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Background: The Toll-like receptor 4 (TLR4) gene promotes migration in adenocarcinoma cells. Morphine is an agonist for TLR4 that
has a dual role in cancer development. The promoter or inhibitor role of morphine in cancer progression remains controversial. This study
aims to evaluate the effects of morphine on the TLR4, myeloid differentiation primary response protein 88-dependent (MyD88), and nuclear
factor-kappa B (NF-xB) expressions in the human MDA-MB-231 breast cancer cell line.

Materials and Methods: The cells were examined after 24 hours of incubation with morphine using the Boyden chamber system. TLR4,
MyDS88, and NF-kB mRNA expressions were assessed using quantitative real-time polymerase chain reaction (RT-PCR). The concentration
of interleukin-2 beta was also measured using the ELISA assay.

Results: According to the findings, three doses of morphine (0.25, 1.25, and 0.025 uM) increased the expression of the TLR4 and NF-kB
genes, whereas no significant change was observed in the mRNA expression of MyD88. Furthermore, treatment with morphine and
lipopolysaccharide (LPS) significantly decreased the expression of TLR4, MyD88, and NF-kB. However, no significant change was observed
in interleukin 2 beta concentration.

Conclusions: These findings confirmed the excitatory effects of morphine on TRL4 expression and the MYDS88 signaling pathway in vitro.
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INTRODUCTlON cancer.l”) Empirical evidence suggests that there is an
association between inflammation and carcinogenesis.

Breast cancer is the most popular cancer among women Furthermore, approximately 15-20% of cancer deaths

worldwide, and it is found to be rising.l'! The prognosis of
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are caused by preventable infections.®) The Breast cancer
classification is primarily based on the expression of various
immuno-histochemical markers.?

Morphine (C,_H ,NO,) is an exogenous opioid, which is often
used as an analgesic drug in cancer patients.! Morphine
functions through the opioid receptors that are localized in
the brain and spinal cord,” binding to the opioid receptors
on the peripheral tissue and causing complications such as
immuno-modulatory, respiratory depression addiction, and
tolerance.!*”!

Morphine and other opioid drugs modulate cellular functions
through interactions with both opioid receptors (canonical
GPCR opioid receptors; U, 8, and k), producing useful effects
such as analgesia and other receptors (non-canonical or
non-GPCR opioid receptors), for example, Toll-like receptor
4 (TLR4).®

Recognizing lipopolysaccharide (LPS), a part of Gram-negative
and some Gram-positive bacteria, and triggering a potent
immune signaling response are the typical functions of TLR4.”!

Further studies have shown that various opioid agonists,
including both enantiomers of stereo-isomeric opioids such
as morphine, methadone, and levorphanol, induce mild but
significant activation of TLR4 in the absence of LPS.[!

Latest studies have reported abnormally upregulated TLR
signals in carcinoma during chronic inflammation.['

TLR (MyD88-dependent and MyD88-independent) signal
pathways through phosphorylation of IxBa, an NF-xB
inhibitor, results in ubiquitination and degradation of IkBa,
consequently leading to increased NF-kB translocation to
the nucleus, where NF-kB finally binds to target promoter
regions of genes, to activate transcription and increase
tumorigenesis.®

Activation of the nuclear factor kappa B (NFkB) is also
common in breast cancer and is present in more aggressive
tumors because it is associated with resistance to treatment.
However, that inhibition can reverse the treatment-resistant
phenotype.['! As a result, new insights into breast cancer
treatment identify mechanisms that may block TLR/NFxB
activity in breast cancer.['”

TLR4 is increasingly recognized to play a key role in tumor
biology and cancer protection. However, the question of
whether TLR4 mediates some of the effects of opioids on
tumor growth and metastasis is completely unknown and
controversial.l'>!4

Morphine activates TLR4 but suppresses lipopolysaccharide
(LPS)-induced TLR4 activation. Overexpression of TLR4 is
associated with increased metastasis.!"”

Some study showed that administration of IL-2, along with
adoptive transfer of IL-2-cultured anti-tumor T-cells, represents
the first effective cancer immuno-therapy in humans and the
first curative systemic therapies for solid tumors.!'®!

2

In the past decade, many in vivo and in vitro studies have
demonstrated that morphine could alter tumor growth.
Moreover, several experimental studies have shown that
morphine could decrease the progression of various human
cancer cell lines.['”) On the other hand, experiments based
on in vivo and in vitro models have indicated that morphine
accelerates cancer cell growth.[20-221

Consequently, the effects of morphine on cancer growth and
metastasis are still debatable.?! The present study aimed to
investigate the effect of morphine on MDA-MB-231, which
are epithelial cells isolated from the breast tissue, and the
possible mechanisms by which opioids affect tumor growth
and metastasis.

MarteriALs AND METHODS

Cell culture

In the present study, MDA-MB-231 human breast cancer
cells were obtained from Pasteur Institute in Tehran, Iran.
The cells were grown in 96-well tissue plates and cultured
in DMEM 15 medium supplemented with 10% fetal bovine
serum, penicillin (100 units/ml), and streptomycin (100 mg/ml).
Following that, the cells were incubated in a humidified
atmosphere (95% humidity) enriched with 5% CO, at a
temperature of 37°C. The cell tissues were passaged every
3—4 days. Ethics Committee number: IR MUIL.REC.1394.2.170.

Drug exposure

At this stage, the cells were plated at a density of
3 x 104 cells/ml in 96-well plates and treated for 24 hours by
various concentrations of morphine (0.25, 1.25, and 0.025 uM),
LPS (1 and 5 uM), and a combination of morphine and LPS.*
The supernatant was removed and used for the detection of
interleukin-2 (IL-2), and the cells were used for assessing
gene expression.

RNA extraction and polymerase chain reaction

In total, two micrograms of RNA were treated by DNase
I and reverse-transcribed using 100 nanograms of a
random hexamer and 1 microliter of SuperScript II reverse
transcriptase (Invitrogen Ltd., UK) in accordance with the
instructions of the manufacturer. In addition, polymerase chain
reaction (PCR) primers were designed using the open-source
Primer3 software (http://frodo.wi.mit.edu/cgi-bin/primer3/
primer3 www.cgi) and synthesized using a device obtained
from Sigma-Aldrich (Ireland). Table 1 shows the applied
primer sequences. Each PCR contained 50 milliliters of a
mixture of Taq polymerase (0.5 ml; Invitrogen Ltd., UK) and
cDNA (1 ml).

At the next stage, the PCR products were run on 2% agarose
gel with a parallel DNA ladder (100 bp; Promega, UK).
Real-time PCR (RT-PCR) was also performed using a Light
Cycler RNA SYBR Green 1 amplification kit (Roche Applied
Science). Measurements were replicated six times, and the
acceptable concentration of the total RNA template was
determined to be 0.5 pg/ml ~'. Moreover, the mean cycle
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threshold data (Ct) values obtained from the triplicate runs
were determined, and quantitative analysis was carried out
using the 2-°°“ method. Data calculation was performed
using the Light Cycler software version 4.0, and data were
normalized based on the levels of glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) expression.

Cytokine enzyme-linked immuno-sorbent assay

IL-2 level was quantified using a human instant enzyme-linked
immuno-sorbent assay (ELISA) kit (eBioscience, San
Diego, CA, USA) in accordance with the instructions of the
manufacturer. Optical density was also read at 450 nanometers
using a VICTORX4 multi-label plate reader (PerkinElmer Life
Sciences, Waltham, MA, USA). Standard curves were used to
calculate the concentration of IL-2, and the data were expressed
as a picogram per milliliter (pg/ml).

Statistical analysis

Data were expressed as the mean and standard error of
the mean (SEM). One-sample t-test and one-way analysis
of variance (ANOVA) were employed to determine the
significance of differences. In all the statistical analyses, a
P value of less than 0.05 was considered significant.

ResuLts

Effect of morphine on TRL4 expression

To determine whether the effects of morphine are mediated
by the activation of the TRL4 receptor, gene expression
was evaluated after 24 hours of administrating three doses
of morphine. According to the results of RT-PCR, the
expression of TLR4 significantly increased at some doses of
morphine. However, no significant difference was observed

Table 1: Primer Sequences Used in RT-PCR

Gene qPCR primer sequence
TLR4 (TOLL LIKE) F: 5:GAGGATGATGCCAGGATGATGTC 3’
R: 5:GCCAAGTCTCCACGCAGG 3'
NF-KB F 5:ACATCGTGGTCGGCTTCG 3'
R: 5" TGTCATTCGTGCTTCCAGTG 3'
MyD88 F: 5" TCTCTCCAGGTGCCCATCA 3'

R: 5"GGCGAGTCCAGAACCAAGAT 3’

at the morphine dose of 0.025 Mm. TRL4 expression was
significantly higher compared to the controls at the dose of
0.25 uM (P < 0.01). In addition, the TRL4 receptor increased
significantly after treatment with a higher dose of morphine
(1.25 uM; P < 0.05) [Figure la].

Effect of morphine on NF-xB expression

NF-kB is suspected to be associated with inflammation
and carcinogenesis. In this study, we investigated the
possible involvement of NF-kB in TLR4 signaling after the
morphine treatment. As can be seen in Figure 2a, NF-xB
expression significantly increased at all the doses of morphine
(P<0.05and P<0.01).

Effect of morphine on MYD88 expression

To investigate the involvement of the MyD88-dependent
pathway, MYDS88 gene expression was assessed, and the
obtained results showed the over-expression of MYDSS in the
treatment group compared to the control group. In addition, the
lowest dose of morphine (0.025 uM) significantly increased
MYDSS8 expression (P < 0.05) [Figure 3a].

Effect of LPS on TRL4 expression

To find out the possible role of inflammation in the impact
of morphine on breast cancer, the expression of TRL4 was
evaluated within 24 hours of tumor cell stimulation with
LPS and morphine. In response to all the doses of morphine
after the LPS treatment, a significant change was observed
in the TRL4 gene expression. As is shown in Figure 1b,
pre-treatment with morphine (0.025, 0.25, and 1.25 uM)
significantly decreased TRL4 expression compared to the LPS
group (P <0.001) [Figure 1b].

Effect of LPS on NF-xB expression

To investigate whether the expressed TLR was functional
following LPS stimulation, we analyzed the expression
levels of NF-kB after 24 hours of incubation with LPS and
morphine, and a significant decrease was observed in the
NF-kB expression in all the study groups as opposed to the
LPS group (P <0.01 and P<0.001, respectively) [Figure 2b].

Effect of LPS on MYD88 expression
To recognize the signaling downstream involved in the
LPS-induced expression of TLR, we examined the role
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Figure 1: (a) Fold changes of TLR4 expression after incubation with various concentrations of morphine for 24 hours. * * P < 0.01 compared with the
control. [Mean values (n = 2) are shown]. (b) Fold changes of TLR4 expression after incubation with various concentrations of LPS-induced morphine
for 24 hours. * * * P < 0.001 compared with the control. Each graph has been represented as mean + SEM. [Mean values (n = 2) are shown]
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of MYDS88. After 24 hours of incubation with LPS and D|SCUSS|0N
morphine, a significant difference was observed between the
groups in this regard. As is observed in Figure 3b, MYDS8S
gene expression significantly decreased in all the morphine
treatments compared to the LPS group (P <0.01).

Morphine is a p-opioid analgesic drug that is used in pain
relief in the advanced stages of cancer. Several studies have
investigated the effects of morphine on cancer patients,
. . although the exact role of this agent in the regulation of tumor
Eff e."‘t of mor phme .0” IL2 expr egsrqn ) cell growth remains uncertain, which is also true in the case
As is depicted in Figure 4a, no mgmﬁcant'dlfferepce was of signaling pathways.['>**) Several reports have indicated the
denpted between the stgdy groups after cell incubation with pro-apoptotic effects of opioids on cancer cells in vitro.?>* The
various doses of morphine. anti-apoptotic effects of morphine on tumor cells have also been
Effect of LPS on IL2 expression reported.?” In the present study, the role of TLR4 signaling in
As is depicted in Figure 4b, no significant difference was  the human MDA-MB-231 cell line was evaluated after treatment
denoted between the study groups after cell incubation with ~ with morphine, and the obtained results have indicated the

various doses of morphine and LPS. up-regulation of TLR4 because of morphine treatment.
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Figure 2: (a) Fold changes of NF-xB expression after incubation with various concentrations of morphine for 24 hours. * P < 0.05and * * P < 0.01
compared with the control. Each graph has been represented as mean + SEM. [Mean values (n = 2) are shown]. (b) Fold changes of NF-kB expression
after incubation with various concentrations of LPS-induced morphine for 24 hours. ** P < 0.01 and * ** P < 0.001 compared with the control.
Each graph has been represented as mean = SEM. [Mean values (n = 2) are shown]
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Figure 3: (2) Fold changes of MYD88 expression after incubation with various concentrations of morphine for 24 hours compared with the control.
Each graph has been represented as mean = SEM. [Mean values (n = 2) are shown]. (b) Fold changes of MYD88 expression after incubation
with various concentrations of LPS-induced morphine for 24 hours. ** P < 0.01 compared with the control. Each graph has been represented as
mean + SEM. [Mean values (n = 2) are shown]
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Figure 4: (a) Interleukin 2 concentration after 24 h incubation of cells with various concentrations of morphine compared with the control.
Each graph has been represented as mean = SEM. [Mean values (n = 2) are shown]. (b) Interleukin 2 concentration after 24 h incubation
of cells with various concentrations of LPS-induced morphine compared with the control. Each graph has been represented as mean + SEM.
[Mean values (n = 2) are shown]
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According to earlier studies, opioids may potentially influence
TLR4 signaling.['>**! In addition to the interaction of opioids
with TLR4 in the nervous system, TLR4 signaling seems to
influence endothelial cells and immune cells.>®) However, the
molecular mechanism of opioid-mediated immune responses
has not been adequately clarified.

Early observations have established that NF-xB signaling has
involved in opioid-mediated immune responses.” NF-«B is a
transcription factor. The present study reveals that treatment
with morphine increases the NF-kB gene expression. The
findings of this study are consistent with another study
in this regard, which indicated that treatment with a low
dose of morphine could increase NF-kB activation.B%
However, some studies have proposed that morphine could
directly block NF-kB through the modulation of nitric
oxide release.®! In the present study, we examined the role
of MyD88-dependent TIR4 signaling pathways in acute
morphine use. Notably, MyD88 is the adaptor protein of the
MyD88-dependent signaling pathway of TLRs, which leads
to NF-xB activation.?>3

In relation to the current research, the co-treatment of the
cells with LPS and morphine led to the potent inhibition
of LPS-induced TLR4 activation [Figure 1b]. Despite the
agonist effects of morphine on TLR4, NF-kB, and MYD-88
gene expression with the treatment of the cells with morphine
alone, inhibitory effects were observed on TLR4 signaling
with the co-treatment of the cells with LPS and morphine.
This is consistent with a previous study, which indicated that
morphine caused the potent inhibition of LPS-induced TLR4
activation.!"” Therefore, it could be inferred that morphine acts
as a partial agonist in the presence of LPS.

Activation of TLR4s results in the activation of transcription
factors such as NF-kB, which is known to induce the
production of pro-inflammatory cytokines. A recent study in
this regard demonstrated that the protein expression of IL-2 did
not change after morphine treatment. This is inconsistent with
the studies showing that the synthesis and secretion of IL-2
inhibited significantly after morphine treatment,'*’! although
in line with the studies indicating minimal hindrance of IL-2
production after acute morphine treatment IL-2.54

Morphine responsiveness is associated with variations in the
required dose for patients. Morphine exerts anti-cancer effects
at high doses (1-10 mM) by inhibiting the growth of several
cancer cell lines in vitro.'® Moreover, the anti-cancer effects
of morphine are functionalized through the inhibition of tumor
necrosis factor-alpha release, nitric oxide, and reactive oxygen
species.”

Several research studies reported that high concentrations
of morphine induce apoptosis in cancer cells, along with a
reduction in Bcl-2 expression, which means that morphine
acts through an intrinsic pathway and promotes apoptosis.F¢]
On the other hand, studies in low doses of morphine have
demonstrated that morphine inhibits cell death with the
inhibitory impact on the expression of p53 in MDA.
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MB231 cells or through declining the expression of Bcl-2 in
nasopharyngeal carcinoma.>®

In addition to dose, the duration of morphine treatment is
another influential factor in this regard. The reports in this
regard are rather inconsistent because of the differences
in the studied cell types in experimental studies. A further
investigation is required to determine whether morphine
treatment inhibits or promotes malignant cell proliferation.
In conclusion, our findings confirmed the excitatory effects
of morphine on TRL4 expression and MYDS8S8 in the
MDA-MB-231 breast cancer cell line signaling pathway.
Therefore, morphine may improve cancer tumors and cause
metastasis in the patients. However, further investigation is
recommended to clearly understand the mechanisms by which
morphine affects breast cancer cell metastasis.

Limitations

The limitations of this study were the lack of TNF-o. and IFN-3
expression in order to evaluate apoptotic pathways using just
one cell line and, finally, in vivo study has not been performed.
Further studies are needed for overcoming these limitations.
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