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Abstract. These studies provide further support for the thesis that the activation of 
protein kinase C is likely involved in the prolactin (PRL) stimulation of mitogenesis in 
the Nb2 node lymphoma cell line. The diterpene mezerein is shown to potentiate the 
mitogenic effect of PRL at a hormone concentration which elicits a less than maximum 
response. A similar response was observed with two diglycerides, diolein and dicaprin. 
Neither mezerein nor the diglycerides affected the magnitude of response to a maximum 
stimulatory concentration of PRL. [P.S.E.B.M. 1989, Vol192] 

n recent studies it has been reported that 12-0- 
tetradecanoylphorbol 1 3-acetate (TPA), an activa- I tor of protein kinase C (PKC), will potentiate the 

mitogenic effect of prolactin (PRL) on Nb2 node lym- 
phoma cells when PRL is employed at a less than 
maximum stimulatory concentration (1). TPA, like 
PRL, also stimulates the rate of [3H]thymidine incor- 
poration into DNA in the Nbz node lymphoma cells 
(2, 3). In additional studies inhibitors of PKC were 
shown to inhibit the PRL stimulation of cell division 
(4), as well as the PRL stimulation of [3H]thymidine 
incorporation into DNA in the Nb2 node cells (5). 
Taken together, the above observations suggest that the 
PRL stimulation of cell division in the Nb2 node lym- 
phoma cells may involve an activation of PKC. 

To provide further support for this conclusion, 
additional activators of PKC were tested on the Nbz 
node lymphoma cells. Substances tested included the 
diterpene mezerein (6) as well as diglycerides; the di- 
glycerides represent one class of physiological activators 
of PKC (7-9). 

Materials and Methods 
The Nb2 node lymphoma cells were provided by 
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Columbia (Vancouver, British Columbia, Canada). 
Ovine prolactin (NIH-P-S- 17) was a gift from the 
NIAMDD. Other materials used in these studies were 
from the following sources: fetal calf serum (FCS), horse 
serum (HS), and Fisher’s medium from Gibco Labo- 
ratories (Grand Island, NY); mezerein and 1 -0leoyl-2- 
acetyl-rac-glycerol (OAG) from Sigma Chemical Co. 
(St. Louis, MO); 1,2-diolein and D- 1,Zdicaprin from 
Serdary Research Laboratories (London, Ontario, Can- 
ada); penicillin and streptomycin from Eli Lilly Co. 
(Indianapolis, IN). 

The Nbz cells were maintained as suspension cul- 
ture in 25-cm2 culture flasks containing “growth me- 
dium” (Fisher’s medium supplemented with 10% FCS, 
10% HS, 1 x A4 2-mercaptoethanol, 50,000 IU/ 
liter penicillin, and 50,000 pglliter streptomycin). The 
cells were incubated at 37°C in the presence of a 95% 
air/5% COz mixture. Fresh medium was added every 
72 hr. Twenty-four hours before beginning an assay, 
the cells were collected by centrifugation at 300g. The 
cells were then resuspended and cultured for 24 hr in 
“stationary medium” (same components as growth me- 
dium except for the deletion of FCS and the reduction 
of HS from 10 to 4%). The cells were next collected by 
centrifugation at 300g, resuspended in stationary me- 
dium, and used for experimentation. When the effects 
of PRL and/or mezerein or the diglycerides on cell 
number were to be determined, 1-ml aliquots (1-1.5 X 
lo5 cells/ml) were transferred to the wells of sterile 
multiwell tissue culture plates (24 plates/well). The cells 
were then cultured for an additional 24-72 hr in the 
presence of the appropriate concentration of PRL, mez- 
erein, and/or diglycerides. Concentrated stock solutions 
of mezerein and the diglycerides were contained in 
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dimethyl sulfoxide (DMSO). DMSO concentrations 
were maintained below 0.1 %; at concentrations below 
0.1 %, DMSO affected neither cell number by itself after 
a 72-h culture nor the magnitude of the PRL stimula- 
tion of cell number. Following this incubation the cells 
were transferred to vials containing 9 ml of Hematall 
isotonic fluid, and cell number was determined on a 
Coulter model 2 M counter. Statistical comparisons 
were made using an analysis of variance and Tukey's 
HSD procedure or a paired t test where appropriate. 

Results 
Table I shows the complex effects of various con- 

centrations of mezerein and/or PRL on cell number of 
Nb2 node lymphoma cells. By itself, mezerein elicited 
a concentration-response decrease in cell number after 
the 72-hr culture period. In the presence of PRL, at a 
concentration ( 5 5  pg/ml) that causes a less than maxi- 
mum response, mezerein at concentrations between 
0.005 and 5 ng/ml potentiated the mitogenic effect of 
PRL. Finally, in the presence of a maximum stimula- 
tory concentration of PRL (20 ng/ml), mezerein at 
concentrations of 0.5-5 ng/ml suppressed the magni- 
tude of the PRL response. 

The time course for the mezerein effect on poten- 
tiating the mitogenic action of an intermediate concen- 
tration of PRL is shown in Table 11. The potentiation 
of the PRL response is clearly apparent at 48 and 72 
hr, but not at 24 hr, even though a significant PRL 
response is already apparent by 24 hr. 

The effects of two diglycerides, diolein and dica- 
prin, on the mitogenic effect of PRL are shown in 
Tables I11 and IV, respectively. Neither of these diglyc- 
erides, by themselves or in the presence of a maximum 
stimulatory concentration of PRL, had an effect on cell 
number. In the presence of an intermediate concentra- 
tion of PRL, however, both diglycerides potentiated the 
PRL response at diglyceride concentrations between 
0.1 and 100 ng/ml. 

Table 1. Effect of Mezerein on Mitogenesis 
in Nb, Cells" 

~~~ ~ 

Mezerein 
concentration 

Number of Cells (x~O-~) after 72 hr 

(ng/ml) 0 PRL 55 pg/ml PRL 20 ng/ml PRL 
0 155f6' 631 f 8  803 f 12 
0.005 128 k 4" 668 f 13d 777 k 23 
0.05 134 f 4" 749 & 8d 796 f 20 
0.5 91 f 1 727 f 18' 752 f 6" 
1 85f2" 720f8' 740 f 4" 
5 81 f2" 680f15" 712f4" 

a Cells were cultured for 72 hr in the presence of mezerein and/or 
PRL at the concentrations indicated. Cell number was then deter- 
mined. 

Mean k SE of determinations from six wells. 
Significantly less (P < 0.05) than in the absence of mezerein. 
Significantly greater (P < 0.05) than in the absence of mezerein. 

Table II. Time Course of Mezerein Effect 
on Cell Division" 

Numbers of cells (x~O-~) Incubation 
time 75 pg/ml PRL f 
(hr) 75 pg/ml PRL 0.1 ng/ml Mezerein 

0 100 f 3' 99 +: 4 NS 
24 125 f 2 116 f 3 NS 
48 233 f 6 271 k 3  ~0.05 
72 509 f 15 606 f 10 <0.01 

a Cells were cultured for 0-72 hr in the presence of 75 pg/ml PRL k 
0.1 ng/ml mezerein. Cell numbers were then determined. 

Mean f SE of determinations from six wells. 

Table 111. Effect of Diolein on Mitogenesis 
in Nbn Cells" 

Diolein 
concentration 

Numbers of cells (xl 0-3) after 72 hr 

(na/ml) 0 PRL 100 pg/ml PRL 20 ng/ml PRL 

0 180 f 5' 820 f 15 993 f 10 
0.1 186f2 851 f 19 988 f 19 
1 184f2 870f6" 1007 f 1 1  
10 188 k 5 861 f 13" 1011 f 30 
100 179f4 891 f8" 979 f 36 
1000 182 f 4 840 f 28 936 f 12' 

a Cells were cultured for 72 hr in the presence of diolein and/or PRL 
at the concentrations indicated. Cell number was then determined. 

Mean f SE of determinations from four wells. 
Significantly greater than in the absence of diolein. 
Significantly less than in the absence of diolein. 

Table IV. Effect of Dicaprin on Mitogenesis 
in Nb2 Cells" 

Dicaprin 
concentration 

(ng/ml) 0 PRL 100 pg/ml PRL 20 ng/ml PRL 

0 253f 6' 648k3 741 f 10 
0.1 244f3 697f3" 769 f 8 
1 243k 6 679f 6" 739 k 7 

10 250f 5 681 f 2" 766 f 5 
1000 259f 3 677 f 17 758 f 5 

Number of cells (x10-3) after 72 hr 

a Cells were cultured for 72 hr in the presence of dicaprin and/or PRL 
at the concentrations indicated. Cell number was then determined. 

Mean f SE of determinations from four wells. 
Significantly greater than in the absence of dicaprin. 

In several experiments, the commonly used syn- 
thetic diglyceride OAG was also tested; at concentra- 
tions between 0.1 and 1000 ng/ml, OAG had no effects, 
either by itself or in the presence of an intermediate or 
maximum stimulatory concentration of PRL (data not 
included). Although OAG is an activator of PKC in 
many cell types, OAG may be an ineffective activator 
of PKC in the Nb2 node lymphoma cells under the 
experimental conditions employed in these studies. 
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Discussion 
These studies show that low concentrations of the 

diterpene mezerein, as well as two diglycerides, poten- 
tiate the mitogenic action of PRL at PRL concentra- 
tions which have a less than maximum effect on cell 
division in Nb, node lymphoma cells. The phorbol 
ester TPA was shown to have a similar effect ((1); 
Rillema, Waters, and Tarrant, unpublished studies). 
Since all of these substances are known to be activators 
of PKC, it seems likely that the potentiation of the 
mitogenic effect of PRL occurs via an elevation of PKC 
activity. We reported earlier that when phospholipase 
C is added exogenously to cultured Nbz cells, it also 
potentiates the mitogenic effect of a less than maximally 
effective concentration of PRL in the Nb2 cells (10). 
Presumably, this potentiation is also carried out via the 
activation of PKC consequent to the generation of 
diglycerides. 

At high concentrations mezerein inhibited cell 
number by itself, as well as in the presence of a maxi- 
mum stimulatory concentration of PRL. High concen- 
trations of TPA were shown earlier to attenuate the 
magnitude of the PRL stimulation of cell division in 
the Nb2 cells (1). In unpublished studies, we (Rillema, 
Waters and Tarrant) have observed that high concen- 
trations of TPA down-regulate PKC activity in Nb, 
node cells. Assuming that high concentrations of mez- 
erein have a similar effect, the suppression of the PRL 
response in Nb2 cells treated with high concentrations 
of TPA or mezerein is likely caused by the down- 
regulation of PKC activity. 

Taken together, the above observations, along with 
the fact that a variety of PKC inhibitors have been 
shown to suppress or abolish the PRL stimulation of 
mitogenesis in the Nbz cells (4, 5) ,  suggest that PKC is 
involved in the PRL regulation of cell division in the 
Nb, cells. 
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