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Abstract. Studies were undertaken to identify intracellular mediators of prolactin in- 
hibition of giucocorticoid-induced apoptosis in Nb2 lymphoma cells. A short-term 
assay was implemented that quantitates fragmented DNA released from the genome 
by reaction with diphenylamine. Induction and inhibition of internucleosomal DNA 
cleavage (indicative of apoptosis) was verified by agarose gel electrophoresis of ex- 
tracted cellular DNA. Synchronized Nb2 cells (GdG,) exhibited increased DNA frag- 
mentation after 4-hr incubation with dexamethasone (DEX) (2S100 nM) which was 
inhibited by ovine prolactin (oPRL) (0.1-1 ng/ml), the giucocorticoid receptor antag- 
onist, RUM6 (500 nM), and the nuclease inhibitor, aurintricarboxylic acid (100 ILM). 
Signals previously implicated in prolactin induction of mitogenesis in Nb2 cells were 
investigated for their role in prolactin inhibition of apoptosls including: protein kinase 
C activation, arachidonic acid metabolism, poiyamine production, tyrosine phosphor- 
ylation, and extracellular calcium. Protein kinase C agonists, phorbol-12-myristate-13- 
acetate, and 1,2-dioctanoyl-sn-glyceroi, f the calcium ionophore, A231 87 (200 nM), 
did not mimic oPRL inhibition of DEX-induced DNA fragmentation. Protein kinase C 
inhibitors, gossypol and quercetin, did not block prolactin action. Arachidonic acid 
did not mimic prolactin protection against DEX-induced DNA fragmentation. Inhibitors 
of arachidonic acid metabolism, 5,8,11 ,I 4-eicosatetraynoic acid, nordihydroguaiaretic 
acid, and indomethacin did not block prolactin action. The polyamine, spermine, in- 
hibited DEX-induced DNA fragmentation at 1.5 to 2.5 mM. However, inhibition of poly- 
amine synthesis with a-dlfluoromethyl ornithine or methyiglyoxal bis(guany1hydra- 
zone) did not inhibit prolactin action. Prolactin action was not blocked by inhibitors of 
tyrosine kinase activation, genistein and tyrphostin-47. On the other hand, pervana- 
date, a potent tyrosine phosphatase Inhibitor, consistently inhibited DEX-induced 
DNA fragmentation. Prolactin action and DEX-Induced apoptosls both occurred in 
calcium-free PBS. In summary, protein kinase C activation and eicosanoid production 
do not appear to mediate this prolactin action. Although spermine could block DNA 
fragmentation, blockade of the poiyamine cascade did not inhibit prolactin action, 
suggesting that poiyamines do not mediate this prolactin effect. While inhibitors of 
tyrosine kinase activation did not block prolactin action, tyrosine phosphatase inhi- 
bition in the presence of basal tyrosine kinase activity mimicked prolactin action, 
suggesting tyrosine phosphorylation participation in the anti-apoptotic effect. Extra- 
cellular calcium was not required for prolactin or DEX action. [P.S.E.B.M. 1995, Vol2091 
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he Nb2 lymphoma cell line is a pre-T-cell line 
derived from a lymph node tumor in an estro- T gen-treated male rat (1). Nb2 cells proliferate in 

response to prolactin (PRL) and other lactogenic hor- 
mones which act through the mutant, intermediate 
form of the prolactin receptor present in these cells (2, 
3). Other Nb2 cell mitogens include cytokines, inter- 
leukin-2 (IL-2) and IL-7 (4, 5). The high sensitivity of 
the Nb2 cell to prolactin-induced mitogenesis have 
made it a model system for studying prolactin mecha- 
nism of action. 
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Since Nb2 cells are phenotypically similar to the 
immature thymocyte (6), a glucocorticoid sensitive 
cell type, studies were undertaken to investigate the 
interaction of two distinctly different immunomodula- 
tory hormones, the protein, prolactin, and the gluco- 
cortioid, dexamethasone (DEX). We previously re- 
ported two distinct effects of glucocorticoids in Nb2 
cells. DEX is anti-proliferative to Nb2 cells incubated 
in the presence of prolactin. In the absence of prolac- 
tin, DEX is cytolytic to Nb2 cells within 12-24 hr (7). 
This DEX-induced cytolysis is characteristic of apop- 
tosis as reflected by the classical pattern of intemu- 
cleosomal cleavage of DNA (8, 9). Prolactin and other 
lactogenic hormones were effective in inhibiting DEX- 
induced apoptosis in a concentration-dependent man- 
ner. The observation that prolactin-treated cells do not 
proliferate in the presence of DEX, yet fail to undergo 
the apoptotic process, suggest that the mechanism of 
prolactin-inhibition of apoptosis diverges from prolac- 
tin-induced mitogenesis. 

The anti-apoptotic action of prolactin is a novel 
effect of this hormone in Nb2 cells and inhibition 
of apoptosis may serve as a definitive endpoint in 
studying prolactin action in these cells. As noted pre- 
viously (7), other laboratories have reported that the 
peptidic mitogens, erythropoietin and IL-2, inhibit ap- 
optosis in cultured hemopoietic cells. These ligands 
happen to be members of the same receptor family as 
the prolactin receptor (10). Various mediators of pro- 
lactin-induced mitogenesis in Nb2 cells have been im- 
plicated including protein kinase C (1 1, 12), phospho- 
lipase activity and eicosanoid production (13-15), cal- 
cium (1 6- 18), polyamines (19-22), serinekhreonine 
phosphorylation (23, 24), and tyrosine phosphoryla- 
tion (3, 25-29). 

Protein kinase C activation has been implicated as 
an inhibitor of glucocorticoid-induced apoptosis in 
thymocytes (30). Polyamines have also been shown to 
protect thymocytes against glucocorticoid-induced 
fragmentation of DNA (3 1). Glucocorticoid inhibitory 
effects in some immune cells occur at the level of 
phospholipase A2 and subsequent eicosanoid synthe- 
sis (32). Thus, there are several potential sites at which 
prolactin inhibition of apoptosis might occur. 

The purpose of this investigation was to determine 
what signal(s) may be responsible the anti-apoptotic 
effect of prolactin. Since this is the first investigation 
of this novel prolactin action, agonists and antagonists 
of signaling pathways previously implicated in prolac- 
tin action were examined. This study entailed imple- 
menting a modified short-term assay described for thy- 
mocytes which measures DNA fragmentation as a 
quantitative measure of apoptosis . Preliminary reports 
of these findings have appeared in abstract form (33, 
34). 

Materials and Methods 
Hormones and Culture Reagents. Ovine prolac- 

tin (oPRL S-15) was provided as a gift by the National 
Hormone and Pituitary Program. Dexamethasone (1,4- 
pregnadiene-9-fluor-16a-methyl-l l P, 17a,21-triol-3,20- 
dione) was obtained from Sigma Chemical Co. (St. 
Louis, MO). RU 486 (1 l-p-[-4-dimethylaminophenyl]- 
17P-hydroxy- 17a-(prop- l-ynyl)estra-4,9-dien-3-one) 
was provided as a gift by Roussel Uclaf (Paris, 
France). All signal agonists and inhibitors were ob- 
tained from Sigma with the exception of phorbol-12- 
myristate- 13-acetate (TPA) and a-difluoromethyl orni- 
thine (DFMO). TPA was obtained from Calbiochem 
(La Jolla, CA). DFMO was provided as a gift by Mer- 
re11 Dow (Cincinnati, OH). All components for cell 
culture medium were purchased from Gibco BRL, 
Life Technologies (Grand Island, NY). 

Maintenance of Nb2 Lymphoma Cells. Nb2 
cells were obtained from two sources, Dr. Joseph Lib- 
erti, Department of Biochemistry and Molecular Biol- 
ogy, Medical College of Virginia, and Dr. Peter Gout, 
Cancer Control Agency of British Columbia. Nb2 U17 
cells provided by Dr. Gout represent the parental pro- 
lactin-dependent wild-type (35) and were used for the 
majority of the experiments described herein. Nb2 
cells from parental stocks were resurrected from stor- 
age in liquid nitrogen. Cells were maintained in vented 
tissue culture flasks in growth medium composed of 
Fischer’s medium supplemented with 10% horse se- 
rum, 10% new born calf serum, 50 U/ml penicillin, 50 
pg/ml streptomycin, 0.1 mM 2-mercaptoethanol, pH 
7.4, in a water-saturated atmosphere of 5% C02 and 
95% room air at 38°C (standard atmospheric condi- 
tions) (7). All assay incubations described below were 
conducted in a chemically defined, serum-free medium 
(denoted SYN) previously adapted for Nb2 cells (36). 
SYN (pH 7.4) was prepared by supplementing Fis- 
cher’s medium with final concentrations of the follow- 
ing: 0.1 mM 2-mercaptoethanol, 50 U/ml penicillin and 
50 pg/ml streptomycin, 0.15% (wthol) essentially fatty 
acid free bovine serum albumin (BSA), 4 pg/ml linoleic 
acid, 1 mM sodium pyruvate, 12 pg/ml transferrin, 1.5 
ng/ml selenium, 1 x vitamins (diluted from a commer- 
cial stock of loox), 0 . 3 3 ~  amino acids (diluted from a 
commercial stock of SOX), 100 p M  spermidine, 0.5 
mM calcium chloride. A slight modification used in 
this study was the addition of 10 mM HEPES instead 
of 15 mM HEPES in the original formula. 

Acute Apoptotic Assay and Quantitative Eval- 
uation of DNA Fragmentation. A short-term assay 
was designed using syncrhonized cells (predominantly 
in GdG,) and an estimate of DNA fragmentation (i.e., 
DNA released from the genome) following a 4-hr in- 
cubation in SYN. The viability of cells was assessed 
by trypan blue exclusion and cultures with a minimum 
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of 90% live cells were used for apoptotic studies. Cell 
counts were performed prior to plating and following 
the 4-hr incubation using a Coulter counter as de- 
scribed previously (7). At the beginning of each exper- 
iment, log phase cells were removed from their growth 
medium, washed by centrifugation of cells at 300g for 
7 min at 6”C, resuspended in unsupplemented Fisher’s 
medium, recentrifuged, and finally resuspended in 
SYN at a concentration of 5 x lo5 cellslml. These 
cultures were then incubated for 22-24 hr to achieve 
synchronization. Cells were then washed as described 
above and resuspended in SYN and plated at a final 
concentration of approximately 2 x lo6 cells/ml in fi- 
nal volumes of 3 ml in 6-well culture plates for the 
assay. Ovine prolactin (initially dissolved in 0.01 N 
NaOH) and other water soluble agents were diluted 
from frozen or freshly prepared stocks in SYN imme- 
diately prior to plating. Dexamethasone and other 
agents were dissolved in DMSO or 100% ethanol 
(ETOH) and were added to a final concentration of 
0.25% DMSO and/or ETOH (a concentration that did 
not significantly affect DNA fragmentation or viabil- 
ity). Appropriate controls contained the same final 
concentrations of DMSO and/or ETOH as treatments. 
Cells exposed to the reagents in question and appro- 
priate controls were incubated under standard atmo- 
spheric conditions for the desired time. The concen- 
tration ranges of signaling pathway agonists or antag- 
onists used in these experiments were based upon 
previously reported effective concentrations and pilot 
experiments to determine minimal toxicity of these 
agents, as determined by cell viability or DNA frag- 
mentation. At the end of the incubation time, approx- 
imately 3 x lo6 cells of each treatment (1.5 ml) were 
pelleted for 10 minutes at 300g, 6°C and the superna- 
tant media discarded. For quantitation of DNA frag- 
mentation a protocol previously adapted for the Nb2 
cell was used (37). Cells were lysed with 1.5 ml of a 
lysing buffer containing: 5 mM Tris, 5 mM EDTA, and 
0.5% Triton X100, pH 7.4, on ice for 20 min with pe- 
riodic vortexing . Cell ly sates were centrifuged at 
13,OOOg for 15 min to separate low molecular weight 
DNA (supernatant DNA) from high molecular weight 
DNA attached to the nuclear matrix (pellet DNA). 
Samples were allowed to react overnight with diphe- 
nylamine reagent (4% diphenylamine and 0.01% par- 
aldehyde in acetic acid) (38), extracted with amyl ac- 
etate, and read with a spectrophotometer at 600 nm. 
DNA standards were prepared with each experiment 
to determine the OD/pg DNA. The amount of DNA in 
the supernatant (i.e., DNA released from the genome) 
normalized per 1 x lo6 cells was used as the determi- 
nant of DNA fragmentation. 

Evaluation of DNA Fragmentation by Agarose 
Gel Electrophoresis. Agarose gel electrophoresis 

was performed to verify the “ladder” pattern of inter- 
nucleosomal DNA cleavage associated with apoptosis . 
Synchronized Nb2 cells were washed and resuspended 
in SYN media at a final concentration of 1.5-2.0 x lo6 
cells/ml. Ten-milliliter volumes of cell culture with ap- 
propriate hormones, drugs and/or vehicles for each 
treatment were incubated in 25 cm2 tissue culture 
flasks under standard environmental conditions for the 
desired time. Cells were pelleted by centrifugation 
(300g for 10 min at 6°C) and processed for DNA anal- 
ysis by agarose gel electrophoresis as described pre- 
viously (7). 

Cell Cycle Analysis. The cell cycle distribution 
of Nb2 cells removed from growth medium and incu- 
bated in serum-free medium was analyzed to deter- 
mine the time period for synchronization defined as 
the accumulation of cells in GdG1. Cells from log 
phase cultures were washed and resuspended in 50 ml 
of SYN media at a concentration of 0.4 x lo6 cells/ml. 
Cells were incubated and 3.5-ml aliquots removed at 
the desired time. One million cells were pelleted, 
washed and resuspended in 1 ml of propidium iodide 
fluorochrome stain diluted 1:lO (3.8 mM NaCitrate, 
0.05 mg/ml propidium iodide, 0.1% Triton X100, 7 
Kunits/ml ribonuclease B). Samples were filtered 
through a 37-pm mesh prior to analysis. Cell cycle 
analysis based on DNA content was performed using a 
Coulter Epics 753 by the Massey Cancer Center Flow 
Cytometry Facility (Medical College of Virginia, Rich- 
mond, VA). 

Calcium-Free Modified Dulbecco’s Phosphate 
Buffered Saline. To examine the role of extracellular 
calcium in prolactin and dexamethasone action, cells 
were assayed in calcium-free medium using a modified 
version of Dulbecco’s phosphate buffered saline (PBS) 
(39). PBS was made to the final concentrations in ster- 
ile plastic bottles as follows: 2.7 mM KCl, 1.1 mM 
KH2P04, 138 mM NaCl, 8.1 mM Na2HP04, 5.6 mM 
D-glucose, 0.33 mM sodium pyruvate, and 0.5 mM 
MgC1,-2H20. In addition, 1 mg/ml BSA containing 
linoleic acid was added to prevent cells from sticking 
to surfaces of the assay plates. Addition of 0.1 mM 
EGTA to this PBS reduced Ca2’ to essentially zero 
(between and lo-” M Ca2+) as measured by 
calcium electrode. Experiments with “calcium-free” 
medium used the above PBS without added calcium 
and contained 0.1 mM EGTA, pH 7.2. Complete PBS 
contained 0.9 mM CaC1, and the EGTA was omitted. 
Cells were washed in their respective incubation me- 
dium prior to plating. Cells had higher basal DNA frag- 
mentation in both complete and calcium-free PBS than 
that typically observed with SYN. 

Statistics. Data from individual experiments con- 
ducted on different days were used to generate means 
and SE. Treatments were compared statistically by 
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analysis of variance and Duncan’s multiple range anal- 
ysis, as reported previously (7). All statistics were per- 
formed using a statistical software package (SPSS Re- 
lease 4.1). 

Results 
Validation of Acute Apoptotic Assay. DNA 

content was measured by flow cytometry in Nb2 cells 
collected following 0-, 12-, 16-, 20-, and 24-hr incuba- 
tion in serum-free medium. Flow cytometry profiles 
showed a time-dependent accumulation of cells in Gd 
G,. Cells from log phase cultures (0 hr) showed 54% in 
GdGI, 35% in S, and 11% in G2/M of the cell cycle. 
Twenty-four-hour cultures in serum-free medium re- 
vealed the largest number of synchronized cells with 
91% in GdG,, 6% in S, and 3% in G,/M of the cell 
cycle. The accumulation of cells in GdG, showed no 
decrease in cell viability and a greater than 2-fold in- 
crease in cell number at 24 hr as cells moved through 
the cell cycle. Based on these results, a 22- to 24-hr 
preincubation period was chosen to synchronize cells. 

Figure 1A shows that dexamethasone produced a 
concentration-dependent increase in supernatant or 
fragmented DNA (i.e., DNA released from the ge- 
nome). A statistically significant increase in superna- 
tant DNA was demonstrable at 25 and 100 nM dexa- 
methasone. DEX (100 nM) usually produced a 2-fold 
increase in DNA in the supernatant at 4 hr. The effect 
of ovine prolactin on 100 nM DEX-induced DNA frag- 
mentation is also shown in Fig. 1A. Prolactin caused a 
concentration-dependent inhibition of DEX-induced 
DNA fragmentation with significant inhibition at 100 
pg/ml and 1 ng/ml oPRL. Since 1 ng/ml oPRL was the 
lowest concentration of prolactin that consistently in- 
hibited most or all DEX-induced DNA fragmentation, 
this concentration was used in the majority of studies 
hereafter. Dexamethasone-induced DNA fragmenta- 
tion could also be blocked by the glucocorticoid re- 
ceptor antagonist, RU486 (500 nM) and the nonspe- 
cific nuclease inhibitor, aurintricarboxylic acid (100 
pM) (AT). RU486 and AT in the absence of dexameth- 
asone did not affect DNA fragmentation (data not 
shown). 

Figure 1B shows an ethidium-bromide stained aga- 
rose gel of DNA extracted from cells following a 4-hr 
incubation with treatments. This gel demonstrates that 
DNA from Nb2 cells treated with 100 nM DEX dis- 
plays the characteristic “ladder” pattern of DNA frag- 
mentation indicative of apoptosis. This laddering of 
DNA is inhibited by 1 ng/ml oPRL, 500 nM RU486, 
and 100 and 300 p,M AT. The effect of delayed addition 
of PRL or RU486 on DEX-induced DNA fragmenta- 
tion is shown in Figure 2. While PRL added at the time 
of Dex addition and incubated for the entire 4-hr pe- 
riod (i.e., 4-hr PRL incubation) completely blocked 
DNA fragmentation, delay of PRL for 1 hr (i.e., 3-hr 

A 3  
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T 
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4.4 - 
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Flgure 1. (A) Dexamethasone-induced DNA fragmentation and 
its inhibition by oPRL, RU486, and AT following a 4-hr incuba- 
tion of Nb2 cells as measured by reaction with diphenylamine. 
Data represent mean pg DNA in supernatant f SE of three to 
eight individual experiments. aTreatment is significantly greater 
than all other treatments at P c 0.05 except those sharing the 
same symbol. DEX-induced (100 nM) DNA fragmentation was 
significantly blocked by the glucocorticoid receptor antagonist, 
RU486, the lactogenic hormone, oPRL, and the nuclease inhib- 
itor, aurintricarboxylic acid (AT). (8) An ethidium-bromide 
stained agarose gel of DNA extracted from Nb2 cells following a 
4-hr incubation with DEX and apoptotic inhibitors in serum-free 
medium. This gel is representative of three individual experi- 
ments. (Lane 1) DMSO; (Lane 2 (100 nM DEX; (Lane 3) 100 nM 
DEX + 1 ng/ml oPRL; (Lane 4) 100 nM DEX + 500 nM RU486; 
(Lane 5) 100 nM DEX + 100 pM AT; (Lane 6) 100 nM DEX + 300 
pM AT. Molecular weight markers expressed in kilobase pairs 
are indicated to the left of the figure. Dexamethasone shows the 
“ladder” pattern DNA fragmentation characteristic of apoptosis 
at 4 hr. Inhibition of DEX-induced DNA fragmentation (banding) 
is shown by oPRL, RU486, 100 and 300 pM AT. 

PRL incubation) and 2 hr (i.e., 2-hr incubation) pro- 
duced a partial inhibition of DNA fragmentation that 
was related to the duration of PRL exposure (Fig. 2A). 
Similar results were obtained with delayed addition of 
RU486 (Fig. 2B). 

Protein Kinase C. Two activators of protein ki- 
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Figure 2. Effect of delayed addition of PRL (1 ng/ml) or RU486 
(500 nM) on DNA fragmentation after 4-hr exposure to 100 nM 
DEX. Data represent mean pg DNA in supernatant 2 SE of three 
to four individual experiments. Durations of incubation with 
oPRL or RU486 of 1, 2, 3, and 4 hr correspond to delays in 
addition of these agents to the incubation of 3, 2, 1, or 0 hr, 
respectively. (A) aTreatment is significantly different from 
DMSO, DEX + oPRL for 4 hr, DEX + oPRL for 3 hr at P < 0.01 ; 
btreatment is significantly different from DMSO at P < 0.05; 
Yreatment is significantly different from DEX + oPRL for 2 hr at 
P < 0.05; dtreatment is significantly different from DMSO, DEX 
+ oPRL for 4 hr at P < 0.01 ; 9reatment is significantly different 
from DEX + oPRL for 1 hr, DEX + oPRL at 3 hr at P < 0.05. (B) 
aTreatment is significant different from DMSO, DEX + RU486 at 
4 hr, DEX + RU486 at 3 hr at P < 0.01 ; btreatment is significantly 
different from DMSO, DEX + RU486 for 4 hr at P < 0.01 ; 'treat- 
ment is significantly different from DEX + RU486 for 2 hr at P < 
0.05. 

nase C, phorbol- 12-myristate- 13-acetate (TPA) and 
1,2-dioctanoyl-sn-glycerol (DiC8), were examined 
alone or in combination with 200 nM A23187, to de- 
termine if they could mimic prolactin inhibition of 
DEX-induced DNA fragmentation. In preliminary 
studies, 200 nM A23 187 was the highest concentration 
of the ionophore that did not significantly increase 
basal DNA fragmentation (data not shown). As shown 
in Figure 3A, the phorbol ester, TPA, alone or in com- 
bination with calcium ionophore, A23187, did not in- 
hibit DEX-induced DNA fragmentation. Figure 3B 
demonstrates that the membrane permeable diacyl- 

glycerol, DiC8 alone or in combination with 200 nM 
A23187 does not appear to mimic prolactin. 

Two inhibitors of PKC activity, gossypol and 
quercetin, were examined to determine if they could 
block prolactin inhibition of DEX-induced DNA frag- 
mentation. As shown in Fig. 3C, gossypol alone sig- 
nificantly increased DNA fragmentation at 25 pM, yet 
10 and 25 pM gossypol did not block prolactin inhibi- 
tion of DEX-induced DNA fragmentation. Quercetin 
did not block prolactin inhibition of DEX-induced 
DNA fragmentation, as shown in Figure 3D. Quercetin 
alone at 50 p M  significantly increased basal DNA 
fragmentation. 

Arac h idon i c Acid Metabolism. To investigate 
arachidonic acid liberation and eicosanoid production 
as mediator(s) of prolactin protection against DEX- 
induced DNA fragmentation, arachidonic acid (AA) 
was used as a pathway agonist. Figure 4A shows that 
arachidonic acid exhibited no significant inhibition of 
DEX-induced DNA fragmentition and thus did not 
mimic prolactin action. Three inhibitors of arachidonic 
acid metabolism were examined to determine whether 
they could block prolactin inhibition of DEX-induced 
DNA fragmentation. Figure 4B shows that 5,8,11,14- 
eicosatetraynoic acid (ETYA), a common inhibitor of 
cyclooxygenases and lipoxygenases, had no effect on 
prolactin inhibition of DEX-induced DNA fragmenta- 
tion. Nordihydroguaiaretic acid (NDGA) , a lipoxyge- 
nase inhibitor which blocks leukotriene production, in- 
creased basal DNA fragmentation at 1040 p M  as 
shown in Figure 4C. The presence of 1 nglml oPRL 
blocked the combination of DEX and NDGA-induced 
DNA fragmentation. Indomethacin, a cyclooxygenase 
inhibitor which blocks subsequent prostaglandin and 
thromboxane production, did not block prolactin pro- 
tection as shown in Figure 4D. 

Or n it h i ne Decar boxylase and Polyami nes. Or- 
nithine decarboxylase (ODC) pathway agonists were 
tested to determine if they could mimic prolactin pro- 
tection against DEX-induced DNA fragmentation. As 
shown in Figure 5A, spermine, the final product of the 
polyamine pathway, significantly inhibited DEX- 
induced DNA fragmentation at concentrations of 1.5- 
2.5 mM spermine. However, it is noteworthy that in 
nine individual incubations with 2.5 mM spermine, six 
totally inhibited, two partially inhibited, and one failed 
to inhibit DEX-induced DNA fragmentation. Two in- 
hibitors of polyamine production, the ornithine decar- 
boxylase inhibitor, a-difluoromethyl ornithine 
(DFMO), and the SAM decarboxylase inhibitor, me- 
thylglyoxal bis(guany1hydrazone) (MGBG) were 
tested to determine if they could block prolactin inhi- 
bition of DEX-induced DNA fragmentation. Figure 5B 
demonstrates that DFMO did not block prolactin ac- 
tion. MGBG which inhibits the conversion of pu- 
trescine to spermidine and spermidine to spermine, 
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Flgure 3. The effect of protein kinase C activators and inhibitors on DEX-induced DNA fragmentation. (A) The effect of phorbol ester, 
phorbol-12-myristate-13-acetate (TPA), with or without 200 nM A231 87 on DEX-induced DNA fragmentation. Data represent mean pg 
DNA in supernatant f SE of 3-12 individual experiments. 'Treatment is significantly greater than DMSO and 100 nM DEX + 1 ng/ml 
oPRL at P < 0.05; btreatment is significantly greater than 100 nM DEX alone at P < 0.05. TPA did not mimic prolactin inhibition of 
DEX-induced DNA fragmentation. (B) The effect of 1,2-dioctanoyl-sn-glycerol (DiC8) and 200 nM A23187 on DEX-induced DNA 
fragmentation. Data represent mean pg DNA in supernatant 2 SE of four to eight individual experiments. a-b Same as in Figure 2A; 
Yreatment is significantly greater than 100 nM DEX + 1 ng/ml oPRL at P < 0.05. DiC8 did not mimic prolactin inhibition of 
DEX-induced DNA fragmentation. (C) The effect of gossypol on prolactin inhibition of DEX-induced DNA fragmentation. Data rep- 
resent mean pg DNA in supernatant 2 SE of five to seven individual experiments. 'Same as in Figure 2A; dtreatments are significantly 
different than 100 nM DEX + 25 pM gossypol but not each other. Gossypol at 25 pM significantly increased basal DNA fragmentation 
compared to DMSO only. Gossypol did not block prolactin inhibition of DEX-induced fragmentation. (D) The effect of quercetin on 
prolactin inhibition of DEX-induced DNA fragmentation. Data represent mean pg DNA in supernatant 2 SE of three to four individual 
experiments. 'Treatment is significantly greater than all other treatments except those with the same symbol at P < 0.05. Quercetin 
did not block prolactin inhibition of DEX-induced DNA fragmentation. 

shown in Figure 5C, also did not block prolactin inhi- 
bition of DEX-induced DNA fragmentation. 

Tyrosine Phosphorylation. To evaluate tyrosine 
kinase activation as a mediator of this prolactin effect, 
two inhibitors of tyrosine kinases, genistein and tyr- 
phostin-47, were studied. Genistein (25-100 pM), 
shown in Figure 6A, caused a significant increase in 
basal DNA fragmentation that was concentration de- 
pendent and this effect on DNA fragmentation was 
significantly attenuated by prolactin. The DNA frag- 
mentation induced at 100 pM genistein in the presence 
of oPRL was still significantly elevated above that of 
DMSO and DEX + oPRL controls. Although the 
DEX response varied when combined with 25-100 p M  
genistein, this tyrosine kinase inhibitor did not block 
prolactin inhibition of DEX-induced DNA fragmenta- 
tion at any concentration. Tyrphostin-47 alone at 100 
pM increased basal DNA fragmentation yet tyrphos- 
tin-47 did not block prolactin inhibition of DEX- 
induced DNA fragmentation (Fig. 6B). 

Alternatively, the accumulation of phosphoty- 
rosine proteins as the mediator of this prolactin effect 
was assessed by tyrosine phosphatase inhibition. In- 
hibitors of tyrosine phosphatase activity, hydrogen 
peroxide (H202), orthovanadate, or the more potent 
combination, pervanadate were tested to determine if 
phosphotyrosine accumulation mimicked prolactin ac- 
tion. The concentrations of vanadate and H202 used 
had no effect on basal DNA fragmentation in 4-hr in- 
cubations (data not shown). As shown in Figure 7A, 
hydrogen peroxide (20 pM) or vanadate (20 pM) alone 
had no significant effect on DEX-induced DNA frag- 
mentation. In this batch of cells, Nb2 U17 (resurrected 
6-24-93), 10 pM H202 + 10 pM vanadate showed par- 
tial inhibition of DEX-induced DNA fragmentation 
that was significantly greater than DMSO and DEX + 
oPRL and significantly lower than 100 nM DEX. Per- 
vanadate complexes of 20 pM H202 + 20 p M  vana- 
date essentially blocked DEX-induced DNA fragmen- 
tation. Later studies using Nb2 U17 cells (resurrected 
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Figure 4. Effects of arachidonic acid and inhibitors of its metabolism on DEX-induced DNA fragmentation. (A) The effect of arachi- 
donic acid on DEX-induced DNA fragmentation. Data represent mean pg DNA in supernatant k SE of three individual experiments. 
‘Treatment is significantly greater than DMSO and 100 nM DEX + 1 ng/ml oPRL at P c 0.05. Arachidonic acid did not mimic prolactin 
inhibit DEX-induced DNA fragmentation. (B) The effect of 5,8,11,14-eisosatetraynoic (ETYA) on prolactin inhibition of DEX-induced 
DNA fragmentation. Data represent mean pg DNA in supernatant k SE of three to six individual experiments. aSame as in Figure 3A. 
ETYA did not block prolactin inhibition of DEX-induced DNA fragmentation. (C) The effect of nordihydroguaiaretic acid (NDGA) on 
prolactin inhibition of DEX-induced DNA fragmentation. Data represent mean pg DNA in supernatant 2 SE of three to six individual 
experiments. ‘Same as in Figure 3A. NDGA did not block prolactin inhibition of DEX-induced DNA fragmentation. (D) The effect of 
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to six individual experiments. ‘Same as in Figure 3A. lndomethacin did not block prolactin inhibition of DEX-induced DNA fragmen- 
tation. 

10- 19-93) cells exhibited greater sensitivity to H20, 
with the optimum pervanadate concentration being 10 
kA4 H202 + 20 kA4 vanadate (shown below). 

To confirm that pervanadate inhibited DEX- 
induced apoptosis, the genomic DNA from Nb2 U17 
(10-19-93) cells treated with DEX and/or pervanadate 
for 3 hr was analyzed by agarose gel electrophoresis in 
Figure 7B. The “ladder” pattern of DNA fragmenta- 
tion characteristic of apoptosis is induced by 100 nM 
DEX alone. The DNA fragmentation of 100 nM DEX 
was blocked by an optimal concentration of pervana- 
date as well as with prolactin. 

Extracellular Calcium. To investigate the role of 
extracellular calcium (EC) in prolactin action, it was 
necessary to determine if DEX action was dependent 
on EC calcium. Figure 8, A and B, shows that DEX- 
induced DNA fragmentation occurs in calcium-free 
PBS (no CaCl, + 0.1 mM EGTA). In calcium-free 
PBS, prolactin significantly inhibited basal DNA frag- 
mentation. Known blockers of glucocorticoid-induced 
apoptosis, RU486 and AT, as well as prolactin inhibit 
DEX-induced DNA fragmentation in calcium-free 

PBS. Prolactin, RU486, and AT behaved as expected 
in calcium-supplemented PBS as well (data not 
shown). 

Discussion 
The acute assay used in this study in which Nb2 

cells are synchronized in GdG, was modelled after 
DNA fragmentation assays previously described for 
quantitation of glucocorticoid-induced cleavage of 
DNA in thymocytes (8, 30, 40, 41). Although DNA 
fragmentation was routinely estimated by diphenyl- 
amine reactive material released from the genome, the 
“ladder’ ’ pattern of DEX-induced DNA fragmentation 
was demonstrated by agarose gel electrophoresis con- 
firming an apoptotic process (9). Inhibition of DEX- 
induced DNA fragmentation by prolactin, the gluco- 
corticoid receptor antagonist, RU486, and nonspecific 
nuclease inhibitor, aurintricarboxylic acid was consis- 
tent with previous reports (7,40). DEX-induced DNA 
fragmentation was significantly inhibited at concentra- 
tions of 100 pg/ml and 1 ng/ml oPRL which correspond 
to submaximal and near maximal mitogenic concen- 
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trations of the protein hormone in this cell line (2). 
Time course data (i.e., delayed addition of PRL) indi- 
cate that under these assay conditions the apoptotic 
action of Dex and the anti-apoptotic action of prolactin 
are initiated within the 1st hr of their addition. 

This assay has several characteristics that make it 
suited for the study of intracellular signalling associ- 
ated with the anti-apoptotic action of PRL in Nb2 
cells. The use of a chemically defined serum-free me- 
dium eliminates the potential influences on apoptosis 
of unidentified agents in serum. The synchronization 
of cells in GdG, reduces the effects of cell cycle dif- 
ferences within the cellular population and accelerates 
the apoptotic action of glucocorticoid from 12 to 4 hr 
(7), in agreement with studies of thymocytes in vitro 
and in vivo (8, 30, 42). This acceleration of DNA frag- 
mentation suggests that the arrest of cells in GdGl is 
permissive for the cytolytic action of glucocorticoid 
hormones as reported previously (43). The short incu- 
bation time minimizes the possibility of biphasic ef- 
fects of drugs that may occur in longer exposures. Fi- 
nally, the assay is terminated prior to S phase when 
the amount of total DNA would increase in cells stim- 
ulated by mitogens (1). After the validation of gluco- 

corticoid and prolactin effects in this acute assay sys- 
tem, agonists and antagonists of signaling pathways 
were examined to gain insight into the intracellular 
signals mediating the anti-apoptotic effect of PRL. 

Protein kinase C (PKC) inhibitors, including gos- 
sypol and quercetin (1 2,  15), blocked prolactin- 
induced mitogenesis in the Nb2 cell, yet stimulation of 
PKC by phorbol esters alone was insufficient to induce 
mitogenesis (11, 12). Phorbol esters alone or in com- 
bination with A23 187 stimulated prolactin associated 
events in Nb2 cells such as Na+/H+ exchange (44), 
ornithine decarboxylase activity, and thymidine incor- 
poration (19). In thymocytes, phorbol esters blocked 
DNA fragmentation and cell death induced by the glu- 
cocorticoid methylprednisolone (30). Both TPA (45) 
and DiC8 (46) blocked ceramide-induced cell apopto- 
sis in myeloid HL-60 cells. In contrast, phorbol esters 
enhanced CAMP-induced apoptosis in thymocytes (47). 

In the current study, however, the most potent 
phorbol ester, phorbol myristate acetate (TPA), or the 
cell permeant, diacylglycerol (DiC8), alone or in com- 
bination with ionophore to maximize the activation of 
different PKC isoforms (48), failed to mimic the anti- 
apoptotic action of PRL. Furthermore, two PKC in- 
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Figure 6. The effect of tyrosine kinase inhibitors on DEX- 
induced DNA fragmentation. (A) The effect of genistein on pro- 
lactin inhibition of DEX-induced DNA fragmentation. Data rep- 
resent mean pg DNA in supernatant f SE of three to six indi- 
vidual experiments. aTreatment is significantly greater than 
DMSO and 100 nM DEX + 1 ng/ml oPRL at P < 0.05; btreatment 
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oPRL, 100 nM DEX at P < 0.05. Prolactin significantly inhibited 
DNA fragmentation induced by genistein alone (25-100 pM) and 
was able to significantly inhibit DNA fragmentation by the com- 
bination of DEX and genistein at all concentrations. (B) The 
effect of tyrphostin-47 on prolactin inhibition of DEX-induced 
DNA fragmentation. Data represent mean pg DNA in superna- 
tant f SE of three to four individual experiments. 'Same as in 
Figure 5A. Tyrophostin-47 was ineffective in blocking prolactin 
inhibition of DEX-induced DNA fragmentation. 

hibitors, gossypol and quercetin, did not block prolac- 
tin inhibition of DEX-induced DNA fragmentation. 
Thus, no compelling evidence exists from these data 
that PKC mediates the anti-apoptotic action of prolac- 
tin. In fact, at 100 nM, TPA Significantly enhanced 
DEX-induced DNA fragmentation without affecting 
basal fragmentation. DiC8 at 10 p M ,  a concentration 
that elevated basal DNA supplement, blunted the in- 
crement of the DEX effect, but did not prevent DNA 
fragmentation. The increased DNA fragmentation in- 
duced by gossypol and quercetin may reflect depres- 
sion of basal PKC activity possibly necessary for cell 
maintenance and tonic suppression of endonuclease 
activity. Alternatively, it may reflect nonspecific toxic 
effects of these drugs. 
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Figure 7. The effects of pervanadate on DEX-induced DNA frag- 
mentation. (A) The effect of hydrogen peroxide, vanadate, and 
pervanadate on DEX-induced DNA fragmentation in Nb2 U17 
cells (resurrected 6-24-93). Data represent mean pg DNA in su- 
pernatant f SE of three to seven individual experiments. aTreat- 
ment is significantly greater than DMSO and 100 nM DEX + 1 
ng/ml oPRL at P < 0.05; btreatment significantly less than 100 
nM DEX but significantly greater than DMSO, DEX + oPRL, and 
DEX + 20 pM H20,/20 pM vanadate (van) at P < 0.05. (B) An 
ethidium-bromide stained agarose gel of DNA extracted from 
Nb2 U17 cells (resurrected 10-19-93) following incubation with 
DEX f pervanadate for 3 hr in serum-free medium. This gel is 
representative of three individual experiments. (Lane 1) 100 nM 
DEX; (Lane 2) 100 nM DEX + 10 pM H20d20 pM vanadate; 
(Lane 3) 10 pM H20d20 pM vanadate; (Lane 4) 100 nM DEX + 1 
ng/ml oPRL; (Lane 5) DMSO. Molecular weight markers ex- 
pressed in kilobase pairs are indicated to the left of the figure. In 
addition to inhibition by prolactin (Lane 4), DEX-induced apop- 
totic banding (Lane 1) is inhibited by an optimal concentration 
of pervanadate (Lane 2). 

In the Nb2 cell, arachidonic acid (AA) has been 
shown to be mitogenic andlor enhance prolactin- 
induced mitogenesis, and prolactin induces prosta- 
glandin formation (13-1 5). The lipoxygenase inhibitor, 
NDGA (3 1 pM), decreased prolactin stimulated thy- 
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Figure 8. The role of extracellular calcium on prolactin inhibi- 
tion of DNA fragmentation. (A) The demonstration of DEX- 
induced DNA fragmentation and its inhibition by oPRL, RU486, 
and AT in calcium-free PBS. Data represent mean pg DNA in 
supernatant f SE of four individual experiments. In calcium-free 
PBS supplemented with 0.1 mM EGTA, basal DNA fragmentation 
was higher than that typically observed in serum-free medium. 
In calcium-free PBS, DEX + oPRL was significantly lower than 
basal DNA fragmentation with DMSO. aTreatment is significantly 
greater than DMSO and 100 nM DEX + 1 ng/ml oPRL at P < 
0.05; btreatment is significantly greater than 100 nM DEX + 1 
ng/ml oPRL at P < 0.05. This demonstrates that DEX-induced 
DNA fragmentation is not dependent on extracellular calcium. In 
addition, it also demonstrates that prolactin inhibition of DEX- 
induced DNA fragmentation is not dependent on extracellular 
calcium. RU486 and AT inhibited DEX-induced DNA fragmenta- 
tion but not basal DNA fragmentation. (B) An ethidium-bromide 
stained agarose gel of DNA extracted from Nb2 cells following a 
4-hr incubation with DEX and apoptotic inhibitors in calcium- 
free PBS supplemented with 0.1 mM EGTA. This gel is repre- 
sentative of three individual experiments. (Lane 1) DMSO; (Lane 
2) 100 nM DEX; (Lane 3) 100 nM DEX + 1 ng/ml oPRL; (Lane 4) 
100 nM DEX + 500 nM RU486; (Lane 5) 100 nM DEX + 100 pM 
AT; (Lane 6) 100 nM DEX + 300 pM AT. Molecular weight mark- 
ers expressed in kilobase pairs are indicated to the left of the 
figure. Dexamethasone shows the “ladder” pattern DNA frag- 
mentation characteristic of apoptosis at 4 hr in calcium-free me- 
dium. Inhibition of DEX-induced DNA fragmentation (banding) is 
shown by oPRL, RU486, 100 and 300 pM AT. 

midine incorporation in Nb2 cells (19). Glucocorti- 
coids may exert their inhibitory effects in some imb 
mune clells by inhibiting phospholipase A2 liberation of 
arachidonic acid or prostaglandin synthesizing en- 

zymes (32). Treatment of S49.1 mouse lymphoma cells 
with NDGA increased their sensitivity to dexametha- 
sone-induced cytolysis (43). Therefore, this pathway 
was investigated as a possible mediator of the prolac- 
tin anti-apoptotic effect using free arachidonic acid 
and inhibitors of AA metabolism. Free arachidonic 
acid at concentrations of 3-16 p M ,  a dose-range pre- 
viously shown to influence cell mitogenesis (13-15), 
did not mimic prolactin inhibition of DEX-induced ap- 
optosis nor did inhibitors of arachidonic acid metabo- 
lism (49) block prolactin action. Therefore, it appears 
that eicosanoid production is not essential for the anti- 
apoptotic effect of prolactin. NDGA significantly in- 
creased basal DNA fragmentation by itself, which may 
be due to inhibition of basal production of lipoxygen- 
ase products or a nonspecific cytotoxic effect. This 
NDGA effect was inhibited by prolactin. 

Prolactin stimulates ornithine decarboxylase and 
SAM decarboxylase activity in the Nb2 lymphoma cell 
and inhibitors of these enzymes, DFMO and MGBG, 
respectively, blocked prolactin-induced mitogenesis 
(2 1,22). Glucocorticoid-induced cell death is preceded 
by decreased polyamine synthesis and growth arrest in 
mouse lymphoma cells (50). The polyamine, spermine 
has been shown to be protective against glucocorticoid 
or A23 187-induced DNA fragmentation in thymocytes 
(31). Our studies reveal that DEX-induced DNA frag- 
mentation was inhibited by spermine at concentrations 
ranging from 1.5 to 2.5 mM, consistent with that pro- 
tective in thymocytes (3 1). However, it is unlikely that 
the ornithine decarboxylase-polyamine pathway medi- 
ates the anti-apoptotic action of PRL. Spermidine at 
nontoxic concentrations (s0.75 mM) was not protec- 
tive (data not shown). Neither DFMO, which blocks 
new polyamine production but does not deplete exist- 
ing spermine, nor MGBG, the SAMDC inhibitor which 
blocks new spermine production (5 l), interfered with 
PRL inhibition of Dex-induced DNA fragmentation. 
Studies in quiescent Nb2 cells have shown that ODC 
and SAMDC activities following prolactin addition do 
not increase until approximately 3 hr following hor- 
mone addition (20). Furthermore, lactogen-deprived 
quiescent Nb2 cells are devoid of detectible ODC ac- 
tivity and produce an inhibitor of ODC which is de- 
tectable in the medium for approximately 2 hr after 
prolactin addition (52). Thus, the production of new 
spermine is not expected within the first 3 hr following 
prolactin addition. As discussed above, our time 
course studies revealed that the prolactin anti- 
apoptotic action begins within its 1st hr of addition to 
cells. Positively charged spermine can cause confor- 
mational changes in DNA structure (31) which may 
increase resistance to DNAses (53). Alternatively, 
PRL may retard the rate of spermine degradation (and, 
thus, leading to its accumulation) by altering the ac- 
tivity of the rate-limiting enzyme in polyamine degra- 
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dation, spermidine/spermine N 1 acetyltransferase 
(51). This pathway has yet to be examined in the Nb2 
cell. 

Several recent studies have shown that prolactin 
immediately increased tyrosine phosphorylation and 
tyrosine kinase activity in Nb2 cells (2628) and that 
phosphorylation of the tyrosine kinase, JAK2, is one 
of the earliest events upon prolactin addition (29). 
Genistein, a flavonoid tyrosine kinase inhibitor 
blocked prolactin-stimulated tyrosine phosphorylation 
of a target peptide, as well as prolactin-induced mito- 
genesis (28). Basal Nb2 cell mitogenesis measured at 
72 hr was increased by the tyrosine phosphatase in- 
hibitor ortho-vanadate (10-50 pM) which at 10-25 pM 
also enhanced mitogenesis due to submaximal concen- 
trations of prolactin (5-10 pg/ml) (27). 

We observed that genistein, as well as tyrophos- 
tin-47, a nonflavonoid tyrosine kinase inhibitor (54), 
did not block the ability of prolactin to inhibit DEX- 
induced DNA fragmentation. In addition, the PKC in- 
hibitor, quercetin, which also inhibits tyrosine kinases 
at 50 pM ( 5 9 ,  did not block prolactin anti-apoptotic 
action. Although activation of tyrosine kinase does not 
appear to mediate the anti-apoptotic action of PRL, 
phosphorylation of tyrosine may participate in the in- 
hibition of DNA fragmentation. We observed that the 
tyrosine phosphatase inhibitor, pervanadate, was ex- 
tremely effective in inhibiting Dex-inducing apoptosis . 
Pervanadate is potentially 100- to 1000-fold more po- 
tent than its components, hydrogen peroxide and van- 
adate (56). In fact, hydrogen peroxide (G20 pM) and 
vanadate (640 pM) alone had no effect on DNA frag- 
mentation (data not shown). On the other hand, 
okadaic acid (0.1-10 nM), an inhibitor of serine/ 
threonine phosphatases (phosphatases 1 and 2A) (57) 
had no influence on Dex-induced DNA fragmentation 
in the absence or presence of oPRL (25 pg/ml) (data 
not shown). Both H2O2 and vanadate in millimolar 
concentrations can stabilize the glucocorticoid recep- 
tor and reduce the ability of glucocorticoid hormones 
to transform the receptor to the DNA binding state (58). 
We have demonstrated that prolactin and pervanadate 
when preincubated with cells for 1 hr are both effec- 
tive in inhibiting DNA fragmentation induced by the 
calcium ionophore, A23187 (250-500 nM) (34). Thus 
prolactin and pervanadate exhibit their anti-apoptotic 
effects against a nonglucocorticoid agent as well. 

In our experience higher concentrations of H202 
(250 pM) were acutely cytolytic to Nb2 cells and per- 
vanadate itself increased basal cell death of cells by 24 
hr (data not shown). These cytotoxic effects could re- 
flect the fact that H202 and vanadate induce DNA 
strand breaks (59) or that prolonged and unregulated 
inhibition of tyrosine phosphatase activity is detrimen- 
tal to cell viability. 

Whether PRL exerts its anti-apoptotic action via 

inhibition of tyrosine dephosphorylation remains to be 
determined. The fact that PRL inhibited DEX-induced 
apoptosis in the presence of tyrosine kinase inhibition 
(i.e., genistein, tyrphostin, and quercetin) is not incon- 
sistent with this possibility. Considerable tyrosine ki- 
nase activity has been demonstrated (50% of baseline) 
in extracts of Nb2 cells at a dose of genistein that 
blocks PRL-induced tyrosine phosphorylation and mi- 
togenesis (28). Furthermore, we have observed that 
pervanadate, like PRL, inhibited Dex-induced DNA 
fragmentation in the presence of genistein (data not 
shown). In the current study, the increased DNA frag- 
mentation observed at selected doses of quercetin (50 
pM), genistein (25-100 pM), and tyrphostin (100 pA4) 
could reflect depression of basal tyrosine kinase activ- 
ity. Genistein also acts at the ATP binding site of 
topoisomerase I1 which has homology to that of tyro- 
sine kinase (60). Thus, apoptosis might be due to de- 
pression of topoisomerase 11, as has been proposed for 
the apoptotic effect of genistein in immature thymo- 
cytes (61). 

Of two genes that are expressed in Nb2 cells 
within 15 min of PRL addition, c-myc and interferon 
regulatory factor-1 (IRF-1) (62), genistein blocks only 
the former (L.-Y. Yu-Lee, personal communication). 
The anti-apoptotic action of PRL may be linked to 
early IRF-1 expression which peaks at 1 hr in GI (63). 
IRF- 1 expression is associated with immunoreactive 
STAT91 (64), a DNA binding protein activated by ty- 
rosine phosphorylation (65). STAT91 may correspond 
to the p90/97 protein in Nb2 cells demonstrated to be 
tyrosine phosphorylated within minutes of prolactin 
addition (3, 26). 

Glucocorticoid-induced apoptosis of lymphoid tis- 
sues is believed to be dependent on calcium from ei- 
ther intracellular or extracellular sources (41). In thy- 
mocytes , glucocortioid-mediated cytolysis is depen- 
dent on extracellular calcium (:41), while in lymph node 
lymphocytes the process can occur in the absence of 
extracellular calcium (66). The role of extracellular 
calcium in DEX-induced apoptosis and its inhibition 
by PRL was examined in Nb2 cells incubated in a 
calcium-free medium. Under these conditions, DEX 
was capable of inducing apoptosis, consistent with the 
situation of lymph node lymphocytes (66). Further- 
more, PRL was capable of blocking DEX-induced ap- 
optosis, as well as spontaneous DNA fragmentation, 
in calcium-free medium. Interestingly, early PRL- 
stimulated events occur in Nb2 cells in reduced cal- 
cium medium even though subsequent mitogenesis 
was blocked under these conditions (17). The role of 
intracellular calcium in the hormonal modulation of 
apoptosis of Nb2 cells remains to be determined. 

It is noteworthy that in several instances reported 
herein, agents previously reported to impair PRL- 
induced mitogenesis failed to influence the anti- 
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apoptotic effect of PRL. This is consistent with our 
previous findings suggesting divergent pathways for 
the control of mitogenesis and apoptosis (7, 37). Fu- 
ture studies will focus on the role of tyrosine phos- 
phorylation and calcium in the hormonal control of 
apoptosis of Nb2 cells. 
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