS-cases. 
The enzyme reactions were performed according to the methods reported by Leder (1967). 

Electron Microscopy 
Samples from the lymph nodes were cut into 1 or 2 mme pieces and placed in 5 % glutaral- 

@hyde (0.1 M cacodylate buffer, pH 7.3) for 2 hours. They were post-fixed in 1% OsO~ for 
2 hours at 4 ~ C after washing in cacodylate buffer. Then they were gradually dehydrated in 
acetone and embedded in Araldite. Ultrathin sections were contrasted with uranyl acetate 
followed by lead citrate and examined with a Siemens Elmiskop I at 80 kV. 

Determination o/ Tissue-lg 
Unfixed, deep-frozen biopsy material was lyophilized, re-suspended in saline solution, 

homogenized, and kept for 1 hour at 4 ~ C. After centrifugation at 105000 g for 60 min at 4 ~ C 
the supernatant was examined for its concentration of IgM, IgA, IgG, and albumin with 
radial immunodiffusion using Hyland-immunoplates (USA). Serum-Ig-analyses were done 
as well. The Ig-content of the lymphoma tissues was expressed as the ratio of I. U. Ig/mg 
albumin. An increase in this ratio in comparison to that for the serum meant a true Ig-increase 
and fairly excluded an Ig-increase in the tumor tissue caused merely by contamination with 
serum proteins. 

Demonstration o/Sur/ace-lg 
Surface-Ig (S-Ig) was demonstrated with the indirect immunopcroxidase technique 

described previously (Stein and Drescher, 1973). Polyvalent goat-anti-human-Ig-serum 
(GaItIg-serum) and monospecific goat-anti-human-IgM-serum (GaHIgM-serum) were ob- 
Gained from Hyland (USA). A Rabbit-anti-human-IgM-serum (RaHIgM-serum) was obtained 
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Table 1. l~csults of S-Ig-labeling with peroxidase-coupled antibodies (indirect procedure) 

Experiment 1st reagent 2nd reagent % of labeled cells % of labeled cells 
No. added added Case 5 Case 8 

1. GaI-IlgS a RaGlgGa-HRP * 94 85 
2. GaHlgMS b RaGlgGa-HRP f 96 77 
3. control GNS c RaGIgGa-HRP f 2 5 
4. control TC-199 RaGlgGa-HRP f - -  
5. RaHlgMS d SaRlgGa-HRPg 94 69 
6. control RNS e Sal~lgGa-HRPg - -  1 
7. control TC-199 SaRlgGa-HRPg - -  

a GaGlgS ~ Goat-anti-human-Ig-scrum. 
b GaHigMS ~ Goat-anti-human-IgM-serum. 
c GNS = Goat-normal-serum. 
a RaHlgMS ~ Rabbit-anti-human-IgM-serum. 
e t~,NS ~ I~abbit-normal-serum. 

RaGlgGa-I-IRP = Rabbit-anti-goat-IgG-antibody-horseradish-peroxidase. 
g SaRlgGa-HRP ~ Sheep-anti-rabbit-IgG-antibody-horseradish-peroxidase. 

from Behring, Germany. I~abbit-anti-goat-IgG-sera (l~aGIgG-sera) were raised by immunizing 
rabbits with goat-IgG prepared using chromatography on DEAE-cellulose in 0.0175 M phos- 
phate buffer, pI-I 6.5. Sheep-anti-rabbit-IgG-sera (Sat~IgG-sera) were raised using purified 
rabbit-IgG, also obtained with DEAE-cellulose-chromatography. The RaGIgG- and Sal~IgG- 
sera were exhaustively absorbed with insolubilized human serum proteins. Purified antibodies 
of these antisera were obtained using affinity chromatography on the corresponding insolubili- 
zed antigen according to the method described by Avramcas and Ternynck (1969). The 
SaGIgG- and SaRIgG-antibodies were coupled to horseradish peroxidase (HI, P) Type VI 
(Sigma Chemical Co., USA) using the one-step procedure (Avrameas, 1969). Remaining active 
sites of the coupling agent, glutaraldehyde, which have aften led to nonspecific labeling results, 
were inactivated with dialysis against 0.2 M lysine buffer. The unconjugated HRP was re- 
moved with ammonium sulfate precipitation (50 %) repeated 4 times. 

All of the antisera used were found to be monospecific when tested with the double diffusion 
technique, with immuno-electrophoresis, and with the very sensitive reverse radial immuno- 
diffusion test (l~eimers et al., 1970). 

The cells were labeled using the following procedure, t~CS-cells were passed through a 
stainless steel mesh, suspended in TC-199 containing 5% fetal-calf-serum (both from Difco, 
USA) and 0.005 M sodium-EDTA, washed 3 times, and incubated in anti-human-Ig-sera 
(first reagent), followed by 3 washings and incubation in the appropriate HRP-labeled anti- 
bodies (second reagent). The details of specific and control incubations are shown in Table 1. 
After incubation in the HRP-labelled antibodies the cells were washed 3 times and centrifuged 
onto glass slides with a cytocentrifuge. The slides were dried for 12 hours and then incubated 
in Graham and Karnovsky's medium (1966) for 20 rain. Mter washing with tap water, the 
slides were counterstained with Haemalaun for 30 min and mounted with Eukitt (Merck, 
Germany). 

Results 

Of 120 ma l ignan t  lymphomas  16 revealed a histological picture similar to 
t h a t  of large cell type  I~CS described by  Lenner t  (1964) and  ma l ignan t  lymphoma,  
hist iocytic type  described by  Rappapor t  (1966) and  Lukes (1968). Figs. 1-3 show 
representat ives  o~ our RCS series in a hematoxyl in-eos in  and  Giemsastain.  
The normal  lymph node archi tecture is replaced by  sheets of large cells vary-  
ing from 12-50 ~ in  diameter,  with large, weU-defined, chromatin-poor  nuclei  
conta in ing  one or more dis t inct  nucleoli. The nuclei  are most ly  round  to oval bu t  



Fig. 1. a Reticulum cell sarcoma (RCS), Case 10 of Fig. 5. H & E-stain. x 840. The tissue 
homogenate of this RCS showed a 24-fold increase of IglV[. b RCS, Case i0 ;  Giemsa-stain, 
X840. c RCS, Case 15; H & E-stain,  X840. The tissue IgM of this case lay within the  lower 

half of the  normal range, d I%CS, Case 15; Giemsa-stain • 840 



Fig. 2. a RCS, Case 2 of Fig. 5. H &. E-stain, • 840. The tissue IgM was increased 47 times. 
b I~CS, Case 2; Giemsa-stain, • c I~CS, Case 2; silver-stain, • d RCS, Case 5; 
H & E-stain, • 560. The tissue I g ~  was increased 20 times, e I~CS, Case 5; Giemsa-stain, 

• 560 
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Figs. 3~--d 
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sometimes irregular in shape or deeply indented. The cytoplasm varies in quant i ty .  
Wi th  the H & E stain it is often hard  to define because of the pale staining with 
eosin. 

Wi th  Giemsa the nuclei stain similar to those in the H & E stain. I n  contrast ,  
the cytoplasm stains moderate ly  to strongly basophilic and thereby becomes 
clearly visible. Beside the cell size, the light nuclear chromatin,  and the 
prominent  nucleoli, we consider this contrast  between the light nuclear chro- 
mat in  and the deep blue to violet staining of the cytoplasm as one of the most  
typical  morphological characteristics of this tumor  group. Beside this distinctly 
neoplastic cell type  the tumors  contained varying amounts  of retieulum cells, 
macrophages and epithelioid cells. Some of the macrophages had phagocyt ized 
material  within the cytoplasm. These cells showed neither in sections nor in im- 
prints a typias  characteristic of neoplastic proliferation. 

The f iber-content  of RCS, which is thought  by  some authors to be of special 
diagnostic relevance (Warren and Picena, 1941) differed great ly  in our RCS- 
series, even though the often described catkin-like accumulat ion of the tumor  
cells on ret ieulum fibers was often visible (Fig'. 2c). 

For  more than  30 RCS the acid phosphatase,  non-specific esterase, chloro- 
acetate-estcrase, and peroxidase reactions were performed on imprints.  We did 
not  f ind a react ion-pat tern  of the tumor  cells similar to tha t  of normal  histioeytic 
ret iculum cells, macrophages or monoeytes.  However,  in some cases we found a 
large number  of ret iculum cells and maerophages with large amounts  of acid 
phosphatase  and non-specific esterase. 

The PAS-react ion revealed globular PAS-posi t ive cytoplasmic inclusions iso- 
morphous  with Russell bodies in the tumor  cells of 8 cases after extensive study.  
These inclusions stained blue-greyish with Ladewigstain. 

Electron microscopically the RCS of our series (Fig. 4a) consisted of cells 
which were in general characterized by  a high nuclear-cytoplasmic ratio. The large 
nuclei were round to oval in shape and electron t ransparent .  The heterochromat in  
was dispersed in small spots over the nuclei. The prominent  nueleoli were some- 
times centrally and sometimes marginally located. The cytoplasm contained 
monoribosomes,  bu t  mainly polyribosomes. Wi th  3 exceptions, the cells of the 
RCS were poor in rough cndoplasmatic  ret ieulum (ER). However,  after prolonged 
search, some ER-r ieh  t umor  cells could be found among the ER-poor  ones, especially 
in those eases with PAS-posi t ive inclusions. Interest ingly,  the cells of one RCS 

Fig. 3. a ROS, Case 3 ; H & E-stain, • 840. The tissue IgM was increased 24 times. Note the 
eosin-stained material very close to the nucleus of one of the tumor cells (arrow) and compare 
with Fig. 4b. b RCS, Case 3; Giemsa-stain, • c I~CS, Case 16 of t~ig. 5 H & E-stain, 
• 840. The tissue IgM was higly reduced. Instead IgA was increased 4 times in the tumor 
tissue homogenate. The cytoplasms of the tumor cells were as basophilic as in the other cases 
d ROS, Case 7 of Fig. 5. H ~ E-stain, • 560. This RCS represents the classical histiocytie 
subtype, c.f. I~appaport: Atlas of Tumor Pathology. Tumors of the hematopoietic system, 
Fig. 109. The tissue IgM was increased 9 times. Inset: P~epresentative RCS-cell of Case 7 labeled 
for surface IgM with horseradish-peroxidase-coupled antibodies. Note the dark peroxidase- 
reaction-products which represent the labeled receptor-IgM-molecules on the cell surface 
membranes. In the original slide the brown peroxidase-reaction-products contrasted well 
to the blue-greyish counterstain of the nueleolus and cytoplasm of the labeled cells. I-Iem- 

a]aun-counterstain. • 1200 
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Fig.  4 a a n d  b 
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Fig. 5. Histologically typical P~CS arranged according to their tissue-IgM-content (o). The 
corresponding serum-IgM-level is symbolized by [] 

showed electron dense inclusions located in the dis tended perinuclear  space (Fig. 
4b), as well as typical  polysome-rich and ER-poor  cytoplasms. 

We never  found dis t inct  morphological signs of f iber-product ion by the tumor  
cells. Phagolysosomal  inclusions were no t  visible in the tumor  cells. I n  contrast ,  
these inclusions were more or less a b u n d a n t  in  macrophages or phagocytic RC, 
which occurred in vary ing  amount s  in the individual  RCS. Some RCS also con- 
ta ined  cells which were cytologically similar to or isomorphous with epithelioid 
cells. Dendri t ic  and  in terd ig i ta t ing  I~C were no t  observed. 

The results of the Ig-de te rmina t ion  of the tumor  tissues and corresponding sera 
of the 16 RCS are shown in Fig. 5. 12 of the 16 t~CS revealed a significant and  
7 of these a more t h a n  10-fold increase of IgM in the tissue extracts.  Normal  
amount s  of IgM could be extracted from only 3 RCS. One case even showed a 

Fig. 4. a Electron mierograph of RCS Case 3 of Fig. 5 (the light microscopic picture of these 
tumor cells is presented in Fig. 3 a and b). Note the high nuclear-cytoplasmic-ratio, the trans- 
parent heteroehromatin, the two prominent nueleoli, and the cytoplasm rich in polyribosomes. 
• 14000. b RCS cell from the same case with a widely distended perinuelear space in which 
electron-dense thread-like material is embedded. The cytoplasm is rich in polyribosomes 
whereas a rough endoplasmatie retieulum is nearly completely absent. The large amount of 
IgM in the tumor tissue homogenate indicates that the deposits in the perinuclear space 
represent IgM. From these data it was concluded that these tumor cells had just shifted from 
the synthesis of nonsecretory IgM to the synthesis of secretory IgM, which regularly begins in 
the perinuclear space. 1 arrow ~ inner nuclear membrane, 2 arrows ~ outer nuclear membrane. 

N = nucleus. • 20 000 
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nearly 10-fold reduction in the tissue-IgM and instead had a 4-fold increase of IgA. 
Fig. 5 also shows tha t  the serum-IgM-levels did not correlate with the tissue- 
IgM-concentrations. Of the 12 IgM-positive RCS 2 revealed significantly increased 
serum-IgM-values, 5 had values in the normal range, and 3 reduced values. The 
serum-IgM-level of the 3 RCS with a normal tissue-IgM-content was reduced 
in 2 eases and lay within the normal range in the 3rd. 

Notable is tha t  there were no clear or constant histological differences between 
the I~CS with a high amount  of tissue-Ig and those with a normal or reduced 
tissue-Ig. The case with the IgA-increase also did not differ morphologically. 
Evaluating the amount  of polysomes and rough ER in comparison to the tissue- 
and serum-Ig-concentrations, we had evidence for a striking correlation between 
these parameters.  Details will be presented elsewhere. 

The results of the labelling experiments are presented in Table 1. The cells 
of the two RCS (Case 5 and Case 7, see Figs. 2a, d and 3d) we labeled showed a 
specific labeling with the antisera directed against human Ig and human IgM. 
The anti-IgM-sera from different sources gave similar results. In  Case 5, 94-96 %, 
and in Case 7, 69-70% of the ceils showed a positive reaction for bt-chains. In  
Case 7 the labeling with anti-Ig-serum directed against IgG, IgA, and IgM revealed 
a slightly larger number  of positive cells than labeling with the anti-IgM-sera. 

The controls, for which the first reagent, the anti-Ig-serum, was substituted 
with TC-199, were negative, The controls with normal goat serum or normal rabbit  
serum, when absorbed with insolubilized human serum proteins, showed only 
short and weak bands of peroxidase reaction product on 2-5 To of the cells. In  
contrast, the specific labeling was represented by a strong, dense brown peroxidase 
reaction product on the cell membrane (Fig. 3 d, inset). 

Discussion 

In  1930 Roulet described under the name "Retothelsarkom" a lymph node 
tumor with a histological picture similar to tha t  of the cases described here. This 
type of tumor was quickly adopted under the name reticulum cell sarcoma by 
most pathologists as a new group of lymph node tumors outside the already 
recognized lymphosareoma and Hodgkin's  disease. While Oberling (1928) con- 
sidered the cells of this tumor form to be reticulum cells, differentiated from 
lymphocytes,  and Ewing (1928) regarded them as immature lymphoeytes derived 
from "germinal follicle cells", ]goulet (1930) believed tha t  RCS-cells are derived 
from reticulum cells originating from mesenchyma or histiocytes. His concept 
was soon generally accepted and is still held valid today (Bernhard and Leplus, 
1964; Keilner et al. ,  1966 ; Rappaport ,  1966; Lukes, 1968; Berard, 1972 ; Akazaki. 
1973; Carr, 1973; Cline and Gold, 1973; Schnitzer and Kass, 1973). There have 
been repeated a t tempts  to distinguish two histological subtypes of RCS: 1) un- 
differentiated RCS (Oberling, 1928; Bernhard and Leplus, 1964; Rappaport ,  1966) 
l~etothelsarcom, "unreife Form" (Roulet, 1930), stem cell sarcoma (Gall and 
Mallory, 1942) or histioblastic ]~CS (Math6 et al.,  1970); 2) differentiated RCS (Ober- 
ling, 1928; Bernhard and Leplus, 1964), Retotheisarcom, "reife Form" (Roulet, 
1930), dictyocytic (Robb-Smith, 1938), clasmatocytic (Gall and Mallory, 1942) or 
histiocytic sarcoma (Math6 and Seman, 1963; l~appaport, 1966; Lukes, 1968). 
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Our series contained RCS of both subtypes; the histiocytie type seemed to pre- 
dominate. However, due to the lack of hard and objective criteria we consider the 
classification of our cases into one of these subtypes as neither very informative 
nor useful. 

Our findings do not support the reticulocytie origin of RCS. 75% (12/16) of 
the RCS investigated contained significantly increased amounts of IgM in the 
tumor tissue homogenates, compared with that  in the homogenates of lymph node 
tissue showing slight nonspecific lymphadenitis. The Ig-contents of lymph node 
tissue were chosen as reference values because they represent the tissue-Ig-range 
under non-neoplastic conditions. Since non-neoplastic lymph nodes normally 
contain only one third B-cells (gaff  et al., 1970 ; Stein, 1973), we believe tha t  most 
lymphomas composed only of B-cells should reveal a higher concentration of 
tissue-Ig than  non-neoplastic lymph node tissue. However, one has to consider 
tha t  the tissue-Ig-vMues also include the Ig 's  which are derived from the serum 
of the extraeellular space of the tissue. For these reasons only those lymphomas 
were recognized as Ig-producers whose Ig-eontent exceeded tha t  of normal lymph 
node tissue. Low Ig-produeers could not be identified. The possibility tha t  the 
IgM-inerease in the tumor  tissues was caused merely by  blood fluid contamination 
can be disregarded for the following reasons: 

a) The tissue homogenate-Ig was expressed as a ratio of Ig/albumin. Since 
albumin is synthesized only by liver cells, it represents a suitable marker for 
serum-protein contamination of organs other than the liver. Any measured 
increase in the Ig/albumin ratio therefore meant  a true Ig-increase in the tissue 
homogenate; b) there were no correlations between the measured tissue-IgM and 
the corresponding serum-IgM-levels. As Fig. 5 shows, the serum-IgM-level was 
even often reduced in eases with high tissue-Ig-values. 

Beside blood fluid contamination there are two further possibilities which 
should be discussed for the origin of the tissue-Ig : 

a) The tissue-Ig originated mainly from the interior of the cells; 
b) the tissue-Ig originated mainly from Ig bound to the cell membranes. 
We had morphological evidence of intracytoplasmie Ig from the PAS- 

reaction and from the electron microscopic findings for some RCS. After pro- 
longed search, globular, PAS-positive cytoplasmic inclusions were found in some 
tumor  cells of 8 of the 16 RCS. For some cases it could be electron microscopically 
demonstrated tha t  the inclusions were embedded in the cisternae of the rough Et~ 
of the tumor cells. With the Ladewig-stain, which stains IgG and IgA orange to 
red and IgM blue-greyish (Lennert, 1973), the ~PAS-inelusions in these tumors 
stained blue-greyish. For this reason it seems highly probable tha t  the cytoplasmic 
inclusions represented IgM produced by  the tumors cells themselves, and tha t  
the increased amounts of tissue-IgM originated from these cytoplasmic inclusions 
and therefore from the interior of the cells. 

The remaining 5 RCS with increased tissue-IgM showed no such direct signs 
of Ig-produetion. Electron microscopically the cells of these gCS  were partic- 
ularly rich in polysomes and poor in rough ER. Attempts  to localize the IgM at 
the cellular level with labeled antibodies in these cases were only par t ly  successful 
Intracytoplasmic Ig is detectable only on fixed cells whereas S-Ig only on viable 
ones. Neither light mieroscopicMly nor electron mieroseopieMly were we able to 
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reliably demonstrate intracytoplasmic Ig using peroxidase-coupled antibodies 
prepared with the one-step-procedure described by Avrameas (1969). Even with 
smaller antibody-conjugates such as fluorescindabeled antibodies the detection 
of intracytoplasmic Ig was often impossible in Ig-producing cells of the ribosomal 
(non-secretory) type, i.e. CLL-cells, Burkitt-lymphoma cells and others (Preud' 
Homme and Seligman, 1972; Knapp, 1973). This was probably due to the high 
molecular weight of the one-step conjugate (5-9 • 105 daltons estimated with 
Sephadex-G-20O-chromatography), the comparatively slight accumulation of Ig 
within the cell sap, and to the unavoidable background with fixed cells. We were 
therefore not convinced by the findings reported by Suchi et al. (1973) from 
labeling studies on RCS, which were done after the presentation of our preliminary 
results on increased IgM in RCS at the lymphoma meeting in Nagoya, 1971. 

In contrast, S-IgM-molecules could be clearly demonstrated on a high per- 
centage of the cells of two RCS of the ribosomal type which we had the chance 
to label. We assume that  the other polyribosomal I~CS with increased tissue-IgM 
also bore surface-IgM. 

However, with surface-Ig there remains the question as to whether it was 
merely taken up by the cell membranes or whether it was produced by the cells 
themselves. At the present state of knowledge there are three possibilities for the 
origin of surface membrane-bound Ig : 

a) Autoantibodies directed against the tumor cells and produced by the un- 
affected lymphatic tissue accumulated at the tumor cell surface membranes ; b) Ig 
or immunocomplexes were attached to the cell membranes via Fc-receptors 
(Basten et al., 1972 ; Dickler and Kunkel, 1972), or complement-receptors (Bianco 
et al., 1970); c) antigen-IgM-complexes, which are now thought by some authors 
(Feldman, 1972; Gutman and Weissman, 1972) to be derived from the reaction 
of the antigen with T-cells, may have been bound to the surface of dendritic 
reticulum cells. 

However, for the following reasons we believe that  the surface and tissue-Ig 
of RCS represent rather a synthesis product of the same cells than picked-up Ig: 

a) In all RCS only 1 Ig-class was found to be increased in the tissue homo- 
genates. If all of the tissue-Ig in RCS were derived from autoantibodies on the 
cell membranes, one would expect an increase of more than one Ig-class in the 
tissue homogenates. 

b) Ig bound to the surface membrane via Fc-receptors belonged to the IgG and 
not to the IgM or IgA class (Basten et al., 1972). Besides the receptor-bound Ig is 
bound only in the form of immunocomplexes. Our extraction method does not 
split antigen-antibody bridges. Therefore such immunocomplexes, if present, 
should remain bound to the membranes and thus largely escape detection. 

c) Surface-IgM-producing lymphatic cells predominate in man under normal 
conditions and in CLL and lymphosarcoma Pernis et al., 1971 ; Siegal et al., 1971 ; 
Grey et al., 1971; Aisenbarg and Bloch, 1972; Preud'homme and Seligman, 1972; 
Stein et al., 1972). The increase of the IgM-class in RCS is consistent with these 
findings. 

d) For a large number of lymphomas the de novo synthesis of surface-Ig has 
been well established by several authors (Lerner et al., 1972; Preud'Homme and 
Seligman, 1972; Sherr et al., 1972). 



Evidence for B-Cell Origin of Reticulum Cell Sarcoma 63 

e) Since we found no correlation between the density of surfaee-Ig-labeling 
and the amount  of tissue-Ig in lymphatic neoplasias (Stein et al., 1973), it seems 
rather unlikely tha t  surface-Ig can alone give rise to such highly increased tissue-Ig 
as we found in RCS (up to 70 • ). This conclusion is supported by  the experimental 
work of Sherr et al. (1972) who showed tha t  the amount  of intracytoplasmic Ig 
also far exceeded tha t  of surfaee-Ig in polysome-rich and ergastoplasm-poor 
lymphoma cell line cells (Daudi cells). 

Since, as far as we know, no one has been able to convincingly demonstrate 
Ig-synthesis in retieulum cells, the high incidence of tissue-Ig-increase in RCS- 
tissue suggests tha t  RCS is in most cases lymphatic and not retieulocytic in origin. 

However, the former concept of the reticulocytic origin of RCS is under- 
standable if one considers tha t  it was based mainly on the judgement of H & E 
stained sections (l~oulet, 1930 ; L u m b ,  1954 ; I~appaport, 1966). With the H & E- 
stain RCS-cells are often very similar to reticulum cells and macrophages, espe- 
cially in the nuclear features. Immature  myeloid sarcomas can also resemble 
I~CS. One of the 120 cases in our series of malignant lymphomas was definitely 
indistinguishable from typical ]~CS in H & E stained sections and was first put  
in the RCS-group. However, positive reactions of the tumor cells for non-specific 
esterase, peroxidase, acid phosphatase and chloroaeetate-esterase identified their 
origin as the myelopoietie cells of the bone marrow. The Ig-content of this tumor  
was extremely low. 

The reticulocytogenctic concept of t~CS is also understandable since this 
concept goes back to a t ime when it was believed tha t  reticulum cells were the 
only potential  cells from which a variety of other cells could originate. At tha t  
t ime the blast-transformation and the staining features of transformed lympho- 
cytes were not known. Now, in view of the capacity of lymphatic cells to proliferate 
and transform, the lymphatic concept of RCS-origin fits well with our morphologic 
and immunochemical findings: 

a) In  sections and especially in imprints stained with Giemsa or Pappenheim 
the RCS-cells showed a remarkable cytological similarity to blast-transformed 
lymphocytes,  which Damashek (1963) called immunoblasts. 

b) The electron microscopic findings gave the same impression. The RCS-cells 
were most similar to immunoblasts and part ly  to plasmoblasts. I t  should be noted 
tha t  we did not find a syncytium in any RCS-cases, which has been regarded by 
some authors as typical for the undifferentiated type of RCS (Bernhard and 
Leplus, 1964; Rappaport ,  1966; Akazaki, 1973; Cline and Gold, 1973). 

e) The high IgM contents of the RCS investigated conform well with the 
experimental data  of Melchers (1973) who reported tha t  mitogen-stimulated 
B-cells show a remarkably increased IgM-synthesis. 

d) The tumor cells in RCS never looked like phagocytic, reticulin associated, 
intcrdigitating or dendritic reticulum cells. In  addition we never found signs of 
phagocytosis or of fiber production by  the tumor cells nor did we find desmosomes 
between the tumor cells, which are characteristic of dendritic reticulum cells. 

The lymphatic  concept is further supported by our enzyme cytochemical 
findings. All of the cells o~ the RCS investigated were devoid of non-specific 
esterase and poor in acid phosphatase. Both enzymes occur regularly in large 
amounts in normal histiocy~ic reticulnm cells. 
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The large number  of retieulum cells or maerophages demonstrated by Dorfman 
(1964) with the acid phosphatase and non-specific esterase reaction in some cases 
of RCS probably do not represent tumor cells, as the intensive s tudy of 
imprints and electron microscopic sections showed. These cells also occur 
in lymphosareoma and other lymphoproliferative disorders, which demonstrates 
tha t  they have little significance for histiogenetie conclusions. 

From a theoretical point of view and on the basis of our morphological and 
immunoehemieal findings there seem to be the following possibilities for the 
derivation of RCS-eells : 

a) RCS-eells originate from plasmocytic cells, which dedifferentiate to large 
RCS-like cells during malignant transformation and proliferation. This view is 
supported by the transplantat ion studies of Osserman (1964) with oil-induced 
plasmoeytomas in mice. After several transplantations the original plasmocytoma 
had morphologically transformed into a typical RCS. RCS-like dedifferentiation 
of eases of Waldenstr6m's disease and other malignant lymphomas has been 
reported in the literature (Klemm et al., 1968; ~)sterberg and R/~using, 1970). 
We have made some similar observations. 

b) The other alternative is tha t  the tumor cells originate directly from B-cells 
which are in ( =  immunoblasts) or close after the transformation into Eta-devel- 
oping cells (=plasmoblasts) .  The greatly varying amount  of ER between the  
cells of some individual tumors shows tha t  some reveal the whole spectrum of 
this transformation cell series. This means that  some sarcoma cells have not lost 
the ability, although limited, to transform and mature. Based on the predominating 
kind of proliferated cell one can separate RCS into 2 types:  those consisting 
mainly of immunoblasts (hardly any ER) and those with plasmoblasts (some ER). 

The direct immunoblastie derivation of RCS is supported especially by one 
case of RCS whose cells resembled immunoblasts not only morphologically but 
also with respect to the site of Ig-produetion. The cytoplasm was abundant  in 
polysomes and nearly completely devoid of ER. Only the distended perinuclear 
space of 20 % of the tumor cells contained electron dense inclusions. The experi- 
mental  work of Avrameas et al. (1970) has shown tha t  the site of production of 
secretory Ig is at first the perinuelear space of the immunoblasts. Later, with the 
transformation of these cells into plasma cells, the secretory Ig-produetion shifts 
to the cytoplasmic ER. Biochemical studies using cultured rabbit  lymphatic cells 
immunized with r • 174 produced the same findings (Panijel et al., 1971). In  the 
cells of the case under discussion only the polyribosomes bound to the cell mem- 
branes showed secretory Ig-produetion, as do immunoblasts with incipient 
secretory Ig-synthesis. These data suggest tha t  the cells of this tumor were derived 
from immunoblasts which were in the process of shifting from the synthesis of 
nonsecretory IgM to the synthesis of secretory IgM. 

The question still remains as to whether there is also an immunoblastie sarcoma 
derived from T-cells. Based on the known morphology of T-cells and their deriv- 
atives (Veldman, 1970) we assume that  immunoblastic sarcoma of the T-cell 
type is probably morphologically very similar to tha t  of the B-cell type, except 
tha t  it should lack cells containing globular PAS-positive cytoplasmic inclusions 
and/or significant amounts of EI~. I t  is possible tha t  the 3 RCS in our series with 
normal or reduced Ig-values were derived from T-cells. However, further investi- 
gation is required before this question can be resolved. 



Evidence for B-Cell Origin of Retieulum Cell Sarcoma 65 

F r o m  the data  presented we conclude t ha t  at  least most  I~CS arc lymphat ic  in 
na tu re  and  apparen t ly  originate from B-cell-derived immunoblas t s  o r - - i f  more 
differentiated from plasmoblasts.  T-cell immunoblas t ic  sarcoma and  t rue reti- 
culum cell sarcoma probab ly  exist bu t  seem to be rare. We therefore propose the 
te rm immunoblas t i e  sarcoma of B-cell type  for this morphological t umor  en t i ty  
ins tead of the former terms " re t icu lum cell sarcoma" or "ma l ignan t  lymphoma,  
hist iocytic type" .  Wi th  addi t ional  electron microscopic s tudy  immunoblas t ic  
sarcomas may  be separated in to :  

a) immunoblas t i e  sarcoma, wi thout  plasmoblastic differentiat ion,  if the tumor  
consists ma in ly  of immunoblas t - l ike  cells which are rich in  polysomes and  poor 
in  ER,  and  

b) immunoblas t i e  sarcoma with plasmoblast ie  differentiation,  if the tumor  
contains  ER-developing cells in signif icant  amounts .  
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