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Abstract. The influence of co-cultures of irradiated mouse thymocytes, splenocytes, 
and mesenteric lymph node cells on the proliferation of Nb2 cells in synthetic medium 
were studied. Irradiated thymocytes with or without the addition of ovine prolactin 
(oPRL) decreased the incorporation of 3H-thymidine into Nb2 cells. Irradiated spleno- 
cytes and lymph node cells when co-cultured with Nb2 cells and stimulated with 
concanavalin A (Con-A) induced Nb2 cell proliferation. Lipopolysaccharide stimula- 
tion of irradiated splenocytes and lymph node cells, however, did not alter Nb2 cell 
proliferation. Isolated thioglycolate-induced peritoneal macrophages stimulated Nb2 
cells to incorporate 3H-thymidine while IFN-y-stimulated macrophages decreased 
PRL-induced Nb2 cell proliferation when isolated 48 but not 24 hr before co-culture. 
The addition of a mouse PRL antiserum to macrophagelNb2 cell co-cultures did not 
alter the proliferative activity induced by macrophages. The preliminary data pre- 
sented indicate that Con-A-stimulated, irradiated splenocytes and lymph node cells, 
and isolated peritoneal macrophages secrete a PRL-like activity. The PRL-like activity 
of macrophages, however, does not appear to be of mouse origin, and it is suggested 
that macrophages, which have surface PRL receptors, sequestered PRL from the fetal 
calf serum in the medium used to isolate them and release this PRL when 
co-cultured. [P.S.E.B.M. 1994, Vol2051 

N umerous studies in the past few years have 
implicated prolactin (PRL) in the regulation of 
the immune system (1). Hypophysectomized 

rats are immunocompromised for both humoral and 
cellular immunity and either PRL or growth hormone 
can correct them (2). Dwarf mice, which lack growth 
hormone and prolactin, have been reported to have 
immunologic defects (3-5) and anterior pituitary kid- 
ney capsule transplants, known to secrete large 
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amounts of PRL, or human growth hormone, which 
has prolactin activity, can provide relief from some of 
the defects (5, 6). Bromocriptine, a drug which specif- 
ically suppress PRL secretion, has similar effects to 
hypophysectomy on compromising immune function 
(7-9) and prolactin administration significantly im- 
proves the immunoreactions (8, 10). Some investiga- 
tors have been unable to show PRL actions on lym- 
phocytes in vitro (7, 11) while others have been able to 
stimulate proliferation and cytokine production only in 
cells from ovariectomized animals (12, 13). A consis- 
tent finding by a number of investigators has been the 
ability of PRL antisera to block mitogen-stimulated 
lymphocyte proliferation in vitro in serum-free me- 
dium (1 1, 14). 

The first indication that lymphocytes may produce 
a PRL-like factor was the observation of Hiestand et 
al. (7) that splenocytes from graft vs host-stimulated 
rats had a mRNA similar to that of PRL. Montgomery 
et al. (15) subsequently reported that concanavalin A 
(Con-A)-stimulated murine splenocytes released into 
serum-free medium a substance similar to PRL since 
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cultured supernatants stimulated Nb2 cell proliferation 
and an anti rat-PRL serum blocked this response. They 
subsequently identified in the medium of Con-A- 
stimulated rat thymocyte and splenocyte cultures a 22 
kDa protein that was similar to PRL and was immu- 
noprecipitated with a specific rat PRL antisera (16). 
Using immunocytochemistry , others reported that 
Con-A-stimulated murine T and B splenocytes con- 
tained a PRL-like protein (17). O’Neal et al. (18) using 
pediatric thymocytes stimulated by Con-A demon- 
strated by cDNA cloning the expression of PRL 
mRNA, which was larger than that of pituitary PRL 
mRNA. This observation was rapidly confirmed and 
extended to include the secretion of bioactive PRL- 
like proteins from human thymocytes and peripheral 
blood mononuclear cells (19). In addition, other recent 
reports indicated that human peripheral blood mono- 
nuclear cells contained a high molecular weight (60 
kDa) PRL-like material which was secreted when 
stimulated by mitogens (20) while another group sep- 
arated human peripheral mononuclear cells into 
T-cells, B-cells and monocytes and found the genetic 
expression of PRL to be mainly associated with the 
T-cell fraction (21). 

The evidence available indicates that immuno- 
competent cells appear to be capable of expressing a 
PRL-like molecule that may be secreted when stimu- 
lated by mitogens. The object of this study was to 
determine whether irradiated lymphocytes from the 
murine thymus, spleen, and mesenteric lymph nodes 
when co-cultured with Nb2 cells and stimulated by 
mitogens would release a PRL-like substance as evi- 
denced by Nb2 cell proliferation. In addition, we also 
examined isolated peritoneal macrophages in co- 
culture to drive Nb2 cell proliferation. The advantage 
of this approach is that it is more sensitive and that it 
would detect labile material that might be lost if one 
collected the supernatant from the lymphoid cells and 
then mixed the supernatant with Nb2 cells in a two- 
step assay. 

Material and Methods 
Nb2 Cell Line. The Nb2 cell line, which was 

cloned from a rat lymphoma and whose proliferation is 
specific for lactogenic hormones (22), was originally 
obtained from Dr. P. W. Gout (Vancouver, BC, Can- 
ada). The line was propagated in our laboratory (23) 
using RPMI 1640 medium supplemented with 10% fe- 
tal calf serum (Biofluids), 10% horse serum (Sigma), 
3.0 x M 2-mercaptoethanol, 100 U/ml penicillin, 
100 pg/ml streptomycin, 2.0 mM L-glutamine, and 1.0 
mM HEPES at final concentration. When used to bio- 
assay for PRL activity, the cells were washed twice 
with the synthetic medium AIM-V (Gibco cat. #320- 
20055 PK) supplemented with 0.1 mM MEM nones- 
sential amino acids, 1 mM sodium pyruvate, 3.0 x 

M 2-mercaptoethanol, 100 U/ml penicillin, 100 
pg/ml streptomycin, 2.0 mM L-glutamine and 1.0 mM 
HEPES at final concentration. The cells were then 
adjusted to 50,000 cells/ml with the AIM-V medium 
and 100 p1 added to each well of a 96-well microtiter 
plate. Nb2 cells were cultured with 100 pl of either 
lymphocytes or macrophages for 72 hr at 37°C in a 
humidified 7% C 0 2  gas environment. One pCi of 3H- 
thymidine (NEN cat no. #NET 027)/20 pl AIM-V was 
added 16 hr prior to harvesting. The cells were har- 
vested using Tomtec Mach I1 96-well harvester and 
counted with a Wallac Betaplate liquid scintillation 
counter. The addition of oPRL (NIDDK oPRL # 19) to 
the Nb2 cells alone indicated a sensitivity of 5 pg/ml 
and a dose-response curve between 5 and 5000 pg/ml. 

The specificity of Nb2-cell proliferation for PRL 
was determined using the following cytokines: r hu- 
man IL-1 (Genzyme), r human IL-2 (Genzyme), r 
mouse IL-3 (Genzyme), r mouse IL-4 (Genzyme), r 
mouse IL-5 (Genzyme), r mouse IL-6 (Genzyme), r 
mouse IL-7 (Genzyme), r mouse IL-8 (Genzyme), r 
mouse IL-10 (Bachem Bioscience), r mouse IFNy 
(Biosource International), r mouse IFNa (Biosource 
International), r mouse GM-CSF (Genzyme), r mouse 
TNFa (Genzyme). Each cytokine was serially diluted 
in triplicate wells either alone or with either 500 or 
1000 pg/ml of oPRL to determine whether they inhib- 
ited PRL-induced proliferation. All preparations were 
shown to have bioactivity in the appropriate cell sys- 
tems. 

Thymus, Spleen, and Lymph NodeCells. The 
thymus, spleen and mesenteric lymph nodes were re- 
moved from five 6-10-week-old female BALB/c mice, 
and pooled. The lymphocytes were obtained by crush- 
ing the tissue on fine-meshed stainless steel screens 
and splenic red blood cells were lysed using ACK lys- 
ing buffer. All cells were washed twice with Hanks 
balanced salt solution and counted with a hemocytom- 
eter after the addition of 0.1% trypan blue. Cell via- 
bility was greater than 95%. The lymphocytes were 
washed once with AIM-V medium supplemented as 
above and diluted to give 16 x lo6 thymocytes/ml, 4.0 
X lo6 splenocytes/ml and 8.0 x lo6 lymph node cells/ 
ml. The cells were then divided into two aliquots, and 
one aliquot was exposed to 3000 rads using a 137 Cs 
source while kept on ice. Both irradiated and nonirra- 
diated cells were added to triplicate wells of a 96-well 
microtiter plate at a final concentration of 4.0 x lo6 
thymocytes/ml, 1 .O x lo6 splenocytes/ml and 2.0 x lo6 
lymph node cells/ml. Concanavalin-A (Con-A; Phar- 
macia #17-045041) was added to triplicate wells at a 
final concentration of 0.5, 0.75, and 1.0 pg/ml. Lipo- 
polysaccharide (LPS; Calbiochem, E .  coli 01 11:B4, 
cat no. 437627) was added to triplicate wells of sple- 
nocyte and lymph node cells at a final concentration of 
1, 5 ,  and 10 kg/ml. The cells were cultured in AIM-V 
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medium for 72 hr in a humidified 7% C02 gas environ- 
ment with and without the addition of Nb2 cells. 3H- 
thymidine (1.0 pCi/20 1.1) was added 16 hr prior to 
harvesting the cells. The data presented represents the 
results of a single experiment. 

Isolation of Peritoneal Macrophages. Mouse 
peritoneal macrophages were obtained from Dr. Linna 
Ding (NIH) (24) in two separate experiments and pre- 
pared as follows. Ten female BALB/c mice 6-12 
weeks of age were injected ip with 3 ml of a 3 g/ml 
solution of thyoglycolate and three days later the peri- 
toneal cavity was rinsed three times with 10 ml of 
DMEM-5% FCS. The T and B cells were lysed by 
adding 1 ml each of a 1: 10 supernatant dilution of anti- 
Thy 1.2 (clone H 13.4), a 1:5 supernatant dilution of 
anti-B220 (clone 6B2), a 1:5 supernatant dilution of 
anti-Ia (clone M511 14), and a 1: 10 dilution of rabbit 
complement per 1.0 x 10' cells. The mixture was in- 
cubated at 37°C for 45 min to lyse T and B cells. The 
cells were then washed twice with DMEM-5% FCS 
and 1 ml of a 1:lO supernatant dilution of mouse anti- 
rat (clone MAR 18.5) and 1 ml of 1: 10 dilution of rabbit 
complement were added per 1.0 x 10' cells and incu- 
bated at 37°C for 45 min. The level of purity was de- 
termined using anti-Thy 1.2 PE (clone 30-H12; 
Pharmingen), anti B220 PE (Pharmingen), and anti 
Mac-1 FITC (clone M1/70; Caltag Labs) by flow cy- 
tometry. The isolated macrophages were greater than 
98% pure. Aliquots of the cells were either kept on ice 
for 24 hr in one experiment or cultured immediately for 
24 hr in DMEM-5% FCS at 37°C in a humidified 7% 
C02 environment with 100 U/ml of r mouse IFNy in 
the other experiment. Nonstimulated cells were kept 
on ice for either 24 or 48 hr. The cells were then 
washed twice with AIM-V medium and checked for 
viability with 0.1% trypan blue. The viability at the 
end of 24 hr was greater than 85% and at the end of 48 
hr was greater than 70%. The cells were then adjusted 
to 1.0 x lo6 viable celldm1 with AIM-V medium and 
an aliquot was irradiated with 3000 rads using a 137 Cs 
source. Irradiated macrophages were added in tripli- 
cate to 96-well microtiter plates, serially diluted and 
then 100 p1 of Nb2 cells at a concentration of 50,000 
cells/ml were added. The co-cultures were cultured for 
72 hr at 37°C in a humidified 7% CO, environment. 
Sixteen hours prior to harvesting, 1 pCi 3H-thymidine/ 
20 pl was added to each well to assess the proliferative 
activity of Nb2 cells. 

Mouse PRL Antiserum and Ovine PRL. A poly- 
clonal anti-mouse PRL serum (25) was obtained as a 
gift from Dr. Y. N. Sinha (Whittier Institute, CA) and 
added to some cultures to neutralize Nb2 proliferative 
activity. The ability of the antiserum to neutralize 
Nb2-cell proliferation induced by a saline extract of 
the mouse anterior pituitary was determined in a sep- 
arate experiment. This antiserum was specific for 

mouse PRL and did not alter the Nb2 proliferative 
activity of either purified ovine PRL or bovine PRL 
(data not shown). Ovine PRL (NIDDK oPRL #19) 
was obtained as a gift from the NIDDK National Hor- 
mone and Pituitary Program. 

Analytical Flow Cytometry. Flow cytometric 
analyses were performed using the Becton-Dickinson 
FACScan. Dead cells were eliminated from the anal- 
yses by adding 10 p1 of a 50 pg/ml of propidium iodide 
and gating these cells out. A total of 10,000 cells were 
counted for each sample. 

Results 
The levels of Con-A and LPS selected resulted in 

a substantial proliferation of nonirradiated thymo- 
cytes, splenocytes, and lymph node cells when cul- 
tured alone in the synthetic medium AIM-V (Fig. l ,  
upper panel). However, when the same cells were ir- 
radiated, Con-A and LPS were unable to induce pro- 
liferation as evidenced by the lack of 3H-thymidine 
incorporation (Fig. 1, lower panel). These results in- 
dicate that any increase 3H-thymidine incorporation of 
co-cultures of irradiated lymphocytes with Nb2 cells 
must be due to Nb2 cell proliferation. 

Irradiated thymocytes co-cultured with Nb2 cells 
decreased 3H-thymidine incorporation, and Con-A 
stimulation did not alter the response. Con-A stimula- 
tion of irradiated splenocytes and lymph node cells, 
however, induced a 2.8- and 2.3-fold increase, respec- 
tively, of the incorporation of 3H-thymidine into Nb2 
cells. Stimulating splenocyte and mesenteric lymph 
nodes with LPS did not alter the proliferation of Nb2 
cells from that of control cultures (Fig. 2, upper panel). 
Two hundred fifty picogram per milliliter of oPRL was 
added to each well to determine whether factors se- 
creted by irradiated lymphocytes would suppress Nb2- 
cell proliferation. Thymocytes, whether stimulated by 
Con-A or not, decreased the PRL-induced prolifera- 
tion of the Nb2 cell. Splenocytes and mesenteric 
lymph node cells whether stimulated by Con-A or LPS 
did not alter 3H-thymidine incorporation (Fig. 2, lower 
panel). Thus, thymocytes appear to suppress Nb2-cell 
proliferation, while splenocytes and mesenteric lymph 
node cells do not. 

The co-culturing of irradiated macrophages 48 hr 
after isolation with Nb2 cells resulted in a significant 
proliferation of Nb2 cells (Table I). The degree of Nb2- 
cell proliferation was proportional to the number of 
macrophages in the co-culture. The culturing of irra- 
diated or nonirradiated macrophages alone resulted in 
little 3H-thymidine incorporation above that noted for 
background (data not shown). Irradiated macrophage 
isolated 48 hr earlier and stimulated with IFNy for the 
last 24 hr had considerably less proliferative activity 
on Nb2 cells. However, when a known amount of 
oPRL was added to the co-culture, IFNy-stimulated 
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Influence of Concanvalin A and Lipopolysaccharide 
Stimulation on the Proliferation of Immune Cells 
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Figure 1. The influence of concanavalin A (Con-A) and 
lysopolysaccharide (LPS) stimulation on the proliferation of thy- 
mocytes, splenocytes, and mesenteric lymph nodes. Upper 
panel: nonirradiated cells; Lower panel: irradiated cells. Cells 
irradiated with 3000 rads using 137Cs. Thymocytes were added to 
triplicate wells at a final concentration of 4.0 x l o6  cells/ml. 
Splenocytes were added at a final concentration of 1 .O x 106/ml. 
Mesenteric lymph node cells were added at final concentration 
of 2.0 x 106/ml. Culture medium was the synthetic medium, 
AIM-V and total volume per well was 200 pl. Each group repre- 
sents a pool of cells from five 6-10-week-old BALB/c mice. 

macrophages markedly inhibited the proliferative ac- 
tivity of Nb2 cells (Table I). Unstimulated macro- 
phages also were able to partly block PRL activity on 
Nb2 cell proliferation, but this was only observed at 
the highest concentration of macrophages; and as the 
number of macrophages was decreased, there was an 
increase in Nb2 cell proliferation over that seen for 
PRL alone (Table I). 

Macrophages co-cultured 24 hr after isolation also 
induced Nb2-cell proliferation and potentiated the ac- 
tion of added oPRL (Table 11). A 24-hr-stimulation of 
macrophages with IFNy immediately after isolation in- 
duced a lower proliferation of Nb2 cells when com- 
pared with unstimulated macrophages, and when 
oPRL was added, there was only a slight inhibition of 
Nb2-cell proliferation. A specific antiserum to mouse 
PRL did not alter the proliferation of Nb2 cells when 
co-cultured with macrophages (Table 11). The inability 

Influence of Irradiated Immune cells on 
Nb2 Cell Proliferation to Ovine Prolactin 
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Figure 2. The influence of concanavalin A (Con-A) and ly- 
popolysaccharide (LPS) stimulation on co-cultures of irradiated 
thymocytes, splenocytes, and mesenteric lymph node cells with 
Nb2 cells. Upper panel: co-cultures with no added oPRL; Lower 
panel: co-cultures with the addition of 250 pg/ml of oPRL. See 
legend of Figure 1 for additional details. 

of the mouse PRL antiserum to block the proliferative 
activity of co-cultures of macrophages was not due to 
the inability of the antiserum to block the proliferative 
activity of mouse PRL. A saline extract of the mouse 
anterior pituitary when added to Nb2 cells induced a 
marked proliferation and the antiserum blocked this 
activity (Table 111). The possibility that one of the 
known cytokines produced by lymphocytes and mac- 
rophages may have altered the proliferation of Nb2 
cells was eliminated when a large panel of cytokines 
were cultured with Nb2 cells, with and without the 
addition of PRL, and no effect was observed (Table 
IV). The Nb2 cells used here do not respond to IL-2. 

Discussion 

The results indicated that Con-A stimulated mu- 
rine splenocytes secrete a PRL-like substance and 
confirm the work of Montgomery et al. (15). Irradiated 
lymphocytes are capable of secreting cytokines when 
mitogen-stimulated, however, they do not proliferate 
(26). This fact allows us to ascribe the incorporation 
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Table 1. Influence of Irradiated Macrophages 48 Hr After Isolation on Nb2-Cell Proliferation 

Number of macrophages CPM 

Unsti mulated plus 
1 ng/ml oPRL 

IFN y stim* plus 
1 ng/ml oPRL 

per 5000 Nb2 cells 
per well Unstimulated IFN y stim* 

0 695 673 168,681 178,058 
50,000 1 14,863 3,386 149,684 28,656 
25,000 46,878 1,598 184,386 59,765 
12,500 33,526 71 8 189,702 93,352 
6,250 19,495 467 201,118 138,873 
3,125 6,743 61 2 160,543 171,486 
1,560 2,673 632 199,432 197,176 

780 1,133 605 186,120 206,673 
390 872 541 189,960 206,803 

Stimulated with 100 U mouse rlFN ylml last 24 hr before irradiation and co-culture. 

Table II. Influence of Irradiated Macrophages 24 Hr After Isolation on Nb2-Cell Proliferation 

Number of CPM 
macrop hages 
per ’Ooo Nb2 Unstimulated IFN y stim’ cells per well 

Unstimulated INF y stim* Unstimulated INF y stim* 
+250 pg/ml oPRL +250pg/ml oPRL +a mPRL** +a mPRL** 

~~ ~ 

0 2,020 2,444 37,638 55,111 2,i32 2,160 
50,000 14,142 - 93,428 105,994 14,365 11,508 
25,000 12,560 5,022 57,930 44,808 11,011 4,840 
12,500 7,080 3,415 50,239 36,838 6,664 3,409 
6,250 5,427 2,456 46,610 44,175 5,284 2,299 
3,125 3,535 2,422 44,683 47,396 3,861 2,887 
1,562 3,245 2,305 42,745 45,181 3,468 2,616 

780 2,540 2,385 36,228 37,769 2,890 2,383 
390 2,080 2,538 38,340 47,009 2,270 1,996 

Macrophages stimulated with 100 U mouse rlFN y/ml for 24 hr before irradiation and co-culture. 
** a mouse PRL at 1 :10,000 dilution. 

Table 111. Influence of a Mouse Prolactin (PRL) 
Antiserum on the Proliferation of Nb2 Cells 
Stimulated by a Saline Extract of the Mouse 

Ante r i o r Pit u it a ry (A P)” 

CPM 
Dilution of 

Anti-mouse PRL serum 
1 :640 1 :2,560 1 5,120 1 :10,240 

AP extract Control 

No extract 3,542 3,902 3,379 3,498 3,537 
1 :4,000 69,817 4,134 5,948 30,809 47,988 
1 :8,000 50,123 4,065 4,794 15,471 44,641 
1:16,000 42,748 4,206 4,160 6,432 28,537 
1:32,000 40,645 4,097 4,275 5,616 18,669 

a Responsiveness of Nb2 cells to ovine PRL: 10 pg/ml = 8,407 
CPM; 78 pg/ml = 33,530 CPM; 625 pg/ml = 87,936 CPM. 

3H-thymidine to the Nb2 cells and any induced prolif- 
eration of the Nb2 cells must be originating from the 
cells in co-culture. The addition of Con-A to Nb2 cell 
cultures alone did not alter 3H-thymidine incorpora- 
tion from that noted for controls (data not shown). 
Although the proliferation induced by Con-A stimu- 
lated splenocytes and lymph node cells was not exten- 
sive, two factors must be considered. First, the sple- 
nocyte and lymph node cells producing a PRL-like 

substance may be a minor subset of the cells derived 
from these tissues and the isolation and stimulation of 
this subset would result in a greater proliferation of 
Nb2 cells. Second, irradiation prevented the expan- 
sion of the cells by Con-A-stimulation, thus one would 
not expect as great a stimulation of Nb2 cells as has 
been previously reported. Others have stimulated 
splenocytes with Con-A for varying periods of time 
and then assayed the culture medium for PRL-like ac- 
tivity (15, 16). Under their conditions splenocyte pro- 
liferation would greatly increase the cells producing a 
PRL-like material. This could explain the apparent 
higher PRL-like activity produced by their Con-A- 
stimulated cultures when compared to ours. The iden- 
tification of the Nb2-cell proliferative activity from 
Con-A-stimulated co-cultured irradiated splenocytes 
and lymph node cells as a PRL-like substance is ten- 
tative pending experiments demonstrating that a spe- 
cific antiserum to mouse PRL will block the activity. 
Future experiments will be directed to providing this 
evidence. 

Co-culturing of thymocytes with Nb2 cells re- 
sulted in a suppression of Nb2-cell proliferation, with 
and without the addition of oPRL. This was an unex- 
pected finding since others have found a PRL-like mol- 
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Table IV. Influence of lnterleukins or Cytokines on Nb2-Cell Proliferation 

lnterleukins 
or cyto ki nes Exper Dose range 

CPM 

1 or 0.5 ng/ml oPRL 
+ IL or cytokines IL or cytokines alone 

1 Nb2 cells alone 
r human IL-2 
r mouse IL-4 
r mouse IL-10 

r human IL-1 
r mouse IL-3 
r mouse IL-5 
r mouse IL-6 
r mouse IL-7 
Nb2 cells alone 

2 Nb2 cells alone 

3 

- 
0.39-50 Ulml 
1 S0-200 U/ml 

15.00-2000 pg/ml 

0.75-100 U/ml 
76.00-1 0,000 pglml 
7.50-1,000 U/ml 
7.50-1,000 U/ml 
7.50-1,000 U/ml 

- 

- 

340 
325-464 
295545 
207-41 7 

1,508 
1,237-1,686 
1,211-1,374 
1 ,134-1,333 
1,034-1 ,152 
1,221-1,636 

3.775 

13,877 
12,648-1 4,172 
13,172-1 3,695 
13,247-1 4,521 

141,872 
55,240-1 67,002 
37,082-1 58,356 
35,931-1 50,834 
24,470-1 38,964 
44,340-154,376 

135,483 
r human IL-8 0.39-50 ng/ml 3,856-4,162 121,846-1 33,670 
r mouse lFNy 2.00-250 U/ml 2,7553,194 134,393-1 41,725 
r mouse IFNa 7.50-1,000 U/ml 2,916-3,835 136,845-1 42,196 

r mouse TNFa 0.75-1 00 ng/ml 4,0344,811 138,0641 42,720 
r mouse GMCSF 0.75-1 00 ng/ml 3,7054,155 124,241-1 29,807 

r = recombinant. 
IL = interleukin. 

ecule in Con-A stimulated murine (16) and human thy- 
mocyte lysates (18, 19, 21). One of these reports (19) 
indicated that human thymocytes secreted into the me- 
dium a PRL-like molecule capable of stimulating Nb2- 
cell proliferation. The difference may be due to our use 
of murine thymocytes while the other group (19) stud- 
ied human cells. 

The differential effect of Con-A and LPS in induc- 
ing the proliferation of Nb2 cells in co-culture sug- 
gested that the spleen and lymph node cells producing 
the PRL-like activity may be of T-cell origin. It is gen- 
erally accepted that Con-A stimulates cytokine pro- 
duction and proliferation of T-cells while LPS stimu- 
lates B-cells (27, 28). In addition, the lack of an effect 
by LPS indicates that the Con-A response is not a 
general phenomenon of cross-linking cell surface re- 
ceptors. LPS and Con-A when added to Nb2 cells 
alone does not alter the proliferation from that of con- 
trol cultures (data not shown). 

Co-cultured irradiated macrophages induced Nb2- 
cell proliferation. The proliferation was more marked 
when the co-cultures were initiated 48 hr after macro- 
phage isolation than when isolated for 24 hr. The rea- 
son for this is not readily apparent. Stimulation of 
macrophages with IFNy suppressed the PRL-induced 
proliferation only when macrophages were stimulated 
24 hr after isolation and not when stimulated immedi- 
ately. It appears that aging of the isolated macro- 
phages alters the response. In fact, IFNy stimulation 
of macrophages immediately after isolation removed 
the inhibitory activity of these cells on PRL-induced 
Nb2-cell proliferation, and a stimulatory activity was 
now evident but less than that observed for unstimu- 
lated macrophages (Table 11). The identification of the 

macrophage inhibitory substance is unknown since a 
number of cytokines produced by macrophages did 
not alter the proliferative response of Nb2 cells (Table 
IV). 

One possible factor responsible for the suppres- 
sion of Nb2-cell proliferation when co-cultured with 
IFNy-stimulated macrophages may be PGE,. It has 
been observed that PGE, is released by IFNy- 
stimulated macrophages (29) and that PGE, suppress 
lymphocyte proliferation (30). Another possible factor 
responsible for the suppression may be TGFP, which 
is known to be secreted by macrophages (31). Both 
PGE, and TGFP have been reported to suppress the 
proliferative activity of Nb2 cells when stimulated by 
human growth hormone (32). 

The proliferative action of macrophages on Nb2 
cells was not altered when a polyclonal anti-mouse 
PRL serum, shown to block pituitary PRL activity 
(Table 111), was added to the co-cultures. This was 
surprising since previous reports indicated that PRL 
antisera from a number of species would block the 
proliferation of Con-A-stimulated lymphocytes (1 1) 
and IL-2-stimulated L-2 cells, a murine T-helper cell 
line (14). The latter investigators further noted that 
although the L-2 cell required PRL for proliferation 
and PRL was secreted from the cells, no mRNA for 
PRL was detected (14). These authors suggested that 
the PRL observed was sequestered by the cells (since 
they have PRL receptors) from the maintenance me- 
dium and was released when stimulated by IL-2. In a 
subsequent publication, these investigators reported 
that intracellular PRL was present within L-2 cells and 
that this PRL was of bovine origin (33). This observa- 
tion may explain why the specific antiserum to mouse 
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PRL we used did not block the Nb2-cell proliferative 
activity induced by macrophage co-culture. This 
mouse PRL antiserum does not alter the Nb2-cell pro- 
liferative activity of purified bovine PRL (data not 
shown). We have recently observed that similarly iso- 
lated macrophage have a high surface expression of 
PRL-receptors using FITC-labeled PRL-R monoclonal 
antibodies and flow cytometry (34). Thus, the possi- 
bility exists that the bovine PRL in the fetal calf serum 
(35, and our unpublished observations) added to 
DMEM used to isolate the macrophages was seques- 
tered by them and released when co-cultured with the 
Nb2 cells inducing them to proliferate. This may ex- 
plain why macrophages maintained in vitro for 48 hr in 
cell culture were more potent stimulators of Nb2 cell 
proliferation than macrophages maintained in vitro for 
24 hr. Subsequent experiments will be initiated with 
this hypothesis in mind. 
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