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1  |  INTRODUC TION

Cervical cancer poses a global challenge for women and is a com-
mon malignancy. Its incidence and mortality rates have significantly 

reduced in developed countries since the introduction of human 
palillo- mavirus (HPV) screening and vaccination programs. However, 
approximately half a million women are diagnosed with cervical can-
cer in developing countries annually, where mortality is ~20 times 
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Abstract
Morphine	 is	 frequently	 applied	 in	 cancer	 patients	 for	 pain	management.	However,	
its effects on cancer are not well understood but observed to be specific to certain 
cancer types. We previously revealed the stimulatory properties of morphine in es-
ophageal carcinoma. This work addressed the effects of morphine and its underlying 
mechanisms in cervical cancer. Proliferation, apoptosis, and migration assays were 
performed to examine the effects of morphine alone and its combinatory effects with 
chemotherapeutic drugs. Immunoblotting and biochemical analysis were performed 
to determine the underlying mechanisms of morphine's action. Morphine promoted 
proliferation in opioid receptor- dependent manner and stimulated migration in opi-
oid receptor- independent manner. However, morphine did not affect cervical can-
cer cell survival. Morphine also interfered with all tested chemotherapeutic drugs 
(e.g., cisplatin, 5- FU, and paclitaxel) and alleviates their efficacy. Mechanistically, 
morphine- stimulated growth via activating EGFR- mediated signaling pathways and 
is	 opioid-	receptor-	dependent;	 morphine-	stimulated	 migration	 via	 activating	 RhoA-	
mediated signaling pathways and this is opioid receptor- independent. Our work 
suggests a strong correlation of this opioid receptor on growth factor signaling to 
stimulate	 growth	 and	 opioid	 receptor-	independent	 activation	 of	 RhoA	 and	 conse-
quent	migration.	Our	findings	have	the	potential	to	guide	the	clinical	use	of	morphine	
for patients with cervical cancer.
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higher than that in developed countries.1	 Surgical	 resection	 and	
adjuvant concurrent chemoradiotherapy are the treatment options 
for localized cervical cancer, whereas platinum- based chemother-
apy is often for metastatic or recurrent disease.2,3 Pain is a common 
symptom in advanced cervical cancer patients and opioids remain 
the most effective standard of care to relieve cancer- related pain.4,5 
Interestingly, substantial evidence has recently shown the associa-
tion between cancer recurrences and anesthesia with a direct role 
of anesthetics in tumor progression.6,7

Among	different	opioids,	morphine	is	used	exclusively	in	pallia-
tive care, especially for severe pain. Morphine acts on neurons via 
mainly activating μ- opioid receptor and also other non- opioid re-
ceptors	such	as	N-	methyl-	D-	aspartate	(NMDA)	receptor.8 Recent 
studies from us and others reveal that increased recurrence risk 
is associated with high- dose morphine usage in patients with 
esophageal carcinoma9 and morphine stimulates migration and 
growth in pre- clinical models of human esophageal carcinoma.10 
Preclinical cancer studies associated morphine with progression 
and overall survival. Morphine activates survival- promoting sig-
naling and promotes breast tumor growth,11 enhances renal cell 
carcinoma aggressiveness,12 and activates leukemia stem/pro-
genitor cell properties.13 In contrast, morphine suppresses human 
hepatocellular carcinoma cell mobility and migratory capacity and 
inhibits lung cancer cell growth.14 The direct effects of morphine 
on tumor cells are complex and seem to be tumor- type specific. 
Nevertheless,	the	effect	of	morphine	on	cervical	cancer	is	largely	
unknown. The effect of morphine on different cancers varies be-
cause of the different surrounding microenvironments in different 
types of cancers.

In this work, we investigate morphine's effects as a single 
agent and in combination with multiple chemotherapeutic drugs 
on cervical cancer cells. This addresses the mechanism of mor-
phine's action. Our work demonstrates that morphine stimulates 
cervical cancer cells and alleviates cytotoxicity of chemothera-
peutic drugs via opioid receptor- dependent and - independent 
mechanisms.

2  |  MATERIAL S AND METHODS

2.1  |  Cell culture

Human	 cervical	 cancer	 cell	 lines	 C-	33A	 and	 CaSki	 were	 obtained	
from	Cell	Bank	of	Type	Culture	Collection	of	Chinese	Academy	of	
Sciences.	These	cancer	cell	lines	were	authenticated	by	performing	
short tandem repeat profiling (Precision Genomics Biotechnology). 
Cells were cultured as monolayers in complete Eagle's Minimum 
Essential Medium supplemented with 10% fetal bovine serum 
(Invitrogen),	 2 mM	 L-	glutamine,	 and	 1%	 penicillin–	streptomycin	
(Sigma).	Cultures	were	incubated	at	37°C,	in	humidified	atmospheric	
air with 5% CO2. Cells in the exponential growth phase were exam-
ined	for	mycoplasma	using	a	MycoAlert	Mycoplasma	Detection	kit	
(Lonza) prior to each experiment.

2.2  |  Drug treatment

Morphine	 hydrochloride	 was	 purchased	 from	 Sigma	 and	 diluted	
in	cell	media	 to	0.25,	0.5,	1,	2,	and	4	μM prior to the experiment. 
Cisplatin, Fluorouracil (5- FU), paclitaxel, and naloxone were ob-
tained	from	Selleck.	Cisplatin	was	reconstituted	in	PBS,	and	the	rest	
of	 drugs	 were	 reconstituted	 in	 dimethyl	 sulfoxide	 (DMSO).	 Cells	
were exposed to drugs (see figure legends for specific concentra-
tions)	for	24 h	and	then	were	used	in	proliferation	and	apoptosis	ex-
periments, and western blot analysis.

2.3  |  5- bromo- 2′- deoxyuridine (BrdU) 
proliferation and apoptosis assays

Cells at a density of 104 cells (for proliferation assay) or 106 (for 
apoptosis	assay)	per	well	were	plated	onto	96-	well	plate	or	6-	well	
plate	and	incubated	for	24 h	in	a	complete	culture	medium	at	37°C	
to allow attachment. On the following day, cells were starved using 
serum-	free	 medium	 for	 12 h,	 followed	 by	 24 h	 of	 treatment	 with	
drugs. Different concentrations or combinations of drugs were used. 
Cell proliferation and apoptosis were determined by using BrdU Cell 
Proliferation	Assay	Kit	 (Abcam)	 and	Cell	Death	 ELISA	 kit	 (Roche),	
respectively, as per manufacturer's protocol. Proliferating cells were 
labeled	by	BrdU.	Apoptosis	was	quantified	by	measuring	cytosolic	
oligonucleosome-	bound	DNA.	Both	were	quantified	by	reading	ab-
sorbance	at	450	or	405 nm	on	a	microplate	reader.

2.4  |  Migration assays

Cell Migration was assessed with Boyden Chambers that contained 
polyethylene	membranes	(8.0	μm pore size; BD Falcon) as described 
in our previous study.10 Cell migration was assessed as the number 
of	cells	in	the	lower	chamber	(migrated	through	the	8	μm pore- size 
membrane). Briefly, cells were starved using serum- free medium for 
12 h.	They	were	resuspended	in	complete	media	and	placed	on	the	
upper chamber. Different concentrations of Morphine were placed 
in	the	lower	chamber,	followed	by	8	h	of	 incubation	at	37°C.	Cells	
from the upper chamber (unmigrated cells) were gently removed 
with a cotton swab. Migrated cells were fixed with 2% paraform-
aldehyde,	counter-	stained	with	crystal	violet	(Sigma),	and	counted.

2.5  |  Denaturing sodium dodecyl sulfate– 
polyacrylamide gel electrophoresis (SDS– PAGE) and 
Western blot (WB) analyses

Cells at a density of 107 were plated onto Petri dish, incubated for 
24 h	in	complete	culture	medium	to	allow	attachment.	The	next	day,	
cells	were	starved	using	serum-	free	medium	for	12 h,	followed	by	
24 h	of	treatment	of	drugs	at	different	concentrations	or	combina-
tions. Cells were then homogenized in radioimmunoprecipitation 
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assay	(RIPA)	lysis	buffer	(Invitrogen)	supplemented	with	protease	
and phosphatase inhibitors (Roche). Protein concentration was 
measured	using	BCA	protein	 assay	 (Pierce).	An	equal	 amount	of	
proteins	 were	 separated	 by	 SDS-	PAGE	 and	 then	 processed	 for	
Western blot analysis using standard protocol.15 Primary antibod-
ies were in 1:1000 dilution and secondary conjugated antibodies 
were in 1: 5000 dilution. Except anti- β-	actin	antibody	(Santa	Cruz	
Biotechnology),	 all	 antibodies	were	obtained	 from	Cell	 Signaling	
Technology.

2.6  |  Statistical analyses

Each result was calculated from at least three independent data 
points, with each data point generated from a total of three repeats. 
All	 data	 points	 are	 expressed	 as	 mean ± SD.	 Paired	 group	 analy-
ses	 were	 performed	 by	 Student's	 t-	test.	 An	 Analysis	 of	 Variance	
(ANOVA)	was	applied	 to	ascertain	differences	within	each	experi-
mental	condition	relative	to	its	corresponding	control	experiment.	A	
p- value <.05 was considered statistically significant.

3  |  RESULTS

3.1  |  Morphine promotes cervical cancer growth 
and migration in opioid receptor- dependent and 
- independent manner

To demonstrate biological activities of morphine on cervical can-
cer,	 C-	33A,	 and	 CaSki	 cell	 lines	 were	 selected	 and	 performed	
proliferation, apoptosis, and migration assays. Both are repre-
sentative human cervical cancer cell models and are tumorigenic 
in mice.16	 C33A	 is	 HPV-	negative,	 whereas	 CasKi	 is	 positive	 for	
HPV type 16. To correlate with clinical significance, the con-
centrations of morphine used in our study are analogous to rou-
tine clinical intravenous administration.17	 As	 assessed	 by	 BrdU,	
we found that morphine significantly increased proliferation in 
a	 dose-	dependent	manner	 by	 1.5-	fold	 in	 C-	33A	 and	 2.4-	fold	 in	
CaSki	cells,	and	the	effective	concentration	started	from	0.25 μM 
(Figure 1A).	In	contrast,	up	to	4	μM morphine did not affect cervi-
cal cancer apoptosis (Figure 1B). Morphine also significantly in-
creased	migration	by	1.8-	fold	in	C-	33A	and	1.5-	fold	in	CaSki	cells,	
and the effective concentration started from 1 μM (Figure 1C). 
Naloxone	is	a	known	competitive	opioid	antagonist	with	a	higher	
affinity for the μ receptor.18 We found that morphine was ineffec-
tive in increasing cervical cancer proliferation in the presence of 
naloxone (Figure 1A), suggesting that morphine promotes cervi-
cal cancer cell proliferation in opioid receptor- dependent manner. 
However, naloxone addition did not affect the pro- migratory ef-
fect of morphine (Figure 1C), suggesting that morphine promotes 
cervical cancer cell migration in opioid receptor- independent 
manner. Cell survival was not affected after treatment of mor-
phine or naloxone alone, or the combination of both (Figure 1B), 

suggesting that opioid receptor is not involved in cervical cancer 
cell survival.

3.2  |  Morphine alleviates cytotoxicity of multiple 
chemotherapeutic drugs in cervical cancer via opioid 
receptor- dependent manner

To simulate the clinical settings, we addressed if morphine inter-
feres with chemotherapeutic drugs' efficacies in cervical cancer. 
Cisplatin, 5- FU, and paclitaxel which are common chemothera-
peutic drugs for cervical cancer were tested. We performed pro-
liferation and apoptosis analysis of cervical cells after treatment 
with morphine or chemotherapeutic drugs alone or combination 
of both. We found that all chemotherapeutic drugs inhibited the 
proliferation	 of	 cervical	 cancer	 cells	 by	 60%–	80%	 (Figure 2A). 
Morphine's addition significantly alleviated all chemotherapeutic 
drug- induced growth inhibition by ~50%.	Similarly,	morphine	sig-
nificantly alleviated all chemotherapeutic drug- induced apoptosis 
(Figure 2B). These clearly demonstrate the protective effect of 
morphine in cervical cancer in response to chemotherapy. To un-
derstand if this is via opioid receptor- dependent pathway, we per-
formed rescue experiments by adding naloxone to cells together 
with morphine and chemotherapeutic drugs. We found that the 
addition of naloxone completely abolished the ability of morphine 
alleviates cytotoxicity of multiple chemotherapeutic drugs in cer-
vical cancer (Figure 2).

3.3  |  Morphine stimulates opioid receptor- 
dependent EGFR- mediated pathway in cervical 
cancer cells

Morphine is reported to induce EGFR activation in cancer cells via μ- 
opioid receptor, resulting in growth-  and survival- promoting signal-
ing.19	Since	EGFR	has	an	essential	role	in	cervical	cancer	progression	
and metastasis,20,21 we examined if morphine stimulates EGFR- 
mediated signaling in cervical cancer cells; and if this is through 
μ- opioid receptor. We found morphine to significantly increase 
phosphorylation	 of	 EGFR	 in	CaSki	 cells	 (Figure 3A). The effective 
concentration	started	from	0.25 μM and the stimulatory effect was 
dose- dependent (Figure 3B). This correlates well with the effective 
concentrations of morphine on proliferation. Time course analysis 
demonstrated	 that	morphine	 activated	 EGFR	 as	 fast	 as	 15 min	 of	
treatment (Figure 3A,C). The addition of naloxone reversed EGFR 
activation by morphine (Figure 3A,D), indicating that this EGFR acti-
vation	is	dependent	on	opioid	receptor.	PI3K/Akt/PTEN/mTOR	and	
the	RAS/RAF/MEK/ERK	are	two	primary	downstream	pathways	of	
EGFR signaling.22 Consistent with EGFR activation, we observed the 
increased	phosphorylation	PI3K,	Akt,	p70S6K,	90RSK	(downstream	
effector	of	ERK),	and	STAT3	in	cervical	cancer	cells	after	morphine	
treatment (Figure 3E). Collectively, these demonstrate morphine 
at the same concentrations that promotes cervical cancer cell 
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proliferation stimulates opioid receptor- dependent EGFR- mediated 
pathway.

3.4  |  Morphine stimulates opioid receptor- 
independent RhoA- mediated pathway in cervical 
cancer cells

The above findings imply morphine activates growth and migra-
tion via differential molecular mechanisms. We previously reported 
that morphine stimulates esophageal carcinoma cell migration via 
RhoA-	mediated	 signaling,10	 we	 hypothesized	 that	 RhoA	 activa-
tion contributed to pro- migratory effect of morphine in cervical 
cancer.	 We	 observed	 morphine	 to	 increase	 RhoA-	GTP	 level	 sig-
nificantly (Figure 4A,B),	suggesting	that	morphine	stimulates	RhoA	
activity.	Phosphorylation	of	downstream	effectors	of	RhoA,	such	as	
myosin phosphatase- targeting subunit 1 (MYPT1) and myosin light 
chain (MLC),23 were also observed in cells exposed to morphine 

(Figure 4A,B). It is noted that the effective concentrations of mor-
phine	on	RhoA	activation	and	its	downstream	effectors	correlated	
well with the ones of morphine on cell migration, suggesting that 
morphine	promotes	cervical	cancer	cell	migration	via	RhoA-	mediated	
signaling.	 As	 expected,	 the	 addition	 of	 naloxone	 did	 not	 reverse	
the	 activation	of	RhoA-	signaling	by	morphine	 (Figure 4C,D), dem-
onstrating that morphine stimulates opioid receptor- independent 
RhoA-	mediated	pathway.

4  |  DISCUSSION

Accumulating	 evidence	 suggests	 that	 postoperative	 opioid	 use	 in	
cancer patients for pain management could influence the risk of can-
cer	recurrence.	This	requires	high-	quality	prospective,	randomized	
controlled clinical trials to derive the association between opioids 
and longer- term recurrence, overall survival, or disease- free sur-
vival	 in	 cancer	 patients.	 Such	 studies	 are	 currently	 lacking.24 One 

F I G U R E  1 Morphine	stimulates	growth	in	opioid	receptor-	dependent	manner	and	promotes	migration	in	opioid	receptor-	independent	
manner	in	cervical	cancer	cells.	(A)	Morphine	significantly	increases	proliferation	in	a	dose-	dependent	manner	in	C-	33A	and	CaSki	cervical	
cancer cells. The addition of naloxone reverses increased proliferation induced by morphine. (B) Morphine does not affect cervical cancer 
cell apoptosis. (C) Morphine significantly increases cervical cancer cell migration in a dose- dependent manner. Migrated cell number of 
five	random	fields	were	quantified.	Naloxone	at	10	μM	was	used.	Morphine	at	0,25,	0.5,	1,	2,	and	4	μM was used. The results were shown 
as relative to control. The data were derived from three independent experiments. *p < .05,	compared	to	control.	ANOVA	analysis	showed	
significant differences among control and morphine- treated groups.
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retrospective	 study	 on	 258	 samples	 shows	 esophageal	 squamous	
cell carcinoma patients with high- dose postoperative morphine use 
to have an increased risk of disease recurrence.9 This is consistent 
with our previous findings obtained from in vitro cell models that 
morphine stimulates esophageal carcinoma cell biological activi-
ties such as migration and proliferation.10 This also suggests that 
preclinical studies are important to understand the association be-
tween opioids and cancer mortality, particularly given the fact that 
data from prospective trials may not be available for many years. 
Consistent with our previous efforts, this work demonstrates the 
potential effects of morphine in activating cervical cancer cell 
growth and migration, and alleviating chemotherapy efficacy, via 
classical and non- classical opioid receptor signaling.

C-	33A	and	CaSki	are	representative	in	vitro	cervical	cancer	mod-
els and cover varying proteomic and genetic profiling,25 and there-
fore were selected to validate the biological effects of morphine in 
cervical cancer. We observed that morphine at nano-  and low micro- 
molar concentrations increased cervical cancer cell proliferation 
and migration significantly without affecting survival (Figure 1). Of 
note, morphine at lower concentrations promotes cell proliferation 
but not migration, suggesting that pro- proliferative rather than pro- 
migratory effect is the predominant effect of morphine in cervical 
cancer. Using preclinical cancer models, various studies show that 

morphine possesses pro- cancer activity, whereas others demon-
strate opposite conclusions.10–	14 The discrepancies remain unclear 
but may be attributed to differences in cancer model systems and 
drug concentrations tested. Consistent with previous findings that 
morphine protects cancer cells from anti- cancer drug- induced cyto-
toxicity,10,13,26,27 we also demonstrate that morphine interferes with 
all tested chemotherapeutic drugs via alleviating their efficacy in in-
hibiting proliferation and inducing apoptosis in cervical cancer cells 
(Figure 2). It is worthy of confirming the antagonistic effect of mor-
phine with chemotherapy in mice models and clinical trials. We and 
others have reported that the stimulated effects of morphine are not 
limited to tumor cells but to other types of normal cells, such as nor-
mal esophageal epithelial cells and normal hematopoietic cells.10,13 
In addition, morphine inhibits immune cell functions leading to im-
munosuppression, whereas stimulates angiogenesis by activating 
proangiogenic signaling.28 Our work together with previous findings 
suggests that morphine plays a positive role in tumor progression.

A	significant	result	from	our	work	that	is	consistent	with	previous	
findings,10,12,14,29,30 shows morphine activates cervical cancer cells 
via both non- classical and classical opioid receptor signaling. Rescue 
experiments using naloxone clearly demonstrate that morphine pro-
motes proliferation and interferes with chemotherapy drugs in opi-
oid receptor- dependent manner, and increases migration in opioid 

F I G U R E  2 Morphine	alleviates	chemo	drugs'	efficacy	in	cervical	cancer	cells.	Morphine	significantly	reverses	the	effects	of	cisplatin,	
5-	FU,	and	paclitaxel	in	inhibiting	proliferation	(A),	inducing	apoptosis	(B),	and	decreasing	migration	(C)	in	C-	33A	and	CaSki	cervical	cancer	
cells.	The	addition	of	Naloxone	significantly	reverses	the	inhibitory	effects	of	cisplatin,	5-	FU,	and	paclitaxel	on	proliferation	and	survival	but	
not	migration.	Naloxone	at	10	μM,	morphine	at	4	μM,	cisplatin	at	1	nM,	5-	FU	at	50 nM,	and	paclitaxel	at	20 nM	were	used.	The	results	were	
shown as relative to control. The data were derived from three independent experiments. *p < .05,	compared	to	5-	FU,	cisplatin,	or	paclitaxel	
alone. #p < .05,	compared	to	5-	FU + morphine,	cisplatin + morphine,	or	paclitaxel + morphine	alone.
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receptor- independent manner (Figures 1 and 2). Morphine also binds 
to	 N-	methyl-	D-	aspartate	 (NMDA)	 receptor	 which	 is	 expressed	 in	
human ovarian cancer cells.31 However, to our best knowledge, it 
remains	unknown	whether	morphine	binds	to	NMDA	in	cancer	cells.	
We	demonstrate	that	EGFR	activation	is	the	consequence	of	opioid	
receptor activation by morphine in cervical cancer cells (Figure 3). 
CaSki	 displays	 much	 more	 EGFR	 expression	 level	 than	 C-	33A,32 
which	correlates	well	with	our	findings	that	CaSki	is	more	sensitive	
to	C-	33A	to	morphine	in	increasing	proliferation	(Figure 1A). Other 
opioid family members such as oxycodone also demonstrate the 
ability to activate EGFR in opioid receptor- dependent pathways.33 
Our findings confirm the association/crosstalk between EGFR and 
opioid receptor.34 EGFR activation by morphine has the potential to 
affect cervical cancer patients because it is found that EGFR overex-
pression is in >70% of cervical cancer patients. The molecular mech-
anisms of morphine's stimulatory effect on cell migration include 
induction	of	 epithelial-	mesenchymal	 transition	 and	P2X4	 receptor	
modulation.10,35 We demonstrate that morphine promotes cervical 
cancer	 cell	 migration	 via	 activating	 RhoA-	mediated	 signaling,	 and	

furthermore that this is opioid receptor- independent (Figure 4). 
Interestingly,	RhoA	activity	is	also	regulated	by	G-	protein	signaling.	
Morphine	might	 activate	RhoA	via	 other	G-	protein	 pathways	 that	
are not downstream of opioid receptor signaling.

5  |  CONCLUSION

Our work clearly demonstrates the stimulatory effects of morphine 
in cervical cancer by opioid receptor- dependent EGFR activation 
and	 opioid	 receptor-	independent	 RhoA	 activation.	 Our	 preclinical	
findings may potentially guide the clinical use of morphine for man-
aging cervical cancer or other cancers with EGFR overexpression.
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