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Beside established primary reproductive functions, the male hormone androgen act as a growth and

survival factor for most of its target tissues. Though male androgenic hormones are widely studied,

still some aspects of underlying mechanisms are not completely clear. In addition to their influence

on female reproductive hormones which are considered to be crucial factor in breast carcinogenesis,

several reports shows that male androgenic hormones may have direct influences on breast cancer

tissues. Here, we have used dihydrosterone as model of male androgen to understand its impact on

some major molecular circuitry and their by in the process of breast carcinogenesis. We observed

that DHT convincingly inhibits tumor necrosis factor-alpha (TNF-α) induced Janus Kinase-1 (JNK-

1) activation and apoptosis in breast cancer cells, MCF-7 in p21 dependent manner. Inhibition by

androgen requires the transcription activity of androgen receptor (AR) and de novo protein synthesis.

AndrogenAR induces expression of p21 that in turn inhibits tumor necrosis factor-α induced JNK

activation and apoptosis. Our results reveal a novel cross-talk between AR and JNK in breast cancer

(MCF-7) cells, thereby providing a molecular mechanism underlying the survival function of

androgen on its target tissues or organ.
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Androgens are steroid hormones that have

pleiotropic functions in androgen-responsive

tissues or organs and act as latent transcription

factor. Upon ligand binding the androgen

receptor (AR) molecules get dimerized and

translocate to nucleus. Inside the nucleus, these

androgen receptor dimer bind to specific target

sequence called androgen response element

(ARE) to induce expression of its target genes

regulating diverse cellular activities ranging from

proliferation to apoptosis[1-3]. Several studies

have clearly established that AR have important

role in normal development of the breast

tissue[4]. At the time of puberty, normal

mammary tissue expresses AR in 20 % of the

total cells which is higher than estrogen receptor

(ER) (10 %). AR is considered to be responsible

for the maintenance of ER-induced cell

proliferation and normal development of

breast[5]. During this phase, AR activity balances

E2-induced mammary cell proliferation ensuring

correct   development of the gland [4, 6, 7].

Interestingly, AR is expressed in 70-90% of breast

cancer cases and have been investigated for its

role in progression of breast cancer [8-15]. AR
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expression in breast cancer is viewed to be

associated with tumor responsiveness, lower

tumor burden and favourable differentiation.

Possible role of androgen-mediated mechanism

is also supported by reports estimating high   local

expression of 5á-dihydrotestosterone (DHT) and

its regulation by local aromatase in breast tumor

tissue compared to peripheral plasma level.

 Previous studies in prostate cancer suggested

some steroids such as corticosol, R1881 and

DHT inhibited the TNF alpha induced apoptosis

in prostate cancer[16].The pro-inflammatory

cytokine tumor necrosis factor alpha (TNF-á)

regulates immune responses, inflammation, and

programmed cell death (apoptosis)[17]. TNF-á

exerts its biological activities by binding to type

1 and type 2 receptors activating multiple

signaling pathways, including IkB kinase (IKK),

C-Jun N-terminal protein kinase (JNK), and

caspases[17-19]. C-Jun N-terminal kinase (JNK)

also known as stress-activated protein kinase

(SAPK), is a subfamily of the mitogen-activated

protein kinase (MAPK) super family[20-22].

The JNK family has three isoforms: JNK1 and

JNK2 and JNK3[23-25]. JNK can be activated

by various extracellular stimuli, from pro-inflam-

matory cytokines such as tumor necrosis factor

(TNF-á) to environmental stress like UV

light[26]. Activated JNK can regulate the

activity of several transcription factors, such as

C-Jun, ATF-2, Elk-1, p53, and c-Myc, or non-

transcription factors, including members of the

Bcl-2 family[23, 25-27]. The activity of JNK can

be regulated by protein phosphatases, NFkB, and

scaffold proteins such as JIP, â-arrestin, and

JSAP1[24, 25]. Accumulating evidence suggest

that JNK plays a critical role in regulation of

many fundamental cellular activities, including

apoptosis [23, 25].

TNF-á type 1 death receptor domain

interact with the intracellular proteins that acti-

vates JNK[28]. IKK activation inhibits apoptosis

through the transcription factor NF-kB whose

target genes include those that encode inhibitors

of both caspases and JNK. Despite activation of

the anti-apoptotic IKK/NF-kB pathway, TNF-á

is able to induce apoptosis in cells sensitive to

it, such as human breast carcinoma MCF-7 and

mouse fibroblast LM cells. TNF-á induced

apoptosis is suppressed by inhibition of the JNK

pathway but promoted by its activation. Further-

more, activation of JNK by TNF-á was transient

in TNF-á insensitive cells but prolonged in sen-

sitive cells. Conversion of JNK activation from

prolonged to transient suppressed TNF-á-in-

duced apoptosis. Thus, absence of NF-kB-me-

diated inhibition of JNK activation contributes

to TNF-á-induced apoptosis.In present study we

have studied (why you have decided to study?

Write briefly before this sentence)the effect of

DHT on TNF-á induced JNK activation and

apoptosis in breast cancer (MCF-7) cells and elu-

cidate its mechanism of action.

EXPERIMENTAL PROCEDURE

Reagents and antibodies: All reagents and

primers were procured from Sigma Aldrich,

USA. Antibodies and kinase assay kit were

procured from cell signalling technology (CST),

USA.

Cell culture and cell lines: A Breast

cancer cell line MCF-7 cell procured from

American type cell collection (ATCC) and was

cultured in RPMI medium supplemented with

10% fetal bovine serum and cells were

maintained in CO2 incubator at 5% CO2 under

humid condition.

Anti-Proliferative assay: MTT assay was

used to analyse the anti-proliferative activity of

TNF-á in MCF-7 cells. Briefly 1X104cells were

seeded in 96 well plates and allowed to grow

for 24h. Cells were treated with different

concentration of TNF-á and DHT either alone

or in combination. At the end of treatment, 20µl

MTT (5mg/mL) were added into each well and

incubated for 3h. Formazan crystals formed were

dissolved in 200 µl DMSO and OD were



3

recorded at 540 nm and IC50 were calculated

by using Prism 3 (Version 3.1).

Apoptotic assay: TNF-á induced apoptosis

were analysed by using AnnexinV/PI staining

using flow cytometry. MCF-7 cells (1X105) were

seeded in six well plates and allowed to grow

for 24h and subsequently cells were treated with

TNF-á (20 ng/mL) and DHT (50 nM) either alone

or in combination of both, for 32h and at the end

of incubation cells were harvested after mild

trypsiniation and were re-suspended in 1X

binding buffer. Cells were stained with

AnnexinV/PI for 10 minutes and samples were

acquired by flow-cytometer.

Immune Complex Kinase (JNK kinase

activity) Assay and Immuno-blotting: Cells

were harvested and lysed in RIPA buffer in the

presence of protease and phosphatise inhibitors

cocktails. Protein was estimated using Bradford

reagent. For western blotting 40µg protein were

loaded and immune complex kinase assay was

performed as according to manufactures instruc-

tions.

 Brifely, 500µg protein was incubated with

pJNK tagged sepharose beads for overnight at

40C followed by washing with 1X cell lysis

buffer and kinase buffer. Kinase reaction were

set up in 50µL and incubated at 300C for 30

minutes. At the end of incubation reaction was

terminated by adding 25µl 3X protein loading

dye. 20µl samples were loaded on 10 % SDS-

PAGE from each sample and electrophoreses.

After running gel protein were transfer to

PVDF membrane and blocked with 1% BSA

and incubated with specific primary

antibodies pC-Jun and C-Jun (JNK kinase as-

say) and pJNK, JNK, pC-JUN, C-JUN, p21

and â-actin (IB), for overnight then washed

with 1XTBST and again incubated with cor-

responding      secondary antibodies and washed

again and    Develops using HRP-substrate ECL

using chemidoc.

RESULTS

DHT inhibits the TNF alpha induced

apoptosis via converting prolong to

transient JNK activation: The male

androgen  hormone is essential for the growth

and survival of its target tissues or organ [1,

29]. However, the underlying mechanism is

incompletely understood. To address this

issue, we tested the effect of  androgen on

TNF-á induced cell death in breast cancer cells

(MCF-7).  MCF-7 cells are  TNF-á sensitive

cell which induced apoptosis in response to

TNF-á treatment. We have first assessed the

effect of DHT on the TNF-á    induced loss of

cell viability by MTT assay. MCF-7 cells were

treated with different concentrations of TNF-á

alone on in the presence of different

concentration of DHT for 48h. TNF-á induced

the loss of cell viability in dose dependent

manner.  Our results suggested 50 nM and 100

nM DHT significantly inhibited the TNF-á

induced loss of cell viability in all three

concentration of TNF-á (Figure 1).

FIGURE 1: DHT inhibits TNF-α induced loss of cell viability: MCF-7 cells were treated with different

concentrations of TNF-α and DHT for 48h at the end of incubation 20µl MTT was added to each and OD was recorded

and % inhibition were calculated.
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FIGURE 2: DHT inhibits the TNF-α induced apoptosis: MCF-7 cells were treated with TNF-α alone or in the

presence of DHT and cells were stained with AnnexinV/PI.

We have also check the effect of DHT on the

TNF-á induced apoptosis flow-cytometrically

staining the cells with AnnexinV/PI results

suggested that DHT inhibits the TNF-á  induced

apoptosis which get rescued in the presence of

androgen receptor antagonist bicalutamide

(CDX) suggesting that this effect may AR

dependent (Figure 2).

Because prolonged JNK1 activation is essential

for TNF-á to induce apoptosis in the absence of

NF-kB activation  [23, 30], we were curious

whether DHT inhibits prolonged JNK1

activation. To test this hypothesis MCF-7 cells

were pre-treated with control ethanol and DHT

for 1h followed by stimulation with TNF-á

treatment for different time points. Immune

complex kinase assay and immuno-blots results

suggested that TNF-á induced JNK activation

was prolonged in cells pre-treated with ethanol

(Figure 3) while it is transient in DHT

pre-treated MCF-7 cells (Figure 4). Under these

conditions DHT pre-treatment also significantly

inhibits the JNK target genes pC-Jun.

FIGURE 3: TNF-α induced the prolong activation of JNK and its target gene in breast cancer cells: MCF-7

cells were treated with TNF-α (20ng/mL) for different time points and cell lysate probed with pJNK, pC-Jun, p21 (a)

Immuno-blot (b) JNK kinase assay.
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FIGURE 4: DHT inhibits TNF-α induced apoptosis by inhibiting the prolong activation of the JNK: MCF-

7cells were pre-treated with DHT (50nM, 60 minutes) followed by treatment with TNF-α (20ng/mL) for 15 minutes

and cell lysate was probed with pJNK, pC-Jun, C-Jun antibodies (a) Immuno-blot (b) JNK kinase assay.

FIGURE 5: AR-dependent transcription is required for androgen to inhibit JNK activation and TNF-α induced

apoptosis. MCF-7 were pre-treated with (5µM, 30 min) followed by treatment with or without DHT (50 nM, 90 min).

Cells were stimulated with TNF-α (20 ng/ml) for 15 min. (a) JNK activity (KA) and (b) content (IB) were measured.
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FIGURE 6: AR-dependent transcription is required for androgen to inhibit JNK activation and TNF-α induced

apoptosis: MCF-7 were pretreated with CHX (1ng/ml, 30 min) followed by treatment with or without DHT (50 nM, 90

min). Cells were stimulated with TNF-α (20 ng/ml) for 15 min. (a) JNK activity (KA) and (b) content (IB) were

measured.

FIGURE 7: Inhibition of TNF-á induced JNK activation by androgen depends on p21. MCF-7 cells were stimu-

lated by DHT (50 nM) or left alone for the times indicated. (a) Expression levels of p21 proteins were analyzed by

immunoblotting using anti-p21 antibody. (b) MCF-7cells were treated with bicalutamide (5µM,30 mins) followed by

treatment with DHT (50 nM, 90 mins).Cells were stimulated with TNF-á (20 ng/ml) for 15 min. p21 were analyzed by

immune-blotting (IB).
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This suggests that DHT inhibited TNF-á induced

JNK activation occurred at or above JNK

activating kinase JNKKs [31, 32], with a delayed

kinetics. Collectively, these results demonstrate

that androgen (DHT) inhibits TNF-á induced

apoptosis through suppression of prolonged JNK1

activation.

Inhibition of TNF-á induced JNK Activation

and Apoptosis by Androgen Requires AR

Androgens exert its biological effects via androgen

receptors AR that get dimerise upon ligand binding

and translocate to nucleus where it binds to ARE

and transcribe its target genes which are essential

for many cellular functions [29]. To evaluate

whether the inhibitory effect of androgen depends

upon AR, we used the specific androgen antagonist

bicalutamide (CDX) to block AR transcription

activity [33].

Immuno blotting and immune complex kinase

assays showed that pre-treatment with

bicalutamide significantly reduced the inhibitory

effect of androgen on JNK activation by TNF-á.

Consistently (Figure 5), treatment of cells with a

protein synthesis inhibitor CHX (Cyclo-hexamide)

also abrogated the inhibition by androgen on TNF-

á induced JNK activation (Figure 6). CHX alone

had no detectable effects on JNK activation in In

parallel experiments, we found that bicalutamide

also abolished the inhibitory effect of androgen

on TNF-á induced apoptosis (Figure 5, 2). Thus,

the inhibitory effect of androgen on TNF-á induced

JNK1 activation and apoptosis depends on AR

transcription activity and de novo protein synthesis

(Figure 5, 6).

p21 mediates the Inhibition by Androgen on

TNF-á induced JNK1 Activation

Previous results suggested inhibition by androgen

on TNF-á induced JNK1 activation and apoptosis

requires the transcription activity of AR and de

novo protein synthesis promoted us to search for

androgen-induced JNK inhibitors. It has been

reported that p21 is a target gene of AR [34] and

that has been shown to inhibit JNK activation [35,

36].

To test this idea, MCF-7 cells were treated with

DHT for different time points immune blot results

suggested the DHT treatment induces p21

expression time dependently (Figure 7a) while

TNF-á have no effect on p21 expression (Figure

3a). Furthermore the level of p21 is induces in the

presence of DHT while it level get diminished in

the presence of androgen receptor antagonist,

bicalutamide (Figure 7b) suggesting the role  of

p21 in the inhibition of  TNF-á induced JNK action

and apoptosis.

DISCUSSION

Androgen has pleiotropic role on growth and

survival of its target tissues or organs [1, 29]. Recent

evidence suggested that androgen receptor (AR)

have a role in normal development of the breast

tissue [4]. At puberty normal mammary tissue

express AR in 20% cells even more than ER (10%).

It is responsible for the maintenance of ER-induced

cell proliferation and normal development of

breast[5]. AR activity is able to balance E2-induced

cell proliferation, influencing the correct

development of the gland [4, 6, 7].

Furthermore recent evidences suggested that

androgen receptor is expressed in 70-90% breast

cancer cases and have an important role in

progression of breast cancer[8-15].  However

intracellular relationship with androgen in breast

cancer is not well understood. Here in present study,

we report that androgen (DHT) via p21, inhibits

TNF-á induced JNK1 activation, thereby

suppressing apoptosis. Androgen inhibits TNF-á

induced JNK activation and cell death via AR-

mediated up-regulation of p21.

Our results show that the inhibitory effect by

androgen was abrogated by treatment with specific

AR antagonist bicalutamide (Cdx), which blocks

AR transcription activity, or the protein synthesis

inhibitor CHX (cyclohexamide). Thus, the

inhibition by androgen depends on AR-mediated

transcription and de novo protein synthesis.

Furthermore, our results show that p21, which is

one of the androgen target genes [32], mediates the

inhibition by androgen on TNF-á induced JNK

activation and apoptosis. Previously, it has been

reported that p21 was able to inhibit JNK itself

directly [35] or inhibited mTOR-stimulated ASK1,

which is one of the MAP3Ks for JNK [36].

   We found that androgen not only inhibited JNK

activity, but it also inhibited activation of JNK.

Phosphorylation of JNK at Thr183 and Tyr185,
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which are required for JNK activation by upstream

kinases [31, 32], was also inhibited by androgen. These

data suggest that androgen-induced p21 may inhibit

upstream activators of JNK. Previous literature suggests

that p21 inhibits TNF-á stimulated JNK by inhibiting

ASK1. Future studies are needed to determine which

JNK upstream activator in TNF-á signalling are

inhibited by androgen-induced p21. Our findings that

androgen via p21 inhibits JNK activation and thereby

suppresses apoptosis induced by TNF-á may have

important clinical implications. It has been hypothesized

that androgen ablation, which causes regression of

androgen-dependent prostate cancer, may inadvertently

select those cancerous cells that can grow independently

of androgen through various mechanisms [1]. AR seems

to be predictor for response to hormonal therapy.

Castellano I et.al 2010, had reported 30% reduction in

mortality in ER positive breast cancer is associated with

AR positivity  [37].

   Androgen receptor act as anti-proliferative effecter

in ER positive breast cancer by antagonising ER,

potentially inhibited the Estradiol mediated stimulation

and trans-activation activity of ER  [6], while in ER

negative BCs AR positive facilitates the tumor growth

in AR dependent manner and have intact and active

AR signalling[38]. Androgen receptor positivity in ER

negative breast cancer is associated with better disease

free survival and low tumor burden and good prognosis

as compared with AR negative breast cancer cases,

while in ER positive breast cancer AR positivity is

associated  with very low lymph node involvement and

androgen receptor is a independent prognostic marker

for ER positive breast cancer [37, 39, 40]. High level

of androgen receptor in postmenopausal women

associated with increased risk of breast cancer  [39].

CONCLUSION

 DHT inhibits the TNF-á induce JNK activation and

apoptosis in p21 dependent manner in breast cancer

(MCF-7) cells.
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