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Tamoxifen Suppresses Inducible Nitric Oxide Synthase
Expression in Mouse Macrophages
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Excessive nitric oxide (NO) production by inducible NO synthase (iNOS) in stimulated inflammatory
cells is thought to be a causative factor of cellular injury. In recent studies, it has been shown that
tamoxifen, an anti-breast cancer drug, exhibits anti-inflammatory effects. Thus, we investigated the effects
of tamoxifen on the production and expression of iNos in lipopolysaccharide (LPS)-activated RAW264.7
macrophages. NO production was assessed by nitrite assay and iNos expression was identified by reverse
transcription-polymerase chain reaction (RT-PCR). Activation of nuclear factor-κb (Nfκb) was
determined by electrophoretic mobility shift assay (EMSA). The NO production induced by LPS was
markedly reduced by tamoxifen. Tamoxifen also suppressed the LPS-activated expression of iNos mRNA
and blocked the LPS-induced activation of Nfκb. The phosphorylation level of extracellular
signal-regulated kinase 1/2 (Erk) mitogen-activated protein kinase (MAPK) was not affected by tamoxifen,
but the phosphorylation level of p38 MAPK was decreased by tamoxifen. Taken together, the results
suggest that tamoxifen inhibits LPS-activated NO production via inhibition of p38 MAPK and Nfκb
pathways in RAW264.7 macrophage cells. The results of our study provide evidence that tamoxifen
possesses an anti-inflammatory effect. (Cancer Prev Res 15, 138-142, 2010)
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amount of NO, which plays a key role in a variety of
pathophysiological processes including shock, inflammation,
and carcinogenesis.2∼4) Therefore, the amount of NO produced
by iNOS may be a reflection of the degree of inflammation.
It has been known that NO production by iNOS is mainly
regulated at the transcriptional level.2)
Many genes involved in the immune and inflammatory
reactions are regulated by nuclear factor-κB (NFκB) through
the NFκB binding site in their promoter regions (i.e. iNOS,
IL6).5) It has been reported that LPS activates the NFκB,
which leads to the induction of expression of iNOS.6) The

INTRODUCTION
Nitric oxide (NO) is produced from L-arginine by NO
synthase (NOS), a family of ubiquitous enzymes. NOS plays
a major role in regulating vascular tone, neurotransmission, the
killing of microorganisms and tumor cells, and other homeostatic mechanisms.1) Following exposure to lipopolysaccharide
(LPS), inducible NOS (iNOS) can be induced in various cells,
such as macrophages, Kupffer cells, smooth muscle cells, and
hepatocytes. iNOS activation catalyzes the formation of a large
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mitogen-activated protein kinase (MAPK) signaling plays a
7)
pivotal role in the activation of inflammatory cells. MAPK
signaling cascade has been shown to be important in the
activation of various immune cells. MAPKs, especially the
extracellular signal-regulated kinase 1/2 (ERK1/2) and p38, are
important upstream modulators for cytokines and NO
8,9)
productions.
Tamoxifen is a non-steroidal anti-estrogen that is commonly
used as an adjuvant treatment for both pre- and post-meno10,11)
pausal patients with early-stage breast cancer.
Tamoxifen,
(Z)-2-[4-(1,2-diphenylbut-1-enyl) phenoxy]-N,N-dimethyl-ethanamine, is the trans-isomer of a triphenylethylene derivative.
Recent studies reported that tamoxifen has anti-inflammatory
12∼15)
13)
effects on various organs.
Wu et al. reported that
tamoxifen decreases renal inflammation and alleviates disease
severity in autoimmune mice. Tamoxifen also reduced antibody
15)
production in systemic lupus erythematosus. However, there
has been no distinct report designed to investigate the
anti-inflammatory property of tamoxifen. In the present study,
we investigated the effects of tamoxifen on NO production and
iNOS expression. We showd for the first time that tamoxifen
suppressed the LPS-activated NO production via inhibition of
p38 MAPK and Nfκb activation.

MATERIALS AND METHODS
1. Materials

Chemicals and cell culture materials were obtained from the
following sources, tamoxifen and LPS from Sigma Co. (St.
Louis, MO, USA), DMEM medium from JBI (Daegu, Korea),
fetal bovine serum (FBS) from Invitrogen (Carlsbad, CA, USA),
Griess reagent (Promega, Medison, WI, USA), and RNA
isolation kit from Zymo Research (Orange, CA, USA). Other
chemicals were of the highest commercial grade available.
2. Cell culture

The mouse macrophage RAW264.7 cells were obtained from
the American Type Culture Collection (Manassas, VA, USA), and
grown in DMEM supplemented with 10% heat-inactivated FBS,
1% antibiotics/antimycotics (100 U/ml of penicillin, 25μg/ml of
amphotericin D, and 100μg/ml of streptomycin) at 37oC in
a humidified 5% CO2 atmosphere. Tamoxifen was dissolved in
dimethylsulfoxide (DMSO) and added directly to the culture
media. Treated concentrations were 1, 10, 100, and 1,000 nM
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respectively. Control cells were treated only with DMSO.
3. Nitrite assay

The cells were cultured in 24-well plates. After incubating
for 24 h, NO production was determined by assaying the culture
medium for nitrite, which is the stable reaction product of NO
with molecular oxygen, using Griess reagent (0.5% sulfanilic acid,
0.002% N-1-naphtyl-ethlenediamine dihydrochloride, 14% glacial acetic acid).
4. Reverse transcription-polymerase chain reaction (RT-PCR)

Total RNA was isolated by RNA isolation kit from Zymo
Research. Reverse transcription was performed with Reverse
Transcription System (Promega, Madison, WI, USA). Samples were
incubated at 42oC for 60 min, and the reaction was terminated
by heating to 95oC for 5 min. To detect the level of mouse iNos
mRNA, RT-PCR primers were made as follows: 5’-CAGTTCTGCGCCTTTGCTCAT-3’ (forward) and 5’-GGTGGTGCGGCTGGACTTT-3’ (backward). Reactions included 5 min at 94oC
for denaturation and 30 cycles (30 s at 94oC, 30 s at 60oC, and
30 s at 72oC), followed by incubation for 10 min at 72oC for final
extension before holding at 4oC. Each sample was analyzed by
electrophoresis in 1.5% agarose gel in the presence of 5 ng/ml
ethidium bromide and visualized under ultraviolet light.
5. Electrophoretic mobility shift assay (EMSA)

The cells were treated with 1 ml of lysis buffer (10 mM
Tris-HCl, pH 7.9, 10 mM NaCl, 3 mM MgCl2, 1% NP-40)
on ice for 4 min. After centrifugation at 1,500 g for 10 min,
the pellet was resuspended in 50μl of extraction buffer (20
mM HEPES, pH 7.9, 20% glycerol, 1.5 mM MgCl2, 0.2 mM
EDTA, 1 mM DTT, 1 mM PMSF), and incubated on ice for
30 min. After centrifugation, the supernatant was harvested as
o
nuclear protein extract and stored at −70 C. Protein concentration was determined with Lowry protein assay from Bio-Rad
(Hercules, CA, USA). Ten microgram of nuclear protein was
32
incubated with P-labeled Nfκb probe on ice for 30 min, and
then loaded on 5% acrylamide gel.
6. Western blot analysis

Cell extracts were lysed, and 50μg of proteins were
separated by SDS-PAGE gel electrophoresis and transferred to
polyvinylidene difluoride membrane. The membrane was blocked
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with 5% skim milk in 10 mM Tris-HCl containing 150 mM NaCl
and 0.5% Tween 20 (TBS-T). After brief washing with TBS-T,
the membrane was then incubated with primary antibodies (1：
1,000) that recognize the phospho-ERK1/2 and p38 MAPKs (Cell
Signaling, Beverly, MA, USA). Followed by thorough washing
with TBS-T, horseradish peroxidase-conjugated secondary antibodies (1：2,000 dilution in TBS-T; New England Biolabs, Beverly,
MA, USA) were applied to the membrane and the blot was
developed using an enhanced chemiluminescence detection kit
(Amersham, Piscataway, NJ, USA).
7. Statistical analysis

Samples were run in at least two separate experiments.
Statistical analysis was performed using one-way ANOVA
followed by Newman-Keuls post hoc test. The SPSS software
version 13.0 (SPSS Inc., Chicago, IL, USA) was used. Data
were expressed as the mean±SEM. Statistical significance was
defined as p＜0.05.

RESULTS
1. Tamoxifen inhibits NO production in LPS-activated macrophages

Tamoxifen was tested with regard to its effect on NO
production in LPS-activated RAW264.7 macrophages. The

amount of nitrite accumulated in the culture medium was
estimated using Griess reagent as an index for NO (Fig. 1).
After treatment with LPS (1.0μg/ml) for 24 h, NO production
remarkably increased to about 26-fold (1.90μM versus 49.20
μM). When cells were treated with various concentrations of
tamoxifen, NO production induced by LPS was significantly
inhibited. In Fig. 1, NO concentrations in 1 nM, 10 nM, 100
nM, and 1,000 nM tamoxifen-treated cells were 36.43±2.16
μM, 40.91±0.87μM, 36.61±1.19μM, and 38.09±0.42μM,
respectively. Approximately 20∼28% of NO productions were
decreased in each concentration.
2. Tamoxifen decreases iNos expression in LPSactivated macrophage

To elucidate the mechanism responsible for the changes in
the expression of iNos, we determined the levels of iNos mRNA
by RT-PCR analysis. When the cells were treated with
tamoxifen, the iNos mRNA levels induced by LPS (1.0μg/ml)
were greatly decreased (Fig. 2). iNos expression of tamoxifen-treated cells at concentrations of 1 nM, 10 nM, 100 nM,
and 1,000 nM were decreased to near basal level. These results
suggest that tamoxifen suppresses iNos expression at the
transcriptional level, and thus contributes to decreasing NO
production.
3. Tamoxifen suppresses the activation of Nfκb
in LPS-activated macrophages

Because the activation of Nfκb is critical for the induction
of iNOS by LPS,16) we investigated whether tamoxifen might
suppress Nfκb activation in LPS-activated macrophages, using
the EMSA. As shown in Fig. 3, the treatment of cells with
LPS (1.0μg/ml) for 10 h increased the Nfκb binding activity.

Fig. 1. Effect of tamoxifen on nitric oxide production.
RAW264.7 cells were treated with tamoxifen in the presence
of lipopolysaccharide (1.0μg/ml). The media were harvested
24 h later and assayed for nitrite production. Data are the
mean±SEM of at least two separate experiments. *p＜0.01,
significantly different from cells treated with lipopolysaccharide
alone. Con: control, LPS: lipopolysaccharide, TAM: tamoxifen.

Fig. 2. Effect of tamoxifen on lipopolysaccharide-induced
expression of iNos mRNA. RAW264.7 cells were treated with
tamoxifen in the presence of lipopolysaccharide (1.0μg/ml).
After 8 h of incubation, total RNA was prepared and RT-PCR
was performed. Gapdh was used as an internal control. LPS:
lipopolysaccharide, TAM: tamoxifen, Gapdh: glyceraldehyde3-phosphate dehydrogenase.
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Fig. 4. Effect of tamoxifen on phosphorylation of p38 and Erk
MAPKs. RAW264.7 cells were treated with tamoxifen in the
presence of lipopolysaccharide (1.0μg/ml) for 1 h. Phosphorylations of p38 and Erk MAPKs were analyzed by immunoblotting. Con: control, LPS: lipopolysaccharide, TAM: tamoxifen.

Fig. 3. Effect of tamoxifen on Nfκb DNA binding activity.
RAW264.7 cells were treated with tamoxifen in the presence
of lipopolysaccharide (1.0μg/ml) for 8 h. Nuclear extracts
were isolated and used in an electrophoretic mobility shift
32
assay with P-labeled Nfκb oligonucleotide as a probe. The
arrow indicates the Nfκb binding complex. LPS: lipopolysaccharide, TAM: tamoxifen.

Densitometer analysis revealed that the levels of Nfκb
activation of tamoxifen-treated cells at concentrations of 1 nM,
10 nM, 100 nM, and 1,000 nM were decreased to 79.07%,
40.80%, 54.91%, and 54.83%, respectively, compared to
LPS-treated cells. This result indicates that Nfκb binding
activity by LPS was inhibited by tamoxifen. And the suppression of iNOS expression by tamoxifen occurred via the
prevention of Nfκb activation.
4. Tamoxifen decreases phosphorylation of p38
MAPK in LPS-activated macrophages

MAPKs, especially ERK1/2 and p38, have been shown to be
important upstream modulators for cytokine and NO productions.
Thus, we determined whether tamoxifen affects alterations of
MAPK activities. Phosphorylation levels of Erk and p38 MAPK
were increased by LPS (Fig. 4). On the other hand, LPS-stimulated
phosphorylation of p38 MAPK, but not Erk MAPK, was decreased
to near basal level by tamoxifen (1 nM) at 1 h.

DISCUSSION
Most studies of tamoxifen focused on the anti-cancer
properties. The main focus of this study, however, was to inves-

tigate the anti-inflammatory effects of tamoxifen, in relation to
its anti-cancer effect. NO has been implicated in the process
of inflammation and carcinogenesis3,4) and there is growing
evidence to suggest that inhibitors of iNOS activity or
expression are useful for treating inflammation and for the
prevention or treatment of cancer.6,17)
LPS have been shown to activate Nfκb, which is a critical
component in the inducible expression of multiple genes
involved in inflammation.3,12) Therefore, the analysis of Nfκb
activation is a prerequisite for understanding the control
mechanism of iNos gene transcription by tamoxifen. The
present results showed that tamoxifen suppressed LPS-induced
Nfκb binding activity, which suggests that tamoxifen suppresses
iNos gene transcription through the inhibition of Nfκb
activation.
Although it is not known whether the effects of MAPKs on
the overall expression of iNOS is necessarily manifested at the
level of gene transcription, one possible mechanism by which
the MAPKs may be involved in altering iNOS gene expression
is by modulating the function of transcription factors involved
in the expression of these genes (e.g. NFκB and cAMP
response element binding protein). The decreased phosphorylation level of p38 MAPK by tamoxifen, but not Erk MAPK,
was observed.
In the present study, we demonstrated that tamoxifen
inhibits the production of NO in LPS-stimulated RAW264.7
macrophage cells and the inhibition appears to be mediated via
suppression of Erk MAPK and Nfκb pathway. A contradictory
report that tamoxifen increases iNos expression in microglial
BV2 cells has been published.18) The reason why contradictory
effect of tamoxifen on NO production observed not clear.
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However, there is a good possibility that different estrogen
receptor may be involved in the contradictory effect of
18)
tamoxifen. Baker et al. employed microglial BV2 cells that
naturally express only estrogen receptor β. Raw264.7 macrophage cells employed in our study, however, were found to
19)
express estrogen receptor α, but not estrogen receptor β.
In conclusion, we demonstrated in this study that the
anti-breast cancer drug, tamoxifen, inhibited NO production
and suppressed the iNos gene transcription in LPS-activated
macrophages. The inhibiting ability of tamoxifen on the NO
production could explain, at least in part, the chemo-thera20∼
peutic and preventive effects of tamoxifen in breast cancer.
22)
This novel finding may help us to elucidate previously
unrecognized biologic activity of tamoxifen.
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