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The clonal expansion of antigen-stimulated T-lym- 
phocytes during an immune response is mediated 
by several lymphokines. Strong evidence now exists 

that the neuroendocrine hormone PRL is necessary, 

but not sufficient, for T-cell proliferation. Little is 
known, however, of the signal transduction mecha- 

nisms of the PRL receptor (PRLR) within T-cells. We 
demonstrate here that PRL stimulation of the T-cell 

line Nb2 induced the concentration- and time-de- 

pendent activation of the protein tyrosine kinase 
p5gw”, but not of four other src family protein tyrosine 

kinases. Activation of fyn was also observed in Con- 
canavalin-A-primed peripheral blood lymphocytes 

stimulated with PRL and in Nb2 cells incubated with 
anti-PRLR antibodies. The activation of fyn by PRL 

stimulation correlated with Nb2 cell proliferation. 
lmmunoblot analysis of anti-fyn and anti-PRLR im- 

mune complexes revealed an association between 

each PRLR isoform and p59’y”. These studies dem- 
onstrate for the first time an association between 

the PRLR and a src family protein tyrosine kinase 
affiliated with signal transduction. (Molecular Endo- 

crinology 8: 874-881, 1994) 

INTRODUCTION 

The PRL receptor (PRLR) is a member of the growth 
factor receptor superfamily to which the interleukin-2- 
7 (IL-2-7) granulocyte/macrophage-colony-stimulating 
factor (CSF), granulocyte-CSF, and erthryopoietin 
receptors belong. Like other members of this superfam- 
ily, the functions of the PRL-PRLR complex are pleio- 
tropic. Although best known for its functions in the 
terminal differentiation of mammary tissue, recent data 
indicate that the PRLR can modulate immune response. 
Manipulation of serum PRL levels can profoundly influ- 
ence the immune response (l-7) in vitro and in vivo. 
Increases in PRL have been observed during allograft 
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rejection (8) and a role for PRL in systemic lupus 
erythematosus has been suggested (9, 10). At the 
molecular level, the PRLR is expressed on all cells 
within the human (11) and murine (12) immune system; 
in addition, human T-cells can synthesize PRL (11, 13). 
In vitro, T-lymphocytes appear to use PRL in an auto- 
crine manner, and PRL is necessary for T-cell prolifer- 
ation and passage into the S-phase (14). 

Like other members of the growth factor receptor 
superfamily, the mechanisms of PRLR signal transduc- 
tion have remained poorly characterized. Although 
three isoforms of the PRLR that differ in the length of 
their cytoplasmic domain have been cloned, none of 
these has a demonstrable enzymatic activity (15-17). 
Several reports have alternatively suggested that GTP- 
binding proteins, adenylate cyclase, protein kinase-C, 
or the sodium/hydrogen antiport may participate in this 
event (18-21). More recent data have suggested that 
protein phosphorylation of tyrosine residues is induced 
by PRL stimulation (22, 23). This would suggest that 
an unidentified protein tyrosine kinase (PTK) may be 
involved in PRLR signal transduction. 

The data presented here demonstrate that the PRLR 
is associated with the src family PTK, p59@, and that 
stimulation of the PRL-responsive T-cell line Nb2 and 
Concanavalin-A (Con-A)-primed peripheral blood lym- 
phocytes (PBL) with this hormone induces the activa- 
tion of this PTK. These data suggest that fyn may serve 
during PRL stimulation as a signaling intermediary nec- 
essary for PRL-induced tyrosine phosphotylation and 
proliferation in T-lymphocytes. 

RESULTS 

PRL stimulation of Nb2 cells has been demonstrated to 
induce the phosphorylation on tyrosine residues of mul- 
tiple proteins (22, 23). Analysis of immunoblots probed 
with antiphosphotyrosine in our laboratory also re- 
vealed a cross-reactive, 55 to 60-kilodalton (kDa) phos- 
phoprotein (24). The mol wt of this phosphoprotein was 
appropriate for a PTK of the src family, which have 
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been found in association with other members of the 
growth factor receptor family, i.e. the IL-7 receptor and 
the &chain of the IL-2 receptor (25, 26). To determine 
which of the src family PTKs commonly found in T-cells 
(27) were present in Nb2 cells, immunoblot analysis 
was performed on Nb2 lysates, which revealed the 
presence of the PTK’s Ick, fyn, src, Iyn, and yes (data 
not shown). Subsequently, activation of the PTKs within 
these immunoprecipitates was assessed by autokinase 
assay on lysates from Nb2 cells maintained under op- 
timal growth conditions [i.e. in medium containing 10% 
fetal calf serum (FCS)]. Under these conditions, activa- 
tion of Ick and fyrt was observed, but no detectable 
autokinase activity of src, /yn, or yes was noted. 

The data shown in Fig. 1 suggested that, of five src 

family PTKs found in T-cells, only Ick or fyn might be 
activated during PRL-induced growth. To examine the 
activation of these kinases by PRL under defined con- 
ditions, Nb2 cells were starved for 48 h in a PRL- 
deficient, chemically defined medium before stimulation 
with PRL and harvest of cells at various time intervals. 
lmmunoprecipitation of lysates obtained from these 
cells with either anti-fyn or anti&k followed by in vitro 
kinase assay revealed a transiently inducible activation 
of fyrr kinase, as shown in Fig. 2A. Increases in the 
autophosphorylation of fyn were seen within 5 min of 
stimulation and peaked at approximately 20 min, reach- 
ing a level approximately 12-fold greater than that seen 
in resting cells (Fig. 28). In comparison, no increase in 
Ick autokinase activity occurred during PRL stimulation; 
in fact, the low levels of Ick autokinase activity observed 
in resting cells became undetectable after PRL stimu- 
lation. lmmunoblot analysis of Nb2 lysates from cells 
stimulated under similar defined conditions, however, 
revealed that the levels of p59b” kinase during PRL 
stimulation varied by less than 25% (Fig. 3). This would 
indicate that the increases in fyn kinase activity during 
PRL stimulation represented a true change in the spe- 
cific activity of this enzyme. 

The concentration dependence of the PRL-stimulated 
fyn autokinase and substrate kinase activities was ex- 
amined and correlated with Nb2 proliferation. As shown 
in Fig. 4, PRL-stimulated increases in fyn autokinase 

97k- 

66k- 

43k- 

a-fyn a-lck a-lyn a-src a-yes PI 

Fig. 1. Src Family PTK Phenotype of Nb2 Cells 
Lysates from Nb2 cells maintained in 10% FCS were im- 

munoprecipitated with antibodies directed against members 
of the SIC family of tyrosine kinases or preimmune (PI) serum. 
The autokinase activity of the immunoprecipitates was exam- 
ined by incubation with [Y-~~P]ATP for 15 min, with subsequent 
analysis by SDS-PAGE. Moi wt, indicated on the left, are in 
kilodaltons. 
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Activity in a Time Dependent Manner 
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Fig. 2. PRL Stimulation of Nb2 Cells in Defined Conditions 
Induces a Time-Dependent Activation of fyrt, but not Ick, 
Autokinase Activity 

A. Nb2 cells starved for 48 h in a defined PRL-deficient 
medium were stimulated with 1 ng PRL/ml for various time 
intervals. The lysates from 2 x 1 O6 cells were immunoprecipi- 
tated with anti-fyn or anti-l& antiserum or preimmune serum 
before autokinase assay for 2 min with [y-32P]ATP and analysis 
by SDS-PAGE. Autokinase assay of preimmune immunopre- 
cipitates revealed the absence of autokinase activity (data not 
shown). B, Time course of autokinase activation of fyrr. Nb2 
cells were stimulated with 1 ng PRL/ml and harvested at 
various times before immunoprecipitation and autokinase as- 
say. Quantitation of the autoradiographs was accomplished 
by a Molecular Dynamics scanning laser densitometer, and 
the volumetric measurements are presented in arbitrary units. 
The data represent the mean of three experiments + SEM. 

and substrate kinase occurred in a concentration-de- 
pendent manner, with fyn autokinase activity peaking 
at approximately 0.1-0.3 ng PRL/ml, whereas fyn sub- 
strate kinase activity peaked at approximately 0.3-l .O 
ng PRL/ml (Fig. 4C). Thus, the activation of fyn by PRL 
paralleled PRL-stimulated Nb2 cell proliferation (Fig. 
4D), albeit at an EDso approximately 1 O-fold less. These 
data would indicate that PRL regulates fyn activity, and 
that such activity may contribute to Nb2 cell prolifera- 
tion. 

To explore the possibility that fyn associates with the 
PRLR in Nb2 cells, anti-PRLR and anti-fyn immunopre- 
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Fig. 3. Relative Levels of ryn Protein Are Unchanged by PRL 
Stimulation 

Nb2 cells were starved for 48 h before stimulation with 1 ng 
PRL/ml for various time intervals. The lysates from approxi- 
mately 5 x 10’ cells were subjected to SDS-PAGE before 
immunoblot analysis with either anti-&n or preimmune (PI) 
serum. Densitometric analysis revealed that each band was 
within &25% of the aggregate mean; such minimal variation 
cannot account for the magnitude of activation of ryn autoki- 
nase activity seen in Fig. 2. As has been previously described 
(58) the lower band present in these immunoblots may rep 
resent a proteolytic product or isoform of fyn that is soluble in 
SDS only, hence its absence from lysates obtained with Non- 
idet P-40 (i.e. Figs. 1, 2A, 4A, 5, 6, and 7). 

cipitates were obtained from Nb2 lysates and subjected 
to semiquantitative immunoblot analysis with anti-fyn 
or anti-PRLR antibodies, using enhanced chemilumi- 
nescence as an antigen-antibody detection method 
(Fig. 5). These data demonstrated that approximately 
10% of fyn within the Nb2 cell is associated with the 
PRLR in anti-PRLR complexes (Fig. 5, right side) and 
revealed that each of the PRLR isoforms (short, inter- 
mediate, and long) is associated with the fyn (Fig. 5, 
left side). Furthermore, approximately equal levels of 
fyn were associated with the PRLR in resting and PRL- 
stimulated cells, indicating that fyn-PRLR complexes 
are preformed before PRL stimulation. 

Although Nb2 cells provide an excellent system for 
examining PRLR signal transduction, these cells rep- 
resent a transformed lymphocyte line, capable of prolif- 
erating in response to PRL alone (28). As PRL alone is 
incapable of driving the proliferation of most normal 
resting lymphocytes (12) the effect of PRL on fyn 
activation was examined during the mitogen stimulation 
of normal PBL in defined medium (Fig. 6). Anti+ 
immunoprecipitates were obtained from resting and 
Con-A-stimulated PBL lysates and subjected to auto- 
kinase assay. Both resting and continuously Con-A- 
stimulated PBL were refractory to the induction by PRL 
of fyn autokinase activity. The lysates from PBL, tran- 
siently primed with Con-A and rested 24 h before PRL 
stimulation, however, demonstrated a significant in- 
crease in fyn autokinase activity. 
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Fig. 4. Comparison of PRL Concentration Dependence of fyn 
Activation with Nb2 Cellular Proliferation 

Nb2 cells were stimulated with varying concentrations of 
PRL for 20 min before immunoprecipitation with anti-fyn or 
preimmune (PI) serum or for 48 h before [3H]thymidine incor- 
poration studies. The immunoprecipitates were subjected to 
autokinase (A) or substrate kinase (B) assay. The substrate 
kinase assay used 5.0 pg aciddenatured enolase/assay. 
Quantitation of the data presented in part in A and B is shown 
in C, and the proliferation studies are presented in D. The data 
presented in both C and D represent the mean of three 
experiments f  SEM. Units for the y-axis in D are in incorporated 
counts per min. 
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Fig. 5. Anti-PRLR Immune Complexes Contain fyn 

Starved or PRL-stimulated cell lysates were immunoprecip- 

itated with either anti-fyn or anti-PRLR antibodies. After clear- 

ing immunoglobulin from denatured immune complexes, the 

immunoprecipitated (Ippt) proteins were subjected to immu- 

noblot (Immblt) analysis with anti-fyn or anti-PRLR antibodies 

or preimmune (PI) serum. Control experiments using isotype- 

matched control monoclonal antibody were comparable to 

those obtained using preimmune serum (data not shown). The 

arrowheads on the left side demonstrate each of the PRLR 

isoforms migrating at approximately 42, 62, and 82 kDa. 

ConA - + + + + 

PRL + + + 

24hRest - - - + + 

105. 

69- 

43. 

29. 

Fig. 6. Activation of fyn Kinase by PRL Occurs after Transient 

Con-A Stimulation 

One x lo6 PBL/ml defined medium were cultured in the 

presence or absence of 0.5 pg Con-A/ml for 24 h (ConA +). 

At this point, one set of Con-A-stimulated PBL cultures was 

washed twice in defined medium, placed into medium lacking 

Con-A (24h Rest f), and incubated with the other cultures for 

an additional 24 h. At the end of 48 h of incubation, half of the 

cultures received 10 ng human recombinant PRL/ml for 20 

min (PRL &). After this, all cultures were harvested, and cell 

lysates were subjected to autokinase assay after immunopre- 

cipitation with anti-fyn antibody. 

Previous data demonstrated that the proliferation of 
Nb2 cells may be induced by their incubation with anti- 
PRLR antibody in the presence of a secondary cross- 
linking antibody (29). These data have been interpreted 
to indicate that the antibody-induced dimerization of 
PRLR may induce cell surface signaling in a manner 
analogous to the hypothesized PRL-PRLR complex. To 
examine whether antibody-induced dimerization could 
induce the activation of fyn autokinase activity, Nb2 
cells were incubated with 500 PM anti-PRLR antibody 
and a 1 :lOOO dilution of antimouse antibody, which has 

been previously documented to maximally induce Nb2 
cell proliferation (29). As shown in Fig. 7, cross-linked 
anti-PRLR antibody effectively stimulated the autoki- 
nase activity of fyvn immunoprecipitates, indicating that 
such cross-linking effectively stimulates PRLR signal- 
ing. In the absence of anti-PRLR antibody, the anti- 
mouse antibody did not induce appreciable autokinase 
activity (data not shown). 

DISCUSSION 

The results presented here demonstrate that of five src 

family PTKs examined, only p59”” was activated by 
PRL in Nb2 cells. Nb2 lysates from cells maintained in 
FCS-containing medium, demonstrated significant Ick 
autokinase activity; however, under defined conditions, 
activation of this kinase by PRL was negligible. The 
activation of Ick in FCS-maintained Nb2 cells may be 
due to the presence of other growth factors in FCS, 
such as IL-2, which can activate Ick (26). The auto- 
phosphorylation activity of fyn, unlike that of Ick, was 
induced by PRL stimulation under defined conditions in 
a transient time-dependent manner. This stimulation 
was due to an increase in the specific activity of fyn, as 
immunoblot analysis of Nb2 lysates revealed a minimal 
change in the level of fyn protein during the time course 
examined here. Dose-dependent increases in both the 
autophosphorylation and substrate kinase activities 
were shown to roughly parallel the dose-dependent 
proliferative response of Nb2 cells to PRL. The kinetics 
demonstrated here are similar to the activation of other 
src family PTKs (i.e. Iyn and Ick) by other ligand- 
stimulated (IL-2 or IL-3) members of the growth factor 
receptor superfamily (30). The temporally transient and 
rapid activation of fyn by PRL indicates that this PTK 
may participate in PRLR signaling. PRL stimulation can 
induce the expression of immediate early gene expres- 
sion, such as interferon regulatory factor-l and c-myc 

-105 

-43 

-29 

+PRL 0 5 10 20 30 Min 

Fig. 7. Incubation of Nb2 Cells with Anti-PRLR Antibody under 

Cross-Linking Conditions Induces fyn Autokinase Activity 

Nb2 cells were starved for 48 h before stimulation with 500 

PM U6 anti-PRLR antibody in the presence of a 1:iOOO dilution 

of goat antimouse antibody for various time intervals. Some 
cells were alternatively stimulated with 1 ng PRL/ml for 20 min 

(+PRL). Lysates from these cells were immunoprecipitated 

with anti-fyn antibody and subjected to autokinase assay. 
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in Nb2 cells (31, 32) and is necessary for the cell cycle- 
dependent expression of histone-H3 and cyclin-6 at the 

Gl /S-phase transition in cloned T-lymphocytes (14). 

Besides its role in triggering PRLR signaling, the PRL 

ligand has been shown to translocate into the nucleus 

of IL-2-stimulated T-lymphocytes during Gl -phase pro- 

gression and appears to be necessary at this site for 
Gl /S-phase traverse via a yet unidentified mechanism 

(12, 33). Hypothetically, the signaling afforded by the 
PRLR-associated fyvn may contribute to the expression 

of immediate early genes, whereas nuclear PRL may 

participate in the expression of genes necessary for 

Gl /S-phase traverse. 
lmmunoblot analysis of anti-PRLR immunoprecipi- 

tates revealed that fyn was complexed with each PRLR 

isoform. These complexes appeared to be preformed, 

i.e. they were present in resting cells. Preformed sig- 

naling complexes are not unique to the PRLR, but have 
also been found in other members of the growth factor 

receptor superfamily. One example is the P-chain of the 

IL-2 receptor, which has been found to preassociate 
with either ~56”” or p53/56’Y” (26, 34). The immunopre- 

cipitation of fyn with each of the PRLR isoforms sug- 

gests that the structural determinants common to each 

of these isoforms may be responsible for this interac- 
tion. A growth factor receptor superfamily member that 

also associates with fyn is the IL-7 receptor (25, 35). A 
hydrophobic proline-rich region in the amino-terminal 

end of the cytoplasmic domain is present in each of the 

PRLR isoforms and the IL-7 receptor and may repre- 
sent a potential fyn-binding site (25, 36). This region 

(the so-called box 1) is also present in other members 

of the growth factor receptor family, such as the IL-2p, 

IL-3, IL-4, GH, erythropoietin, and granulocyte-CSF 

receptors, and in gp-130 and, thus, could represent a 
site for PTK association (36). It is not clear which 

determinants within fyn are necessary for its interaction 

with the PRLR. Unlike the receptor for platelet-derived 
growth factor (37, 38) the PRLR lacks the enzymatic 

activity to autophosphorylate itself, and initial reports 

(22, 23) indicate that the PRLR itself is not significantly 

phosphorylated on tyrosine residues during PRL stim- 
ulation. Thus, it seems unlikely that fyn-PRLR interac- 

tion was mediated through the SH2 domain of fyvn, as 

occurs with the fyn-platelet-derived growth factor com- 

plex. Recent data have indicated that the fyn-CDS<- 
chain interaction does not require the SH2 domain of 

fyn. Instead, a 1 O-amino acid sequence from the unique 

amino-terminal domain of fyn was found necessary for 
{-chain interaction (39). It is interesting to note that this 

unique region of fyn and the PRLR box 1 both lie in 
their respective amino-terminal ends adjacent to the 

plasma membrane. Thus, an interaction between these 

two loci is spatially conceivable. Alternatively, the inter- 

action of fyn with the PRLR isoforms could be limited 

to one or two of the PRLR isoforms. Fyn’s “apparent” 
immunoprecipitation with each isoform, therefore, could 

be due to its interaction with a PRL-induced complex 

of heterodimeric isoforms, which cannot be entirely 
excluded on the basis of the data presented here. 

The data presented in Fig. 5 also reveal that the long 

form of the PRL receptor is expressed in the Nb2 cell. 

These data have been additionally confirmed at the 

level of RNA expression by dideoxynucleotide sequenc- 
ing of polymerase chain reaction products obtained 

from the reverse transcription of Nb2 total RNA (data 

not shown). This stands in contrast to a previous report 
(17) that indicated the presence in Nb2 of only the short 

and intermediate forms of the PRL receptor. The data 

presented here might suggest that only one of the two 

PRL receptor alleles is mutated in Nb2. Alternatively, in 
the absence of published data regarding the genomic 

organization of the PRL receptor locus, such data could 

argue that the intermediate form of the PRL receptor is 

not a mutant, as previously hypothesized (17); instead, 

the intermediate form may result from the splicing of a 
yet unidentified exon for the intermediate form or the 

expression of a separate PRL receptor locus. 

The mechanism through which the PRLR activates 
fyvn is uncertain. Recent data have indicated that certain 

anti-PRLR antibodies can induce the proliferation of 

Nb2 cells (29). From these data, it has been speculated 

that the dimerization/aggregation of PRLRs is neces- 
sary for signal transduction and proliferation, analogous 

to postligand-binding events seen in other related 

receptors (40). The data presented in Fig. 7 support 
the notion that dimerization, whether ligand or antibody 

induced, is capable of initiating PRLR signal transduc- 

tion. It is possible that PRLR dimerization could bring 
fyyn (or other kinases) into the close spatial proximity 

necessary for trans-phosphorylating activation. Alter- 

natively, dimerization could bring fyn into close prox- 
imity to a protein-tyrosine phosphatase, similar to CD45 

(41, 42) which, in turn, could activate fyyn by the de- 

phosphorylation of a regulatory tyrosine, such as TyrJ3’. 

Currently, fyn is known to associate with three recep- 

tor complexes on T-lymphocytes: the c-chain of the T- 
cell antigen receptor-CD3 (TCR) (43,44), the IL-7 recep- 

tor (25), and the PRLR. The microenvironment sur- 
rounding fyn within these receptor complexes may well 

determine the substrates/secondary signals of the ac- 
tivated kinase. Thus, activation of the fyn-IL-7 complex 

has been shown to induce phosphatidylinositol3-kinase 

(~85 and ~110) activity (25) whereas stimulation of the 
<-chain-TCR complex induces phosphorylation of CD5 

(p69) (45). Phosphorylation on tyrosine residues of mul- 

tiple proteins, i.e. ~40, ~55-60, p97, and ~120-130, 
have been observed by analysis of immunoblots of 

PRL-stimulated Nb2 lysates with antiphosphotyrosine 

antibodies (22, 23). The data presented here and else- 
where by our laboratory (24) indicate that the ~55-60 

phosphoprotein is p5gty”, whereas preliminary data from 

our laboratory indicate that the p40 phosphoprotein 

represents mitogen-activated protein kinase. Recent 

data (46-48) now indicate that the 130-kDa protein- 
tyrosine kinase JAK2 is associated and activated by 

stimulation of the receptors for erythropoietin, IL-3, and 
GH and in a very recent report (57) with the PRLR. 

Whether JAK2 participates in the PRL stimulation of 
fyn is uncertain due to the lack of published data 
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characterizing the activation of JAK within the 5 min of 

growth factor stimulation (i.e. the temporal window for 
early fyn activation). Although JAK2 is phosphorylated 

within 30 set in response to GH stimulation (46) its 

activation has been demonstrated only after 60 min of 
GH stimulation. Similarly, the activation of JAK2 by IL- 

3 or erythropoietin has been shown only after 10 min 

of stimulation (47, 49). Thus, although it is possible that 
JAK2 kinase activity may stimulate fyn activity, temporal 

data supporting this theory are not currently present. 

Furthermore, data from our laboratory (not shown) have 

failed to demonstrate the phosphorylation of a p120- 
130 protein in either cell lysates or anti-JAK2 immuno- 

precipitates from Nb2, despite the use of four distinct 

antiphosphotyrosine antibodies, including monoclonal 
antibody 4GlO. It is possible that the Nb2 line used in 

our laboratory differs from those Nb2 lines used to 

characterize PRL-induced tyrosine phosphorylation (22, 

23). I f  so, this may indicate that JAK2 activity is suffi- 
cient, but not necessary, for early PRLR signaling, and 

that other tyrosine kinases, such as fyn, could subserve 

a similar role, as seen in other systems (30, 34). 

The activation of fyn in normal PBL cultured in defined 

medium by PRL (Fig. 6) was demonstrated to occur 
after transient Con-A stimulation. The inability of PRL 

to stimulate fyn autokinase activity in resting GO-phase 

PBL is not unexpected, as previous data have indicated 
the inability of PRL to initiate proliferation in resting 

lymphocytes, perhaps due to the low level of PRLR 

present on resting lymphocytes (12). The lack of PRL- 
stimulated fyn activity in continuously Con-A-stimulated 

lymphocytes may be due to the previously demon- 
strated down-regulation of PTK activity after prolonged 

receptor cross-linking (50). Nevertheless, the data in- 

dicate that transiently Con-A-stimulated PBL respond 

to PRL by the biochemical activation of fyn. This is 
consistent with previous physiological data that have 

demonstrated the requirement for PRL during the lectin- 

stimulated mitogenesis of lymphocytes in vitro (3) and 

the Gl-S-phase traverse of cloned T-cells (33). Thus, it 
is possible to conceive that during an immune response, 

competent lymphocytes (i.e. antigen-activated Gl- 

phase) require signals from the PRL-PRLR complex, 

perhaps in part mediated by fyn, before Gl-S-phase 
transition and clonal expansion can occur. Alternatively, 

the PRL-induced activation of fyn may initiate other 

cellular events, such as the synthesis and secretion of 

lymphokines. 
The PRL-induced activation of the PRLR-associated 

serine/threonine kinase ~72/74~~’ has also been recently 

described by our laboratory (24). Significant tyrosine 
phosphorylation of raf-1 does not occur during PRL 

stimulation; thus, it seem unlikely that raf-1 serves as 

a direct substrate for fyn under such conditions. It is 
entirely possible, however, that either of these two 

kinases may modify the activity, via phosphorylation, of 

tyrosine or serine/threonine phosphatases, which, in 
turn, could modulate the activity of the other kinase. 

How these two kinases may modulate PRL-induced 

gene expression in T-cells (14, 31, 32) or the nuclear 

translocation of PRL during IL-2 stimulation (12, 33) is 
open to investigation and seems likely to yield insights 

into the molecular basis for the biological effects of the 

PRL/PRLR complex in T-lymphocytes. 

MATERIALS AND METHODS 

Cell Culture and Labeling 

The rat T-cell lymphoma line Nb2/1 lc (referred to hereafter as 
Nb2) was maintained in Fisher’s medium containing 10% 

bovine FCS (a rich source of PRL), 10% gelding serum, 1O-4 
M fl-mercaptoethanol, and penicillin/streptomycin (28). The 
Nb2 line has served as an excellent model for studying PRL- 
stimulated proliferation, as its growth can be maintained in 
defined medium in the presence of either PRL or IL-2 (14, 33). 
Flow cytometric analysis of Nb2 cells for the presence of 
surface Fc receptors using phycoerythrin-conjugated anti-Fc 
receptor antibodies was negative (data not shown). For ex- 
perimental purposes, the cells were rested for 48 h before 
PRL stimulation in chemically defined medium lacking PRL, 
consisting of Dulbecco’s Modified Eagle’s Medium with high 
glucose supplemented with glutamine, sodium selenite, linoleic 
acid, and transferrin (ITS+ supplement, Calbiochem, La 
Jolla, CA), as previously described (14). Unless otherwise 
specified, the PRL used in these studies was purified rat PRL 
obtained from the NIDDK. Human recombinant PRL was a gift 

from Genzyme (Cambridge, MA). [3H]Thymidine labeling of 
stimulated Nb2 cells was accomplished by previously de- 
scribed methods (14). Briefly, after 44 h bf.culture, -PRL- 
stimulated Nb2 cells (6 x 1 O4 cells in 200 LLI chemicallv defined 
medium) were labeled for 4 h with 0.5 &i [3H]thymidine. 
Normal donor human PBL were isolated using the Ficoll- 
Hypaque technique and were placed into culture at 1 x lo6 
cells/ml defined medium. For cross-linking studies, a 1 :lOOO 
dilution of goat antimouse antiserum (Tago) was used. 

lmmunoprecipitation and lmmunoblotting 

After PRL stimulation, 1 x 10’ cells were promptly washed 
with ice-cold PBS and lysed in lysis buffer consisting of 10 mM 
Tris (pH 7.6) 50 mM NaCI, 30 mrv sodium pyrophosphate, 50 
mM NaF, 2.5 mM EDTA, 1 mM Na3V04, 1 mM phenylmethyl- 
sulfonylfluoride, 0.23 U aprotonin/ml, 10 Kg leupeptin/ml, 1 pm 
pepstatin, and 2% Nonidet P-40 at 4 C. After removal of debris 
by centrifugation, 500 ~1 lysate were precleaned with 60 PI of 
a 1 :l mixture of protein-A-protein-G-conjugated Sepharose 
beads (Gibco, Grand Island, NY). lmmunoprecipitations using 
the precleared lysates were then performed using anti-fyrr (3 
IJI C12; Santa Cruz Biotechnology, Santa Cruz, CA); anti-l&, 
anti-lyn, or anti-src (3 ~1; gifts from Dr. John Reed) (30); and 
anti-yes (5 ~1; gift from Dr. Joe Bolen); all of which were rabbit 
antiserum that have been characterized extensively and effec- 
tively immunoprecipitated their respective antigen from Nb2 
lysates (data not shown). Similar results in autokinase assays 
were obtained with a rabbit anti-fyn antiserum received as a 
gift from Dr. John Reed (30, 34). In addition, immunoprecipi- 
tations were performed with murine monoclonal antibodies 
directed against the PRLR (5 ~1 U6; gift from Dr. P. Kelly) (51) 
or 10 ~1 a-7a (gift from Dr. J. Porter; both antibodies yielded 
similar results in autokinase assays) (52). Antigen-antibody 
complexes were isolated by the addition of 50 ~1 protein-A/G 

beads. After three washes with lysis buffer, the beads were 
resuspended in 2-fold concentrated (2 x) Laemmli buffer with 
mercaptoethanol, boiled, and analyzed on 10% sodium dode- 
cyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), as 
described previously (53). 

lmmunoblot analysis was performed as previously de- 
scribed (33). For analysis of cell lysates, 5 x lo5 cells in 2 x 
Laemmli buffer with mercaptoethanol were loaded per lane. 
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Antigen was labeled with a 1:2000 dilution of anti-fyn antiserum 

or a 1:lOOO dilution of the anti-PRLR (U6). The primary anti- 
body concentrations were known to be in excess, as multiple 
blots could be probed with the same antibody dilution with no 
effect on band intensity (data not shown). Antigen-antibody 
complexes were then detected using enhanced chemilumines- 
cence (ECL kit, Amersham, Arlington Heights, IL). 

In Vitro Autokinase and Substrate Kinase Assays 

Autokinase activities were measured using a modification of 
a previously described method (54). Briefly, washed immu- 
noprecipitates (as described above) were washed once 
with low salt buffer [lo mM Tris (pH 7.0) 100 mM 
NaCI, and 100 km N&V04]. The protein-A/G-Sepharose beads 
were then suspended in 30 ~1 autokinase buffer [25 mM Tris 
(pH 7.0) 10 mM MnCl*, and 1 PM unlabeled ATP] with 10 &i 

[y-32P]ATP. After 2 min at room temperature, the reaction was 
stopped by the addition of 2 x Laemmli buffer with mercap- 
toethanol, and the reaction products were analyzed on 10% 
SDS-PAGE. The gels were treated for 1 h with 1 M KOH at 55 
C to remove labile phosphate groups at residues other than 
tyrosine before autoradiography. Pilot experiments indicated 
that 2 min of autokinase reaction were within the linear range 
of this assay for the kinases examined; however, longer incu- 
bations (as in Fig. 1) were used at times for maximal sensitivity. 

Substrate kinase activity was measured using a previously 

described enolase assay (55). Briefly, washed immunoprecip- 
itates were resuspended in 30 ~1 substrate kinase buffer [lo 

mM Tris (pH 7.0) 100 mM NaCI, 10 mM MnCl*, and 100 PM 

N&V04] with 10 &i [y-32P]ATP and 5 pg enolase (Boehringer 
Mannheim, Indianapolis, IN; mol wt, 46,900 daltons), which 
had been denatured with 50 mM acetic acid at 37 C for 15 
min. After 15 min at room temperature, the reactions were 
terminated with 2 x Laemmli buffer with mercaptoethanol, and 
the reaction products were analyzed on 10% SDS-PAGE. Gels 
were treated with KOH, as described above, before autoradi- 
ography. Quantitation of all kinase reactions was accom- 
plished using a Molecular Dynamics scanning laser densitom- 
eter (Sunnyvale, CA). 
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