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In recent years, the role of the macrophage in immunological responses has received 
much attention. Fishman and Adler focused attention on macrophage "processing" of 
antigen when they reported that RNA extracted from peritoneal exudate (PE) 1 macro- 
phages after incubation with bacteriophage was able to stimulate synthesis of phage- 
neutralizing antibody by normal lymph node cells in diffusion chambers (1). Askonas 
and Rhodes reported that such RNA extracts contained antigen and suggested that 
mac rophages" . . ,  may process antigen in some way so as to make it highly immuno- 
genic" (2). Subsequently, Adler, Fishman, and Dray described a second type of RNA 
extracted from peritoneal exudate cells (PE cells). I t  induced synthesis of specific 
phage-neutralizing antibody by lymph node cells which had the allotype marker of the 
PE cells rather than the lymph node cells. This implied that genetic information had 
been transferred from the PE cells to the antibody-synthesizing cells (3). 

Another approach has been to study macrophage-lymphocyte interaction in vitro. 
Mosier demonstrated that primary antibody production in vitro by mouse spleen cells 
against sheep erythrocytes depended on the interaction of glass-adherent ("macro- 
phage rich") and nonadherent ("lymphocyte rich") cells. Removal of either population 
interfered with the response (4). 

Stimulation of transformation of lymphocytes in vitro by a specific antigen affords 
the opportunity to investigate the interaction of an antigen with various cells involved 
in immunological responses (5). Oppenheim, Leventhal, and Hersh demonstrated that 
in vitro transformation of human lymphocytes by specific antigen was markedly in- 
hibited when phagocytic cells were removed from human leukocyte suspensions by 
passage down a glass bead column (6). Restoration of the response was achieved by 
adding macrophages to lymphocytes purified by glass bead column (Hersh and Harris, 
7). 

* A preliminary report of this work was presented at the Fourth Leukocyte Culture Con- 
ference on June 27, 1969, and is to be published in the proceedings of that conference (29). 

i Abbreviations used in this paper: BSA, bovine serum albumin; CFA, complete Freund's 
adjuvant; cpm, counts per minute; HBSS-GPS, Hank's balanced salt solution containing 
guinea pig serum; ~H-TdR, 3H-thymidine; PE, peritoneal exudate; PPD, purified protein deriv- 
ative; LFU, Lf unit. 
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In the present study we have employed inbred histocompatible guinea pigs 
to investigate the role of macrophages and lymphocytes during antigen-induced 
proliferation of lymphocytes in vitro. Our findings indicate that the prolifera- 
tive response of sensitized lymphocytes to specific antigen is greatly enhanced 
by macrophages but that the immunological memory requisite to elicit specific 
transformation responses is a property of the lymphocytes and not the macro- 
phage. 

Materials and Methods 

Animals.--Male and female NIH strain 13 guinea pigs weighing 500-800 g were used for 
these studies. These animals are highly inbred and fail to reject skin grafts (8). Such histo- 
compatible guinea pigs permit the use of cells from immunized and unimmunized animals with- 
out the complication of in vitro mixed leukocyte reactions. In vitro mixed leukocyte reactions 
between homologous guinea pig leukocytes would increase the background incorporation of 
3H-thymidine and thus interfere with the detection of lymphocyte transformation by soluble 
antigens. 

hnmunization.--Guinea pigs were immunized once with either complete Freund's adjuvant 
(CFA, Mycobacterium tuberculosis, 8 mg/ml, 0.1 ml into each footpad; provided by Dr. S. 
Stone) or tetanus toxoid (provided by Dr. L. Levine, Massachusetts Department of Public 
Health) emulsified in CFA (10 LFU/ml  and 4 mg/ml respectively; 0.1 ml into each footpad). 
2-4 wk later, such immunized guinea pigs ("immune") were used for experimental procedures. 
Control guinea pigs, except as indicated, received no immunization ("nonimmune"). 

Skin Tests and Antibody Determination.--Skin reactivity was assessed after intracutaneous 
injection of purified protein derivative (PPD; 10/zg in 0.I ml; Lederle Laboratories, Pearl 
River, N. Y.) or tetanus toxoid (1 LFU in 0.1 ml) and evaluated at 4-6, 24, and 48 hr. Im- 
munized animals manifested delayed hypersensitivity to PPD and tetanus toxoid which was 
maximal at  24 hr (greater than 10 mm diameter erythema and induration) and decreasing by 
48 hr. The presence of antibody was determined by Ouchterlony immunodiffusion. Sera from 
animals that  were immunized with tetanus toxoid contained detectable anti-tetanus antibody, 
whereas those immunized with CFA contained no detectable anti-PPD antibody. 

Preparation of Lymphocytes.--Guinea pigs were exsanguinated via intracardiac puncture 
2-4 wk after immunization. Within 30 rain popliteal, flank, and axillary lymph nodes were 
removed and placed in Hank's balanced salt solution which contained 2.5% normal guinea pig 
serum (Hartley strain), penicillin (50 units/ml), and streptomycin (50 #g/ml) (HBSS-GPS). 
Submental and omental lymph nodes were also removed from nonimmune animals. The nodes 
were teased apart with forceps, and the cell suspension was filtered through a cup-shaped stain- 
less steel sieve (60-mesh). Cells were washed in HBSS-GPS and concentrated by centrifugation 
at 450 g for 10 min at room temperature. Immunized animals yielded an average of 9 X 108 of 
these "lymph node cells" which consisted of 95% small and medium lymphocytes, 3% blasts, 
1% monocytes, and 1% neutrophils and plasma cells; 80% of these cells excluded trypan blue. 
Control animals yielded approximately 4 X 108 lymph node cells, and 95% of these cells ex- 
cluded trypan blue. Glass adherent cells were removed from lymph node cells by passage down 
a 12 inch high glass bead column (9, 6). The effluent cells which had not adhered to glass (lym- 
phocytes) consisted of 98-99% small and medium lymphocytes, less than 1% blasts, and less 
than 0.5% monocytes; 95% or more of these cells excluded trypan blue. The average lympho- 
cyte yield from such a procedure was 30-40% of the lymph node cells which were originally 
placed on the column. 

Preparation of Macrophages.--Peritoneal exudate cells (PE cells) were obtained 4 days after 
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intrapetltoneal injection of either a 2.5% solution o~ hydrolyzed starch (Connaught Medical 
Research Laboratories, Toronto, Canada) in buffered salin e (10) or pristane (2,6,10,14- 
tetramethylpentadecane; Aldrich Chemical Co., Milwaukee, Wis.). The peritoneal cavity was 
rinsed with 200-300 ml of cold HBSS-GPS which contained heparin (1 unit/ml). The usual 
yield after intraperitoneal injection of starch was 40-80 X 106 PE cells, of which 80-85% were 
macrophages, 15-20% were lymphocytes, and 2-5% were neutrophils; 95% of these cells ex- 
cluded trypan blue. Macrophages were identified in stained smears (Jenner-Giemsa) as medium 
to large mononuclear cells with indented nuclei and abundant cytoplasm. The cytoplasm fre- 
quently contained starch or oil-filled vacuoles depending on the irritant used to induce the 
exudate. Incubation of PE cells at 37°C for 1-2 hr with polystyrene latex particles (1.3/z diame- 
ter; Dow Chemical Co., Midland, Mich.) resulted in phagocytosis of the particles by these 
mononuclear cells. Lymphocytes were identified by the criteria of small size, scanty cytoplasm, 
darkly staining nuclei, and an inability to phagocytose polystyrene particles. These PE cells 
were used as the source of macrophages in most experiments. After injection of pristane, ap- 
proximately 200 X 106 cells were obtained, and they consisted of 50-60% macrophages, 30- 
40% lymphocytes, and 10% neutrophils. To obtain pure macrophages, the pristane-induced 
exudate was placed on top of a 17% bovine serum albumin (BSA) solution (Pathocyte 5, 
Pentex Inc., Kankakee, Ill.) and was centrifuged at 10,000 g for ~ hr. Cells which remained 
layered over the albumin after centrifugation consisted of 99% macrophages. 

Pulmonary macrophages were obtained by cannulating the trachea with a No. 13 trochar 
and rinsing the lungs 5-6 times with 5 ml of HBSS-GPS. This yielded approximately 10-20 X 
106 cells, and they consisted of 85-90% macrophages, 10% lymphocytes, and 5% neutrophils. 
More than 95% of these cells excluded trypan blue. 

Culture Condltions.--Cells were cultured in 1 ml of either Eagle's basal medium No. 2 
(EM) or RPMI-1640 (Roswell Park Memorial Institute) (NIH Media Unit, Bethesda, Md.) 
with 10% normal guinea pig serum (Harfley strain), penicillin (50 units/ml), and streptomy- 
cin (50 #g/ml) (EM-GPS or RPMI-GPS). No stimulant, 20 #g PPD, or 2 LFU tetanus to×- 
old was added to the cultures. The cultures were incubated in stationary fiat-bottomed 1 
dram vials (Demuth Glassworks, Inc., Parkersburg, W. Va.) with loose fitting covers at  36.5- 
37.5°C in a humidified atmosphere of 5% CO2 in air. Duplicate or triplicate cultures were pre- 
pared in each experiment. 

The response of concentrations of immune lymph node cells and of immune lymphocytes 
ranging from 125 X 103/ml to 4 >( 10°/ml to PPD was determined. Significant responseswere 
obtained only when 5 X 105/ml or more lymph node cells or lymphocytes were present. The 
optimal response to PPD by lymph node cells and lymphocytes was obtained with 2 X 106 cells 
per ml (P <0.001). Subsequently this concentration was routinely used. The response of puri- 
fied lymphoeytes to PPD and tetanus toxoid persisted even after successive passages through 
two glass bead columns. 

8H-Thymidine Incorporation.--The kinetics of 8H-thymidine incorporation by immune 
lymph node cells and by immune lymphocytes which were stimulated with PPD was deter- 
mined. Two #Ci of 3H-thymidine (~H-TdR), specific activity 6.0 Ci/m~, Schwartz Bio Re- 
search, Inc., Orangeburg, N. Y.) in 0.07 ml nutritional mixture (11) and 0.03 ml normal guinea 
pig serum were added to each culture for a 14 hr period beginning at 24, 48, 72, and 120 hr 
of culture. Then the cultures were harvested, and the amount of radioactivity present in tri- 
chloroacetic acid-precipitable material was determined using a Packard scintillation counter 
by methods previously described (12). The greatest incorporation of 3H-thymidine by stimu- 
lated cultures occurred in the 72-86 hr period. In all subsequent experiments 3H-thymidine 
was added at 72 hr, and cultures were harvested at 86 hr. 

Irradiation of Macrophages.--Macrophages (2 X 105) were irradiated in the culture vials in 
0.5 ml of culture media. Various doses of irradiation (673 R/min) were delivered with a West- 
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inghouse Quadr0condex X-ray machine (200 kv, 15 ma, 0.25 mm Cu and 0.55 mm A1 filters) at 
a target distance of 25 cm. 

Prelncubation of Macrophages.--Macrophages (2)< 105 in 0.5 ml of culture media) were 
incubated in the culture vials with either no stimulant, PPD (20 #g), or tetanus toxoid (2 
LFU) for various periods of time at  36.5-37.5°C and then were washed three times with 4 ml of 
HBSS-GPS. These macrophages were then either irradiated with 3000 R or were not irradiated. 
Lymphocytes in 0.5 ml of culture media were then added to themacrophages, and cultures were 
incubated as previously described. 

Morphology of Macrophage-Lymphocyte Interaction.--Lymphocytes were cultured with 
macrophages under the usual conditions in vials containing 9 X 9 mm coverslips. After 24, 48, 
and 86 hr of culture, the cover slips were gently removed from the vials and stained (Jenner- 
Giemsa) (12). In  some experiments polystyrene latex particles were added to the cultures 2 hr 
before the cover slips were fixed and stained to facilitate identification of macrophages. 

Statistical Analysis.--Logarithmic transformation of the counts per minute (cpm) of 3H- 
TdR incorporation was done to obtain normally distributed data, and Student 's  t tests of 
paired comparisons were then performed. Geometric means were calculated. The "stimulation 
index" was calculated as follows: stimulation index = geometric mean cpm of stimulated 
cultures/geometric mean cpm of unstimulated cultures. (The computer program was prepared 
by Drs. C. MacLean and H, L. Cooper.) 

RESULTS 

Effect of Macrophages on Immune Lymph Node Cells.--Cultures of lymph 
node cells responded significantly to PPD and tetanus toxoid (Table I). How- 
ever, addition of 2 >( 10 ~ immune macrophages to 2 )< 106 unpurified immune 
lymph node cells (Table I) increased the 3H-thymidine incorporation 7.6-fold 
(P < 0.001) with PPD and 3.6-fold (P < 0.001) with tetanus toxoid as com- 
pared to antigen stimulated lymph node cells alone. The stimulation index 
for lymph node cells with macrophages was 2.99 with PPD and 5.73 with 
tetanus toxoid, whereas it was 1.24 and 4.84, respectively, for lymph node cells 
alone. This indicates that the macrophages present in immune lymph node cell 
suspensions were quantitatively or qualitatively inadequate for optimal trans- 
formation. 

Effect of Macrophages on Immune Lymphocytes.--Although macrophages 
enhanced transformation of immune lymph node cells, it seemed reasonable 
that the role of macrophages could be evaluated more clearly by testing their 
effect on lymphocytes which were purified by passage through a glass bead 
column. Such purified lymphocytes consisted of a more homogeneous popula- 
tion of nonadherent cells whose viability was 95 % as compared to 80% for 
lymph node cells. 

Purified immune lymphocytes responded significantly to PPD (Table II). 
However, addition of immune macrophages in doses ranging from 12.5 )< 103 
to 400 X 103 per 2 )< 106 immune lymphocytes enhanced the 3H-thymidine 
incorporation in cultures which were stimulated with PPD (Fig. 1). Incorpora- 
tion of "H-thymidine increased progressively with addition of increasing per- 
centages of macrophages ranging from 0.65 to 20 % of the lymphocytes present. 
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When 2 ;< 105 immune macrophages were added to 2 )< 106 immune lympho- 
cytes the response to PPD was 19-fold (P <<0.001) greater than the response 
to PPD by lymphocytes alone. The stimulation index increased from 3.96 for 
lymphocytes alone to 10.34 for lymphocytes which were cultured with macro- 
phages (Table II). Immune macrophages (PE cells) by themselves did not re- 
spond significantly to PPD which indicated that the purified lymph node 
lymphocytes rather than the macrophages or PE lymphocytes which contami- 
nated them were responsible for this increased incorporation of 3H-thymidine. 

T A B L E  I 

Incorporation of ~H-Thymidine by Unseparated Immune Lymph Node Calls: l~ffect of 
Adding Immune Macrophages* 

Cell Population 

cpm aH-TdR~ Comparison of 

Stimulated vs. unstimulated Cell populations, P value 

Unstim- P P D  Tetanus 
uiated toxoid PPD Tetanus toxoid Popu- Unst im-  P P D  Tetanus 

S.I.§ P value1] S.I. P value lation ulated toxoid 

1. Lymph node cells¶ 1,045 1,285 5,062 

2. Lymph node cells + 
immune macro- 
phages** 

3,260 9,754 18,680 

1.23 < 0.05 4.84 <: 0.001 1 vs. 
2 <0.001 <0.00I  <0.001 
3 n.s. n.s. <0.025 

2.99 ~ 0.001 5.73 <~*( 0.001 2 vs. 
3 < 0.001< 0.001 < 0.001 

3. Immune macro- 721 849 1,012 1.18 n.s.~+ + 1.40 n.s. 
phages 

* The term " immune"  is used to indicate the immunological history of the animal from which the cells were obtained. 
:~ Values are geometric mean of data from six experiments. Cells were cultured 72 hr, and then pulsed with ~H-thy- 

midine (~H-TdR) for 14 hr. 
geometic mean cpm of stimulated cultures 

§ S.I., stimulation index = 
geometric mean epm of unstimulated cultures" 

I[ After  logarithmic transformation of cpm, Student 's  t test  was performed on paired cultures. 
¶ "Lymph  node cells", unseparated lymph node cells. 
** "Maerophages", unseparated peritoneal exudate cells (80% macrophages, 20% lymphocytes). 
:~:~ n.s., not significant. 

In all subsequent macrophage-lymphocyte interaction experiments 2 X 105 
macrophages were cultured with 2 X 106 lymphocytes. 

Morphological examination of PPD or tetanus toxoid-stimulated macro- 
phage-lymphocyte cultures incubated for 24, 48, and 86 hr revealed that 5-15 
lymphocytes were clustered around many of the macrophages to form rosettes. 
Medium and large lymphoblasts as well as small lymphocytes were present in 
such rosettes. Unstimulated cultures only occasionally contained rosettes. 

In one study it was determined whether a freely diffusable macrophage 
product caused the enhancement of lymphocyte transformation. The effect on 
purified immune lymphocytes of supernatant fluids from macrophages (PE 
cells) which were incubated without any antigen, PPD, or tetanus toxoid for 
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1 1/6 or 5 1/6 hr was tested. The supernatant fluids did not stimulate greater 
transformation of purified lymphocytes than did culture media, PPD, or tetanus 
toxoid which had not been incubated with macrophages. Mter removal of 
antigen these same macrophages were incubated in fresh medium. Supernatant 
fluids which were then collected from the 2nd to 6th, 6th to 48th, and 48th to 
120th hr of culture had no antigen-specific stimulatory capacity. The 48 to 

TABLE II 

Incorporation of ~H-Thymidine by Immune Lymphocytes: Effect of 
Adding Immune Macrophages* 

CPM 3H-TdR:~ 

Comparison of 

Unstlmulated Cell populations, P value Cell population Exp. No. vs. PPD 

Unstimu- PPD S.I. P value lated 

[. Lymphocytes§ 1 258 697i 
2 2,813 8,490 
3 916 1,882 
4 74 6,452 
5 533 4,801 
6 327 1,552 
7 132 48[ 

Mean 611 2,422 3 .96<0 .001  

Po] mla- Unstimu- 
on lated PPD 

1 VS. 

2 <<0.001 <<0.001 
3 <<0.001 n.s. 

2. Lymphocytes + 
immune 
macrophages 

1 3,609 94,832 
2 10,027 53,860 
3 2,871 17,808 
4 4,076 64,435 
5 3,426 64,595 
6 - -  - -  
7 2,105 37,199 

Mean 4,517 46,689 10.34 <<0.001 

2 VS. 

3 <0.01 <<0. 001 

3. Immune macrophages 1 5,667 23,480 
2 11,389 7,643 
3 2,266 955 
4 8,734 6,115 
5 10,087 6,603 
6 
7 3,205 4,721 

Mean 6,628 4,891 0.74 n.s. 

* See footnotes to Table I. 
Values are geometric mean cpm for experiments 1 through 7 and the geometric mean 

for combined data from these seven experiments. 
§ "Lymphocytes", nonadherent lymphocytes which were separated from lymph node 

cells by passage through a glass bead column. 
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120 hr supernatants, whether from macrophage cultures which had initially 
been pulsed with antigen or from cultures which had not been pulsed with 
antigen, increased lymphocyte incorporation of 8H-thymidine about 75 %. In  
contrast, addition of macrophages to purified lymphocytes increased their 
response 44-foId to PPD and to 18-fold tetanus toxoid. Therefore, the marked 
enhancing effect of macrophages in this assay system is dependent upon the 

I ~ Unstt;77uloted 
PPD 
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t , t  
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b- 
,o~ 

0 25 50 I00 200 :300 400 
IMMUNE MACROPHAGES x 10 .3 per ml 

FIG. 1. Effect of dose of macrophages on the response of immune lymphocytes to PPD. 
Immune lymphocytes (2 >(106/ml) were cultured alone or with immune macrophages at doses 
ranging from 12.5 X 103 to 400 )< 103 per ml. Cultures either were unstimulated or were stimu- 
lated with PPD (20/~g/ml). The results of three different experiments in which each point 
represents the geometric mean of duplicate or triplicate cultures are shown. The numbers 1, 2, 
and 3 refer to experiments 1-3. 

presence of macrophage cells and is not due to either a freely diffusable immuno- 
logically specific or nonspecific macrophage cell product. 

Effect of Irradiated Macrophages on Immune Lymphocytes.--To further insure 
that  the enhanced incorporation of 3H-thymidine in cultures containing both 
macrophages (PE cells) and lymphocytes was not due to proliferation of macro- 
phages or contaminating lymphocytes from the peritoneal exudate, PE  cells 
were irradiated to block significant 3H-thymidine incorporation by them. 
Macrophages (PE ceils) were incubated with antigen for 2-4 hr and then 
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irradiated with 3000 R. The addition of such irradiated macrophages to purified 
immune lymphocytes still increased their response to PPD 31-fold (P << 0.001) 
and to tetanus toxoid ll-fold (P << 0.001). The stimulation index for macro- 
phage-lymphocyte cultures was 37.47 with PPD and 69.81 with tetanus toxoid, 
whereas for lymphocyte cultures it was 2.74 with PPD and 14.44 with tetanus 
toxoid (Table III;  Fig. 2). In other experiments PPD or tetanus toxoid was 
added to macrophages 2-4 hr after they were irradiated; these macrophages 
increased the lymphocyte response to PPD 20-fold (P < 0.001) and to tetanus 
toxoid 9-fold (P < 0.005). The stimulation index for these macrophage-lympho- 

TABLE III 
Incorporation of ~H-Thymidine by Immune Lymphocytes: Effect of Adding Immune Macrophages 

Which Were Irradiated 2-4 Hr after Being Exposed to Antigen* 

Cell population 

1. Lymphocytes 

2, Lymphocytes+ 
irradiated im- 
mune macro- 
phages~ 

3, Irradiated immune 
macrophages§ 

cpm ZH-TdR$ 

ni~ PPD Tetanu~ 
toxoid 

- - ] - -  - -  

6991 1,91~ 10,087 

606 50,18) 112,124 

174 13~ 210 

Comparison of 

Stimulated vs. unstimulated cells 

PPD 

S.I. P value 

2.74 < 0.001 

37.47 << 0.001 

0.76 n.s. 

Tetanus toxoid 

S . I .  P value 

14.44 << 0.001 

69.811<< 0.001 

1.21 n.s. 

Cell populations, P value 

I 

~oUln a- Unstim-I Tetanus 
ulated PPD toxoid 

vs. l<  0.005 <<0.0( < 0.001 
< O.OlO/<<O.O( <<0.001 

vs. 
< o.ool <<o.o( <<o.ool 

* See footnotes to Table I. 
:~ Values are the geometric mean of data from seven experiments. 
§ "Macrophages", immune unseparated peritoneal exudate cells which were irradiated with 3000 R 2-4 hr after ex- 

posure to antigen. 

cyte cultures was 45.83 with PPD and 113.24 with tetanus toxoid, as compared 
to 3.13 with PPD and 17.98 with tetanus toxoid for lymphocyte cultures (Table 
IV). Irradiation of macrophages with doses of 500 R, 1000 R, or 6000 R also 
failed to block their ability to enhance transformation of lymphocytes. These 
experiments demonstrated that the increased incorporation of 3H-thymidine 
in cultures containing macrophages and lymphocytes was due to lymphocyte 
proliferation. 

Effect of _Previous Immunological Experience on Macrophages.--Macrophages 
from either sensitized or unsensitized guinea pigs were cultured with immune 
lymphocytes (Table V). In these experiments, immune lymphocytes by them- 
selves responded significantly to PPD (P < 0.001), but their response was 
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increased 19-fold (P  << 0.001) by  adding 10% immune macrophages and 21- 
fold (P  <~ 0.001) by  adding 10% nonimmune macrophages. The s t imulat ion 
index for macrophage- lymphocyte  cultures was 10.34 with immune macro- 
phages and 11.63 with nonimmune macrophages,  as compared to 3.96 for 
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LYMPHOCYTES LYMPHOCYTES MACROPHAGES 
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Uns?imulated 

PPD 

Tetanus Toxoid 

FIG. 2. Effect of macrophages which were irradiated 2-4 hr after being exposed to antigen 
on the responsc of immune lymphocytes to PPD or tetanus toxoid. Cultures contained lympho- 
cytes (2 X 106/ml), immune irradiated macrophages (2 X 105/ml) and lymphocytes, or only 
macrophages with PPD (20/zg/ml), tetanus toxoid (2 LFU/ml), or no antigen. Data is from 
the seven experiments, the means of which are provided in Table III. Each point represents a 
single culture and the geometric mean is given by the horizontal bar. 

lymphocytes  alone. There was no significant difference between the effect of 
immune and nonimmune macrophages on the response of immune lymphocytes .  
Thus previous immunological  experience did not  influence the abi l i ty  of macro- 
phages to enhance t ransformation of immune lymphocytes .  

Effect of Previous Immunological Experience on L ymphoc ytes.--L ymphoc ytes 
from unsensitized donors generally fail to transform in vi t ro in response to 
specific antigen (5). However,  the report  tha t  messenger R N A  was transferred 
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from macrophages to lymphocytes (3) raised the possibility that macrophages, 
particularly immune macrophages, could induce transformation of nonimmune 
lymphocytes. Therefore, nonimmune lymphocytes were cultured with non- 
immune or imnmne macrophages (Table VI). In these experiments the same 
macrophages which had enhanced the transformation of immune lymphocytes 
(Table V) were used. Neither nonimmune lymph node ceils nor nonimmune 
lymphocytes by themselves responded significantly to PPD (stimulation index 
of 1.06 and 0.64, respectively). Addition of 2 X 105 macrophages, whether 
immune or nonimmune, to nonimmune lymphocytes resulted in a significant 

TABLE IV 

Incorporation of 3tt-Thymidine by Immune Lymphocytes: Effect of Adding Immune 
Macrophages Which were Irradiated 2-4 Hr Before Being Exposed to Antigen* 

Cell population 

1. Lymphocytes  

2. Lymphocytes + ir- 
radiated immune 
macrophages§ 

3. I r radiated immune 
macrophages§ 

cpm *H-TdR~ Comparison of 

Un- 
tim- PPD 
Lated 

~90 1,22q 

;28 :4,221 

76 16~ 

Tet-  
anus 
tox- 
°id I 

7,014[ 

;9,835 

12C 

Stimulated vs. 
unstimulated cells Cell populations, P value 

value : Tetanus PPD toxoid ?op. Un- Teta- 
ala- stim- 'PD nus 
:ion ulated toxoid 

S.L S.I. P value 

3.13 0.001 17.98 <<0.001 vs.  n.s. 0.0C < 0.005 

5.83 0.001 11.3.24 << 0.001 vs. < 0.00 0.0C < 0.001 

< 0.00 O.OC << 0.001 

2.21 n.s. 1.58 n.s. 

* See footnotes to Table I.  
Values are the geometric mean of data  from four experiments. 

§ "Macrophages" ,  immune unseparated peritoneal exudate cells which were irradiated with 3000R2-4  hr  
before exposure to antigen. 

increase in the incorporation of 3H-thymidine. However, the stimulation index 
for macrophage-nonimmune lymphocyte cultures was only 0.82 with immune 
macrophages and 0.99 with nonimmune macrophages. Control cultures which 
contained only macrophages incorporated 8H-thymidine to the same extent as 
cultures which contained immune or nonimmune macrophages and nonimmune 
lymphocytes. Thus the increased incorporation of 3H-thymidine by cultures 
containing nonimmune lymphocytes and macrophages was due to nonspecific 
incorporation of 3H-thymidine by peritoneal exudate cells. Similarly, non- 
immune lymphocytes from animals which were immunized with CFA did not 
respond to tetanus toxoid either in the presence or in the absence of immune 
or nonimmune macrophages. Neither immune nor nonimmune macrophages 
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were able to produce a significant response by  nonimmune lymphocytes.  Thus, 
the previous immunological experience of the lymphocyte  ra ther  than the 
macrophage provides the necessary immunological  memory for the in vi t ro 
t ransformation response to antigen. 

Effect of Pure Macrophages on Immune Lymphocytes.--To demonstra te  t ha t  

TABLE V 
Incorporation of 3H-Thymidine by Immune Lymphocytes: Effect of Adding immune 

or Nonimmune Macrophages* 

Cell population 

1. Lymphoeytes 

2. Lymphocytes + im- 
mune macrophages§ 

3. Lymphocytes -k 
nonimmune 
macrophages§ 

4. Immune macro- 
phages§ 

5. Nonimmune 
macrophages 

cpm ~H-TdR ~: 

Unstim- 
ulated 

611 

4,517 

4,351 

6,628 

7,163 

PPD 

2,422 

6,689 

0,614 

4,891 

4,819 

Unstimulated vs. 
PPD 

_S'I" _ _ Y  value 

3.96 I <0.001 

0.34 

.1.63 

0.74 

0.67 

<<0.001 

<<0.001 

n.s. 

n.s. 

Comparison of 

cell populations, P value 

Popula- I Unstirau- 
tion lated 

2 ./<0.001 
3 <<0.001 
4 <<0.001 
5 <<0.001 
2 vs. 
3 n.s. 
4 <0.01 
5 <0.025 
3 vs. 
4 n.s. 
5 <0.025 
4 vs. 
5 II.S. 

PPD 

<<0.001 
<<0.001 

n.s. 
n.s. 

n.s. 

<<0.00l 
<<0.00l 

<<0.001 
<<0.001 

n.s, 

* See footnotes to Table I. 
$ Values are the geometric mean of data from seven experiments. 
§ The terms "immune" and "nonimmune" are used to indicate the immunological history 

of the animal from which the cells were obtained. 

the macrophages in the P E  cells were responsible for enhancement of lympho-  
cyte transformation,  macrophage cell suspensions which were 99 To pure were 
tested (Table VII) .  These purified macrophages, whether immune, nonim- 
mune, i rradiated,  or unirradiated,  were able to significantly enhance lymphocyte  
transformation.  They  increased the lymphocyte  response 6-fold with P P D  
(P  < 0.001) and 2.4-fold with tetanus toxoid (P  < 0.025). The mean stimula- 
t ion index of three experiments for lymphocytes  alone was 7.92 with PPD and 
36.4 with tetanus toxoid. For  macrophages with lymphocytes  it  was 4.63 with 
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PPD and 8.64 with tetanus toxoid. Although the st imulation index was not  
increased by the pure macrophages, they considerably increased the aH-thymi- 

dine incorporation by purified lymphocytes. The stimulation increment (geo- 
metric mean cpm of stimulated cultures-geometric mean cpm of unst imulated 

TABLE VI 

Incorporation of aH-Thymidine by Nonimmune Lymphocytes: Effect of Adding 
Immune or Nonimmune Macrophages* 

Cell population 

Comparison of 
cpm aH-TdRt stimulated vs. Comparison of cell populations, 

unstimulated cells P value 

Unstim- PPD S.I. P value Population Unstimulated PPD ulated 

1. Lymph node cells 551 585 1.06 n.s. 1 vs. 
2 <0.01 <<0.001 
3 <0.01 <0.01 

2. Lymphocytes 287 183 0.64 n.s. 4 <0.005 <<0.001 
5 <0.005 <0.005 

3. Lymphocytes + im- 4084 3363 0.82 n.s. 6 <0.001 <<0.001 
mune macrophages 

4. Lymphocytes + non- 4 6 9 9  4662 0.99 n.s. 
immune macro- 
phages 

5. Immune macrophages 7745  4925 0.64 n.s. 

6. Nonimmune macro- 7426 4701 0.63 
phages 

n,s. 

2 VS. 

3 <<0.001 <<0.001 
4 <<0.001 <<0.001 
5 <<0.001 <<0.001 
6 <<0.001 <<0.001 

3 vs. 
4 n.s. n.s. 
5 <0.001 n.s. 
6 <0.001 n.s. 

4 vs. 
5 <0.01 n.s. 
6 <0.001 n.s. 

5 vs. 
6 n.s. n.s. 

* See footnotes to Tables I and V. 
:~ Values are the geometric mean for three experiments which were done concomitantly 

with three of the seven experiments shown in Table V. 

cul tures) /or  lymphocytes cultured alone was 2,101 cpm with PPD and 10,737 

cpm with tetanus toxoid, whereas for lymphocytes cultured with pure macro- 
phages it was 11,314 cpm with PPD and 23,779 cpm with tetanus toxoid. From 
these data we conclude that  enhancement of lymphocyte transformation does 
occur with addition of pure macrophages. I n  contrast, addition of 10% syn- 
geneic nonimmune lymph node cells or purified immune lymphocytes, whether 
irradiated or unirradiated, did not enhance transformation of immune lympho- 
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cytes. Therefore, macrophages are responsible for enhancing transformation of 
immune lymphocytes. 

Effect of Alveolar Macrophages on Immune Lymphocytes.--Because macro- 

T A B L E  V I I  

Incorporation of 3H-Thymidine by Immune Lymphocytes: Effect of Adding 99% 
Pure Macrophages* 

Ce] 

Comparison of 

unstimulated Cell populations, P value 

Tetanus 
toxoid 

S.I. P value 

1. L] 38.6 

30.2 
36.4 << 0.001 

2. L3 7.46 

1 2 . 5 1  

8.64 < 0.001 

3. In 

0.46 n . s .  

11.63 

0.53 

11.4 

4. L3 

5. I r  

6. L3 

7. N, 

8. L3 

9. I r  

0.71 

52.87 

0.68 

~op- Un- Tet- 
ala- ~tim- P P D  anus 
tion dated toxoid 

vs. 0.001 < 0.0( < 0.02 

0.001 n.s. < 0.00 

2 vs. [ 
3 n.s. << 0.0( < 0.00 

* See footnotes to Table I. 
:~ In these experiments macrophages were obtained 99% pure by centrifugation of peritoneal exudate cells 

through a 17% BSA solution. 
§ Macrophages were irradiated with 3000 R 2-4 hr  after  being exposed to antigen. 
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phages which are obtained after intraperitoneal injection of an irritant may be 
metabolically activated, the ability of normally occurring alveolar macrophages 
to enhance lymphocyte transformation was tested. Addition of immune alveolar 
macrophages (Table VIII) to immune lymphocytes increased their response 
144 fold to PPD (P << 0.001) and 28-fold to tetanus toxoid (P < 0.025). The 
stimu]ation indices for PPD and tetanus toxoid for macrophage-lymphocyte 
cultures were 7.01 and 4.49, whereas they were 1.49 and 4.87 for lymphocyte 

TABLE VIII 

Incorporation of 3H-Thymidine by Immune Lymphocyte, s: Effect of Adding 
Immune Alveolar Macrophages* 

cpm 3H-TdR Comparison of 

Stimulated vs. unstimualted cell populations, P value 

Cell population Exp. 
No. Un- Tet- Tetanus 

stim- PPD anus PPD toxoid 
ulated toxoid 

S.I. P value S.I. P value 

Pop- Un- Tet- 
ula- stim- ] 'PD anus 
tion ulated toxlod 

1. Lymphocytes 1 618 849 2,271 1.37 3.67 vs. 
2 367 572 2,294 1.56 6.25 2 < 0.005 << 0.001 < 0.02.' 

Mean 469 697 2,282 1.49 < 0.025 4.87 < 0.01 3 < 0.001 < 0.001 < 0.001 
4 < 0.025 << 0.001 < 0.00.' 

2. Lymphocytes + 1 9,382 89,174 44,955 9.50 4.79 ~ < 0.02. ~ < 0.001 < 0.02. ~ 
immune 2 21,691 112,199 129,682 5.17 5.98 
maerophages:~ Mean 14,266 100,026 63,995 7.01 < 0.005 4.49 < 0.005 2 vs. 

3. Immune macro- 1 9,395 18,874 16,446 2.01 1.75 3 n.s. < 0.001 < 0.05 
phages:~ 2 12,188 22,014 20,323 1.81] 1.67 4 < 0.025 n.s. n.s. 

Mean 10,701 20,383 18,263 1.90 < 0.01 1.71 < 0.005 << 0.001 (< 0.001 < 0.02. ~ 
4. Lymphocytes --}- 1 4,777 84,141 38,957 17.61 8.16 vs. 

irradiated 2 15,517 104,819 103,792 6.76 6.69 ¢ n.s. < 0.001 < 0.02~ 
immune Mean 8,610 93,913 63,588 10.91 "< 0.005 7.39 < 0.001 << 0.00l << 0.001 < 0.00. t 

macrophages§ 4 vs. 
5. Irradiated 1 115 163 195 1.42 1.70 

immune 2 174 122 95 0.70 0.55 < 0.001 << 0.001 < 0.00 
maerophages§ Mean 142 141 136 0.99 n.s. 0.96 n.s. ' 

* See footnotes to Table I. 
Macrophages, unpurified alveolar cells (80-85% macrophages, 10-15% lymphocytes, 5% neutrophils). 

§ Macrophages were irradiated with 3000 R 2-4 hr after being exposed to antigen. 

cultures. Although the stimulation index for tetanus toxoid was similar for 
lymphocytes alone and lymphocytes with macrophages, the stimulation incre- 
ment for tetanus toxoid was 1,813 cpm for lymphocytes alone and 49,729 cpm 
for lymphocytes with macrophages. Irradiation of alveolar macrophages did 
not block their ability to enhance transformation, but this lowered their in- 
corporation of 3H-thymidine and thus increased the stimulation index to 10.91 
for PPD and 7.40 for tetanus toxoid. Nonimmune alveolar macrophages, 
whether unirradiated or irradiated, also increased the response of immune 
lymphocytes to PPD and tetanus toxoid (Table IX). Thus, the ability of 
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macrophages to enhance transformation of immune lymphocytes is not re- 
stricted to macrophages derived from peritoneal exudates. 

Preincubation of Macrophages with Antigen.--To determine if macrophages 
interact with antigen prior to lymphocyte-antigen interaction, macrophages 
were incubated with antigen, then washed, and finally incubated with immune 

TABLE IX 
Incorporation of ~H-Thymidine by Dnmune Lymphocytes: Effect of Adding Nonimnutne 

Alveolar Macrophages* 

Cell population Exp. No. 

1. Lymphocytes 1 
2 
3 

Me 
(1, 2 
Me 
(2 

2. Lymphocytes -7 1 
nonimmune 2 
macrophages 3 

Me 

3. Nonimmune 1 
macrophages 2 

3 
?Vie; 

4. Lymphocytes -7 2 
irradiated non- 3 
immune macro- Me~ 
phages 

5. Irradiated non- 2 
immune macro- 3 
phages Me~ 

cpm 3H-TdR 

stim-Un" PPD 
ulated 

1,430 
618 
367 
628 

452 697 

7,743 
0,048 
3,648 
0,780 

1,407 
5,312 
1,197 
4,374 

3,084 
9,019 
6,789 

338 
182 
248 

Comparison of 

Tet-  
anus 

toxold 

S.I. 

1,705 11,403 1.19 
849 2,271 1.37 
572 2,294 1.56 
939 3,902 1.50 

2,282 1.54 

52,654 44,386 2.97 
124,339 59,886 6.20 
197,968 .38,428 8.37 
109,030 84,480 5.25 

3,710 1,332 2.64 
5,933 4,690 1.12 

11,243 8,389 1.00 
6,278 3,742 1.44 

91,161 43,7451 6.97 
128,141 .09,8341 6.74 
111,824 80,810 6.67 

114 1291 0.34 
128 105 0.70 
12I 116 0.49 

Stimulated vs. unstimnlated 

PPD 

' va lue  

: 0.Ol 

:0.025 

0.001 

< 0.001 4.815"77 

0.38 
0.58 

~.s. 0.47 

Cell populations, P value 

Tetanus 
toxoid Popt 

latio 

S.I. P 1 vs. 

v&lue 

/i ii:iiii iiii 6.21 < 0.0013 < 0.05 [ <0.01 

5.05 0.01 4 < 0.001I<<0.001 
5 

2.50 

2.99 i vs. 
5.85 < 0.01 <<0.001 
4.07 0 .001  n.s. < 0.025 

l<  0.001 <<0.001 
0.95 
0.88 
0.75 13 vs. 
0.86 n.s. 4 < 0.005 < 0.001 

5 
3.34 4 vs. 

5 
< 0.001 

Unstim- Tetanus 
uiated PPD toxoid 

< 0. 005 
n.s. 

< 0. 005 
< 0.005 

<<o.ool 
< 0.01 
< 0.001 

< 0.001 
< 0.005 < 0.001 < 0.001 

< 0.005 <<0.001,< 0.001 

* See footnotes to Tables I and VIII .  

lymphocytes (Fig. 3). Macrophages were irradiated (3000 R) after their inter- 
action with antigen to decrease the background incorporation of 3H-thymidine 
contributed by their proliferation and thus to maximize detection of lymphocyte 
transformation. NIacrophages, which were incubated with PPD or tetanus 
toxoid for periods ranging from 1/~ to 6 hr and then washed, induced prolifera- 
tion of added immune lymphocytes. The optimal time period was 4 hr. Such 
macrophage-induced transformation of lymphocytes was always less than that 
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of lymphocytes with macrophages which were continuously exposed to antigen 
but was usually (4 of 5 experiments) greater than that of lymphocytes alone 
with antigen. Both immune and nonimmune macrophages which were pre- 
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NUMBER OF HOURS MACROPHAGES PREINCUBATED WITH ANTIGEN 

FIG. 3. Preincubation of macrophages with PPD or tetanus toxoid. Immune or nonimmune 
macrophages were incubated for ~ - 6  hr with PPD (20 #g/ml),  tetanus toxoid (2 LFU/ml) ,  or 
no antigen, washed, and then immune lymphocytes (2 X 106/ml) were added to them. The 
transformation response is expressed as follows: per cent of response to continuous antigen = 
(geometric mean cpm of preincubation cultures/geometric mean cpm of continuous antigen 
cultures) X 100. The letters h ,  i , j , k ,  and l indicate data from five different experiments. 

incubated with antigen functioned equally well. Supernatant fluids which were 
obtained 2-4 hr after macrophages had been washed free of antigen did not 
stimulate transformation of immune purified lymphocytes. This indicated that 
the macrophages were thoroughly washed and were not releasing free ira- 
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munogen into the medium. These experiments indicate that macrophage- 
antigen interaction can antecede lymphocyte-antigen interaction, and, as a 
result of such interaction, macrophages can stimulate transformation of im- 
mune lymphocytes. 

DISCUSSION 

Lymph node cells from sensitized guinea pigs that had delayed cutaneous 
hypersensitivity reactions to PPD and both delayed hypersensitivity and 
circulating precipitating antibodies to tetanus toxoid were stimulated by these 
antigens in vitro to incorporate ~H-thymidine. The response of immune lymph 
node cells to PPD and tetanus toxoid was significantly enhanced by addition 
of macrophages. This suggests either that inadequate numbers of macrophages 
are present in lymph node cell suspensions for the culture conditions or that 
the macrophages in lymph node cell suspensions are not functionally competent. 
Such incompetence might result from cell damage sustained in the preparation 
of the cell suspensions or destruction of optimal in vivo intercellular relation- 
ships inherent in the lymph node architecture. 

Passage of lymph node cells through glass bead columns removed all but a 
few of the lymph node macrophages. This separation of glass-adherent from 
nonadherent cells significantly reduced the 3H-thymidine incorporation of both 
unstimulated and antigen-stimulated lymphocyte (nonadherent cells) cultures, 
but the stimulation index was the same for purified lymphocytes as for un- 
purified lymph node cells. This persistance of the response of purified guinea 
pig lymph node lymphocytes differs from the observation that the response of 
purified human peripheral blood lymphocytes to antigens is usuaJ]y significantly 
reduced (6, 7). This difference may result from any of the following: (a) suf- 
ficient macrophages (less than 0.5 %) or fragments of maerophages contaminate 
the guinea pig lymphocytes after glass bead column purification to allow trans- 
formation; (b) purified immune lymph node lymphocytes are able to respond 
to antigen in vitro without the aid of macrophages because macrophage- 
dependent events have already occurred in vivo; or (c) lymph node lymphocytes 
are able to respond to antigen without the aid of macrophages. The first ex- 
planation is favored by the observation that addition of as few as 0.65 % 
macrophages enhanced transformation of immune lymphocytes. In preliminary 
experiments, the response to PPD or tetanus toxoid by purified immune lym- 
phocytes was enhanced by culturing them at 3-8 times the usual cell density 
for the first 8-24 hr of the 86 hr culture period. 2 The response of purified human 
lymphocytes to antigens is also restored if they are cultured at high cell densi- 
ties (5). Increasing the cell density possibly allows more effective interaction 
between the few contaminating maerophages and lymphocytes. However, it is 

Seeger, R. C. Unpublished observations. 
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possible that lymphocyte-lymphocyte interactions are enhanced by increased 
cell density and that such interactions, without a requirement for macrophages, 
are capable of inducing transformation. In macrophage-enriched cultures we 
have observed that lymphocytes form rosettes around macrophages 2 as have 
Salvin and Nishio (13), Mosier (14), and Lamvik (15). Such rosette formation 
suggests that macrophages may facilitate lymphocyte proliferation by providing 
foci of increased cell density and thus promote macrophage-lymphocyte as well 
as lymphocyte-lymphocyte interaction. 

The most effective enhancement of transformation was obtained when 10 % 
macrophages were added to immune purified lymphocytes. This effect of macro- 
phages on lymphocyte transformation was considerably more when macro- 
phages were added to purified lymphocytes than when they were added to 
unpurified lymph node cells. Approximately this same percentage of macro- 
phages has been found to be most effective in restoring the response of pure 
human lymphocytes to antigen (7, 16). Mosier (4) and Pierce (17) also have 
shown that 10% macrophages are most effective in producing the primary 
antibody response to sheep erythrocytes in vitro. 

Macrophages (PE cells) were irradiated to insure that the only cell capable 
of proliferation in the cultures was the lymph node lymphocyte and to deter- 
mine the effect of irradiation on macrophage-antigen interaction. Irradiation 
of macrophages either before or after their first exposure to antigen did not 
impair their ability to enhance transformation of immune lymphocytes. Hersh 
and Harris recently reported that human macrophages which were irradiated 
7 hr prior to being exposed to antigen were able to restore transformation of 
purified lymphocytes (16). Similarly, Roseman has shown that irradiation of 
the glass-adherent (macrophage-rich) fraction of spleen cells either before or 
after their exposure to sheep erythrocytes did not affect their ability to promote 
a primary in vitro antibody response by nonadherent (lymphocyte-rich) cells 
(18). 

In contrast, in vivo studies by Gallily and Feldman (19) and Mitchison (20) 
have indicated that irradiation of macrophage donors 24 hr before exposure 
to antigen resulted in an inability of these macrophages to stimulate antibody 
formation when transferred to normal syngeneic recipients. However, Unanue 
and Askonas found that irradiation of macrophage donors had no effect on the 
ability of macrophages to stimulate antibody production when transferred to 
normal recipients (21). The reason for these observed differences in the effect 
of irradiation on macrophage function is yet to be resolved. 

That  macrophage-antigen interaction does occur and can antecede lympho- 
cyte-antigen interaction was indicated by studies in which macrophages which 
were preincubated with antigen for 1~ 6 hr and then washed were able to 
stimulate transformation of lymphocytes. Similarly, Hersh and Harris (16) 
recently demonstrated that human lymphocyte transformation can be induced 
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by macrophages which are preincubated with antigen for 10 or more min. Cline 
and Sweet (2) reported that human macrophages which were preincubated 
with PPD for 2 hr were able to stimulate transformation of lymphocytes. In 
the in vitro anti-sheep erythrocyte antibody system employed by Mosier (4) 
and Pierce (17) specific antibody was produced when glass-adherent (macro- 
phage-rich) mouse spleen ceils were preincubated with antigen for }~ hr, washed, 
and then cultured with nonadherent (lymphocyte-rich) spleen cells. 

Macrophage-antigen interaction has been studied in vivo by transferring 
macrophages to syngeneic recipients. Mitchison showed that BSA bound to 
peritoneal exudate cells is more potent than free BSA in inducing primary but 
not secondary immunization (20). Unanue and Askonas reported that macro- 
phage-bound hemocyanin was highly effective both in priming for a secondary 
response and in inducing a secondary response (21). Argyris showed that macro- 
phages which contained sheep erythrocytes elicited antibody synthesis after 
being transferred to syngeneic recipients (23). 

To investigate whether macrophages or lymphocytes (or both) are respon- 
sible for immunological memory, immune and nonimmune macrophages were 
cultured with immune or nonimmune lymphocytes. Transformation of immune 
lymphocytes was increased to an equal extent by either immune or nonimmune 
macrophages which were pulsed with antigen for short periods or which were 
continuously exposed to antigen. These results suggest that cytophilic antibody 
does not influence the ability of macrophages to enhance lymphocyte trans- 
formation. Conversely, nonimmune lymphocytes did not respond to either 
PPD or tetanus toxoid in the presence or absence of immune or nonimmune 
macrophages. Similarly, Levis and Robbins recently studied a pair of identical 
twins in which the macrophages from either the immune or nonimmune twin 
restored the antigen-induced transformation response by purified lymphocytes 
from the immune twin (24). Hersh and Harris made similar observations in 
another pair of identical twins and in addition reported that neither immune 
nor nonimmune macrophages were able to induce transformation of nonimmune 
lymphocytes (16). Harris demonstrated that macrophages from both tolerant 
and nonimmune rabbits took up BSA and stimulated DNA synthesis in immune 
spleen cell suspensions (25). Mitchison demonstrated that macrophages from 
mice tolerant to BSA took up BSA and induced anti-BSA antibody synthesis 
in normal but not in tolerant syngeneic recipients (20). Therefore, because the 
macrophage is not influenced by past immunological experiences, it interacts 
with antigen nonspecifically and does not provide immunological memory for 
the immune response. In contrast, the lymphocyte is influenced by past im- 
munological experiences, does interact with antigen specifically, and does pro- 
vide immunological memory for the immune response. 

I t  is apparent from both in vitro and in vivo studies that a product of macro- 
phage-antigen interaction can be immunogenic. The nature of such interaction 
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and of the immunogenic substance(s) remains to be dearly defined. Thus 
instructional RNA (messenger RNA) may be transferred from macrophage to 
lymphocyte (3). However, it is difficult to explain the facilitative effect of 
macrophages on lymphocyte transformation by such transfer of messenger 
RNA from macrophage to lymphocyte because immune macrophages did not 
induce nonimmune lymphocytes to respond to antigen and nonimmune macro- 
phages enhanced the transformation of immune lymphocytes. Another possi- 
bility is that antigen may be "processed" and bound to RNA to form a "super 
antigen" (2, 3, 26). Alternatively, the antigen may remain partially or com- 
pletely intact bound to macrophage cell membranes (27, 28). Our study shows 
that the interaction of antigen with nonimmune macrophages results in a 
product which specifically stimulates only previously sensitized lymphocytes. 
The simplest basis for recognition by immune lymphocytes, but not by non- 
immune lymphocytes, of the product of nonimmune macrophage-antigen 
interaction is that such a product contains antigen. Thus, we favor the view 
that the immunogenic product of macrophage-antigen interaction contains 
antigen. We are not able to distinguish whether such a product is super antigen 
or antigen bound to cell membranes. 

After interacting with antigen, macrophages may provide a focus for both 
lymphocyte-antigen and lymphocyte-lymphocyte interaction. The interaction 
of lymphocytes with antigen and with one another may be more efficient in 
such foci of lymphocytes aggregated around macrophages. 

SUMMARY 

The role of macrophages and lymphocytes in antigen-induced transforma- 
tion of lymphocytes has been investigated. Lymphocytes and macrophages 
were obtained from inbred strain 13 guinea pigs which were either unimmu- 
nized or immunized with complete Freund's adjuvant (CFA) or tetanus toxoid 
in CFA. The transformation response to PPD or tetanus toxoid was assayed 
by tritiated thymidine incorporation. 

Addition of macrophages to immune lymphocytes significantly increased 
their response to purified protein derivative (PPD) or tetanus toxoid. This was 
observed if the macrophages were (a) "immune" or "nonimmune", (b) un- 
irradiated or irradiated (3000 R), (c) 99% pure, and (d) peritoneal or alveolar 
in origin. Neither immune nor nonimmune macrophages were able to induce 
nonimmune lymphocytes to respond to PPD or tetanus toxoid. When macro- 
phages were incubated with PPD or tetanus toxoid and then washed, they 
stimulated immune lymphocytes to transform. An incubation time of 1/~ hr 
was adequate, however, 2-4 hr was optimal. 

These studies indicate (a) that antigen-induced transformation of lympho- 
cytes is greatly enhanced by macrophages; (b) that macrophage-antigen inter- 
action can antecede lymphocyte-antigen interaction and results in maerophages 
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which are able to stimulate lymphocyte transformation; and (c) that  the 
immunological memory requisite to elicit specific transformation responses is 
a property of the lymphocyte and not  the macrophage. 
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