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The rat Nb2 lymphoma is useful for studying prolactin
(PRL) receptor signaling to mitogenesis and apoptosis
suppression. Previous results showed that PRL rapidly
induced expression of several apoptosis suppressor genes
during the G1 phase of cell cycle in this model. The X-
linked inhibitor of apoptosis protein (XIAP) gene prod-
uct acts to suppress apoptosis by direct inhibition of
caspases. The present study was conducted to deter-
mine whether PRL alters XIAP expression in lactogen-
dependent Nb2-11 or -independent Nb2-SFJCD1 cells.
Stationary Nb2-11 cultures expressed detectable levels
of an 8.9-kb XIAP transcript. PRL (20 ng/mL) stimu-
lated its expression, reaching maximal levels within
12 h. Expression of XIAP was also evaluated in Nb2-
SFJCD1 cells subsequent to treatment with differen-
tiating agents (sodium butyrate [2 mM, 72 h], all
trans-retinoic acid [10 µM, 72 h], or 1,25-dihydroxy-
cholecalciferol [100 nM, 24 h]). PRL significantly in-
creased XIAP expression in cells previously treated with
these compounds. Further analysis revealed that PRL
stimulated XIAP expression during S phase of the cell
cycle. To determine whether XIAP suppressed apop-
tosis, its cDNA was stably transfected into Nb2-11
cells. Compared to controls, cells overexpressing XIAP
exhibited substantially less DNA fragmentation when
apoptosis was induced by PRL deprivation or gluco-
corticoids. We conclude that PRL-stimulated XIAP
expression likely serves to suppress apoptosis as cells
progress through the later phases of the cell cycle.

Key Words: Prolactin; X-linked inhibitor of apoptosis;
cell cycle; Nb2 lymphoma cells; apoptosis.

Introduction

Rat Nb2 lymphoma cell lines are widely used to study

mechanisms underlying PRL receptor signaling in T-lym-

phocytes. Originally derived from a malignant lymph node

that arose in an estrogen-treated Noble rat (1), these cells

morphologically and biochemically resemble T-lympho-

cytes in an intermediate stage of differentiation (2,3). Early

studies indicated that the parental Nb2 cell line was highly

dependent on PRL for stimulation of growth and survival (1).

Culturing PRL-dependent Nb2 cells in lactogen-defi-

cient medium for 18–24 h leads to cell-cycle arrest in the

early G1 phase of the cell cycle (4). However, prolonged

culturing in the absence of hormone induces apoptosis, a

process that is reversed by readdition of PRL (5–7). This

characteristic of PRL-dependent Nb2 cells has led to their

use as a model to investigate mechanisms underlying PRL

suppression of apoptosis (1,8).

In addition to PRL-dependent cell lines, several autono-

mous Nb2 sublines have been developed by culturing in lac-

togen-deficient medium and cloning of surviving cells (9).

The Nb2-SFJCD1 cell line produced in this manner grows

in the complete absence of PRL (9) and resists activation of

apoptosis (6). However, treatment with differentiating agents

such as sodium butyrate (NaBT) transiently reverts the cells

to a lactogen-dependent phenotype (9). Thus, NaBT-treated

Nb2-SFJCD1 cells transiently require PRL for prolifera-

tion, and in its presence, resist apoptosis (9).

A potential role for PRL as a physiologic suppressor of

apoptosis in immune cells represents an emerging avenue

of investigation. In Nb2 T-cells, PRL suppresses cell death

provoked by glucocorticoids (5–7), anticancer drugs, and

heat shock (10). However, the underlying mechanism of

hormonal action is not fully understood.

Previously, we demonstrated that PRL induces several

apoptosis-associated genes in lactogen-dependent Nb2-11

cells. Expression of several members of the bcl-2 family of

apoptosis regulatory genes including bcl-2 and bax were

markedly altered by the addition of PRL (11). Moreover,

PRL induced the expression of pim-1, a ser/thr kinase that,

like bcl-2, inhibits apoptosis (12–14). Therefore, we hypoth-

esized that the antiapoptotic effects of PRL in proliferating

cells and in those exposed to cytotoxic agents reflected the

combined actions of bcl-2 and pim-1 (8).

X-linked inhibitor of apoptosis protein (XIAP) is a re-

cently identified member of the highly conserved inhibitor

of apoptosis (IAP) gene family (15). Originally identified
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in baculovirus, IAPs were found to suppress host-cell re-

sponses, which allowed cell survival and viral propagation

(16,17). The antiapoptotic action of XIAP was shown to

reflect its inhibition of at least two caspase family members

(18). Moreover, it has been demonstrated that during Fas

(CD95)-induced apoptosis, XIAP was cleaved into two frag-

ments, each with distinct caspase inhibitory specificities

(19). In addition, it was observed that human malignant

glioma cell lines express XIAP and IAPs (20), suggesting

that owing to their capacity to inhibit cell death by interfer-

ing with caspase catalysis, these proteins may facilitate the

development of certain malignancies.

Since PRL suppresses apoptosis induced by disparate

activators in Nb2 lymphoma cells, in part, by augmenting

the G1 expression of genes that attenuate this process, the

present study was conducted to determine whether it simi-

larly affected XIAP levels. The results indicate that PRL

increases XIAP mRNA accumulation in Nb2 cells coinci-

dent with their entry into the S phase of the cell cycle.

Results

PRL-Stimulated XIAP Expression in Nb2-11 Cells

Previously, we demonstrated that PRL stimulated rapid

expression of several antiapoptotic genes including pim-1

and bcl-2 during the G1 phase in the lactogen-dependent

cells (11,14). Since XIAP was recently found to suppress

apoptosis in a variety of cell systems, it was of interest to

determine whether its expression was also regulated by

PRL in Nb2-11 cells. Quiescent cultures were treated with

PRL (20 ng/mL) and harvested at various times spanning

a 24-h time course. Expression of XIAP mRNA was evalu-

ated by Northern blot analysis of total RNA. As shown in

Fig. 1A, expression of an 8.9-kb XIAP transcript was readily

detected in exponentially proliferating cultures (log); its

expression was reduced in quiescent cells. The addition of

PRL significantly increased XIAP by 12 h (p < 0.05), reach-

ing maximal levels two- to threefold above those observed

in untreated cells, an effect that was sustained through 24 h

(Fig. 1A,C). Results from other experiments indicated that

the effect of PRL to increase XIAP expression was concen-

tration dependent (not shown).

PRL-Stimulated XIAP Expression

in Differentiating Agent-Exposed Nb2-SFJCD1 Cells

Since PRL had been previously shown to regulate expres-

sion of apoptosis suppressor genes during the G1 phase of

cell cycle in Nb2-SFJCD1 cultures following their expo-

sure to NaBT (21), the effect of several differentiating agents

on hormone-induced XIAP expression was investigated in

this cell line. In initial experiments, exponentially prolifer-

ating Nb2-SFJCD1 cells were exposed to NaBT (2 mM).

After 72 h, the fatty acid was removed by washing; the cells

were further incubated with PRL (20 ng/mL) for an addi-

tional 24 h. As shown in Fig. 2, exposure of proliferating

cells to NaBT did not appear to affect the constitutive level

of the XIAP transcript (log vs 0 h; Fig. 2A). However, the

addition of PRL increased the level of XIAP, which was

detectable within 6–8 h with its maximal mRNA expression

observed from 6 to 12 h at levels that were sustained through

24 h. Notably, this kinetic pattern for PRL-stimulated XIAP

expression in Nb2-SFJCD1 cells was similar to that observed

in the hormone-dependent line (Fig. 1).

Earlier reports revealed a beneficial effect of the dietary

substance retinoic acid (RA) as an adjunct agent in the ther-

apy of certain hematopoietic cancers in combination with

cytotoxic drugs owing to its ability to induce differentia-

tion and suppress proliferation (22,23). Since PRL signifi-

cantly increased XIAP expression in the autonomous sub-

line following NaBT-mediated differentiation, the effect

Fig. 1. Expression of XIAP in PRL-dependent Nb2-11 cells. Log

represents exponentially proliferating cells. Quiescent cultures

(0 h) (2 � 10
7

 cells/time point) were stimulated with PRL (20 ng/

mL) and harvested at the times indicated. Northern blot analysis

of total RNA (20 µg/lane) was performed as described in Mate-

rials and Methods using a 
32

P-labeled cDNA that recognizes the

8.9-kb XIAP transcript. (A). Representative autoradiograph from

an experiment replicated five times; (B) ethidium bromide stain-

ing of 18S and 28S RNA; (C) densitometric analysis. Results are

presented as the mean ± SEM of four independent experiments.

*p < 0.05 vs unstimulated cells (0 h); **p < 0.01 vs unstimulated

cells (0 h).
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of PRL on its expression was determined in Nb2-SFJCD1

cells subsequent to exposure to RA (10 µM, 72 h). However,

prior to determining the effect of the hormone on XIAP

expression, it was important to determine the PRL respon-

siveness of this cell line following RA treatment. Cells

were treated with the vitamin for 72 h; it was then removed

by washing. The cultures were subsequently incubated with

increasing concentrations of PRL, and population density

was determined, after 48 h, by electronic cell counting. As

shown in Fig. 3, PRL stimulated a concentration-depen-

dent increase in proliferation in the cells pretreated with

RA. These results demonstrate that pretreatment with RA

increases the responsiveness of the lactogen-independent

Nb2-SFJCD1 cells to PRL, an effect similar to that observed

following NaBT (21).

Figure 4 shows the effect of PRL on XIAP expression

in Nb2-SFJCD1 cells previously exposed to RA. As before,

RA was removed after 72 h by washing prior to the addition

of PRL (20 ng/mL). Exposure to RA significantly (p < 0.05)

reduced the constitutive expression of XIAP to a level about

50% of that observed in untreated controls. The addition of

PRL to these cultures significantly (p < 0.01) increased

accumulation of the transcript from 12 to 24 h (Fig. 4A,C),

which reached maximal levels of fourfold above that ob-

served in control cultures. Thus, just as with NaBT, PRL

treatment of Nb2-SFJCD1 cells increased XIAP expres-

sion coincident with its effect to stimulate proliferation fol-

lowing RA-provoked differentiation.

In other experiments, the effect of PRL was evaluated

on XIAP mRNA expression in Nb2-SFJCD1 cells that had

been previously treated with vitamin D, a third dietary fac-

tor that induces differentiation in some types of hemato-

poietic cells (24). Here, cells were exposed to 100 nM of

vitamin D for 24 h prior to hormone treatment. Following

its removal, the addition of PRL again significantly (p <

0.0001) increased XIAP mRNA levels following addition

of the hormone (Fig. 4D). The maximum expression of

XIAP mRNA was observed at 12–24 h. However, pretreat-

ment with vitamin D was less efficacious regarding enhance-

ment of the responsiveness of the Nb2-SFJCD1 line to PRL

stimulation compared to either NaBT or RA. Nevertheless,

each of the differentiating agents rendered the lactogen-

independent cultures sensitive to PRL with respect to XIAP

expression.

Effect of Dexamethasone + PRL

on XIAP Gene Expression

We reported previously that PRL-mediated suppression

of glucocorticoid-induced cell death positively correlated

Fig. 2. Effect of PRL on XIAP mRNA expression in NaBT–pre-

treated Nb2-SFJCD1 cells. Exponentially proliferating Nb2-

SFJCD1 cells (Log) were cultured in the presence of 2 mM NaBT

for 72 h. After removal of NaBT, cultures were treated with PRL

(20 ng/mL) and harvested at the time points indicated (2 � 10
7

cells/time point). Northern blot analysis of total RNA (20 µg/

lane) was conducted as described in Materials and Methods. (A)

Representative autoradiograph from an experiment performed

five times; (B) ethidium bromide staining of 18S and 28S rRNA;

(C) densitometric analysis. Linear trend analysis indicated that

PRL significantly (p < 0.0001) altered XIAP expression. Zero

hours represents cells treated with NaBT alone.

Fig. 3. Effect of PRL on cell population density in Nb2-SFJCD1

cells pretreated with RA. Exponentially proliferating Nb2-

SFJCD1 cells were cultured in the presence of RA (10 µM, 72 h).

After removal of RA by washing, cells (1.2 � 10
5

 cells/well) were

treated with increasing concentrations of PRL. After 48 h, popu-

lation density was determined by electronic cell counting. Con-

trol represents exponentially proliferating Nb2-SFJCD1 cultures

without RA treatment. Results are presented as the means + SEM

of triplicate samples from an experiment replicated three times.
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with expression of bcl-2 and pim-1 (8), suggesting that

these oncoproteins may underlie the antiapoptotic actions

of the hormone. To determine whether XIAP may also par-

ticipate in this process, the effect of dexamethasone (DEX)

in combination with PRL was assessed on its expression.

Stationary Nb2-11 cells were treated with DEX (100 nM)

or DEX + PRL (20 ng/mL) for 12 h. As shown in Fig. 5, the

level of XIAP was unaltered by the steroid compared to un-

treated control cells. However, addition of PRL to the DEX-

treated cultures significantly increased its expression.

Therefore, together with bcl-2 and pim-1, XIAP may pro-

tect Nb2 cells from the cytotoxic effects of glucocorticoids.

PRL-Stimulated XIAP Expression

During S Phase of Cell Cycle

In previous studies, we showed that PRL stimulated the

entry of Nb2 cells into S phase within 12 h (14). Since hor-

mone-stimulated XIAP mRNA accumulation occurred

within this time in PRL-treated Nb2-11 cells and in differ-

entiating agent-pretreated Nb2-SFJCD1 cultures, it was of

interest to evaluate whether this effect of the hormone was

associated with cell-cycle progression. To determine whether

increased XIAP expression occurred during S phase, it was

necessary to synchronize the cells at the G1/S interface.

Aphidicolin (APC), a compound previously shown to arrest

cycling cells at G1/S (25,26) by inhibition of DNA poly-

merase � (27), was chosen for these experiments. Initial

studies were conducted to determine an efficacious and non-

toxic concentration of APC that would block entry of PRL-

stimulated Nb2-11 cells into S phase.

Fig. 4. Effect of PRL on XIAP mRNA expression in Nb2-SFJCD1

cells pretreated with RA and vitamin D. (A–C) Exponentially

proliferating Nb2-SFJCD1 cells (Log) were cultured in the pres-

ence of 10 µM all trans-RA for 72 h. After removal of RA, cul-

tures were treated with PRL (20 ng/mL) and harvested at the time

points indicated (2 � 10
7

 cells/time point). Northern blot analysis

of total RNA (20 µg/lane) was conducted as described in Materi-

als and Methods. (A) Representative autoradiograph from an ex-

periment performed three times; (B) ethidium bromide staining of

18S and 28S rRNA; (C) densitometric analysis. **p < 0.01 vs 0

h (cells treated with all trans-RA alone). (D) PRL-stimulated

XIAP mRNA expression in Nb2-SFJCD1 cells pretreated with

vitamin D. Exponentially proliferating Nb2-SFJCD1 cells were

cultured in the presence of 100 nM of vitamin D for 24 h. After

removal of vitamin D, the cultures were treated with PRL (20 ng/

mL) and harvested at the time points indicated (2 � 10
7

 cells/time

point). Results represent densitometric analysis of four indepen-

dent experiments. PRL stimulation of XIAP mRNA exhibited a

significant linear trend with time (p < 0.0001). Zero hours repre-

sents cells treated with vitamin D.

Fig. 5. Effect of DEX on PRL-stimulated XIAP mRNA expres-

sion. Quiescent cultures (0 h) (2 � 10
7

 cells/time point) were

treated with DEX (100 nM), PRL (20ng/mL), or DEX + PRL and

harvested at the times indicated. Exponentially proliferating cells

(Log) were included for comparison. Northern blot analysis of

total RNA (20 µg/lane) was performed as described in Materials

and Methods using a 
32

P-labeled cDNA that recognizes the 8.9-

kb XIAP transcript. A representative autoradiograph from an ex-

periment replicated four times is shown.
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Figure 6A shows the effect of increasing concentrations

of APC on [
3
H]-thymidine incorporation pulsed at 4-h in-

tervals in PRL-stimulated Nb2-11 cells. Quiescent Nb2-11

cells were treated with PRL and varying concentrations of

APC, and cells were harvested at the times indicated. Con-

sistent with our earlier observations (14), PRL stimulated

entry of cells into S phase within 12 h. A concentration of

0.1 µg/mL of APC was ineffective at blocking entry into S

phase whereas concentrations of 0.5 µg/mL and above com-

pletely inhibited [
3
H]-thymidine incorporation.

The reversibility of APC blockade was also evaluated as

an index of viability of the arrested cells. Quiescent Nb2-

11 cells were treated with APC (0.1–2.5 µg/mL) and PRL

(20 ng/mL). After 12 h, the compound was removed by

washing, and fresh medium containing only PRL was added.

The cells were cultured for an additional 12 h and [
3
H]-

thymidine incorporation was determined. As shown in Fig.

6B, cells treated with APC > 0.5 µg/mL (1 and 2.5 µg/mL)

exhibited equivalent [
3
H]-thymidine incorporation as those

treated only with PRL. These results indicated that 0.5 µg/

mL of APC was nontoxic to Nb2-11 cells and effectively

blocked [
3
H]-thymidine incorporation prior to their entry

into S phase.

To determine more precisely at which point in the cell

cycle APC-treated Nb2-11 cells accumulated, quiescent cells

were treated with 0.5 µg/mL of APC and PRL (20 ng/mL).

After 12 h, the inhibitor was replaced with fresh medium

containing only PRL. The cells were harvested at 15 and 18

h, 3 and 6 h, respectively, after the addition of PRL. Cell-

cycle progression was evaluated by flow cytometric analy-

sis of propidium iodide–stained cells. Control cultures were

treated identically but without the addition of APC. The

results presented in Table 1 show the percentage of cells in

each phase of the cell cycle following PRL alone, APC, or

PRL subsequent to APC removal. In quiescent cultures,

77% of the cells were found to reside in G1 with <3% in S

phase, demonstrating that withdrawal of lactogen arrested

the cells in the initial phase. The addition of PRL signifi-

cantly (p < 0.001) stimulated entry into S phase, as shown

by a nearly 20-fold increase in the percentage of cells in this

phase by 12 h (Table 1). By 15 h, a significant (p < 0.001)

proportion of the cells had progressed to G2/M in control

cultures. By contrast, approx 86% of the cells remained in

the G1 phase while <2% were synthesizing DNA after 12 h

in the presence of APC and PRL. These results were strik-

ingly similar to those observed in quiescent cultures. How-

ever, subsequent to the removal of APC, 3 h in the presence

Fig. 6. Effect of APC on [
3

H]-thymidine incorporation in Nb2

lymphoma cells. (A) Quiescent Nb2-11 cultures (1.1 � 10
5

 cells/

mL) were treated with varying concentrations of APC + PRL (20

ng/mL). Cells were harvested at the times indicated after pulse

labeling at 4-h intervals with 0.5 µCi of [
3

H]-thymidine. Results

are represented as the mean ± SEM of sextuplicate values from an

experiment performed three times. (B) Quiescent Nb2-11 cul-

tures were incubated in the presence of increasing concentrations

of APC + PRL (20 ng/mL). After 12 h, the APC was removed and

the cells were cultured with PRL (20 ng/mL). At 20 h, [
3

H]-

thymidine was added and cells were harvested at 24 h. Results are

presented as the mean ± SEM of sextuplicate values from an

experiment performed twice.

Table 1

Cell-Cycle Analysis of APC-Treated Nb2 Lymphoma Cells
a

Phase of cell cycle

Treatment G1 S G2/M

Quiescent 77.4 ± 2.6 2.5 ± 0.2 8.6 ± 1.3

12-h PRL 42.5 ± 4.7 43.5 ± 4.8 6.6 ± 0.5

15-h PRL 34.5 ± 1.3 32.1 ± 4.7 26.4 ± 3.3

18-h PRL 62.7 ± 1.6 13.0 ± 1.4 19.9 ± 0.7

APC + PRL-12 h 86.5 ± 1.0 1.4 ± 0.3 9.9 ± 0.9

15-h PRL 25.4 ± 3.5
a

65.5 ± 4.1
a

1.9 ± 0.1

18-h PRL 18.6 ± 0.9 27.8 ± 5.7
a

49 ± 5.8
a

a
Quiescent Nb2-11 cells (1 � 10

7
 cells) were incubated with

PRL (20 ng/mL) for 12, 15, or 18 h. Cells were harvested, fixed,

and cell-cycle analysis was performed by flow cytometry as de-

scribed in Materials and Methods. Quiescent Nb2-11 cells (1 �

10
7
 cells) were incubated with APC (0.5 µ/mL) and PRL (20 ng/

mL) for 12 h. Cells were harvested and fixed after 12 h (APC +

PRL-12 h). APC was removed and PRL (20 ng/mL) was readded

to other cultures (15- and 18-h PRL). Cells were harvested at the

times indicated. Results represent the mean ± SEM of four sepa-

rate experiments. p < 0.001 for G1 (15-h PRL) vs G1 (APC +

PRL-12 h); S (15-h PRL) vs S (APC + PRL-12 h); S (18-h PRL)

vs S (15-h PRL); G2/M (18-h PRL) vs G2/M (15-h PRL).
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of PRL stimulated nearly a 60-fold increase (p < 0.001) in

the percentage of cells in S phase, indicating that the APC-

treated cells were blocked near the G1/S boundary. Cultur-

ing the cells with PRL for an additional 3 h resulted in their

movement from S phase to G2/M in a partially synchro-

nous manner observed as a 25-fold increase (p < 0.001) in

the percentage of cells in the latter phase. These results

indicate that APC produced a G1/S blockade; on removal

of the inhibitor, PRL stimulated a partially synchronous

entry into S phase.

Having demonstrated that APC arrested Nb2-11 cells

near the G1/S transition point, the expression of XIAP was

evaluated in PRL-treated cultures previously synchronized

with the inhibitor. Quiescent cultures were treated with

0.5 µg/mL of APC and 20 ng/mL of PRL. After 12 h, the

APC-containing medium was replaced with fresh medium

to which PRL had been added; cells were harvested at the

times indicated in Fig. 7. In cultures treated with APC +

PRL for 12 h, lower levels of XIAP mRNA transcript were

observed compared with quiescent cultures. The addition

of PRL caused a 5- to 10-fold increase in the level of the

transcript within 3 h subsequent to the readdition of hormone

(Fig. 7). However, its expression was markedly reduced

6–12 h subsequent to the addition of PRL. These results

suggest that PRL-stimulated expression of XIAP mRNA

occurred as Nb2-11 cells entered S phase of the cell cycle.

Suppression of Apoptosis

in Nb2-11 Cells Overexpressing XIAP

Since we observed that XIAP expression is regulated by

PRL in the Nb2 line, it was important to determine whether

it suppressed apoptosis in these cells. The XIAP cDNA or

Fig. 7. Effect of PRL on XIAP mRNA expression in APC pre-

treated Nb2-11 cells. Quiescent Nb2-11 cultures were incubated

in the presence of 0.5 µg/mL of APC and PRL (20 ng/mL) for

12 h. APC was removed and PRL was readded to the medium.

Cells were harvested at the times indicated. (A) Representative

autoradiograph from an experiment performed four times; (B)

ethidium bromide staining of 18S and 28S rRNA.

empty vector was stably transfected into Nb2-11 cells.

Overexpression was verified by Northern blot analysis (data

not shown). Apoptosis was induced by PRL deprivation in

proliferating XIAP transfectants, cells in which the empty

pcDNA 3.1 vector was introduced, and in non-transfected

Nb2-11 cells. Cells were harvested after 24 and 48 h and

fragmentation of DNA was assessed by agarose gel elec-

trophoresis. As shown in Fig. 8A, PRL starvation caused

marked DNA fragmentation in nontransfected and empty

vector–transfected control cultures within 24–48 h. How-

ever, cells in which XIAP was overexpressed exhibited

substantially less fragment staining.

Agarose gel electrophoresis of DNA fragmentation is,

at best, semiquantitative. Therefore, additional experi-

ments were conducted to evaluate more precisely the anti-

apoptotic effects of XIAP. Exponentially proliferating

XIAP or vector-only transfectants were deprived of lacto-

gens and then were subjected to DEX (100 nM) or PRL

deprivation for an additional 12 h. Following each apop-

totic stimulus, the percentage of cells undergoing active

cell death was determined by flow cytometric analysis of

annexin V binding. As shown in Fig. 8B, PRL deprivation

or DEX caused 55 and 65% apoptosis, respectively, in the

empty vector–transfected cells. However, XIAP overex-

pression significantly (p < 0.001) blocked the effects of

each apoptotic stimulus. Together, these results demon-

strate that increased levels of XIAP suppress apoptosis

induced by glucocorticoids or PRL deprivation.

Discussion

XIAP, a recently identified antiapoptotic protein, was

assessed to determine whether it might participate in PRL-

regulated suppression of apoptosis. Previous studies indi-

cated that XIAP inhibited apoptosis by blocking cell death

proteases, caspase-3 and -7 (18). Most recently, XIAP has

been reported to function as an inhibitor of caspase-9 in

addition to caspase-3 (28). Structurally, XIAP possesses a

baculovirus inhibitory domain (BIR) (29). The conserved

amino acids within the linker region between the BIRs were

shown to be critical for inhibiting caspase-3 (30). XIAP,

thought to be a nuclear factor-�B (NF-�B)-regulated gene,

counteracted apoptotic signals triggered by tumor necrosis

factor-� to prevent apoptosis in endothelial cells (31). XIAP

increased nuclear translocation of NF-�B via a signaling

pathway involving the mitogen-activated protein kinase

TAK1 (32), which inhibited the caspase cascade (33). Zhang

et al. (34) showed that inhibition of nuclear translocation

of NF-�B resulted in apoptosis. Therefore, NF-�B may be

an important component in XIAP signaling to apoptosis

inhibition.

Results from other studies have also suggested that XIAP

may play an antiapoptotic role subsequent to activation of

focal adhesion kinase, which stimulates phosphatidyli-

nositide 3'-OH-kinase (PI3K) and downstream Akt result-
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Fig. 8. Effect of XIAP overexpression on apoptosis suppression

in PRL-deprived Nb2-11 cells. Exponentially proliferating Nb2-

11 cells were transfected with XIAP and subjected to antibiotic

selection. (A) The cells (0 h) were incubated in a medium lacking

PRL, and samples were collected at the times indicated. Cells

were lysed using phosphate-citrate buffer; treated with NP-40,

RNase A, and proteinase K; incubated at 37ºC; and resolved on

1.8% agarose gels. Presented is an ethidium bromide–stained gel

from an experiment performed twice with similar results.

Untransfected CTL represents untransfected Nb2-11 cells. Empty

vector represents cells transfected with pcDNA 3.1 alone, and

XIAP represents cells transfected with pcDNA 3.1-XIAP. (B)

Exponentially proliferating Nb2-11 cells overexpressing XIAP and

vector only (control) were incubated in PRL-deprived medium

for 12 h. Some cells were incubated for an additional 12 h in the

absence of PRL (PRL deprivation), whereas others were treated

with DEX (100 nM). Cells were harvested and incubated with

FITC-conjugated annexin V in PBS-BSA for 30 min at 4ºC,

washed, resuspended in PBS, and subjected to flow cytometric

analysis.

ing in the marked induction of XIAP together with other

IAPs (35). Asselin et al. (36) showed that increased XIAP

protein levels resulted in activation of Akt and reduced

apoptosis in human ovarian epithelial cancer cells. These

observations suggest that the antiapoptotic actions of XIAP

may involve the PI3K-Akt signaling cascade. More impor-

tant, we showed that PRL signaling to pim-1 expression,

and presumably apoptosis suppression, requires Akt acti-

vation (37). Since PRL, XIAP, and Akt are each implicated

in apoptosis suppression and cell survival, it is possible that

PRL regulation of XIAP may also be a consequence of acti-

vation of this pathway.

 In epithelial cells, a role for XIAP in angiogenesis was

suggested based on its induction by vascular endothelial

growth factor, suggesting it may represent a potential target

for antiangiogenic therapy (38). Notably, in this setting, as

in Nb2 cells, growth factor stimulation increased XIAP

while simultaneously provoking a proliferative response.

Previous studies have shown that PRL regulates the expres-

sion of apoptosis-associated genes in Nb2 cells exposed

to DEX (Table 2). Thus, it was important to evaluate the

expression of XIAP in cells treated with DEX + PRL. The

addition of PRL to DEX-treated cells increased the level of

XIAP. Thus, we conclude that XIAP represents a candi-

date gene, together with bcl-2 and pim-1, that likely plays

an important role in PRL antagonism of apoptosis pro-

voked by glucocorticoids.

PRL-mediated XIAP expression was also observed in

the lactogen-independent cell line, Nb2-SFJCD1. Here,

the effect of the differentiating agents NaBT, RA, and vita-

min D as well as the effect of PRL in cells pretreated with

these substances was evaluated on its expression. Butyrate

has been shown to inhibit cell proliferation and induce dif-

ferentiation in colonic epithelial cells (39) as well as to re-

duce the expression of protooncogenes such as c-myc and

pim-1 in Nb2 cultures (21). Treatment with butyrate did not

alter XIAP levels compared with those of the untreated cells.

Nevertheless, PRL increased XIAP expression within 12 h

Table 2

Apoptosis Suppressor Genes

Regulated by PRL in Nb2-T Cells

      Family/  Cell-cycle

Gene characterization association Reference

XIAP IAP-family S phase —

bcl-2 Bcl-2 family G1 phase 11

pim-1 Serine/threonine G1 phase 14

    kinase

bag-1 Bcl-2 binding       — 44

    protein

bcl-X
L

Bcl-2 family G1 phase Kochendoerfer

and Buckley,

unpublished
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in the butyrate pretreated cells, an effect similar to that

observed in the Nb2-11 line. Similar effects were observed

in vitamin D–treated cultures. RA significantly reduced XIAP

compared with that observed in untreated cells, whereas

PRL increased its levels within 12 h. It is notable that pre-

vious reports have demonstrated elevated levels of XIAP

in patients with acute myelogenous leukemia (AML), in-

dicative of a poor prognosis (40). Moreover, RA is clini-

cally utilized in the treatment of AML (22,23). The obser-

vation that retinoids induce apoptosis in T-cells by activa-

tion of caspases-2 and -3 further supports a role for RA and

its derivatives in cancer therapy (41) and, together with the

present results, suggests that XIAP may be a downstream

target in the apoptotic pathway activated by RA.

In previous studies, Kobayashi et al. (42) showed that a

murine homolog of the IAP, survivin (TIAP), was upreg-

ulated by concanavalin A or �-CD3 antibody in synchro-

nized mouse fibroblast cell lines during S to G2/M phase

cell-cycle progression. They proposed that during prolif-

eration, the cells might be protected from apoptosis by

induction of IAPs such as TIAP. Since PRL stimulated XIAP

expression within 12 h in the Nb2 cells, a time coincident

with the entry of Nb2 cells into S phase, we conclude that

the antiapoptotic effect of PRL is accompanied by its regu-

lation of this gene together with other previously described

suppressor genes. Therefore, we suggest that PRL-stimu-

lated XIAP expression protects cells from apoptotic signals

encountered as they traverse the later phases of the cell cycle.

Materials and Methods

Hormones and Other Supplies

Ovine PRL (NIDDK oPRL-20, AFP10677C) was obtained

from the National Hormone and Pituitary Program (Beth-

esda, MD). The human XIAP cDNA utilized has been pre-

viously described (18). APC was obtained from Biomol

Research Labs. Unless indicated otherwise, all other reagents

were molecular biologic grade and obtained from Sigma

(St. Louis, MO).

Culturing of Nb2 Lymphoma Cells

The PRL-dependent rat T-lymphoma cell line, Nb2-11,

and the PRL-independent subline, Nb2-SFJCD1, were

obtained from Dr. P. W. Gout (Vancouver, British Colom-

bia, Canada). Cells were maintained at 37ºC in Fischer’s

medium containing 10% fetal bovine serum (BioWhittaker,

Walkersville, MD) as a source of lactogen, 10% horse serum

(BioWhittaker), 2-mercaptoethanol (2-ME, 10
�4

M), peni-

cillin (50 U/mL), and streptomycin (50 µg/mL) (43). Expo-

nentially proliferating Nb2-11 cells (Log) were arrested in

the early G1 phase of the cell cycle by culturing for 18–24

h in lactogen-free medium (i.e., Fischer’s medium supple-

mented with 2-ME, antibiotics, and 10% nonmitogenic geld-

ing serum [ICN, Irvine, CA; assay medium]) prior to each

experiment. Proliferation of Nb2-SFJCD1 cells was arrested

by pretreatment with differentiating agents including so-

dium butyrate (2 mM, 72 h), all trans-retinoic acid (10 µM,

72 h), or 1,25-dihydroxycholecalciferol (vitamin D, 100

nM, 24 h). Prior to each experiment, differentiating agents

were removed by washing; the cells were subsequently re-

suspended in assay medium, similar to the Nb2-11 cell expe-

riments, prior to the addition of PRL.

To evaluate PRL responsiveness of RA-treated Nb2-

SFJCD1 cells, the effect of hormone stimulation was deter-

mined on cell population density. Exponentially proliferat-

ing cells were cultured in the presence of RA (10 µM, 72 h).

The vitamin was removed by washing, and cells (1.2 � 10
5

cells/well) were treated with increasing concentrations of

PRL. After 48 h, population density was determined by elec-

tronic cell counting.

To evaluate PRL-regulated expression of XIAP mRNA,

stationary Nb2-11 (0 h) and Nb2-SFJCD1 cells pretreated

with differentiating agent (0 h) were stimulated with 20 ng/

ml of PRL. Cultures were harvested at multiple time points

through 24 h after the addition of hormone; expression of

the XIAP transcript was evaluated by Northern blot analy-

sis. To assess the relationship between XIAP mRNA expres-

sion and cell-cycle progression, stationary Nb2-11 cells

were synchronized at G1/S interphase by incubating for

12 h with APC (0.5 µg/mL) and PRL (20 ng/mL); then cul-

tures were harvested at various time points.

XIAP Transfection

The full-length XIAP cDNA was ligated into the EcoRI/

XhoI multiple cloning site of pcDNA 3.1 expression vector

(Invitrogen, San Diego, CA), which contains a cytomega-

lovirus promoter for constitutive expression. Following

amplification, the construct was transfected into Nb2-11

cells (1 � 10
7
) by electroporation using an ECM 600 instru-

ment (300 V/950 �F, 20 s; Genetronics, San Diego, CA).

Transfectants were selected by culturing in the presence of

G418 added to the medium. Control Nb2-11 cells were trans-

fected with an empty pcDNA 3.1 vector. Overexpression

of XIAP in the stable transfectants was verified by North-

ern blot analysis.

Northern Blotting Procedures

Total RNA was isolated from 2 � 10
7
 cells per treatment

condition using RNAzol (Tel-Test, Friendswood, TX), quan-

titated spectrophotometrically, denatured in formaldehyde,

fractionated on 1% agarose gels, and transferred to Immobi-

lin-Ny
+
 (Millipore). Equal loading per lane was verified by

densitometric analysis of ethidium bromide–stained 18S and

28S RNA, which was visualized and photographed under

ultraviolet illumination. Membranes were hybridized uti-

lizing an XIAP cDNA probe labeled with [
32

P] deoxy-CTP

(Amersham, Arlington Heights, IL).

Determination of Thymidine Incorporation

To determine the optimal concentration of APC that syn-

chronized Nb2 cells at G1/S, pulse-labeling experiments
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using [
3
H]-thymidine (SA, 86.0 Ci/mmol; Amersham) were

performed by adding 0.5 µCi/well at 4-h intervals to sex-

tuplicate cultures of Nb2 cells treated with varying concen-

trations of APC and PRL (20 ng/mL). At each time point,

cells were harvested onto glass-fiber filters using an auto-

mated cell harvester (Cambridge Technology, Watertown,

MA), precipitated with ice-cold 10% trichloroacetic acid

(TCA), and washed with ethanol. Radioactivity in TCA-

insoluble material was determined by liquid scintillation

spectroscopy.

Flow Cytometric Analysis

Cell-cycle evaluation of treated cells was conducted by

flow cytometric analysis of propidium iodide–stained cell

nuclei. Aliquots of 1–2 � 10
6
 cells were centrifuged at 200g

and fixed by resuspension in cold 70% ethanol. The cells

were washed and resuspended in cold phosphate-buffered

saline (PBS), then exposed to 1.0 mg/mL of RNase. After

1 h of incubation at 37ºC, the cells were washed twice with

cold PBS and resuspended in a hypotonic propidium iodide

solution (50 ng/mL). The stained cells were analyzed using

an Elite flow cytometer (Coulter Electronics) at 488 nm.

Nb2-11 cells (1 � 10
6
/sample), lactogen deprived for 24

h or treated with DEX (100 nM) for 12 h, were harvested

by centrifugation (2000g, 10 min, 4ºC). Cells were incu-

bated with fluorescein isothiocyanate (FITC)-conjugated

annexin V in PBS-bovine serum albumin (BSA) (0.5% BSA)

for 30 min at 4ºC. Negative controls were treated as just

described but without the addition of annexin V. After 30

min, the cells were washed twice with PBS by centrifuga-

tion and resuspended in PBS. Fluorescence was analyzed

using an Epics XL (Beckman coulter) flow cytometer with

a 15-mW laser at 488 nm and a filter for FITC at 525 nm.

DNA Fragmentation Analysis

Apoptosis was induced in XIAP overexpressing and vec-

tor-only transfected Nb2-11 cells by PRL deprivation. Cells

(3 � 10
6
) were harvested after 24 and 48 h by resuspension

in PBS and fixed in 70% ethanol. The fixed cells were

centrifuged and then lysed using 0.2 M sodium dihydrogen

phosphate and 0.1 M citric acid. The lysates were centri-

fuged and the supernatant was dried; treated with NP-40,

RNase A (1 mg/mL), and proteinase K (1 mg/mL); and re-

solved on 1.8% agarose gels. The ethidium bromide–stained

gel was photographed under ultraviolot illumination.

Statistical Analyses

For Northern blotting procedures, equal loading per lane

was verified by densitometric analysis of ethidum bromide

staining of 18S and 28S rRNA. Where applicable, data are

represented as the means ± SE. Differences among treat-

ment groups in experiments performed on Nb2-SFJCD1

cultures treated with vitamin D and NaBT were evaluated

by analysis of variance (ANOVA), followed by linear trend

analysis. Statistical analysis of the Nb2-11 and Nb2-SFJCD1

cultures treated with RA was conducted by ANOVA fol-

lowed by Dunnett’s posttest for multiple comparisons.
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