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TNF is known to suppress gonadotropin-induced ste-
roid secretion by Leydig cells. However, the mecha-
nisms by which this occurs are largely unknown.
Because expression of many steroidogenic proteins is
regulated by the PKA pathway, effects of TNF on CRE
activity were examined using MA-10 mouse Leydig
tumor cells. The cells were transfected with a CRE-
luciferase construct, and stimulated with either LH or
8Br-cAMP in the presence or absence of TNF. TNF sup-
pressed, LH-stimulated and 8Br-cAMP stimulated CRE
activity. TNF also suppressed CRE activity stimulated
with a PKA expression vector. Further experiments sug-
gested that the effect of TNF on CRE activity was not
mediated by the NF-�����B pathway. TNF did not affect
levels of either CREB or phospho-CREB in whole cell
lysates; however, TNF decreased both CREB and phos-
pho-CREB in nuclear extracts in a time-dependent
manner. The decrease in nuclear CREB is likely to be
a major mechanism of the suppressive effects of TNF
on steroidogenesis in MA-10 Leydig cells.

Key Words: TNF; CREB; steroidogenesis; Leydig cell.

Introduction

Tumor necrosis factor alpha (TNF), a multifunctional

cytokine, is principally secreted from monocytes and mac-

rophages activated by agents such as lipopolysaccaride

(LPS) (1). Testicular interstitial macrophages and Leydig

cells are two major cell types in the interstitium. Numerous

studies have revealed that TNF suppresses gonadotropin-

induced steroid synthesis by Leydig cells (2–7; for review,

see ref. 2). Thus, it is hypothesized that TNF derived from

testicular macrophages plays a role in regulating Leydig

cell steroidogenesis through a paracrine fashion. Although

TNF contents in the testicular interstitial fluid are likely

to be very low under the physiological condition (2), LPS

stimulates TNF secretion from testicular macrophages (3,4),

suggesting that the interstitial macrophages secrete TNF

during bacterial infection. In patients with critical illness,

burns, and sepsis, systemic levels of TNF elevated to the low

nanograms per milliliter have been observed (5–7), and those

patients have shown depressed gonadal function (8,9).

Many steroidogenic proteins are regulated by protein kin-

ase A (PKA). Luteinizing hormone (LH) increases intrac-

ellular cAMP levels by activating adenylyl cyclase, then

the catalytic subunit of PKA (PKAC) is released from the

regulatory subunit. PKAC phosphorylates cAMP response

element binding protein (CREB), which facilitates asso-

ciation of CREB with coactivators such as CREB-binding

protein (CBP) and increases transcriptional activity of cAMP

response element (CRE)–containing promoters.

Two major receptors for TNF are type I (TNFRI) and type

II (TNFRII) (10,11). Binding of TNF to TNFRI activates

several pathways in the cell. Nuclear factor-�B (NF-�B),

a TNF-induced transcription factor, is known to mediate

TNFRI signaling (12). NF-�B is composed of homo- or

heterodimeric complexes of the Rel family [p50, p52, p65

(RelA), c-Rel, and RelB], which share a region of homology

known as the Rel homology domain that mediates dimer-

ization and DNA binding (13). The best studied and most

abundant of these complexes is the p50–p65 heterodimer.

NF-�B activates transcription by binding to an NF-�B re-

sponse element and interacting with the basal transcription

machinery (14,15). However, NF-�B represses transcrip-

tion by competing for binding to coactivators, such as p300

and CBP (16–20), which participate in steroidogenesis.

In the present study, we examined effects of TNF on CRE-

reporter activity and protein levels of CREB and phospho-

CREB in MA-10 mouse Leydig tumor cells. The data indi-

cate that TNF suppresses CRE activity by reducing nuclear

CREB.

Results

Effects of TNF on Steroidogenesis

The ability of TNF to inhibit Leydig cell steroidogenesis

has been demonstrated by several investigators (2–7; for

Arai (3071).p65 7/20/2005, 8:54 AM17



TNF Suppresses CRE Activity / Arai et al.18 Endocrine

review, see ref. 2). MA10 Leydig tumor cells, in contrast

to normal Leydig cells, do not express CYP17 and proges-

terone is the primary steroid produced in response to gona-

dotropin stimulation (21). In the MA-10 cell model, as

previously reported (22,23), TNF inhibited LH-stimulated

progesterone accumulation in the media (Fig. 1A) but had

no effect on LH-stimulated cAMP accumulation (Fig. 1B).

TNF Suppresses CRE Activity in MA-10 Leydig Cells

Reporter assays using a CRE-luciferase construct revealed

that TNF suppressed LH-stimulated, and 8Br-cAMP–

stimulated CRE activity in MA-10 Leydig cells in a dose-

dependent manner (Figs. 2A,B). TNF also suppressed CRE-

Fig. 1. Effect of TNF on MA-10 cell progesterone (A) and cAMP
(B) secretion. MA-10 cells cultured in 96-well plates were treated
with the indicated concentrations of TNF. Forty-four hours later,
the cells were stimulated with ovine LH (50 ng/mL). After an
additional 4 h incubation, culture media were collected and pro-
gesterone and cAMP were measured by radioimmunoassay. The
data are the means ± SEM of five replicates representative of three
independent experiments. *Significant as compared to correspond-
ing control without TNF treatment (p � 0.05). ND, not detectable.

Fig. 2. TNF suppresses CRE-reporter activity in MA-10 Leydig
cells. A and B: MA-10 Leydig cells were transfected with CRE-
reporter construct (pCRE-luc, 250 ng) and pRSV-� (100 ng) in
24-well culture plates. On the day after transfection, TNF was
added to achieve the indicated concentrations of TNF. Two hours
later, the cells were stimulated with either ovine LH (A, 10 ng/
mL) or 8Br-cAMP (B, cAMP, 1 mM). The cells were incubated
for an additional 4 h, and then harvested for luciferase assay. The
data are the means ± SEM of triplicate transfections representa-

tive of three independent experiments. (C) The cells were trans-
fected with pCRE-luc (250 ng), pRSV-� (100 ng), and 50 ng of
either pRSV-CAT (control vector) or a hamster PKA

C
� expres-

sion vector (RSV-CHO-PKA-Calpha V2). On the day after trans-
fection, the cells were treated with TNF (10 ng/mL) for 6 h, and
then harvested for luciferase assay. The data represents the mean
± SEM of three independent experiments. Luciferase levels were
normalized with �-galactosidase levels. *Significant as compared
to corresponding controls without TNF treatment (p � 0.05).
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reporter activity stimulated with a PKAC� expression vec-

tor (Fig. 2C). Thus, these results suggest that TNF modu-

lates post-PKA site(s) in suppressing CRE activity.

Suppressive Effect of TNF

on CRE Activity Is NF-�����B Independent

Since activation of the NF-�B pathway represses many

signaling pathways including the PKA pathway (16–20),

and because TNF signaling often utilizes NF-�B (12), in-

volvement of NF-�B on CRE activity was examined. Over-

expression of the NF-�B p65 subunit with or without the p50

subunit strongly stimulated NF-�B responsive reporter activ-

ity (Fig. 3A). However, transfection of the MA-10 cells with

p65 and/or p50 expression vectors did not suppress CRE

reporter activity stimulated by either LH or 8Br-cAMP (Fig.

3B). In addition, overexpression of mutated I�B� (I�BM),

which is not phosphorylated by I�B kinase and therefore

inhibits activation of NF-�B, did not relieve TNF-induced

suppression of CRE activity (Fig. 3C) although it suppressed

stimulation of NF-�B responsive reporter activity by TNF

(Fig. 3D). These results indicate that the suppressive effect

of TNF on CRE activity is independent of NF-�B.

Fig. 3. NF-�B is not involved in the suppressive effect of TNF on CRE-reporter activity. (A) MA-10 cells cultured in 24-well plates were
transfected with 250 ng of an NF-�B reporter construct (pNF-�B-luc), pRSV-� (100 ng), and 10 ng of p50 subunit expression vector
(pcDNA1-p50) and/or the p65 subunit expression vector (pRc/RSV-p65). Twenty-four hours later, the cells were harvested for luciferase
assay. (B) MA-10 cells were transfected with pCRE-luc (250 ng), pRSV-� (100 ng), and 10 ng of pcDNA1-p50 and/or pRc/RSV-p65.
On the day after transfection, the cells were treated with either ovine LH (10 ng/mL) or 8Br-cAMP (cAMP, 1 mM) for 4 h, and then
harvested for luciferase assay. In A and B, pcDNA3 and pRSV-CAT were used as control vectors for pcDNA1-p50 and pRc/RSV-p65,
respectively. (C) MA-10 cells were transfected with pCRE-luc (250 ng), pRSV-� (100 ng), 50 ng of either an expression vector for I�B�
with phosphorylation-resistant mutation (pCMV-I�B�M) or pRSV-CAT. On the day after transfection, the cells were incubated in the
either presence or absence of TNF (10 ng/mL) for 2 h, and then stimulated with either ovine LH (10 ng/mL) or 8Br-cAMP (cAMP, 1
mM) for an additional 4 h, and then harvested for luciferase assay. (D) MA-10 cells were transfected with pNF�B-luc (250 ng) and pRSV-
� (100 ng), and 50 ng of either pCMV-I�B�M or pRSV-CAT. On the day after transfection, the cells were treated with TNF for 6 h, and
then harvested for luciferase assay. The data are the means ± SEM of triplicate transfections representative of three independent
experiments. *Significant as compared to corresponding controls without TNF treatment (p � 0.05).
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Effects of TNF on CREB and Phospho-CREB

Protein Expression in MA-10 Whole Cell Lysates

Treatment with LH or 8-bromo-cAMP (8Br-cAMP) in-

creased phospho-CREB protein levels in whole cell lysates

within 2 h (Fig. 4A). TNF did not change basal or stimu-

lated phospho-CREB or CREB levels in whole cell lysates

at 2, 4, and 18 h (Figs. 4A,B,C).

Effects of TNF on MA-10 Nuclear Levels

of CREB and Phospho-CREB

TNF treatment alone suppressed levels of CREB and

phospho-CREB in MA-10 nuclear extracts at 4 and 18 h

but not at 2 h (Figs. 5A,B,C). LH or 8Br-cAMP treatment

increased nuclear levels of CREB and phospho-CREB and

in the presence of LH or 8Br-cAMP, TNF suppressed nu-

clear CREB and phospho-CREB (Figs. 5A,B,C). Because

SF-1 is involved in regulation of many steroidogenic pro-

teins, and because SF-1 is a nuclear transcription factor sim-

ilar to CREB, effects of TNF on nuclear SF-1 levels were

examined. TNF treatment suppressed basal and LH/8Br-

cAMP–induced nuclear levels of SF-1 at 18 h; this effect was

not detected at either 2 or 4 h (Figs. 5A,D).

Discussion

Testicular steroidogenesis is mainly regulated by pitui-

tary gonadotropin. However, several studies suggest that in-

flammatory cytokines, such as TNF and interleukin-1, are

also involved in the regulation of testicular steroidogen-

esis. TNF inhibits expression of StAR protein, P450c17,

and P450scc in Leydig cells (23–26). However, the mecha-

nisms by which this occurs are largely unknown. In the

present study, TNF clearly suppressed nuclear levels of

CREB/phospho-CREB and CRE reporter activity stimu-

lated with LH, 8Br-cAMP, or PKAC� expression vector.

The data imply that TNF-induced suppression of CRE activ-

ity via decreased nuclear phospho-CREB may be, at least

in part, responsible for the suppression of Leydig cell ste-

roidogenesis. The data also indicate that pre-cAMP sites

are not likely to be involved in TNF-induced suppression

of CRE activity since cAMP levels were unaffected by TNF.

TNF is known to exhibit cytotoxicity in some cell lines

(27). However, TNF did not show any effect on the viable

cell number of MA-10 cells in either the absence or pres-

ence of PKA pathway stimulators (data not shown), sug-

gesting that the effect of TNF on CRE-reporter activity was

not due to cytotoxicity. In addition, NF-�B reporter activ-

ity was increased by TNF treatment using the same experi-

mental protocol, again indicating TNF was not cytotoxic

to the MA-10 cells and also imparting some specificity to

the inhibitory effect of TNF treatment on the CRE. Leydig

cells express TNF receptor I (25,29–31) and MA10 cells

express both TNF receptor I and II (22). Several studies

Fig. 4. TNF did not affect either CREB or phospho-CREB protein levels in whole cell lysates. MA-10 cells cultured in six-well plates
were treated with TNF (10 ng/mL). Two hours later, the cells were stimulated with either ovine LH (50 ng/mL) or 8Br-cAMP (cAMP;
1 mM), and then harvested after 2, 4, and 18 h. Whole cell lysates containing 60 µg protein were subjected to immunoblot analysis for
phospho-CREB (p-CREB), CREB, and actin proteins (A). Results for each time point were obtained from the same cell lysate. The data
are representative of three independent experiments. (B,C) Immunoblots were analyzed by densitometry. Comparisons of basal vs TNF,
LH vs LH+TNF, and 8Br-cAMP vs 8Br-cAMP+TNF are expressed as the fraction of basal. Data are results from comparisons of three
independent experiments. *Significant as compared to corresponding basal treatment without TNF (p � 0.05).
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Fig. 5. TNF decreased CREB, phospho-CREB, and SF-1 levels in nuclear extracts. MA-10 cells cultured in six-well plates were treated with
TNF (10 ng/mL). Two hours later, the cells were stimulated with either ovine LH (50 ng/mL) or 8Br-cAMP (cAMP, 1 mM), and then
harvested after an additional 2, 4, and 18 h of incubation. (A) Nuclear extracts containing 20 µg protein were subjected to immunoblot analysis
for phospho-CREB (p-CREB), then the same membranes were reprobed for CREB and SF-1. The data are representative of three indepen-
dent experiments. (B–D) Relative changes in nuclear protein levels after TNF treatment as measured by densitometry. Comparisons of basal
vs TNF, LH vs LH+TNF, and 8Br-cAMP vs 8Br-cAMP+TNF are expressed as the fraction of basal. Data are results from comparisons of
three independent experiments. *Significant as compared to corresponding basal treatment without TNF (p � 0.05). ND, not detected.
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have shown the effects of TNF on Leydig cell steroidogen-

esis is mediated through TNF receptor I (22,25,30). Thus

it is likely the effects of TNF on CRE are mediated through

TNF receptor I.

CRE-reporter activity stimulated by either LH, 8Br-

cAMP, or PKA expression vector was suppressed by TNF.

Effects of TNF on CRE-regulated gene activity have been

reported in other systems and effects have been shown to

be both stimulatory and repressive (32–34). In MA-10 cells

TNF repressed CRE reporter activity. In a study using rat

osteosarcoma cells TNF suppressed bone sialoprotein (BSP)

gene expression in a manner that required an intact CRE

(33). In mouse juxtaglomerular cells, TNF inhibited renin

gene expression through interaction with the CRE (34).

Interestingly, in that system, in contrast to the present find-

ings in MA-10 cells, inhibitory effects of TNF mediated by

interaction at the CRE also required NF�B (34).

TNF is known to activate NF-�B, a transcription factor

involved in numerous signaling pathways (35) and TNF sup-

presses several cell-signaling pathways including the PKA

pathway, at least in part, through activation of NF-�B (16,

17,19,20,35). In the present study, transfection of MA-10

cells with NF-�B subunit expression vectors did not repress

CRE-reporter activity while the expression vectors notice-

ably stimulated NF-�B reporter activity. In addition, sup-

pression of the NF-�B pathway by I�B�M overexpression

did not affect TNF-induced repression of CRE-reporter

activity. These data indicate that TNF-induced repression

of CRE does not involve the NF-�B pathway. A recent

report by Hong et al. (36) has investigated the role of TNF-

mediated NF-�B signaling in testicular steroidogenic en-

zyme expression. In that study TNF treatment repressed

StAR, P450c17, and 3�-HSD promoter–reporter constructs

transfected into K28 mouse Leydig cells. Further experi-

ments showed TNF-mediated suppression involved inter-

actions between NF-�B, Nur77, and SF-1 (36). The study

by Hong et al. investigated entire promoters while our pres-

ent studies assessed effects specifically at the CRE. Thus

it appears that TNF-mediated inhibition of Leydig cell ste-

roidogenesis occurs via multiple signaling pathways and

interactions at several promoter elements.

Reduction of nuclear CREB and phospho-CREB by TNF

was first observed at 4 h and then again at 18 h. In contrast

nuclear SF-1 levels were reduced in response to TNF only

at the 18 h time point. These data would indicate TNF-in-

duced reduction in CREB may represent an early and rapid

mechanism for reducing expression of CRE-containing

genes. However, it is likely that the reduction of both nuclear

CREB and SF-1 play a role in mediating the reduced steroid

production in response to TNF.

Specific cellular mechanisms leading to decreased nuclear

CREB and phospho-CREB in response to TNF are yet to

be uncovered. Interestingly NF-�B, a major signaling medi-

ator of TNF action, is not involved in the TNF-mediated

change in nuclear CREB. A recent study reported TNF-

repressed CRE-reporter activity correlated with decreased

phosphorylation of CREB in pancreatic beta cells (37).

These studies further demonstrated the decreased phos-

phorylation of CREB resulted from decrease AKT activity

(37). Effects of TNF on Leydig cell AKT activity and the

ability of AKT to phosphorylate CREB in Leydig cells has

not been examined. The possibility that TNF-mediated

reduction in nuclear CREB is mediated by altered AKT in

Leydig cells will need to be addressed in future studies.

Alterations in nuclear CREB may also result from de-

creased import of CREB into the nucleus, rapid export of

CREB out of the nucleus, or a rapid CREB/phospho-CREB

degradation within the nucleus. Transport of proteins in

and out of the nucleus is a highly regulated process mediated

by a family of transporters known as importins. These pro-

teins work in concert with the guanine nucleotide-binding

protein, Ran, and regulatory proteins (38,39). Nuclear ex-

port sequences for CREB have not been reported; however,

the nuclear import of CREB mediated by importin-beta1

and Ran has been described (40). Thus, future studies will

need to address the hypothesis that transport of CREB into

or out-of the nucleus in Leydig cells is altered in response

to TNF.

In summary, the present study demonstrates that in MA-

10 cells TNF suppresses CRE activity and this suppression

is correlated with reduced nuclear levels of CREB and phos-

pho-CREB. In addition, the suppressive effect of TNF on the

CRE is not mediated by NF-�B.

Materials and Methods

Hormones and Chemicals

Recombinant murine TNF was purchased from R&D Sys-

tems Inc. (Minneapolis, MN). Ovine LH (NIH S-24) was pro-

vided by Dr. A. F. Parlow through the National Hormone

and Peptide Program and NIDDK. 8Br-cAMP was purchased

from Sigma (St. Louis, MO).

Plasmids

Luciferase reporter plasmids, pCRE-luc, pNF�B-luc,

and an ubiquitin-dependent-degradation-resistant I�B�

expression vector pCMV-I�B�M were purchased from BD

Biosciences Clontech (Palo Alto, CA). Expression vectors

for the p50 and p65 NF-�B subunits (pcDNA1-p50 and

pRc/RSV-p65) (41) were provided by Dr. Tom Maniatis (Har-

vard University, Cambridge, MA). Hamster PKAC� expres-

sion vector RSV-CHO-PKA-Calpha V2 (42) was provided

by Dr. Keith L. Parker (University of Texas Southwestern

Medical Center, Dallas, TX).

Cell Culture

MA-10 Leydig tumor cells were provided by Dr. Mario

Ascoli, University of Iowa, College of Medicine (Iowa City,

IA) and were handled as originally described (21) and as

previously reported (43). MA10 cells were routinely cul-

tured in growth medium consisting of Dulbecco’s modi-
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fied Eagle’s medium/F12, 1:1 containing 5% horse serum,

2.5% fetal bovine serum, and 15 mM Hepes. Cells were

seeded onto tissue culture plates in growth medium and cul-

tured until approx 70% confluence when the growth medium

was removed and was replaced with serum-free medium

(DMEM/F12, 15 mM Hepes). Following overnight incuba-

tion in serum-free medium treatments were added for times

specified in each experiment.

Radioimmunoassay (RIA)

MA-10 cells were plated on 96-well plates at a density

of 2.5 � 104 viable cells/well in the growing medium, and

attached overnight. On the following day, medium was

removed and was replaced with serum-free medium. After

overnight incubation in serum-free media TNF was added

to the final concentration desired and the cells were cul-

tured for 48 h. The cells were treated with ovine LH for the

last 4 h of culture. RIA for progesterone and cAMP was

carried out as previously described (44,45).

Transfection and Luciferase Assay

MA-10 cells were plated on 24-well culture plates and

grown in growth medium. When the cells became approx

70% confluent, the cells were transfected with indicated

amounts of plasmids in serum-free medium for 4 h using

Lipofectamine Plus reagent (Invitrogen, Carlsbad, CA) ac-

cording to the procedures recommended by the manufactu-

rer. After transfection, medium was removed and replaced

with fresh serum-free medium. On the day after transfection,

cells were treated with indicated concentrations of TNF.

Two hours after the addition of TNF, the cells were stimu-

lated with either ovine LH (10 ng/mL) or 8Br-cAMP (1

mM), and incubated for an additional 4 h. The cells were then

harvested with Reporter Lysis Buffer (Promega, Madison,

WI). When the cells were stimulated with PKA expression

vector, the cells were harvested 6 h after adding TNF. A

CMV promoter-based expression vector pcDNA3 was used

as control vector for pcDNA1-p50 and pI�B�M. pRSV-CAT

vector was used as control vector for RSV-CHO-PKA-C

alpha V2 and pRc/RSV-p65. In all transfection experiments,

the cells were cotransfected with a �-galactosidase expres-

sion vector pRSV-� to monitor transfection efficiency. Luci-

ferase and �-galactosidase levels were measured with the

Luciferase Assay System (Promega) and Galacto-Light Plus

(Applied Biosystems, Bedford, MA), respectively, using a

plate luminometer. Luciferase levels were normalized with

�-galactosidase levels.

Preparation of Whole Cell Lysates and Nuclear Extracts

MA-10 cells were plated on 6-well plates in growth

medium. When the cells became approx 70% confluent,

medium was removed and serum-free medium was added.

On the next day, the cells were treated with either ovine LH

(50 ng/mL) or 8Br-cAMP (1 mM) in the either presence or

absence of TNF (10 ng/mL). TNF was added 2 h before

adding LH or 8Br-cAMP. Cells were harvested 2, 4, or 18

h after the addition of PKA pathway stimulators. For prepa-

ration of whole cell lysates, cells were washed twice with

PBS (1.4 mM KH2PO4, 4.3 mM Na2HPO4, 2.7 mM KCl,

137 mM NaCl, pH 7.4) and lysed with 200 µL cell lysis buf-

fer (PBS containing 1% NP-40, 0.1% SDS, 0.5% sodium de-

oxycholate, 1 mM EDTA, 1 mM PMSF, 1 mM sodium ortho-

vanadate, 1 mM NaFl, 1 µg/mL aprotinin, 1 µg/mL leupeptin,

and 1 µg/mL pepstatin A). Samples were then sonicated for

10 s, and centrifuged for 10 min at 14,000g. Supernatant

fluid was collected and stored at �70°C until Western blot-

ting. To prepare nuclear extracts, cells were washed twice

with PBS, and lysed with 200 µL sucrose buffer (0.32 M

sucrose, 10 mM Tris-HCl, pH 8.0, 3 mM CaCl2, 2 mM

MgOAc, 0.1 mM EDTA, 0.5% NP-40, 1 mM DTT, 0.5 mM

PMSF, 1 mM sodium orthovanadate, 1 mM NaFl) by gentle

agitation with a pipet. Nuclei were collected by centrifuga-

tion at 500g, 4°C for 5 min. The nuclei in the pellet were

washed with 1 mL sucrose buffer (without NP-40) by gentle

agitation with a pipet. Nuclei were collected again by cen-

trifugation at 500g, 4°C for 5 min. After removing the super-

natant fluid, nuclei were resuspended in 20 µL low salt buf-

fer [20 mM HEPES, pH 7.9, 1.5 mM MgCl2, 20 mM KCl,

0.2 mM EDTA, 25% glycerol (v/v), 0.5 mM DTT, 0.5 mM

PMSF]. Nuclear proteins were extracted by adding 20 µL

high salt buffer [20 mM HEPES, pH 7.9, 1.5 mM MgCl2,

800 mM KCl, 0.2 mM EDTA, 25% glycerol (v/v), 1% NP-

40, 0.5 mM DTT, 0.5 mM PMSF, 4 µg/mL leupeptin, 4 µg/

mL aprotinin, 4 µg/mL pepstatin, 1 mM sodium orthovana-

date, 1 mM NaFl] and gentle agitation for 45 min at 4°C.

Thereafter, samples were centrifuged at 4°C for 15 min at

14,000g. Supernatant fluid was collected and stored at �70°C

until Western blotting or EMSA. Protein concentrations of

these samples were measured using Bio-Rad Protein assay

(Bio Rad) based on the method of Bradford (46).

Western Blotting

Whole cell lysate and nuclear extract samples were sep-

arated by SDS-polyacrylamide gel electrophoresis (SDS-

PAGE) and transferred to a PVDF membrane (Immobilon-

P, Millipore, Bedford, MA). Subsequent immuno-detection

analyses were performed as described previously (43). Anti-

bodies to CREB (Upstate Biotechnology, Lake Placid, NY)

and phospho-CREB (Upstate Biotechnology) were used

at a 1:1000 dilution. Antibodies to actin (I-19: Santa Cruz

Biotechnology, Inc., Santa Cruz, CA) were used at a 1:1000

dilution. Equality of protein contents in the nuclear extracts

was checked by SDS-PAGE and Coomassie Brilliant Blue

(CBB) staining. Western analysis was repeated from at least

three independent culture experiments. Data from at least

three experiments were scanned and analyzed by densito-

metry (GelPro Analyzer 3.0, Media Cybermetics) and nor-

malized to actin. Effects of TNF treatment were compared

as basal vs TNF, LH vs LH+TNF, and 8Br-cAMP vs 8Br-

cAMP+TNF, and are expressed as a fraction of the basal.

Statistical differences were determined by Duncan’s mul-
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tiple range test. A value of p � 0.05 was considered to be

significant.

Statistical Analysis

Values are represented as means ± SEM. To compare the

mean values, results were subjected to analysis of variance,

followed by Student’s Neuman–Keuls test. A value of p �

0.05 was considered to be significant.
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