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DEVELOPMENT OF IMMUNOCYTES AND IMMUNOGLOBULIN 

FROM NORMAL AND MALIGNANT HUMAN LYMPH NODES 
PRODUCTION IN LONG-TERM CULTURES 
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Fifteen human lymph nodes have been grown in vitro. Cells from seven of the 
nodes eventually developed into apparently permanent lines dominated by cells resembling 
lytnphoblasts. 

When the results are combined with a previously published series (Pontkn, 1967) 
no diflbrence is found between the frequency at which the phenomenon occurs in lymph 
nodes obtained from patients without known malignancy (group L ) ,  from nodes 
draining carcinomas (group C ) ,  or from malignant lymphomas (group M ) .  It is 
concluded that the spontaneous establishment of permanent lymphoid cell lines is a 
characteristic of human lymphoid tissue in general and that no relationship to malignant 
lymphoma has been proved. A random fibroblastoid growth, apparently unrelated to 
the appearance of a secondary lymphoid cell production phase, was observed in eight 
cases, seven of which belonged to group M or C. 

Five of seven lines were tested repeatedly for globulin production by immunoelectro- 
phoresis and immunoprecipitation combined with autoradiography. Four lines produced 
immunoglobulins of the IgC type; the fifih, obtained from a tuberculous node, syn- 
thesized IgA. Each cell line produced only one detectable molecular species, suggesting 
a monoclonal origin of the immunoglobulins. The light chains were exclusively of the 
kappa type, whereas the heavy chains diflered with respect to their subgroup specifcity. 

Human lymph nodes explanted in an organo- 
typic culture system have been found to  release 
lymphoid cells in decreasing numbers for 2-5 
weeks. Subsequently fibroblast-like elements 
became the dominant part of the cell population 
and no immunoglobulin synthesis was detected 
after the initial release of the lymphoid elements 
(PontCn, 1967). When the primary explants from 
patients with malignant lymphoma were kept 
intact a secondary production of lymphoid ele- 
ments could be detected (Ponten, 1967; Sinkovics 
ct al., 1967). The phenomenon was referred to 
as lymphoblastoid transformation, because of its 
basic morphologic similarity t o  the events reported 

in long-term bone marrow cultures by Benyesh- 
Melnick et al. (1963). Only lymph nodes from 
malignant lymphomas have been reported t o  show 
a secondary release of lymphoid cells which also 
appear to  survive indefinitely in vitro. In a single 
case, immunoglobulin production, probably 
originating from a single clone, was demonstrated 
in cells derived from a patient with Hodgkin’s 
disease (Philipson and PontCn, 1967). We now 
report the development of iinmunocytes and 
immunoglobulin synthesis in long-term and  
seemingly permanent cell lines from both normal 
and malignant human lymph nodes. 
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MATERIAL AND METHODS 

Tissue culture 

A lymph node and a skin biopsy obtained from 
every patient were cultivated by a modified 
Trowell grid procedure (Jenson et a/ . ,  1964) as 
previously described (Ponten, 1967). The lym- 
phoid cells could only be grown together with 
fibroblasts. Eagle's minimal essential medium 
(MEM) was used (Eagle, 1959). 

Definition of terms 

The characteristics of tissue culture of normal 
and malignant lymph nodes have been described 
(PontCn, 1967) and the same terminology is 
used with the following additions or  changes: 

Lymphoid cell. This category includes both 
lymphoblastoid and lymphocytoid cell types 
already described. Both were observed and they 
are grouped together because no definite evi- 
dence is available that there is a functional 
distinction. 

For grid cultures the following terms are used: 
Primary lymphocyte producfion phase: The 

initial outpouring of round cells from the lym- 
phoid tissue explants on the grids. 

Fibroblastoid cell production phase: The phase 
a t  which only fibroblastoid cells are obtained 
from the grids. This phase partially overlaps the 
preceding and the succeeding phases. 

Secondary lymphoid cell production phase : The 
term corresponds to  what has been called '' spon- 
taneous lymphoblastoid transformation " by 
Benyesh-Melnick et a/. (1963) and describes the 
late outpouring of round cells from the grids. 
Three methods were used for propagation of 
secondary lymphoid cells. 

1. The grid containing the original explant 
was transferred to  a dish containing a n  established 
layer of skin fibroblasts and was removed after 
a sufficient number of lymphoid cells had become 
attached t o  the fibroblastic monolayer. The 
lymphoid cells in the mixed culture gradually 
increased at  the expense of fibroblasts. When 
only a few fibroblasts remained, the entire culture 
was carefully broken up into individual cells o r  
small clumps by pipetting and/or trypsinization. 
The cells were centrifuged, resuspended gently in 
new medium and added t o  a fresh layer of fibro- 
blasts. Transfer t o  a new fibroblast culture was 
necessary every 1-2 weeks. 

2. Trypsinized cells from a mixed fibroblast- 
lymphoid cell culture were seeded into a dish 
containing a coverglass. After 3-4 days, the 
coverslip was placed upside-down on a stainless 
steel grid which had been covered by a lens 
paper. Such a combined culture was capable of 
producing lymphoid cells for 4-8 weeks without 
requiring any further manipulations. 

3.  A trypsinized mixture of lymphoid-fibro- 
blastoid cells was sedimented, resuspended in a 
small volume of medium and pipetted into a piece 
of gelatin foam (" Spongostan ", Ferrosan, 
Sweden). The Spongostan piece was placed on a 
stainless steel grid and kept moist by addition 
of medium t o  the level of the grid. This method 
was the preferred one. It gave excellent growth 
and survival of lymphoid cells which were 
released as  an apparently pure suspension into 
the medium for periods exceeding 3 months. 
When lymphoid cell production declined, pro- 
bably because of exhaustion of the fibroblastic 
supply in the Spongostan, the grid was placed 
o n  freshly cultured fibroblasts and the combined 
fibroblast-lymphoid cell mixture transferred to  a 
new piece of gelatin foam. 

Immunological techniques 

The techniques used to  detect and assay im- 
munoglobulins have been described (Philipson 
and Ponten, 1967). Cultures in the secondary 
lymphoid cell production phase were carefully 
washed and recovered in MEM with a 10-fold 
reduction of amino acids. The calf serum com- 
ponent (10%) was dialyzed against the medium 
with reduced amino acid concentration and 
5 pc of a 14C-amino acid mixture with a specific 
activity of 1.5 mc/mg (New England Nuclear 
Corp., Boston, Mass., USA). per culture. 
The cultures were incubated for varying periods 
a t  37" C and the supernatant (medium t free 
floating cells) was concentrated 20-fold. Im- 
nlunoglobulins were qualitatively identified by 
imniunodiffusion, immunoelectrophoresis and 
autoradiography as described elsewhere (Philip- 
son et a/., 1966) and also by electrophoresis 
in agarose gels (Laurell, 1965). Quantitative 
assays were made by the Mancini technique 
(Mancini er a/.,  1965) or by measuring the 
'T incorporated into the immunoglobulins. 
In the latter case, the supernatant was subjected 
to  immunoelectrophoresis and the precipitin 
bands were washed exhaustively, excised and 
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counted in a gas flow counter. In some experi- 
ments carrier immunoglobulins were added to  
ensure a high recovery. The immunoglobulins 
were identified with rabbit antisera specific for 
the heavy chains of IgC, IgA and IgM, respec- 
tively, i.e. the y- ,  a- and p-chains of the human 
immunoglobulins (WHO, 1964). Specific anti- 
sera against x and I light polypeptide chains 
and against two subgroups of y-chains ( y 3 ,  y4) 
(Natvig et a/ . ,  1967) were also used. All antisera 
were adsorbed with calf serum prior t o  use. 

RESULTS 

I .  Occurrence of secondary lymphoid cell pro- 
duction 

Fifteen different patients were studied (Table I). 
The material was divided into the following 
three groups : 

M - Nodes infiltrated by malignant lymphoma 

C - Nodes draining a carcinoma ( 5  cases). 

( 5  cases). 

TABLE I 

CHARACTERISTICS OF LONG-TERM CULTURES OF H U M A N  LYMPH NODES 

Grid cultures Fihrohlastoid cell prod. phase 

Duration Secondary Max. Random Age of' 
tion of Histopathological diagnosis of prim. lymphoid no. growth cells at 

lympho- cell passages degenera- 
strain &::s) Sex cyte production tive phase 

Derigna- Patient 

cell 

prod. (days) 
~~~~~ ~ 

109 M 14 Male Lymphosarcoma 38 No 33 Yes I29 

129 M 75 Male Hodgkin's disease 14 Yes 23 Yes 155 
slight 

130 M 12 Male Hodgkin's disease 27 No 19 Yes 208 
pronounced 

134 M 71 Female Hodgkin's disease 1 1  No 14 Yes 207 
slight 

139 M 12 Female Follicular' lymphoma? 34 No 20 N o  I97 

1 1  1 C 65 Male Non-specific lymphadenitis 45 Yes 10 No 100 

I 15 C 62 Female Non-specific lymphadenitis 39 Yes 14 No 187 

123 C 58 Male Metastatic ca. growth. Ca. 18 No 13 Yes 149 
pancreatis 

124 C 69 Female Metastatic ca. growth Ca. 14 No 17 Yes I85 
mammae 

I37  C 8 I Female Non-specific lymphadenitis 28 Yes 9 Yes I82 

I10 L 45 Male Tuberculous adenitis 29 Yes 10 No 1 I9 

1 16 L 66 Female Non-specific adenitis 32 No2 25 No 206 
~~ 

117 L 44 Female Non-specific lymphadenitis 31 No 32 No 237 

122 L 71 Female Non-specific lymphadenitis 16 Yes 17 Yes 275 

140 L 43 Male Non-specific lymphadenitis 36 Yes 16 No 202 

The histological picture was interpreted as follicular lymphoma, hut chronic non-specific lymphadenitis could not be excluded. 
All grids were lost by contamination within 48 days in culture. 
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L - Specific (I  case) or  non-specific (4 cases) 

As seen from Table I, the primary lymphocyte 
production phase lasted from 11 to 45 days, 
exceeding the maximum of 10 days reported by 
Trowell (1965) in his review. There was no 
difference between the three groups of patients 
in this respect. 

The jibvoblastoid cell production phase lasted 
from 119 to  275 days. All fibroblastoid cells 
eventually degenerated and thus behaved in the 
same way as human fibroblasts obtained from 
other sources (Hayflick and Moorhead, 1961 ; 
Hayflick, 1965). Spontaneous transformation 
into established fibroblastoid lines was not 
observed. 

A random orientation of the fibroblastoid 
cells was seen in 8/15 nodes. 7/8 positive cultures 
belonged to groups M and C,  i.e. either to malig- 
nant lymphomas or lymph nodes draining car- 
cinomas. The only instance not associated with 
malignancy occurred in a lymph node draining 
a stomach ulcer. Secondary lymphoid cell pro- 
duction phase occurred without any relation to 
random fibroblastoid growth. The appearance of 
the irregular growth was similar to  that already 
described in connection with six malignant 
lymphomas (Ponten, 1967). The length of the 

lymphadenitis. 
fibroblastoid production phase did not differ 
significantly among the three patient groups. 

A secondary lymphoid cell production phase 
(“ lymphoblastoid transformation ”) was seen 
in 7/15 cases, belonging to  all three groups. Of 
particular significance was the observation that 
three cultures out of five from group L without 
a malignant condition were transformed. 

The secondary lymphoid cell production 
phase is further analysed in Table 11. The time 
before transformation varied without any per- 
ceptible regularity between 70 and 126 days. 
The lowest number of grid transfers before 
transformation became apparent was three; 
in several instances transformation did not occur 
until the sixth transfer. The importance, for 
lymphoblastoid transformation, of a prolonged 
sojourn in vit~o as an intact grid culture was 
noted previously (Ponten, 1967). In the rather 
small series studied, there was no statistically 
significant difference in the occurrence of a 
secondary lymphoid cell production phase in 
the three patient groups. 

1 I .  Production of immunoglobulins in the secondary 
lymphoid cell production phase 

I t  has previouslv been demonstrated that 
lymphoid cells from one case of Hodgkin’s 

TABLE II 

RESULTS OF LONG-TERM CULTIVATION OF LYMPH NODES SHOWING SECONDARY 
LYMPHOID CELL PRODUCTION 

Designation Days in culture Grid culture No .  of transformed Original  Specific treatment 

nf transformation’ transformation total grid number .’ No’ grids time of biopsy 
at the  time of passage at grids out  of  the of  the patient a t  the 

l l O L  . . . . , 126 6 1 /z 6 Streptomycin 

111 c . . . . . 91 5 114 9 None 
~ 

115C . . . 94 4 111 6 None 

122L . . . . . 70; 83 3; 4 213 4 None 

129M . .  . . . 73 3 115 6 Antimetabolites 

137C . . . . . 80;83;100; 4 ; 4 ; 5 ; 5 ; h  515 5 None 
116; 116 

14OL . . . . . 77; 108 4 ;  6 213 5 None 

Transformation = secondary lymphoid production phase. 
%Tota l  grid number ~ grids left in culture a t  the time of  the first transformation (after 70 days in culture). 

186 



IMMUNOGLOBULIN PRODUCTION IN LONG-TERM CULTURES 

disease during the second lymphoid cell produc- 
tion pha.se synthesize an IgG globulin which 
appears to be ‘‘ monoclonal ” and is presumably 
more abundant when the lymphoid cells are grown 
on autologous fibroblastoid cells (Philipson and 
PontCn, 1967). No immunoglobulin synthesis 
could be demonstrated during the preceding 
fibroblastoid cell production phase with the 
technique used. In the present series, five out of 
seven lymph nodes at the secondary production 
phase were examined for immunoglobulin syn- 
thesis. Table 111 shows that the lymphoid cells 
from four non-lymphomatous nodes 110 L, 1 1  1 C, 
115 C and 140 L synthesized an IgA ( x Z  a2) ,  an 
IgG (xz(y4)Jr an IgG (xzy2n) and an IgG (x2(ydJ 
globulin, respectively. The amount of immuno- 
globulins synthesized was assayed in cultures con- 
taining approximately the same number of lym- 
phoid cells (2 Y lo7). Only 0.1 pg/ml was detected 
in cultures of 115 C, while 3.7 pg/ml and 4.4 pg/ml 
were formed in 140 L and 1 1 1  C, respectively. 
However, it should be emphasized that such a 
quantitative evaluation is subject to  considerable 
error since the number of cells actively engaged 
in synthesis cannot be determined. Only x light 
chains were detected in the produced immuno- 
globulins. The 129 M from a malignant lymph 
node produced a n  IgG ( ~ ~ ( y ~ ) ~ )  globulin a t  a 
concentration of 5.9 ,ug/nil. 

The secondary phase lymphoid cells have been 
kept in culture for 8-10 months and all cell lines 
have been tested at  least three times for the type 
of immunoglobulins synthesized. In no instance 
has a shift in the antigenic pattern been observed. 

Four of the immunoglobulins recovered from 
cell culture fluid were also tested for antibody 

specificity against 25 different bacterial and viral 
antigens in complement fixation tests but no 
activity was detected. 

DISCUSSION 

Long-term and presumably permanent lines 
of human lymphoid cells have been obtained 
from bone marrow (Benyesh-Melnick at al., 
1963), lymph nodes (Trujillo et al., 1966, 1967; 
Ponten, 1967; Sinkovics et al., 1967), Burkitt 
tumors and peripheral blood (Brooke and Os- 
good, 1959; Pulvertaft, 1964; Epstein and Barr, 
1965; Epstein et al., 1965, 1966; Stewart et al., 
1965; Foley et a/., 1965; Rabson et a/., 1966; 
Fahey et a/., 1966; Tanigaki et a/., 1966; Arm- 
strong, 1966; Moore etal. ,  1967; Clarkson etal . ,  
1967). The chain of events with three distinct 
phases is characteristic only of bone marrow and 
lymph node cell. From peripheral blood and 
Burkitt tumors the lymphoid lines seem to develop 
more directly from peripheral blood and they 
always form suspension cultures. Until 1967, 
when Moore et al. reported establishment of 
permanent lymphoid cultures from two normal 
persons, all long-term lymphoid cultures had 
been derived from leukemia, malignant lym- 
phomas or related conditions. Most authors have 
also concluded that the phenomenon is specific 
for malignant neoplasms and the cell lines ob- 
tained from, for instance, Burkitt’s lymphoma 
have been thought to  be derived from malignant 
cells in the patient. Our results cast serious 
doubt on this interpretation. If data from a 
previous study (Ponten, 1967) and the present 
one are combined and only cultures which were 

TABLE I 1 1  

SYNTHESIS OF IMMUNOGLOBULINS D U R I N G  THE SECONDARY LYMPHOID PRODUCTION PHASE 

Antisera with the following specificities 

x u .  I- pgiml by the Type of 
Mancini technique irnniunoglobulin 

Strain ‘i v 3  7’4 

. . . . . . .  ( 7 )  - N.D. IgA 
I I I C  . . . . . . .  + - + - -  t -  4.4 1gG 
115C . . . . . . .  +~ - - ~ - (+) ~ 0.1 I gG 
129 M . . . . . . .  ~t~ - I - -  5.9 IgG 
140L . . . . . . .  + +~ - ~ -t - 3.1 I gG 

110L -1 -~ 
~ - ~ 

- 

+ Clearly positive (by gel diffusion) against the antisera indicated. 
( t ) Weak antigen antibody precipitate. 
N . D .  Not done. 
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kept for a minimum of three grid transfers are 
included, the following figures for the frequency 
of production of apparently permanent lines are 
obtained : malignant lymphomas, 419 positive; 
nodes draining carcinomas, 315; and lymph- 
adenitis not connected with malignancy, 317. 
The lymphoid lines have had the same principal 
characteristics regardless of their origin. These 
findings strongly suggest that the capacity to 
form permanent lines (“ lymphoblastoid trans- 
formation ”) is a general characteristic of human 
lymphoid tissue and its relationship, if any, to 
malignancy remains to be determined. 

One advantage of our system is the comparative 
ease by which the “ lymphoblastoid transforma- 
tion ” is obtained. Benyesh-Melnick et al. (1963) 
observed the phenomenon in only 4/71 bone 
marrow specimens from leukemic children and 
Moore et a(. (1 967) found two instances in 16 cul- 
tures of normal peripheral blood. Twenty-one 
failures to obtain permanent lymphoid lines from 
non-leukemic blood were reported by Clarkson 
et al. (1967). The apparent superiority of our 
technique may be due to the fact that it permits 
the original explants to be kept intact for a 
long time. preserving the original cell inter- 
relationships. 

Analysis of five different lymphoid lines 
suggests that each of them manufactures a 
single molecular species of immunoglobulins 
rather than a mixture. This is based on the 

occurrence in the analysis of only one type of 
light and heavy chain, respectively. Whether 
traces of other immunoglobulins are also pro- 
duced cannot be definitely established because 
of the limitations of the assay system. The 
predominance of one particular species of 
immunoglobulins was, however, a stable charac- 
teristic for the 6-9 months during which repeated 
samples were assayed. 

The “ monoclonal ” production of immuno- 
globulin has been suggested previously (Philipson 
and Ponten, 1967). Tanigaki et al. (1966), 
however, demonstrated a heterogeneity of the 
produced immunoglobulins in most of their 
lines from peripheral blood lymphocytes. This 
difference may be related to the different mode by 
which lymphoid lines emerge in the two systems. 
Further support for the hypothesis that the 
lymphoid cells are of clonal origin was obtained 
by chromosome analysis (Saksela and Pontkn, 
1967). 

All lymphoid lines tested were capable of 
producing immunoglobulins. This finding shows 
that, contrary to generally held ideas, it is 
possible to obtain permanent in vitro cultures of 
cells of non-malignant origin capable of such a 
highly differentiated function as the synthesis 
of immunoglobulins. Since these can be obtained 
with relative ease, detailed studies of the nor- 
mal human ‘‘ immunocyte ” and its function 
should be possible. 

FORMATION D’IMMUNOCYTES ET PRODUCTION 
D’IMMUNOGLOBULINES DANS DES CULTURES DE 

LONGUE DUREE PROVENANT DE GANGLIONS 
LYMPHATIQUES HUMAINS NORMAUX OU MALINS 

Qiiinze ganglions lymphatiques humains ont ttt cultivts in vitro. Sept d’entre 
eux ont jinalement donnt des ligne‘es appavernment pevmanentes dominees par des 
cellules d’aspect lymphoblastique. 

S i  l’on vapproche les rehltats de ceux d’une sPrie prtctdemrnent publike (Ponttn, 
1967), on ne trouve aucune d@rence entre Ies frPquences avec lesquelles le phenombne 
se produit dans les ganglions provenant de malades ne souflvant apparemment pas 
d’un cancer (Groupe L ) ,  les ganglions drainant des epithtliomas (Groupe C )  et les 
ganglions de Iympho>mes malins (Guoupe M j . Les auteurs concluent que la constitution 
spontante de 1ignte.r perrnanentes de cellules lymphoides est une caractkristique du 
tissu lymphoiile humain en ge‘ntval et que rien ne prouve que le phtnornbne soit en 
relation avec le lymphome malin. La croissance au hasard de jibvoblastes a kte‘ obsevvte 
dans huit cas, dont sept appartenant aux groupes M ou C. 
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Des kpreuves rkpktkes de recherche de la production de globulines ont &ti $sites 
sur citiq lignkes sur sept par immunoklectrophorPse et par imrnunopricipitation at 
autoradiographie. Quatve lignkes produisaient des immunoglobulines de type IgC; 
la cinquiPme, derivke d’un ganglion tuberculeux, synthktisait de I‘IgA. Chaque lignke 
n’a produit qu’une esptke molkculaire decelable, re qui jait penseu que les immuno- 
globulines otit une origine monoclonale. Les chaines IPgPres Ptaient exclusivement 
du type kappa, tandis que les chaines lourdes prisetitaient des sptcificitks de sous-groupe 
cliff Zretites. 
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