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In earlier work long-term monolayer cell cultures were prepared from Hodg- 
kin's disease tumors in the spleen (1). Cells from these monolayers contained an 
antigen on the surface and within the cytoplasm that could be isolated and 
purified from supernatant medium (2, 3). The antigen was not demonstrated in 
fresh (noncultured) Hodgkin's disease tumors suggesting that prolonged in vitro 
replication of cells derived from the tumor was necessary for its detection. Cells 
from Hodgkin's disease monolayers, but not fresh noncultured tumors, could be 
transplanted to nude mice with production of malignant tumors in recipient 
animals (4). Monolayer cultures prepared from normal adult spleen and human 
fetal spleen and thymus were found to contain only a very small amount of the 
Hodgkin's disease culture antigen, and could not be transplanted to nude mice. 

The present report describes experiments undertaken to identify and charac- 
terize the cells of Hodgkin's disease monolayer and suspension cultures. Cytoge- 
netic analyses were done, and the cultured cells were examined microscopically, 
assayed for lymphocyte and monocyte surface characteristics, and tested for a 
variety of intracellular enzymes by cytochemical staining and spectrophotomet- 
ric techiques. 

Mater ia ls  and Methods 
Hodgkin's disease tissue cultures were prepared from tumor nodules in the spleen. All pat ients  

had Hodgkin's disease of the nodular sclerosis or mixed cellularity types, and underwent  splenec- 
tomy during staging laparotomy. Techniques of preparation of primary explants from splenic 
Hodgkin's disease tumors, and growth characteristics of the monolayer culture cells have been 
described (1, 4). The Hodgkin's disease cultures used in the present study were divided into four 
groups: (a); three long-term monolayer cultures carried more than  3 yr in vitro, and serially 
passaged more than  200 times; (b); one monolayer culture of a t ransplanted tumor in a nude mouse 
obtained by subcutaneous inoculation of cells from a Hodgkin's disease monolayer (4); (c); six 
short-term monolayers mainta ined less than  6 mo in vitro, and passaged less than  20 times, and 
(d); three suspension cultures derived from Hodgkin's disease monolayer cell lines. Cells from 
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these three Hodgkin's disease monolayers (HR, FR, and KB cell lines), after  18--30 serial  passages, 
became nonadherent ,  lifted off the  plastic surface, and proliferated in the superna tan t  medium. 
All monolayer adheren t  cells from these three  cultures spontaneously went  into suspension, and 
the cell l ines have been main ta ined  thereaf ter  in s ta t ionary suspension flasks for 54-68 serial 
weekly passages. 

Normal monolayer cultures were derived from adult  spleen and fetal thymus and spleen. 
Normal adult  cultures were prepared from spleens removed for t r auma  or incidentally during 
another  surgical procedure. Fetal cultures were obtained from the  Naval Biomedical Research 
Laboratories, Oakland, Calif. Raji cell lymphoblastoid suspension cultures, derived from a pa t ient  
with  Burki t t ' s  tumor (5), were provided by Dr. A. N. Theofilopoulos, Depar tment  of Exper imental  
Pathology, Scripps Clinic and Research Foundation,  La Jolla, Calif. 

All monolayer culture lines were main ta ined  in Falcon 75 cm 2, 250 ml, plastic flasks (Falcon 
Plastics, Div. of BioQuest, Oxnard, Calif.) and fed twice weekly with Dulbecco's modified Eagle's 
medium tha t  contained 15% cobalt i r radiated fetal calf serum (Microbiologic Associates, Bethesda, 
Md.) and 4.5 g/li ter glucose. The Hodgkin's disease suspension cultures were fed weekly with 
RPMI medium (Grand Island Biological Co., Grand Island, N. Y.) containing 15% irradiated fetal 
calf seurm. Raji cell suspension cultures were grown in Eagle's min imum essential  medium 
supplemented with 15% serum of the same type. All cultures were routinely and repeatedly 
checked for contaminat ion with Mycoplasma before the cells were used in experiments.  

Cytogenetics. Monolayer cells in exponential  growth were trypsinized, washed with Earle 's  
balanced sal t  solution, and suspended in 0.75 M hypotonic potassium chloride for 8-10 min. The 
cells were fixed with three  changes of freshly prepared methanol  and glacial acetic acid (3:1) 
solution for 30 min, and stained with Giemsa s tain by the method of Moorehead et al. (6). 
Hodgkin's disease suspension culture cells were collected directly, without  trypsinization, and 
prepared in the  same way for chromosome analysis. 

Cell Surface Studies. Cells from Hodgkin's disease and normal cultures were examined for the 
presence of lymphocyte and monocyte surface characteristics. Monolayer cells were trypsinized, 
washed with Earle 's  balanced sal t  solution, and grown in suspension with Dulbecco's medium for 
15 h before tests  were done. Viabili ty of monolayer cells cultured overnight  in suspension ranged 
between 85 and 94% by t rypan blue dye exclusion. Cultured cells forming spontaneous rosettes 
with sheep erythrocytes were assessed in the presence of 9% type AB serum (7). The cells were 
incubated at  37°C for 10 min, centrifuged, and reincubated at  4°C for 6 h. The cell mixtures  were 
resuspended and the number  of rosettes counted in a hemocytometer. Reactivity of cultured cells 
with  a 1:50 dilution of anti- thymocyte serum (ATS) 1 was done by indirect immunoftuorescence. 
ATS diluted 1:5 in the presence of complement was added to a suspension of cultured cells and 
sheep erythrocytes to measure inhibi t ion of E-rosette formation. Details of the preparat ion of ATS 
and its effect on E rosette formation have been previously published (8, 9). Cell surface immuno- 
globulin was identified with fluorescein-conjugated goat polyvalent ant isera  to h u m a n  immuno- 
globulin heavy and l ight  chains (10). Acetone and ethanol fixed tissue culture cells were examined 
for intracel lular  immunoglobulin by immunofluorescence and the immunoperoxidase technique of 
Garvin et al. (11). 

Surface Receptors for IgGFc. Rabbit  IgG and IgM ant i -Forsmann ant isera  to sheep erythro- 
cytes were obtained from Cordis Laboratories, Miami, Fla. Assays for the presence of cell surface 
receptors for cytophilic antibody were done by the method of Jaffe et al. (12). Sensitized sheep 
erythrocytes (EA) were prepared with a 1:200 dilution of IgG and IgM antibodies at  37°C. IgMEAC 
complexes were made with mouse serum as the  complement source. 2 × 10 e cells from the t issue 
cultures were incubated with 1 × 108 IgGEA and IgMEAC suspensions at  37°C for 30 min  with 
gentle shaking of the tube. Rosette formation was also assayed by the pelleting technique 
described by Braylan  et al. (13). Cultured cells and IgGEA or IgMEAC complexes were mixed, 
centrifuged at 200 g at  room tempera ture  for 10 min, and the pellet incubated at  37°C for 30 min. 
The pellet was resuspended, and rosettes counted in a hemocytometer. Rosettes done with sheep 
erythrocytes and sensitized with IgM antibody (IgMEA rosettes) served as a control (12). Aggre- 

1Abbreviations used in this paper: AHG, aggregated h u m a n  gammaglobulin;  ATS, anti-  
thymocyte serum; BTEE, N-benzoyl-L-tyrosine ethyl ester; EA, erythrocyte antibody; EAC, 
erythrocyte antibody complement; PNPP, p-ni t rophenyl  phosphate; SRBC, sheep erythrocytes; 
TAME, p-tosyl-L-arginine methyl  ester. 
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gated h u m a n  gammaglobul in  (AHG) was prepared by the method of Theofilopoulos et al. (14). 
Tissue culture cells were incubated with 50 ~1 of a 2-mg/ml dilution of AHG with and without  50 ~1 
of human  serum as a complement source. Indirect immunofluorescence was done to demonstra te  
binding of AHG to cultured cells by using 50 ~l of a 1:10 dilution of fluorescein-conjugated goat 
ant iserum to h u m a n  IgG (Cappel Laboratories, Inc., Downingtown, Va.). 

Enzyme Histochemistry. Monolayers were trypsinized, and 1-2 x 104 cells were incubated 
overnight  at  37°C on four chamber glass tissue culture slides (Lab-Tek Products, Div. Miles 
Laboratories Inc., Naperville, Ill.). Unfixed monolayer cells, as well as acetone, formalin, and 
absolute-alcohol fixed cells were tested. Cells from Hodgkin's disease suspensions and Raji cell 
cultures were air  dried on glass slides for histochemical stains. The cultured cells were assayed for 
esterase activity by using a lpha-naphthol  acetate, naphthol  AS-D-acetate, and naphthol  AS-D 
chloracetate as substra tes  by the methods of Li et al. and Yam et al. (15-17), and for peroxidase 
and acid phosphatase by the procedures of Kaplow and Barka and Anderson (18, 19). 

Spectrophotometric Enzyme Assays. Cells from monolayer cultures were removed with a 
rubber  policeman, washed twice with phosphate-buffered saline, and 6 × 106 cells were disrupted 
by freeze-thawing three t imes in an aqueous solution of 0.1% Triton-x-100 (Fisher Scientific Co., 
Pi t tsburgh,  Pa.). The suspension of disrupted cells was centrifuged, and the superna tan t  fraction 
examined for lysozyme (muramidase),  acid and alkal ine phosphatase,  and trypsin and chymotryp- 
sin-like activities. All bioassays were done by using a Gilford 240 spectrophotometer (Gilford 
Ins t rument  Laboratories, Inc., Oberlin, Ohio) fitted with an  automatic recorder. Protein concen- 
t rat ions of the superna tan t  fractions of disrupted cells were determined by the method of Lowry et 
al. (20). Lysozyme (muramidase) activity was measured by the procedure of Litwack (21) as a 
decrease in OD410 of a suspension of lyophilized Micrococcus lysodeikticus by using the Worthing- 
ton assay kit  (RLK) (Worthington Biochemical Corp., Freehold, N. J.). 50 ~l of sample was added 
to 1.0 ml of the bacterial  suspension; egg white lysozyme was used as a standard.  Alkaline 
phosphatase activity was measured with p-ni t rophenyl  phosphate (PNPP) as subst ra te  (22, 23). 
The release of p-nitrophenol was followed by the change in absorbancy at  410 nm in a 1.0-ml 
mixture composed of 1 × 10 -3 M PNPP in 1.0 M Tris-HC1 buffer, pH 8.1, tha t  contained 50/zl of 
sample. Escherichia coli alkaline phosphatase (Worthington Biochemical Corp.) was used as a 
standard.  Acid phosphatase was measured by adding 25 Izl of sample to 50 ~l of 5 x 10 -3 M PNPP 
in 0.15 M sodium acetate buffer, pH 5. The mixture was incubated for 30 min at  37°C, and the 
reaction stopped by the addition of 1.0 ml of 0.1 NaOH (23). Optical densities were read at  410 nm 
and compared with wheat  germ acid phosphatase used as a s tandard (Worthington Biochemical 
Corp.). 1 U of enzyme activity was defined as an  increase in OD41o of 1.0 above the blank.  Assays 
for t rypsin and chymotrypsin-like activity were done by the method of Hummel (24). The enzyme 
catalyzed hydrolysis ofp-tosyl-L-arginine methyl  ester (TAME) and N-benzoyl-L-tyrosine ethyl 
ester (BTEE) (Sigma Chemical Co., St. Louis, Mo.) was monitored spectrophotometrically at  247 
and 256 nm, respectively. The BTEE assay was modified to use 10% methyl alcohol (wt/wt) and 2.7 
× 10 -4 M substrate  by the method of Orenste in  et al. (25). 

Resu l t s  
Morphologic Features (Table I). Primary explants derived from splenic 

Hodgkin's disease tumors were composed of a pleomorphic mixture of adherent 
reticular, round, and stellate cells admixed with variable numbers of multinu- 
clear giant cells (Fig. 1). The presence of numerous clusters of giant cells with 
multiple small nuclei was a characteristic feature of Hodgkin's disease monolay- 
ers after 7-10 days in vitro, and was not observed in cultures derived from 
normal spleen. After the Hodgkin's disease cultures had been trypsinized and 
passaged 6-10 times, clusters of multinuclear cells disappeared, and the mono- 
layers were overgrown by irregularly contoured, reticular, and polygonal cells 
with loss of the spindle (fibroblast-like) cells (Fig. 2). Long-term Hodgkin's 
disease monolayers (those carried for more than 200 passages) were composed of 
round and polygonal cells that propagated in a mosaic pattern (Fig. 3). Numer- 
ous binuclear and multinuclear cells were conspicuous and numerous in long- 
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TABLE I 

Morphologic Features and Cytogenetics of Tissue Culture Cells 

1487 

Number Number of 
Cell culture lines of pas- chromo- Morphology 

sages in somes* 
culture 

Hodgkin's disease monolayers 
(long-term) 

RB 292 78-80 
SpR 208 64-87 
FQ 376 64-83 
FQNMI2$ 185 59-79 

Hodgkin's disease 
(short-term) 

RY 
ML 
HT 
GL 
CT 
GM 

Hodgkin's 
cultures 

monolayers 

19 58-69 
9 67-84 
8 71-78 
7 60-81 
6 70-78 
6 68-72 

disease suspension§ 

FR 54 71-80 
KB 58 74-81 

Normal spleen monolayers 
LW 12 44-46 
MP 11 43-46 
GR 39 44-46 
NH 14 44-47 
FL 36 42-48 
FT 40 43-46 
FS 41 45-46 

Proliferative very rapidly, uniform 
population of round and polygonal 
(epithelioid) cells that replicate in 
a mosaic pattern; many binucleate 
and multinuclear cells 

Replicate rapidly; pleomorphic mix- 
ture of reticular stellate, and round 
cells with occasional multinuclear 
cells. 

Replicate in stationary suspensions 
as single round cell and aggregates 
of 6-10 cells; numerous multinu- 
clear and binuclear cells. 

Replicate sluggishly; spindle and re- 
ticular cells with fibroblast-like 
features; occasional binuclear cells; 
no multinuclear or epitheloid cells. 

* Results of cytogenetic studies are expressed as the range of the number of chromosomes per 20 
mitoses. Cells from long-term Hodgkin's disease monolayers contained many chromosomal 
fragments. 
FQNMI2 refers to a culture line derived from FQ cells transplanted into nude mice (4). Cells from 
the second xenograft were re-established in monolayer culture, and passaged 18 times. Chromo- 
somes of cultured cells derived from xenografts were of human type similar to FQ cells before 
transplantation into nude mice (4). 

§ Hodgkin's disease suspensions were derived from monolayer cultures with spontaneously al- 
tered growth characteristics. 

t e r m  H o d g k i n ' s  d i s e a s e  m o n o l a y e r s  (F ig .  4). T h e  H o d g k i n ' s  d i s e a s e  s u s p e n s i o n  
c u l t u r e s  t h a t  w e r e  d e r i v e d  f rom m o n o l a y e r s  w i t h  a l t e r e d  g r o w t h  p r o p e r t i e s ,  
w e r e  c o m p o s e d  o f  r o u n d  cel ls ,  8-9  /~m in  d i a m e t e r ,  w i t h  a b u n d a n t  b a s o p h i l i c  
c y t o p l a s m ,  a n d  l a r g e  n u c l e i  w i t h  d i s t i n c t  nuc leo l i .  B i n u c l e a r  a n d  m u l t i n u c l e a r  
ce l l s  w e r e  n u m e r o u s  in  t h e s e  s u s p e n s i o n  c u l t u r e s .  T h e  ce l l s  t h a t  p r o p a g a t e d  in  
s u s p e n s i o n  w e r e  s i m i l a r  m i c r o s c o p i c a l l y  to  t h e  p o l y g o n a l  a n d  r o u n d  ce l l s  in  
H o d g k i n ' s  d i s e a s e  m o n o l a y e r s .  M o n o l a y e r  c u l t u r e s  d e r i v e d  f rom n o r m a l  a d u l t  
s p l e e n  a n d  h u m a n  f e t a l  s p l e e n  a n d  t h y m u s  w e r e  c o m p o s e d  p r e d o m i n a n t l y  of  
s p i n d l e  ce l l s  w i t h o u t  m u l t i n u c l e a r  g i a n t  cel ls .  
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FIG. 1. Primary monolayer explant from a Hodgkin's disease tumor in the spleen showing 
a multinuclear giant cell surrounded by spindle and reticular cells (phase contrast x 120). 

Fro. 2. A Hodgkin's disease monolayer, after 10 passages in culture, composed of pleo- 
morphic, polygonal, reticular cells with scattered binuclear cells with large nucleoli. 
(Giemsa stain x 230). 
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FIG. 3. A long-term Hodgkin's disease monolayer main ta ined  in culture for more t han  4 
yr (370 passages) composed of round and polygonal cells t ha t  replicate in a mosaic pa t t e rn  
(Giemsa s ta in  x 260). 

Cytogenetics. Chromosome analyses were done on 19 tissue culture lines 
(Table 1). Cells from Hodgkin's disease monolayers contained aneuploid karyo- 
types with numerous abnormal chromosomes and chromosomal fragments (Fig. 
5). Similar abnormal, aneuploid chromosomes were observed in short-term 
Hodgkin's disease monolayers passaged less than 20 times and in established 
cell lines except that  chromosomal fragments were more conspicuous in long- 
term cultures. Suspension cultures derived from Hodgkin's disease monolayers 
were composed of cells with 71-81 chromosomes similar to those of the mono- 
layer lines. In contrast, normal cultures derived from adult spleen and fetal 
spleen and thymus contained cells with normal diploid chromosomes. 

Cell Surface Studies. Results of assays of cultured cells for lymphocyte and 
monocyte surface characteristics are summarized in Table II. Cells from Hodg- 
kin's disease monolayers formed weakly adherent rosettes with sheep erythro- 
cytes (SRBC), but did not react by immunofluorescence with an ATS (8). 
Moreover, a 1:5 dilution of ATS, which has been demonstrated to inhibit E- 
rosette formation by normal blood T lymphocytes (9), had no effect on the 
adherence of SRBC to Hodgkin's disease monolayer cells. Finally, spontaneous 
rosette formation was observed when monolayer cells were incubated with 
rabbit, human, and guinea pig erythrocytes. Cells from Hodgkin's disease 
monolayers did not contain definite surface receptors for either complement or 
IgGFc; the cells did not form IgMEAC or IgGEA rosettes, nor react with 
aggregated human gammaglobulin by immunofluorescence in the presence or 
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FIG. 4. Mult inuclear  and binuclear  cells from a long-term Hodgkin's disease monolayer. 
(Giemsa x 680). 

absence of complement. Finally Hodgkin's disease monolayer cells did not 
contain surface or cytoplasmic immunoglobulin, and did not exhibit phagocyto- 
sis in the presence of latex particles, or neutral red dye. 

Hodgkin's disease suspension cultures (derived from monolayers with sponta- 
neously altered growth characteristics) exhibited different surface characteris- 
tics than the monolayer cells. Cells from Hodgkin's disease suspensions formed 
avidly adherent IgMEAC and IgGEA rosettes, and bound aggregated human 
gammaglobulin in the presence or absence of complement by indirect immuno- 
fluorescence (Table II). The EA and EAC' rosette forming suspension culture 
cells contained more than 12 erythrocytes that were firmly adherent to the cell 
surface (Fig. 6). The suspension culture cells did not form spontaneous rosettes 
with SRBC, react with ATS, contain surface or cytoplasmic immunoglobulin, 
nor exhibit phagocytosis. 
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FIG. 5. Aneuploid chromosomes with many chromosomal f ragments  in cells from a long- 
term Hodgkin's disease monolayer passaged more than  300 times. Similar  abnormal  chro- 
mosomes were found in Hodgkin's disease suspensions and short- term monolayer cultures 
passaged 6-20 t imes in vitro. 

Cells from normal cultures were negative in all the cell surface assays except 
that  one cell line (GR) formed E-rosettes similar to those observed in the 
Hodgkin's disease monolayers. Cells from this normal monolayer failed to react 
with ATS, and E-rosette formation was not inhibited by prior addition of ATS. 
Raji suspension culture cells, used as a control, had surface receptors for IgGFc 
and complement, were devoid of surface and cytoplasmic immunoglobulin, and 
did not form E-rosettes or react with ATS. EA and EAC rosettes with Raji cells 
contained three to six erythrocytes adherent to the cell surface (many fewer 
than those illustrated in Fig. 6 for Hodgkin's disease suspension culture cells). 

Enzyme Histochemistry. Cells from Hodgkin's disease monolayer and sus- 
pension cultures were found to contain similar enzymes (Table III). Cytochemi- 
cal stains of the Hodgkin's disease cultures revealed abundant esterase activity 
when alpha-naphthol acetate and naphthol AS-D acetate were used as sub- 
strates. Alpha-naphthol acetate (nonspecific) esterase staining persisted in the 
presence of 4 × 10 -2 M sodium fluoride (Fig. 7). Hodgkin's disease cultured cells 
displayed faint cytoplasmic staining for acid phosphatase and equivocal staining 
for alkaline phosphatase, and stains for chloracetate esterase and endogenous 
peroxidase were negative. Normal cultured spleen cells contained similar ester- 
ase and phosphatase activities. Nonspecific esterase staining of normal human 
fibroblasts (WI-38 monolayer cells) was sensitive to fluoride ion, and fibroblasts 
were devoid of naphthol AS-D acetate esterase and alkaline phosphatase (Table 
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TABLE II 
Cell Surface Studies of Tissue Culture Cells 

Phagocyto-  
I g M E A C  Ig G E A *  AHG* I g M E A  E ATS§ E+ATS~I Ig¶ sis** 

Hodgkin's disease 
monolayers 

FQ 5 0 0 0 75 0 67 0 0 

FQNMI2 4 0 0 0 62 0 64 0 0 
RB 0 0 0 0 61 0 42 0 0 
SpR 0 0 0 0 52 0 50 0 0 
RY 0 0 0 0 14 0 12 0 0 

H o d g k i n ' s  disease 
suspensions 

H R 60:~:~ 19~::~ 47 0 0 0 - 0 0 

FR 74 16 55 0 0 0 - 0 0 
K B 52 17 64 0 0 0 - 0 0 

Normal spleen mon-  
o layers  

MP  0 0 0 0 0 0 0 0 0 
LW 0 0 0 0 0 0 0 0 0 

NH 0 0 0 0 0 0 0 0 0 
GR 0 0 0 0 54 0 46 0 0 

Raji  Cel ls  95 5 87 0 0 0 0 0 0 

The results are expressed as the percent positive cells per 200 cells counted.  
* Assays for IgGFc receptors with cytophilic antibody (IgGEA) done in suspension and by a pelleting technique (13) gave similar results. 
$ Binding  of A H G  to the surface of cul tured veils were done by indirect immunofluorescence by using human serum as a complement source 

and fluorescein conjugated goat antiserum to human IgG. 
§ React ivi ty  of a 1:50 dilution of A T S  w i t h  cultured cells was tested by indirect immunofluoresconce (8). 
I] A 1:5 d i lu t ion  of anti-thymocyte serum was added to a mixture of cultured cells and SRBC to test inhibition of E ross~te formation (9). 

¶ Cell  surface i m m u n o g l o b u l i u  was tested by direct immunof luorsscence  (10) and cytoplasmic immunoglobulin by an immunoperoxidass 
method (11). 

** Phagocytosis  was tested using latex particles 1.1 ~ m  in diameter (1 × 10 ° particles]ml) in minimal essential medium and with neutral 
red dye. 

$* I g M E A C  an d  I g G E A  rosettes with Hodgkin's disease suspension cells were avidly adherent and contained 12 SRBC/rosotte; Raji cell 
rosettes were composed of 3-6 SRBC.  

III). Raji lymphoblastoid suspension culture cells were negative for all enzymes 
tested by histochemical stains. 

Spectrophotometric Assays. Hodgkin's disease monolayer and suspension 
culture cells contained abundant lysozyme (muramidase) activity as measured 
by solubilization of lyophilized M. lysodeikticus (Table III; Fig. 8 A). In contrast, 
normal spleen monolayers, WI-38 fibroblasts, and Raji cells were devoid of 
lysozyme activity. Acid phosphatase activity was demonstrated in all cultured 
cells tested. The level of acid phosphatase activity per mg protein was greatest 
for Hodgkin's disease and normal spleen monolayers (mean of 9.7 and 6.2 U, 
respectively), somewhat less for Hodgkin's disease suspension cells (mean of 5.1 
U), and least for Raji cells and WI-38 fibroblasts (2.4 U). Alkaline phosphatase 
activity was abundant in Hodgkin's disease monolayers and suspension cul- 
tures, was demonstrable in normal spleen monolayers, and could not be detected 
in Raji cells (Fig. 8B). Finally, chymotrypsin-like activity was present in 
Hodgkin's disease monolayers and suspension cultures, but absent in other cell 
lines (Fig. 8 C). 

Discussion 

Uncertainty regarding the identity and origin of the malignant cell of Hodg- 
kin's disease, and the absence of a morphologically similar counterpart of the 
lymphoma in animals, have hampered experimental studies of the disorder. 
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FIG. 6. IgMEAC (A) and IgGEA (B) rosette formation by cells from a Hodgkin's disease 
suspension culture (Giemsa stain × 1,450). 

This limitation could be circumvented by the isolation and in vitro propagation 
of tmoplastic cells from Hodgkin's disease. To this end we have prepared mono- 
layer and suspension cell cultures from Hodgkin's disease splenic tumors, and 
detail their morphologic, cytochemical, cell surface, and enzymatic.properties in 
the present report. 
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TABLE III 
Enzyme Activities of Cultured Cells by Histochemical and Spectrophotometric Assays 

Hodgk in ' s  Hodgk in ' s  N o r m a l  
d i sease  d i sease  sus- WI-38 

E n z y m e  reac t ion  mono laye r  pens ion  cul- sp leen  mon- Cel ls  Raji  cel ls  

c u l t u r e s  t u r e s  o layers  

H i s t o c h e m i s t r y  
A l p h a - n a p h t h o l  e s t e r a se  + + + + + + - 

A l p h a - n a p h t h o l  ace t a t e  es- + + + + + - - 

t e r a s e  + sod ium f luor ide  
N a p h t h o l  AS-D ace t a t e  es- + + + - - 

t e r a se  
N a p h t h o l  AS-D chlorace  . . . . . .  

t a t e  e s t e r a se  
Pe rox idase  . . . . .  

Acid p h o s p h a t a s e  + + + + - 

A l k a l i n e  p h o s p h a t a s e  -+ -+ - - - 

Spec t rophotomet r ic  a s say  
M u r a m i d a s e  ( lysozyme) + + + + - - - 

Acid p h o s p h a t a s e  + + + + + 
A l k a l i n e  phospha t a se  + + + + -+ 
BTEE (chymot ryps in - l i ke  + + + - - - 

ac t iv i ty)  
TAME ( t ryps in - l ike  ac t iv  . . . . . .  

i ty) 

Four  Hodgk in ' s  d i sease  monolayer ,  t h r ee  suspens ion  cell  l ines ,  and  four n o r m a l  a d u l t  spleen 
c u l t u r e s  were  tes ted.  S i m i l a r  enzyme  ac t i v i t i e s  were  d e m o n s t r a t e d  in  s h o r t - t e r m  and  e s t ab l i shed  

Hodgk in ' s  d i sease  monolayers .  F l u o r i d e - r e s i s t a n t  a l p h a - n a p h t h o l  ace ta te  e s t e r a se  s t a i n i n g  is 

i l l u s t r a t e d  in  Fig. 7. Resu l t s  of spec t rophotomet r ic  a s says  are  p lo t ted  in  Fig.  8. 

Fro. 7. A l p h a - n a p h t h o l  ace t a t e  e s t e r a s e  s t a i n  in  t he  p resence  of sod ium f luor ide  of a 
Hodgk in ' s  d i sease  monolayer .  D a r k  s t a i n i n g  of t he  cy top l a sm ind i ca t e s  t he  p resence  of 

f l uo r ide - r e s i s t an t  nonspecif ic  e s t e r a se  (× 260). 
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Hodgkin's disease monolayer cells were found to contain abundant lysozyme, 
fluoride-resistant acetate csterase, acid and alkaline phosphatases, and chymo- 
trypsin-like activity (BTEE assay). Similar enzymes were found in suspension 
culture cells derived from Hodgkin's disease monolayers that  spontaneously 
altered their growth characteristics and began to propagate in the supernatant 
medium of stationary flasks. Hodgkin's disease suspension culture cells were 
found to contain surface receptors for complement and the Fc portion of immuno- 
globulin. The suspension cells formed IgMEAC and IgGEA rosettes, and bound 
heat aggregated human gammaglobulin by immunofluorescence in the presence 
or absence of complement. Moreover, Hodgkin's disease monolayer and suspen- 
sion cells were devoid of cytoplasmic or surface immunoglobulin, and did not 
form E rosettes nor react with an anti-thymocyte serum. However, Hodgkin's 
disease monolayer cells did not bear surface receptors for either complement or 
IgGFc. Although the monolayer cells formed E rosettes, the cells did not react 
with anti-thymocyte serum and E-rosette formation was not inhibited by the 
addition of ATS. The monolayer cells also formed spontaneous rosettes with 
rabbit and guinea pig erythrocytes. These findings are interpreted as represent- 
ing a nonspecific adherence of SRBC to monolayer cells rather than indicating 
the presence of a T-cell surface marker. It is unclear why Hodgkin's disease 
suspensions, and not monolayers, had surface receptors for complement and 
IgGFc. It is possible that replication in suspension permits detection of Fc and 
complement receptors on Hedgkin's disease cultured cells which are not ex- 
pressed on cells that replicate as monolayers. However, monolayers derived 
from normal blood monocytes have readily demonstrable Fc and C' receptors 
and synthesize complement components (26, 27) (a property not detected in our 
Hodgkin's disease cultures). It should be emphasized that  although our Hodg- 
kin's disease suspension and monolayer cultures had dissimilar cell surface 
properties both were found to contain similar enzymes. 

Cultures derived from normal spleen were composed predominately of spindle 
cells rather than the round, and polygonal epitheloid cells observed in Hedgkin's 
disease cultures. In contrast to Hodgkin's disease cultures, normal monolayers 
contained a diploid number of chromosomes and could not be transplanted to 
nude mice (4). Normal spleen cell lines did not have lysozyme, or chymotrypsin- 
like activity although similar esterases and phosphatases were demonstrable. 
Thus, normal cultured spleen cells have properties shared in common with 
normal fibroblasts, and appear to be quite different from Hodgkin's disease 
monolayer cells. 

Three lines of evidence suggest that the Hodgkin's disease tissue culture cells 
under investigation are neoplastic: they are capable of continuous growth in 
vitro, have aneuploid karyotypes, and produce malignant tumors in nude 
athymic mice (4). Similar findings have been obtained from tissue cultures 
derived from other human lymphomas, including Burkitt's tumor and histiocy- 
tic lymphoma (28-30). It should be emphasized that while our Hodgkin's disease 
monolayer cultures readily produced invasive tumors in nude mice, cultured 
normal human cells and fresh (noncultured) Hodgkin's disease tumors could not 
be transplanted. Moreover, aneuploid karyotypes could be demonstrated in 
Hodgkin's disease monolayers in early passages, as well as in established 
culture lines, suggesting that the chromosome abnormalities were not acquired 
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FIo, 8. Spectrophotometric assays for (A) lysozyme (muramidase); (B) alkaline phospha- 
tase; and (C) chymotrypsin-like activity (BTEE assay). Four Hedgkin's disease monolayer 
cultures and three suspension cell lines were tested; four normal spleen monolayers and a 
Raji lymphoblastoid suspension culture were used as controls. 

in vitro as a result of long-term serial propagation. Thus, normal cultured cells 
had diploid chromosomes after 40 passages in cultures, whereas Hodgkin's 
disease monolayers exhibited aneuploidy after only 6 passages. 

Our evidence suggests that cells that propagate in monolayer and suspension 
cultures derived from Hodgkin's disease tumors have some features in common 
with monocytes rather than either lymphocytes or fibroblasts (15-17), (31-33). 
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However, interpretation of our findings is complicated by recent evidence sug- 
gesting that a lymphocyte rather than a monocyte is the neoplastic cell of 
Hodgkin's disease (34, 35). Garvin and associates demonstrated intracyto- 
plasmic immunoglobulin in Reed-Sternberg and large lymphoid cells (immuno- 
cytes) in Hodgkin's disease lymph nodes with an immunoperoxidase bridge 
technique, and other investigators have observed that  suspension cultures 
prepared from this tumor consist of a variety of large lymphocytes admixed with 
proliferating Reed-Sternberg-like cells (36, 37). These data suggest that one type 
of neoplastic cell of Hodgkin's disease is an abnormal lymphocyte, while the 
evidence available to date indicates that cells of our Hodgkin's disease mono- 
layer and suspension cultures may be neoplastic monocytes rather than lympho- 
c y t e s .  

S u m m a r y  
Monolayer and suspension cell cultures prepared from Hodgkin's disease 

tumors in the spleen were examined microscopically and by cytogenetics, tested 
for lymphocyte and monocyte cell surface properties, and assayed for enzymes 
by histochemical and spectrophotometric techniques. Hodgkin's disease mono- 
layer cultures were composed of rapidly proliferating round and polygonal cells 
that were capable of propagation in vitro for an indefinite period of time. 
Abnormal aneuploid chromosomes were found in short-term Hodgkin's disease 
monolayers that  had been passaged 16-20 times, and in established cell lines 
carried in culture longer than 3 yr and passaged more than 200 times. Cells from 
Hodgkin's disease monolayers contained lysozyme (muramidase), fluoride-re- 
sistant alpha naphthol acetate esterase, acid and alkaline phosphatase, and 
chymotrypsin-like activity. The monolayers did not exhibit specific cell surface 
markers or phagocytosis. Suspension cultures derived from Hodgkin's disease 
monolayers were composed of cells with aneuploid karyotypes and similar 
enzymes. The Hodgkin's disease suspension culture cells had surface receptors 
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for complement and IgGFc, lacked surface or cytoplasmic immunoglobulin, and 
did not form E-rosettes, react with an antithymocyte serum, nor exhibit phago- 
cytosis. Normal monolayer culture cells, derived from adult spleen and human 
fetal spleen and thymus, were composed of spindle cells with a diploid number of 
chromosomes that  could be carried for only a finite period of time in vitro. 
Normal cultured cells contained similar esterases and phosphatases, but were 
devoid of lysozyme and chymotrypsin-like activity. 

The morphologic, cytogenetic, cell surface, and enzymatic findings indicate 
that  our Hodgkin's disease monolayer and suspension cultures are composed of 
cells with many properties suggesting an origin from monocytes (macrophages) 
ra ther  than lymphocytes or fibroblasts. The presence of aneuploid karyotypes is 
consistent with a neoplastic origin and derivation from a malignant  cell of 
Hodgkin's disease. 

We are indebted to Ms. Cathyrn Stamatos and Barbara Wilkes for excellent technical assistance 
and to Doctors Neil Orenstein, Harold Dvorak, and Robert Colvin for helpful advice. 
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