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Abstract. Several laboratories have earlier identified and characterized a specific pro- 
lactin binding site (receptor) on Nb, cells which has a Kd of about 2 x lo-‘’ M and a 
binding capacity of about 12,000 receptor sites per cell. Using [1‘25]-labeled human 
growth hormone (hGH), we have confirmed the results of these earlier reports. In 
addition, a second, “high-aff inity” receptor site for prolactin has been identified. This 
site has a Kd of about 2 x lo-‘, M and there are an average of 67 sites per cell. Binding 
of [1’25]-hGH to the high-affinity receptor site is saturated by 1 min after incubation at 
37”C, whereas saturation of the lower affinity site requires a 1-3 hr incubation at 37°C. 
Specificity of prolactin binding to both the high- and low-aff inity “receptors” was 
established by the fact that several nonlactogenic hormones, including bovine growth 
hormone and insulin, do not displace [1125]-hGH from the receptor sites. When Nb, 
cells were incubated for 1 hr at 0°C with 100 pg/ml [1125]-hGH, no binding to the 
high-aff inity receptor was detected, thus demonstrating the temperature dependence 
of binding to this receptor. The kinetics of binding of hGH to the high-affinity binding 
site correlates well with the dose-response effects of lactogenic hormones on mito- 
genesis in the Nb, cells. In addition, the rapid binding of hGH to the high-affinity 
receptor may be related to specific effects of lactogenic-hormones which occur within 
seconds or minutes after adding these hormones to Nb, cells. 
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actogenic hormones including prolactin, the 
placental lactogens, and human growth hor- L mone are potent mitogens in a T lymphoma 

cell line (Nb,) derived from an estrogenized Noble rat 
(1, 2). Receptors for the lactogenic hormones in the 
Nb, cells have been isolated and characterized (3). 
The receptor consists of a 393 amino acid peptide of 
which the intracellular, extracellular, and intramem- 
brane portions of the molecule have been identified. 
Binding studies employing several lactogenic hor- 
mones indicate that there are about 12,000 “low- 
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affinity” prolactin receptors per Nb, cell and the Kd 
for binding is about 1-2 x lo-’’ M (2). Interestingly, 
the concentration of lactogenic hormones that causes a 
half-maximal mitogenic response in the Nb, cells is 
about 1-6 x lo-’, M ,  one to two orders of magnitude 
less than the Kd for binding to the prolactin receptor 
(1, 2). 

The disparity of the above numbers led us to carry 
out the present studies in which we reexamined the 
binding characteristics of lactogenic hormones in the 
Nb, cells using a high specific activity [I’25]-labeled 
hGH preparation. The intent was to determine if we 
could identify a “high-affinity” prolactin receptor. A 
precedent for the possible existence of both high- and 
low-affinity receptors for prolactin is the nerve growth 
factor (NGF)-receptor system where the two types of 
receptors have been shown to exist (4). Since both 
NGF and lactogenic hormones have receptors that are 
members of the cytokine family of receptors, we rea- 
soned that high-affinity receptors for prolactin may 
also be present in cells. 
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Methods Statistical comparisons were made using ANOVA 
followed by Scheffe’s test where applicable. 

The Nb2 node lymphoma cells were provided by 
Dr. C. T. Beer of the Cancer Control Agency of Brit- 
ish Columbia (Vancouver, British Columbia, Canada). 
Ovine prolactin (NIH-P-S- 19), bovine growth hor- 
mone (NIH-GH-B18), and human growth hormone 
(NIH-GH-HS2 160E) were gifts from the National 
Hormone and Pituitary Program, University of Mary- 
land. Other materials used in these studies were from 
the following sources: fetal calf serum and Fisher’s 
medium from Gibco Laboratories, Grand Island, NY; 
horse serum, bovine serum albumin (BSH, fraction V) 
and phosphate buffered saline (PBS) from Sigma 
Chemical Co., St. Louis, MO; porcine insulin, peni- 
cillin, and streptomycin from Eli Lilly Co.,  Indianap- 
olis, IN; ~ o d i u m - [ I ’ ~ ~ ]  from Amersham Corp., Arling- 
ton Heights, IL. 

The Nb, cells were maintained as suspension cul- 
ture in 25-cm2 culture flasks containing “growth me- 
dium” (Fisher’s medium supplemented with 10% fetal 
calf serum, 10% horse serum, 1 x M 2-mercap- 
toethanol, 50,000 IU/liter penicillin, and 50,000 pg/liter 
streptomycin). The cells were incubated at 37°C in the 
presence of a 95% air-5% CO, gas mixture. Fresh me- 
dium was added every 72 hr. Twenty-four hours be- 
fore beginning an assay the cells were collected by 
centrifugation at 300xg. The cells were then resus- 
pended and cultured for 24 hr in “stationary medium” 
(same components as growth medium except for the 
deletion of fetal calf serum and the reduction of horse 
serum from 10% to 3%). The cells were next collected 
by centrifugation at 300xg, washed once with PBS, 
and then suspended in fresh PBS and used for binding 
studies. [1125]-hGH at the specified activity and con- 
centration was added to the cells after which the cells 
(about 1 x 106/ml) were incubated at 37°C for appro- 
priate times. Nonspecific binding was determined by 
the inclusion of 10 pg/ml oPRL in the binding reaction 
mixture. Specific binding was determined by subtract- 
ing the nonspecific from the total binding. Nonspecific 
binding constituted about 200/0-40% of the total bind- 
ing in all experiments. After incubation of the cells 
with [I’25]-hGH, the quantity of bound radiolabeled 
hormone was determined as follows: 0.5 ml of the cells 
were layered on 3.5 ml PBS in 4.5 ml polypropylene 
tubes. This and all subsequent steps were carried out 
at 0”-4°C. The cells were collected by centrifugation at 
300xg for 10 min, washed with 4 ml PBS, and again 
collected by centrifugation for 10 min at 300xg. Radio- 
activity in the final cell pellet was then determined by 
scintillation counting. Numbers of cells in the reaction 
mixture was determined using a Coulter counter. 

High (720 pCi/pg) and low (178 pCilpg) specific 
activity [I’25]-hGH preparations were made by the lac- 
toperoxidase method of Tower et al. (5).  

Results 
Panels A and B of Figure 1 show the extent of 

hGH binding to Nb, cells as the hGH concentration 
was increased from 0.5 pg/ml to 12,000 pg/ml. A Scat- 
chard plot of these data is shown in Panel C of Figure 
1. This plot was generated using Lotus 1-2-3; binding 
aflinities and capacities were determined by further 
analyzing the data using Enzifitter (Elsevier Biosoft). 
Clearly, two specific binding sites exist on the Nb, 
cells: a “low-affinity” site with a Kd of 1.8 x lo-’’ A4 
and a capacity of 3,600 sitedcell, and a second “high- 

n 

m 

z 
3 
0 

h 
v) 

X 
0 c 
z 
3 
0 
D 

n 

A.  HIGH AFFINITY SITE 

0 
0 20 40 60 80 100 

FREE HGH (pg/ml) 

150 

100 

50 

0 
2000 4000 6000 8000 10000 12000 

FREE HGH (pg/ml) 

0.10 7 C. SCATCHARD ANALYSIS - 
c3 

W 
W ix 

0.06 
\ 

0.04 1 I 
L: 

0 0 0  
0 50 100 150 

BOUND hGH (pg/106 CELLS) 

Figure 1. Effect of hGH concentration on binding to lactogenic 
hormone binding sites in Nb2 cells. Nb2 cells (1 x 106/ml) were 
incubated with [1’25]-hGH at the concentrations indicated 210 
bg/ml oPRL for 90 min at 37°C. The extent of specific binding 
was then determined. Panel A, high-affinity binding, Panel B, 
low-affinity binding, Panel C: Scatchard plot of binding to both 
sites. Numbers in the figures represent the mean 2 SE of four 
observations. 
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affinity" site with a Kd of 2 x 10- l2  A4 with an average 
of 67 binding sites per cell. 

The time-courses for the binding of [I'25]-hGH to 
the two Nb, cell binding sites are shown in Figure 2. A 
1-2 hr incubation period at 37°C is required for a max- 
imal binding to the "low-affinity" site (Panel B) 
whereas saturation of the "high-affinity" site occurs 
within minutes after addition of the hormone to the 
cells (Panel A). 

Specificity of [I'25]-hGH binding to high- and low- 
affinity lactogenic hormone binding sites on the Nb, 
cells was established by the experiments shown in Ta- 
bles I and 11. At concentrations of 0.1 and 1 pg/ml, 
insulin, bGH, and BSA did not displace 10 ng/ml [I'25]- 
hGH from the low-affinity binding site. Similarly at 10 
pg/ml, insulin did not displace the [I'25]-hGH. How- 
ever, at 10 pg/ml, both the bGH and BSA preparations 
had small effects on the displacement of [I'25]-hGH, 
perhaps due to a minor contamination of these prepa- 
rations with lactogenic hormones. Both oPRL and 
hGH displaced [I'25]-hGH from the low-affinity bind- 
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Figure 2. Time-course of [1125]-hGH binding to high- and low- 
affinity lactogenic hormone binding sites. Nb, cells were incu- 
bated with 100 pg/ml (Panel A) or 10 ng/ml (Panel B) [1125]-hGH 
with or without 10 p.g/ml oPRL for the times indicated. The ex- 
tent of specific binding was then determined. Numbers in the 
figures represent the mean +SE of four observations. 

ing site in a concentration-dependent fashion, with 
oPRL being more effective than hGH. Similar results 
were reported earlier (2). Table I1 shows specificity 
studies regarding the high-affinity lactogenic hormone 
binding sites. Like with the low-affinity binding site, 
insulin, bGH, and BSA at concentrations of 0.1 and 1 
pg/ml did not displace [I'25]-hGH. Similarly, 10 pg/ml 
insulin had no effect whereas 10 pg/ml bGH or BSA 
caused a partial displacement. Both oPRL and hGH 
caused a concentration-dependent displacement of 
[I'25]-hGH from the high-affinity lactogenic hormone 
binding site. 

In further studies (data not presented) the temper- 
ature dependence of [1125]-hGH binding to the high- 
affinity lactogenic hormone binding site was deter- 
mined. After a 1-hr incubation of Nb, cells at 0°C with 
100 pg/ml [I'25]-hGH, no specific [I'25]-hGH binding 
was found associated with the cells. Thus, like with 
the low-affinity receptor (2), binding to the high- 
affinity receptor is temperature dependent. 

Discussion 
These studies clearly show that Nb, cells contain 

both high- and low-affinity binding sites for lactogenic 
hormones. The low-affinity site has previously been 
extensively characterized. It is a glycosylated protein 
containing 393 amino acids in a single peptide chain 
(3). Interestingly, when the cDNA for the 393 amino 
acid Nb, cell receptor was transfected and expressed 
in CHO cells, prolactin stimulated the expression of a 
reporter gene (CAT) which was fused to the 5 ' -  
flanking sequence of milk protein genes (8). The func- 
tional role of the low-affinity receptor in the stimula- 
tion of differentiative processes is therefore clear. In 
recent cross-linking studies carried out in our labora- 
tory (6), the molecular weight of the major lactogenic 
hormone binding protein present on Nb, cells was de- 
termined to be about 70 kD; these results were con- 
firmed by Rui et al. (7). To a lesser extent, the radio- 
labeled lactogenic hormones were also found cross- 
linked to larger molecular weight proteins which have 
not yet been characterized. The discrepancy in the 
number of low-affinity binding sites identified in the 
present study vs that in an earlier report (2) (3,600 vs 
12,000 sites per cell) may be due to a number of ex- 
perimental variables. These could include possible real 
differences in the numbers of binding sites in cells that 
are propagated in different laboratories under some- 
what different conditions. Or the difference could be 
created by technical differences employed to quanti- 
tate the numbers of binding sites. 

The lactogenic hormones have been shown to 
have a number of effects on Nb, cells which occur 
within minutes after hormone addition. These effects 
include an increased Ca+ + uptake (9), an activation of 
Na+/H+ exchange (lo), an increased rate of RNA syn- 
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Table 1. Specificity of Low-Affinity Lactogenic Hormone Binding in Nb, Cells* 

Concentration of addition (pg/ml) 

Addition 0 0.1 1 10 
oPRL 100 f: 3%** 120 f: 4.2 6.3 f: 4.8 0 f: 9.7 
hGH 100 k 3 87 k 4.5 59.3 f: 11.7 24.0 k 5.1 
Insulin 100 * 3 100 f: 3.4 82.2 f: 12.6 100 f: 4.1 
bGH 100 2 3 100 k 4.9 95.7 f: 2.9 72.3 2 4.7 
BSA look 3 100 k 6.2 100 f: 5.4 78.7 f: 5.5 

Nb2 cells were incubated at 37°C for 1 hr with 10 ng/ml [1125]-hGH with or without the additions indicated in the table. The percent 
of specific binding that occurs in the absence of the additions was then calculated. 
** Numbers in the table represent the mean 2 SE of four observations. 

Table II. Specificity of High-Affinity Binding in Nb2 Cells 

Concentration of addition (ng/ml)* 

Addition 0 10 100 1000 10,000 
oPRL 100 k 1.3%** 50.6 ? 0.9 7.2 2 4.5 3.8 f: 3.1 1.2 k 5.7 
hGH 100 f: 1.3 39.0 2 2.2 17.2 2 2.0 0.2 k 4.4 0 k 5.7 
Insulin 100 2 1.3 - 100 k 1.6 100 f: 1.0 98.9 k 0.9 
bGH 100 2 1.3 - 97.5 2 0.6 99.2 k 3.3 51.6 2 1.5 
BSA 100 2 1.3 - 94.0 2 1.9 100 k 2.2 89.8 k 2.7 

Nbp cells were incubated at 37°C for 1 hr with 100 pg/ml [1125]-hGH with or without the additions indicated in the table. The percent 
of specific binding that occurs in the absence of the additions was then calculated. 
** Numbers in the table represent the mean 2 SE of four observations. 

thesis (1 I) ,  and an increased accumulation of mRNAs 
for actin, c-myc, interferon regulatory factor I, and 
ornithine decarboxylase (12, 13). In more recent stud- 
ies (6), we have reported that lactogenic hormones 
stimulated tyrosine kinase activity within seconds af- 
ter hormone addition to Nb, cells. Several proteins are 
phosphorylated in response to the prolactin stimula- 
tion to tyrosine kinase; however, the earliest phos- 
phorylated protein is one with a molecular weight of 
121 kDa. This protein has been shown to be immuno- 
precipitated with antibodies to the low-affinity Nb, 
cell prolactin receptor (7),  thus suggesting that the 
plasma membrane prolactin “receptor” is in fact a re- 
ceptor complex composed of more than one protein 
molecule. The immunoprecipitated receptor complex 
was also reported to contain tyrosine kinase activity. 

By kinetic analysis, the results of our studies dem- 
onstrate that existence of a second, high-affinity lac- 
togenic hormone “receptor” in Nb, cells. The binding 
to this receptor is saturated within minutes after hor- 
mone addition, thus correlating well with the early re- 
sponses that occur in these cells. In addition, the Kd of 
binding to the high-affinity receptor site correlates well 
with the dose-response curves for the stimulation of 
mitogenesis (2), as well as specific molecular pro- 
cesses in the Nb, cells (1 1). The likely functional role 
of the high-affinity binding site in the Nb, cells is thus 
suggested. 

The molecular identity of the high-affinity binding 
site is presently not known and remains to be deter- 
mined. Of possible relevance is the NGF-receptor sys- 
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tem which contains both high- and low-affinity recep- 
tor sites. NGF binds with low affinity to both a 42 kDa 
receptor and to the trk protooncogene protein (4). 
When both the 42 kDa receptor and trk are concur- 
rently expressed in cells, the high-affinity binding site 
appears. Occupancy of the high-affinity binding site is 
required for NGF to express biological responses in 
cells. Since NGF and lactogenic hormone receptors 
are structurally similar members of the cytokine family 
of receptors, it is an intriguing speculation that the 
lactogenic hormone receptor system may function in a 
manner similar to the NGF receptor system. 

This work was supported by National Institutes of Health grant 
number HD 06571. 
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