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ANTIBODY PRODUCTION IN ORGAN CULTURES OF 
LYMPH-NODE FRAGMENTS FOLLOWING IN VITRO 
SECONDARY ANTIGENIC STIMULATION 1• 2 

CHARLES TESCH AMBROSE,3 Department of Bacteriology 
and Immunology, Harvard Medical School, Boston, Massa
chusetts 

SUMMARY 

The technique for obtaining a second
ary antibody response in vitro by 
stimulating cultured fragments of im
mune rabbit lymph nodes is described. 
A thin pad of glass wool overlying the 
fragments in a Leighton tube was used 
to hold the fragments in place and to 
replace plasma for this function. In 
addition, the glass wool fibers provided 
an increased surface area for cellular 
migration, which may be studied in liv
ing cuJtures or in fixed and stained 

preparations. Experiments leading to 
the development of chemically defined 
medium are described; the components 
of this medium that appear to substi
tute for serum include hydrocortisone 
and insulin. Studies on the inhibition 
of antibody production in vitro by bac
teriostatic levels of chloramphenicol 
suggest that the drug acts at an early 
step which is probably peculiar to the 
initiation of the secondary response.
NCI Monogr. 11: 117-126, 1963. 

SEVERAL YEARS ago Dr. Maria Michaelides and Dr. Albert H. Coons 
devised a method of stimulating the secondary response in organ cultures 
of immune rabbit lymph-node fragments (1). The work to be described 
here deals with two quite different applications of this culture technique. 
One has been to determine optimal nutritional requirements of this culture 
system first by finding a defined medium which enables some antibody 
production to occur in vitro and next by supplementing with known 
compounds this basic medium to enhance production further. The second 
application has been to study the effect of chloramphenicol on the inhibi
tion of this in vitro response. These studies will soon be published in 
detail elsewhere. 

MATERIALS AND METHODS 

The basic technique originally devised is as follows: Normal adult 
male rabbits receive an injection in each hind foot pad of 10 to 12.5 

1 Presented at the 13th Annu'al Meeting or the Tissue Culture Association, Washington, D.O., May~~. 1962. 
J Supported by research grant H-2255, National Heart Institute, National Institutes of Health, Public Health 

Service. 
· • The assistance of Miss Llnda Chesnel and Mrs. Elalne Lacks Is gratefully acknowledged. 
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mg bovine serum albumin (BSA) and 100 to 167 Lf diphtheria toxoid
both antigens being dissolved in the same 0.1 ml of saline. Three to 
12 months later, when the rabbit's circulating titers to these two antigens 
are low, the lymph nodes draining the injection sites are removed asep
tically and ·cut into 1 mm3 fragments. These fragments are incubated 
for 2 hours with a dilute antigen solution of 0.5 mg BSA and 5 Lf diph
theria toxoid per ml of medium and are then rinsed several times with 
Hanks' solution to remove excess antigens. This step constitutes thA 
in vitro secondary.stimulation. Generally asmall group of fragments is 
simultaneously incubated in medium- without antigens and serves as 
the nonstimulated controls. Twelve fragments are implanted in rabbit 
plasma (usually autologous plasma) in a roller tube. Each tube receives 
1 ml of basal medium 4 containing 25 percent normal rabbit serum. 
The tubes are incubated at 37° 0 in a roller drum. The medium is 
replaced every 3 days and saved for later measurement of its antibody 
titer. Stimulated lymph-node cultures of this sort frequently continue 
to produce high titers of antibodies simultaneously to BSA and diph~ 
theria toxoid for over 3 weeks. Finally, the antibody titers are measured 

-by the hemagglutination method with tanned sheep erythrocytes [Stavit-
sky's modification of the Boydenprocedure (2)]. . 

The only significant deviation from this original technique has been 
replacement of the plasma clot by glass wool pads to hold the fragments 
in. place. A thin pad of glass wool, precut to the shape of the inner flat 
surface of a Leighton tube, is inserted over the fragments once they are 
aligned in the tube. This inert matrix of spunglass contributes no n:u::. 

. tritional factors to the culture, but fixes the fragments in place and pro
vides increased surface area onto which cells may migrate out from the 
fragments. The live culture may .be examined under low- and medium

-power objectives any time during an experiment. Also the fragments 
and their outgrowth entangled in the glass wool may be fixed and stained 
like coverslip preparations. Plasma may be added to the glass wool, 
which also prevents loss of fragments from lysis and retraction of thecl<>t~ 

DEVELOPMENT OF A CHEMICALLY DEFINED CULTURE MEDIUM 

:- In the culture system,· as originally devised, there are three uncontrolled 
variables affecting the titer of antibody produced. The first and rp.ost 
significant, of course, is the starting tissue itself, which must be obtained 
fresh from a rabbit }or each experiment. The lymph-node fragments 
differ considerably from animal to animal in two respects: 1) in the degree 
of their primary in vivo antigenic stimulation and 2) in their potential 
for protein .synthesis as 1t functon of intrinsic nutritional factors. ·The 
existence ·of this second difference se:ins apparent from the fact that 

. . - - . . . . 
. - t BaSal medium consiSts of 1 perCent Eagle's amino acl(l."ni!xture;:l percen.t Eagle's vitainln mixture, 2.0 mM 
glutamine, Hanks' salt solution,_ glucose (7_5 mgflOO ml), phenol re~ (0.002 g{lOO ml), 50 units per mJ penlclnln; 
and 50 PI:_ pe~ m1 streptomycin sulfate;· ·The final pH Is adJusted to ·7.4 with a sodium bicarbonate solution; ' 
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ANTIBODY PRODUCTION IN LYMPH-NODE CULTURES 119 

fragments from some rabbits produce moderate amounts of 'antibodies 
when cultured in mere basal medium, i.e., medium free of serum, while 
fragments from other rabbits in the identical basal medium often show 
no response. Yet both sets of fragments produce good antibody responses 
in serrim-containing medium, indicating they were both equally well 
primed by the initial in vivo antigen stimulation. .A possible explanation 
for different responses in basal medium is the existence of an intrafrag
ment pool (probably intracellular pool) of some -nutritional factor(s) 
in the nodes of one rabbit and not in those of another. · · 
. The remaining two variables affecting the in vitro response are the 

plasma clot and the serum used in the medium-· both of which ·differ 
in the nutritional substances they contribute to the cUlture. We can 
eliminate the problem of plasma by replacing it with the glassowool pads 
described. Our interest in developing a completely defined mixture of 
substances to replace serum arose in the following indirect manner: 

Studies preliminary to experiments on the incorporation of isotopically 
labeled amino acids in stimulated lymph-node cultures revealed that 
serum dialyzed ostensibly to remove free amino acids could not support 
antibody production. This deficiency could not be relieved by the pres
ence of Eagle's mixture of 13 essential amino acids or by the addition 
of any of the "nonessential" amino acids. However, a serum dialysate 
could reconstitute the dialyzed seruin to a considerable degree. In fact, 
the dialysate allowed good antibody production· to occur in the absence 
of any dialyzed serum with its various proteins. More surprising, how
ever, was an experiment in which basal medium with 12 percent normal 
rabbit serum allowed excellent antibody production, with 25 percent 
dialyzed rabbit serum allowed essentially no antibody production, and 
with the combination of 25 percent dialyzed serum plus 12 percent nor
mal serum allowed practically no antibody production. One possiblA 
explanation consistent with these results is that serum contains a nutri
tionally essential component (or components) which is dialyzable and 
exists both in a free form and partially bound to a nondialyzable serum 
protein. On exhaustive dialysis 6 both the free and protein-bound frac
tion:;; are lost from the serum. The dialyzable components in the dialysate 
can be. retlirned to the dialyzed serum to render it again able. to support 
antibody production, or the dialyzed component by itself can sustain 
antibody production independent of serum proteins. Furthermore, dia
lyzed serum may conceivably ''deplete" normal serum if the dialyzed 
proteins of the former tightly bind the free. components of the latter. 

Certain hormones have these necessary properties, i.e., they are dialyz
able and exist in serum both free and bound to proteins. Three common 
ones are insulin (3), triiodothjrronine (4), iu:id hydrocortisone. (5) . . We 
prepared a special mixture consisting of these three readily available hor
mones. .At· the time of these experiments we were also interested in the 
effects oLv1tiunin B12, severaffat-soluble vitari:iins, and the· nonessential 
· . • In these eXperiments· sentm was dlalyzed against running tsp w'atedor 72 hours at 5° 0 and then against 
several' changes of normal 8allne-phosphate buffer at pH 7.0 over 24 hOurs at: 5° O •. We ·obtained the dlalysates 
by dlalyzlng serum against an equal volume of distilled water with gentle shaking for 24 hours at 5° 0. 

SYMPOSIUM. ON ··oRGAN''CULTURE _; : 
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amino acids. When this empirical mixture of 16 components 6 was added 
to the basal medium, this now serum-free medium resulted in production 
of antibody titers as high as did the basal medium supplemented with 
the serum dialysate or even with 25 percent normal rabbit serum. The 
next several experiments indicated that of the 16 substances included in 
the empirical mixture the hydrocortisone sodium succinate and the in
sulin (to a lesser degree) were the major active components (text-fig. 1). 
While individually neither the nonessential amino acids nor the special 
vitamin mixture sustained antibody production, yet some degree of syn
ergism between them and the hydrocortisone and insulin was evident in 
still later experiments. The nature of the synergism, the range of optimal 
concentration of hydrocortisone and insulin, and the recognition of other 
dialyzable factors in serum are currently being investigated. 
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·TEXT-FIGURE I.-Effect of various supplements to basal medium on in vitro antibody 
· · production (anti-BSA). No plasma was used in these cultures. Each point in 

these graphs represents the average titer of 4 cultures. 

INHIBITION OF ANTIBODY PRODUCTION BY 
CHLORAMPHENICOL 

.·. · .Our studies with chloramphenicol. require a brief summary of some 
relevant data from the literature. In susceptible bacterial cultures arid 
fu cell-free bacterial systems the addition of 2 to 20 JJ.g per ml of chlor:.. 

. • The 16 components of the empirical mlxtur~ Included: 0.1 mM of each of the 6 nonessential amino acids (alanine 
• aspartic acid, asparagine, glycine,prollne, and serine), 0.25 pg per m! vitamin A, 10 pg per m! vitamin :E, 0.45 p.~ 

per m! vitamin K, 5 p.g per m! linoleic acid, 5 p.g per m! linolenic acid, 5 X 1o-e p.g per m! thloctlc acid, 2 X 1G-4 p.g 
per ml vitamin BtJ, 0.01 pg per m! trtiodothyronlne, 0.1 pg per m! hydrocortisone sodium succinate; and 1.0 nnlt 
per m! crystalline zinc Insulin. t . ! . · 
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ANTIBODY PRODUCTION IN LYMPH-NODE CULTURES 121 

amphenicol results in the prompt and nearly complete suppression of 
protein production (6, 7). On the other hand, in mammalian cells this 
level of the drug has had no demonstrable effect. Indeed only with 
very high levels (300 to 2500 pg/ml) has there been shown 'to be even 
partial inhibition ofprotein synthesis in mammalian cell cultures (8, 9), 
in isolated thynius nuclei (10-12), or in cell-free systems. (9, 13). This 
apparent resistance of mammalian cells and systems to "bacteriostatic" 
levels of chloramphenicol has puzzled investigators interested in protein 
synthesis. However, we have found a clear effect of such low levels of 
chloramphenicol on the secondary response (14.). 

In one experiment various concentrations of chloramphenicol (5, 10, 
20, 35, and 50 j.&g/ml) were included in the medium for the 2 weeks the 
cultures were followed. In cultures maintained in medium free of chlor
amphenicol, the lymph-node fragments produced titers averaging at their 
peak 1/5120 for anti-BSA and 1/320 for antidiphtheria toxoid. Increasing 
concentrations of chloramphenicol in the medium produced correspond
ingly more complete inhibition of antibody response. The anti-BSA 
response was inhibited over 95 percent by 20 pg per ml and over 99 percent 
inhibited by 50 pg per ml. The anti-diphtheria toxoid response, which in 
general was several twofold dilutions lower than the corresponding and 
simultaneous anti-BSA response, was completely suppressed by concen
trations greater than 20 pg per ml. 

Subsequent experiments showed that -once the secondary response was 
well established, antibody production could not be appreciably stopped 
by a level of chloramphenicol which was completely inhibitory when 
continuously present in the medium from the time of the secondary 
stimulation. In text-:-figure 2 are plotted data of a typical experiment 
in which 50 pg per ml chloramphenicol was added ~o the medium on day 0 
for various intervals or was added at different times after the secondary 
stimulation and maintained in the medium until the end of the experiment. 
The response of the cultures not receiving secondary stimulation in vitro. 
and not exposed to the drug is shown as a dotted line in text-figure2A. In 
these unstimulated cultures there was an initial high titer that rapidly 
fell in successive changes of medium; this initial peak represented the 
waning primary response to the antigen injected into the foot pad many. 
months before. The response of the cultures stimulated in vitro and not 
exposed to the drug is depicted in this same figure as the solid line; a 
typical secondary response resulted in. a peak antibody production 
around day 12. Stimulated cultures exposed to chloramphenicol through
out the 15 days (text-fig. 2D) showed a precipitous fall in antibody titers, 
which paralleled that in the unstimulated cultures. . Exposure for the 
first 3 days only (text-fig. 2B) resulted in a delayed response which never 
quite reached that in the unexposed group of cultures. Exposure for the 
first 6 days (text-fig. 20) caused a steep fall in titers, but a small response 
did occur 3 days after withdrawal of the drug from the medium. Exposure 
beginning on day 3 and continuing to the end of the experiment (text-fig. 
2E) resulted in a slower fall in titer than i!l the cultures· contin1;1ously 
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TEXT-FIGURE 2.-Effect of 50 p.g per ml chloramphenicol on in vitro antibody pro
duction · (anti-BSA). Chloramphenicol was present in the culture medium for 
various intervals starting at different times as indicated by the bar at the top of 
each graph. Each point represents the average titer of 3 to 4 cultures. 

exposed for all 15 days. Finally, exposure beginning on day 6 (text-fig·. 
2F) allowed antibody production tocontinue for the next 6 days as well 
as it did in the unexposed control group of cultures. . · 

The general pattern of response to chloramphenicol described in this 
experiment has been repeated in numerous others of the same design. 
These studies indicate that levels of chloramphenicol, which suppress 
protein synthesis in bacteria, also markedly inhibit antibody production 
in mammalian cells in culture when the exposure to the drug includes 
the period of 9 or 12 days immediately after the in vitro antigenic stim
ulation. These data suggest that chloramphenicol acts at a point in the 
metabolic sequence for antibody synthesis peculiar to the initiation of 
the secondary response. 
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DISCUSSION 

AB RAM B. STA VITSKY ,t. 2 Department of 1\ficrobiology, Western Reserve University_ 
School of Medicine, Cleveland, Ohio · 

Dr. Ambrose has reported some interesting and unique findings. Discussion of 
them Is complicated by the following considerations: 1) There is some question 
about what he is measuring with his antibody assay and 2) he is studying phenomena 
whose mechanisms are poorly understood. Let me be more explicit. 

The hemagglutination method measures antibody activity and is probably also a 
rough; measure of antibody concentration. It is, therefore, possible that some of. 
the antibody in the medium was not recently synthesized, but was made at some 
time-in the past and released into the medium after the disruption of antibody-con
taining cells.· The distinction between de novo synthesis of antibody and release of . 
antibodycan be made With certainty only by measurement of the extent of incorpo
ration of radioactive amino acids into antibody. -Table 1 illustrates the results of 
an experi~ent in which the secondary antibody response of the rabbit lymph node' 
was stimulated in vivo a~ d. the node was set up !n in _vitro culture as in the experiment, 
of Dr._ b.mbro~e; the only exception-was that .the _fragments of node were pinned to a., 
staipl~s~-steel wire grid with agar. It is clear that in this situation, which is admit-. 
tegly quite different from Dr. Ambrose's, the hemagglutination titer is not a reliable 
m~asure of de novo antibody synthesis; _ I ~o not know w.hy it is not a reliable gauge -
of synthesis, but suppose that in the prese_nceof these purine and pyrimidine analogues 
some_ disruption of cells or {)ell permeability occurs, with release of intracellular anti
h9dy which was not made. recently. _However, over a period of years, we hav~ tried_ 
with only intermittent success to_ get i~corporation of C1' glycine into the antibo_dy, 
whl~h appears in the mecll~m In a system like the_ one_ Dr. Axn~roseused.- We !J,ave 
succ~e~ed o~ occ:iasio~ ~d.Y ~ust;~~heref()re, conclude that de novo antibody syotl;lesi~
can:occur under:these_condit~ons. That in_cm:porationdoes n<?~ ()CC~r m()re consisten~ly ·: 

_1 This kvestigatlon wi1s ~pp~rted by research grant -~~lSM fro~ the Allergy an~ Jn!ectlo,us Dlseases tnStit:Ute~ : 
Natlonaiinstltutes of Health, Public Health Service:· · : · _· . . . . . , . ~ , . -

• Theassistimce ofMr. Weldon W. Harold Is acknowledged. '-· " _____ ,., 
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must be a reflection of the relatively small amounts of antibody which are synthesized. 
Irideed it would be difficult to explain the data on any other basis; it is unlikely that 
ihe antibody which appears in the medium a few days to a week after the addition of 
al'ltigen represents antibody that has persisted intracellularly from the last injection 
of antigen 3 to 12 months before. The rub, as I see it, comes in the interpretation 
of the titers of cultures 2 to 3 weeks old. The possibility remains that the antibody 
in the medium at this time represents a combination of newly produced antibody and 
antibody synthesized previously and released into the medium. A more sensitive 
isotopic assay and the development of conditions favoring the production of larger 
quantities of antibody are urgently needed. 

TABLE 1.-Hemagglutination versus incorporation assay of 
in vitro antibody synthesis in presence of inhibitors 

Lymph node* in medium 
plus 

500 p.g 5-BRUD§ · 
200 p.g 6-AUR§ 
200 p.g 8-AA§ 
200 p.g 6-AT§ 

. Hemagglutina
tion titert 

640 
320 
320 
320 
160 

cpmt 

1,488 
198 
242 
284 
290 

0Popllteallymph nodes removed 3 days after third injection of bovine 'Y-globulln Into hind foot pads of rabbit. 
Cultures set up of lymph-node fragments on stainless-steel grids In 1 mi of medium for 48 hours. 
· · f Reciprocal of hemagglutlnation titer. 
t Counts per minute of specific bovine 'Y-globulln-anti""Y-globulln precipitates. 
'i 6-BR UD = 6-bromodeoxyruldlne; 6-A UR ~ 6-azauracil riboside; 8-AA = 8-azaadenlne; 6-AT = 6-azathymlne. 

Dr. Ambrose is studying the in vitro induction of the secondary antibody response, 
followed by continued intracellular synthesis of antibody and secretion of this anti
body into the medium for a period of weeks. He has made some very useful obser
vations on the factors in the medium that favor the secondary antibody response. 
However, it is difficult to know at what point(s) in this sequence of reactions the 
factors in serum, the special mixture and hormones, operate. In short-term, 24- to 
48-hour cultures of lymph nodes cultured after in vivo induction of antibody synthesis, 
we found that optimal concentrations of certain amino acids had to be present in the 
medium for maximal synthesis (1). Addition to the medium of serum, serum ultra
filtrate, chick-embryo extract, purines and pyrimidines, certain lipides, carbohydrates, 
and coenzymes did not promote antibody synthesis in these cultures (1). In a similar 
·study with spleen, Mountain (2) found that purines and pyrimidines, chick-embryo · 
and liver extract, certain vitamins, and sucrose did not enhance antibody formation. 
Higher concentrations of sucrose, cysteine, cystine, and reduced glutathione inhibited 
antibody production (2). Working with isolated spleen cells, Vaughan et al. (3) 
added ribonucleosides, glucose, and ascorbic acid to the medium without affecting 
antibody synthesis, but higher concentrations of ascorbic acid, glutamine, and nucleo
sides inhibited antibody production. The nutritional requirements for successful long
term cultures are less well defined. From the work of Trowell (4, 6) on organ cultures 
of rat lymph nodes in vitro, it appears that a simple synthetic medium consisting of 
certain amino acids, inorganic salts, glucose, thiamine, paraaminobenzoic acid, and 
insulin supports lymphoid cells in good condition as well as differentiation of reticulum 
cells to large lymphocytes. Dr. Ambrose also obtained antibody synthesis in the 
absence of serum if the special mixture was added to the basal medium . 
. · Dr. Ambrose's findings on the effects of chloramphenicol on antibody formation in a 

mammalian cell system are unique. It is interesting that Trowell (4, 6) had 0.06 
percent chloramphenicol in his cultures-an amount greater than the highest concen
tration used by Dr. Ambrose--without any apparent effect on morphology or differ-'· 
entiation in his system. It would, therefore, be of interest to find out what bio
chemical, morphological, and physiological effects chloramphenicol has on the in 

NATIONAL CANCER. INSTITUTE _MONOGRAPH N:O• 11. 
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TABLE 2.-Synthesis of antibody in long-term cultures of rabbit lymph nodes 

Days in 
culture* cpmt 

2 890 
3 1, 070 
5 760 
7 820 

*Rabbit popliteallymph·node fragments derived from rabbits 3 days after the second injection or diphtheria 
toxoid. One p.C of Cll..gJycine was placed in the medium. Medium and Isotope were replaced on days 2, 3, 5, 
and 7 of culture. 

tCounts per minute of specific antigen-antibody precipitate derived from tissue-culture medium •. 

vitro antibody-forming system. I would agree that the data certainly suggest an 
effect on the inductive phase of the in vitro antibody response. 

Therefore, further studies of normal and antibody-forming lymph-node cultures are 
a glaring requirement. I am perplexed about what goes on in the systems we have 
studied in which lymph nodes are removed from the rabbit 3 days after the second 
injection of antigen and then cultured in a manner similar to Dr. Ambrose's system, 
with the exception that the tissue fragments are stuck to a stainless-steel wire grid 
with agar. Under these conditions antibody synthesis continues for at least 1 to 3 
weeks at a slowly declining rate, as shown in table 2. There is little evidence of mitosis 
in vitro, which is reminiscent of Trowell's observations on cultures of normal rat lymph 
nodes (4, 5). Nevertheless, as shown in table 1, purine and pyrimidine analogues 
inhibit antibody synthesis almost completely and studies of in vitro incorporation of 
P32 into various cell fractions suggest a greatly increased synthesis of phospholipide, 
deoxyribonucleic acid (DNA), and ribonucleic acid (RNA) [table 3 (6, 7)]. It is 
therefore surmised that these antibody-forming tissues are synthesizing and turning 
over substances other than antibody. Moreover, there seem to be important differ
ences between antibody synthesis as it occurs in vivo and in vitro. The peak of antibody 
synthesis in vivo is 3 to 4 days after the second injection of antigen and by the 6th day 
only a low level of synthesis persists (8). Yet, lymph nodes removed during the peak 
of maximal synthesis continue to make antibody at only a slowly declining rate for 
1 to 3 weeks in vitro. The difference may be that in vivo the immature plasma cell, 
which is capable of maximal antibody synthesis, differentiates into the mature plasma 
cell that is capable of only minimal synthesis, whereas in vitro this differentiation may 
not occur. 

That Dr. Ambrose's studies raise more questions than they answer is a compliment 
rather than a criticism. I am certain that more detailed cytochemical, biochemical, 
and immunological studies of what is going on in his cultures will provide much useful 
information as well as many more incisive questions. Thus is progress made. The 
difficulty of the use of hemagglutination titration to measure de novo antibody syn
thesis in in vitro lymph-node cultures is stressed. It is, however, concluded that 
such synthesis does occur in vitro after the addition of antigen to lymph-node frag
ments from rabbits which were stimulated for the first time many months previously. 

TABLE 3.-Incorporation of inorganic pa2 into phospholipides, deoxyribonucleic acid, 
and ribonucleic acid of lymph nodes 

Source of node* 

Normal rabbit 
Normal rabbit 
Immune rabbit 
Immune rabbit 

Phospholipides 
(% dose/mg P) 

3.7 
2. 3 
6.4 
5. 6 

RNA 

3.0 
1. 2 
4.6 
4.4 

DNA 

0.43 
0.26 
1. 05 
0. 71 

•Immune rabbit-node removed from rabbit 3 days after second injection of diphtheria toxoid. Lymph·node 
slices incubated with inorganic 50 p.e pu for 5 hours in ~itro. 

SYMPOSIUM ON ORGAN CULTURE 
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DISCUSSION 

Further biochemical, cytochemical, and immunochemical studies are· required to 
understand what is occurring in organ cultures of antibody-forming tissues. 
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