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EXPERIMENTAL STUDY

Influence of morphine on TLR4/ NF-kB signaling
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ABSTRACT
Morphine affects the risk of metastasis in cancer. The TLR4 gene promotes migration in adenocarcinoma cells.
We investigated the effect of morphine on TLR4, MyD88 and NF-κ B-expression and migration. Migration of
estrogen receptor-positive MCF7 breast cancer cells was studied after 24 and 48 hours incubation with morphine, with boyden chamber method. Morphine effect on TLR4, MyD88 and NF-κB mRNA expression was determined by quantitative Real-Time polymerase chain reaction. Migration was reduced at the doses of 0.5 and
5 μM (p < 0.05). However, TLR4, MyD88 and NF-κBmRNA expression was decreased at the doses of 0.5, 5
and 500 μM. Morphine at the dose of 50 μM increased the expression of mentioned genes. MCF-7 cell line after 48 hours incubation with the dose of 0.5 μM morphine decreased the migration and at the dose of 0.5 μM
down-regulated the mRNA expression of TLR4, MyD88 and NF-κB, however, the higher doses increased the
expression of TLR4, MyD88 and NF-κB. Morphine affects TLR4expression in breast cancer cell, which depends
on time and concentration (Tab. 1, Fig. 5, Ref. 24).
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List of abbreviations: DMEM – Dulbecco’s Modified Eagle’s
medium, ELISA – enzyme-linked immunosorbent assay, FBS –
fetal bovine serum, IL-1β – interleukin 1 beta, LPS – Lipopolysaccharide, MMP – matrix metalloproteinases, MyD88 – myeloid
differentiation primary-response gene 88, NF-κB – Nuclear factor kappa-light-chain-enhancer of activated B cells, QRT-PCR
– Quantitative real-time reverse transcriptase–polymerase chain
reaction, TLR4 – Toll-like receptor-4, VEGF – vascular endothelial growth factor.
Introduction
Breast cancer is the most common malignancy in women and
the second leading cause of cancer deaths, which is often related
to recurrence and metastasis (1). Although the primary treatment
is with surgical resection of the localized tumor, tumor cells may
spread into the lymphatic and blood stream after surgery. Opioids,
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which are used to control surgical pain in end-stage cancer patients,
can also suppress immune function and promote angiogenesis.
Morphine is one of the most effective analgesics administrated to
cancer patients. The effect of morphine on tumor growth, metastasis
and angiogenesis is inconclusive in animals (2), although in-vitro
studies suggests that morphine influences proliferation, survival,
migration, adhesion and invasion of multiple cancer cell types (3).
Some studies report that morphine promotes and increases
cancer proliferation and metastasis, while others demonstrate a
prevention of cancer progression (4). Differences in dosage, study
design and even the existence unique genes in cancer cell lines
may underlie these conflicting results. A single dose of morphine
is able to influence the expression of some genes, although the role
of opioid receptors in this process is unknown (5).
Morphine activates the innate immune receptor Toll-like receptor 4 (TLR4), increases the production of pro inflammatory
cytokines via myeloid differentiation factor 88 (MyD88), and
nuclear factor kappa B (NF-κB) dependent on the intracellular
pathway (6, 7). Morphine also increases TLR4 expression (6, 7).
The interaction of morphine with TLR4, which occurs in a nonstereoselective manner (8, 9), is thought to mediate neuroinflammatory responses to opioids by reducing the analgesic action of
opioids and so to contribute to opioid tolerance.
Human breast cancer expression and activation of TLR4 correlates with shorter survival times (10). Studies in several cancer
models show that activation of tumor-expressed TLR4 promotes
the expression of angiogenic and inflammatory factors, and increases invasiveness and metastatic spread (11). After TLR4 stimulation, breast cancer cells produce matrix metalloproteinases-2
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(MMP-2) and 9 (MMP-9) and also vascular endothelial growth
factor (VEGF). The expression of TLR4 increases tumor volume,
while also promoting metastatic lesions in the liver in a breast
cancer model (12, 13).
We used MCF-7 cells (an estrogen positive human breast cancer cell line) to examine the hypothesis that morphine interacts
with the TLR4, MyD88 and NF-κB signal transduction pathway to
regulate breast cancer cell migration by increasing the secretion
of IL-1 β as a downstream proinflammatory effector molecule.
Materials and methods
Cell cultures
Estrogen receptor-positive human breast adenocarcinoma cells
(MCF7) were obtained from Pasteur Institute (Tehran, Iran); MCF7
cells are estrogen receptor-positive human breast adenocarcinoma
cell line. Cells were cultured in DMEM 15 medium supplemented
with 10 % fetal bovine serum (FBS), 2 mM L-glutamine, and 1 %
penicillin–streptomycin. The cells were incubated at 37 °C in humidified air with 5 % CO2 and grown as monolayers in standard
tissue culture dishes. The medium was changed every 3 days and
passaged weekly. Cells were harvested when 70 % confluent in
culture.
Drug exposure
Cells were treated 24 and 48 hours with morphine (0, 0.005,
0.05, 0.5, 5 μM); these concentrations are similar to those obtained
clinically during intravenous administration (5, 14). The cells were
then used for evaluating migration and gene expression, while their
supernatants were used for detecting IL-1β.
Cell migration assay
An in vitro migration assay was performed using uncoated
membranes in transwell inserts (8-μm pore size) (SPL, Life Sciences, Korea). Untreated (control) or morphine treated MCF7 cells
(3×104 in 200 μl serum-free medium) were seeded in the upper
chamber, while the lower chamber contained 500 μl of media with
20 % FBS served as a chemoattractant. Non-migratory cells were
removed from the top membrane after 12 hours of incubation in
the chamber, while the cells that migrated were fixed and stained
with a 0.05 % (w/v) crystal violet solution and counted using Matlab (15). Experiments were performed three times in triplicate.
RNA extraction and polymerase chain reaction
Total RNA (2 μg) was treated with DNA-se I and reverse
transcribed using random hexamers and SuperScript II reverse
Tab. 1. Sequences of primers used in real time PCR.
Gene
TLR4 (TOLL LIKE)
NF-Κβ
MyD88
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qPCR primer sequence
F: 5′:GAGGATGATGCCAGGATGATGTC 3′
R: 5′:GCCAAGTCTCCACGCAGG 3′
F: 5′:ACATCGTGGTCGGCTTCG 3′
R: 5′:TGTCATTCGTGCTTCCAGTG 3′
F: 5′:TCTCTCCAGGTGCCCATCA 3′
R: 5′:GGCGAGTCCAGAACCAAGAT 3′

transcriptase (Invitrogen Ltd, UK). Primers were designed using Primer3 software (http://frodo.wi.mit.edu/cgi-bin/primer3/
primer3_www.cgi) and synthesized by Sigma-Aldrich (Ireland).
The sequences of primers used for polymerase chain reaction
(PCR) are available in Table 1. The PCR reaction was carried out
in a 50 ml mixture of 0.5 ml of Taq polymerase (Invitrogen) and
1 ml of cDNA and PCR products were then run on 2 % agarose
gel with a parallel 100 bp DNA ladder (Promega, UK). Real-time
PCR was carried out according to the manufacturer’s instructions
using the LightCycler RNA SYBR Green 1 Amplification Kit
(Roche Applied Science). All the measurements were independently repeated six times (n = 6). The maximum concentration of
total RNA template used was 0.5 μg ml−1. Data are presented as
cycle thresholds (Ct), and a quantitative analysis was performed
using the ∆∆Ct method using the LightCycler version 4.0 software.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) expression
levels were used to normalize the data.
Cytokines enzyme-linked immunosorbent assay
Quantitative determination of IL-1β concentrations in plasma
were performed using a human instant enzyme-linked immunosorbent assay (ELISA) kit (eBioscience, San Diego, CA, USA)
according to the manufacturer’s instructions. Optical density was
read using a VICTORX4 multilabel plate reader (PerkinElmer Life
Sciences, Waltham, MA, USA) at 450 nm. The concentrations of
IL-1β were calculated from standard curves. All tests were performed in triplicate.
Statistical analysis
Data are reported as the mean ± standard error of the mean
(SEM) and followed a normal distribution of independent experiments. At least three independent experiments were made each
time. Statistical analysis was performed using a one sample t-test
and one-way ANOVA test. p-values less than 0.05 were considered significant.
Results
Effect of morphine on migration
Incubation with morphine (0.5 and 5 μM) for 24 hours decreased migration in breast cancer MCF7 cells (control: 8.0 ± 1.0
%; 0.5 μM: 3.5 ± 0.5 %; 5.0 μM: 3.2 ± 0.25 %). After 48 hours of
treatment with similar doses of morphine, migration values were
not further affected (control: 8.5 ± 0.8 %; 0.5 μM: 2.6 ± 0.9 %;
5.0 μM: 8.5 ± 2.5 %) (Fig. 1A and B).
Effect of morphine on TLR4 mRNA expression
Treatment of breast cancer cells with morphine altered the expression of TLR 4 genes. Morphine (0.005 μM) decreased gene
expression, while higher concentrations increased the expression
of TLR 4 genes (Fig. 2A and B).
Effect of morphine on MyD 88 mRNA and NF-κB mRNA expression
Treatment of breast cancer cells with morphine (0.005, 0.05,
0.5 and 5 μM) for 24 hours increased the expression of MyD- 88
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Fig. 1.A. Migration of the breast cancer cells after and 24 hours incubation with morphine or DMSO (control). Mean values (n = 3) are shown.
* p < 0.05 compared with control. B. Migration of the breast cancer cells after and 48 hours incubation with morphine or DMSO (control).
Mean values (n = 3) are shown. * p < 0.05 compared with control.
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Fig. 2.A. Fold changes of TLR4 expression after incubation with various concentrations of morphine for 24-hour. * p < 0.05 and ** * p < 0.001
compared with the control. B. Fold changes of TLR4 expression after incubation with various concentrations of morphine for 48 hours. * p <
0.05 and ** * p < 0.001 compared with the control.
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B

Fig. 3.A. Fold changes of MyD 88 expression after incubation with various concentrations of morphine for 24 hours. ** p < 0.01 compared
with the control. B. Fold changes of MyD 88 expression after incubation with various concentrations of morphine for 48 hours. * p < 0.05 , **
p < 0.01 compared with the control.
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Fig. 4.A. Fold changes of NF-κB TLR4 expression after incubation with various concentrations of morphine for 24 hours. * p < 0.05 and ** p
< 0.01 compared with the control. B. Fold changes of NF-κB TLR4 expression after incubation with various concentrations of morphine for
48 hours. * p < 0.05 and ** p < 0.01 compared with the control.

A

B

Fig. 5.A. Interleukin 1β concentration after 24h incubation of cells with morphine. B. Interleukin 1β concentration after 48h incubation of
cells with morphine.

mRNA (Fig. 3A and B). Morphine (0.005, 0.05, 0.5 and 5 μ. Decreased NF-κB mRNA expression, but 0.5μ M had the opposite
effect after 24 h treatment. After 48 h morphine treatment at the
doses of 0.50 and 5μ M, increased mRNA expression, however
other doses decreased its expression (Fig. 4A and B).
Effect of morphine on IL1 beta concentration
There were no significant changes in IL-1β concentrations in
the cells treated with morphine (Fig. 5A and B).
Discussion
This is the first study to our knowledge that investigates the
direct effects of morphine on TLR4/MyD-88 in estrogen positive
breast adenocarcinoma cell lines. Morphine is used to relieve pain
in patients with terminal cancer and also after cancer surgery (16).
Morphine relieves pain by acting directly in the central nervous
system, and although its activity on peripheral tissue leads to
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many secondary complications, morphine is still considered the
most effective drug clinically available for the management of
severe pain associated with cancer (17). The effects of morphine
on cell cancer growth were described either as inhibitory (18) or
stimulatory (20) in the human cancer cell lines or in the animal in
vivo models (19). One reason for these discrepancies could be the
differences in morphine concentrations used, since we observed
that lower concentrations of morphine decreased TLR 4 expression,
while higher concentrations promoted the expression of TLR4. We
also demonstrated that morphine produced biphasic effects on the
cancer cell migration and TLR 4 mRNA expression, but with no
clear dose–response relationships (20).
The activation of TLR4 expression in the tumor cells promotes
tumor growth and resistance to apoptosis (21). Blockage of TLR4
signaling delays tumor growth and prolongs the survival of the
animals (22). TLR4 and MyD88 expression in MCF-7 human
breast cancer cells is increased by LPS stimulation (12), while
knockdown of TLR4 inhibits proliferation and survival of breast
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cancer cells (22). We believe that the expression of this receptor
by morphine as we observed in this study may contribute to metastasis in cancer patients.
The effect of morphine on the expression of TLR-4 was time
dependent as we observed that exposure to high concentrations
of morphine (5 μM) for 48 hours decreased TLR 4 expression;
this concentration of morphine is similar to that achieved in the
plasma of the cancer patients receiving chronic morphine treatment for pain relief (14). Treating cells with lower concentrations of morphine 0.005 μM for 24 hours mimicked the effects
of a single morphine injection in the patients (23). The time–dependent effects of morphine on gene expression were previously
reported (24).
We reported that morphine affected NF-κBgene expression in
the breast adenocarcinoma cell and thus changed the cells’ ability
to migrate. Minimal changes were seen in ILβ concentrations in
the cell supernatants, possibly due to the low concentration of this
cytokine in MCF-7 cells.
In conclusion, we reported that morphine affected the expression of TLR-4-MyD 88 genes, which resulted in an increased
migration of the estrogen positive human breast cancer cell line.
Further studies are needed to evaluate the direct effects of morphine
on the cell migration, and determining the protein end-products
of the TLR-4 gene. Our data suggested that morphine should be
used with caution in tumors expressing TLR 4, as there could be
stimulation of migration.
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