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a b s t r a c t 

The incidence of cervical cancer is increasing annually worldwide. Low-dose naltrexone (LDN) has been reported 

to delay tumor progression, but the mechanism remains unclear. Here, we found that low-dose naltrexone could 

upregulate the expression of OGFr. Additionally, LDN could suppress the abilities of colony formation, migration 

and invasion in cervical cancer cells. LDN could also inhibit cervical cancer progression in mice model. Moreover, 

LDN indirectly reduced the expressions of PI3K, pAKT and mTOR in vitro and in vivo. Therefore, LDN may be 

considered a potential treatment option for cervical cancer. 
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ntroduction 

Approximately 570 000 cases of cervical cancer and 311 000 deaths

rom the disease occurred in 2018 [1] . Among females, cervical cancer

as the fourth most common cancer, ranking after breast cancer, col-

rectal cancer and lung cancer. Cervical cancer was the leading cause of

ancer-related death in women in eastern, western, middle, and south-

rn Africa. China and India together contributed more than a third of the

lobal cervical burden, with 106 000 cases and 48 000 deaths in China

2] . Human papillomavirus (HPV) infection is the main cause of cer-

ical cancer has resulted in the development of prophylactic vaccines

o prevent HPV infection and HPV assays that detect nucleic acids of

he virus. With the improvement in diagnostic technology and medical

reatment, the outcome of patients with cervical cancer has significantly

mproved; however, the prognosis of patients with regional and distant

etastasis is still poor. Unfortunately, a significant number of patients

ith cervical cancer who undergo a supposedly curative operation de-

elop local recurrence or distant metastasis leading to shorter survival.

hus, preventing metastasis is fundamental to treat cervical cancer. 
Abbreviations: OGF, opioid growth factor; LDN, low-dose naltrexone; PI3K, phosp

mall cell lung carcinoma; VEGFR, vascular endothelial growth factor; EGF, epiderma
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Many viruses are associated with the development of this tumor and

hat there isone reason for chronic infection, inflammation and the role

f cytokines ininflammation and carcinogenesis [3,4] . Accumulating ev-

dence suggests that the phosphatidylinositol-3-kinase/protein kinase

 (PI3K/Akt) signaling pathway is vital for the growth, metabolism,

poptosis, metastasis, chemotherapy resistance of cancer cells [5,6] .

I3K/Akt signaling pathway has been demonstrated to mediate EMT

rocess [7,8] . Furthermore, the activation of the PI3K/Akt/HIF-1 𝛼

ignaling pathway has been found to play a pivotal role in mediat-

ng hypoxia-induced EMT transformation and invasion in rheumatoid

rthritis-fibroblast-like synoviocytes (RA-FLSs) [9] and hypoxia-induced

MT and chemoresistance in hepatocellular carcinoma [10] . In lung

denocarcinoma, Mex3a interacts with LAMA2 to promote metastasis

ia PI3K/AKT pathway [11] . 

The opioid growth factor (OGF) and its receptor, OGFr, play a reg-

latory role in cell proliferation, and maintain homeostasis through

 tonically active negative feedback mechanism. OGF is an inhibitory

rowth factor that is autocrine and paracrine produced and targets nor-

al and abnormal replicating tissues [12,13] . The OGF-OGFr axis can

e blocked by opioid antagonists such as naloxone and naltrexone. Nal-

rexone was developed in 1963 as an orally active opioid receptor an-
hatidylinositol 3 kinase; EMT, epithelial-mesenchymal transition; NSCLC, non- 

l growth factor; HGF, hepatocyte growth factor; FGF, fibroblast growth factor. 
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Fig. 1. OGFr was low expressed in cervical cancer tumors. (A&B) The expressions of OGFr in patients’ tumors with cervical cancer were examined by Western Bolt 

and qPCR. N was Normal tissues and C was cancer tissues. Data represent the mean ± SD. 
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agonist to be used in the treatment of opioid and alcohol addiction.

t is FDA-approved for the indication of medical-assisted treatment of

lcoholism or opioid use disorder, and is prescribed in doses of 50–

00 mg daily. Low-dose naltrexone (LDN) in the 1–5 mg per day range

eems to work beyond the opioid receptor antagonism and modulate

euro-inflammatory processes involving inflammatory cells such glial

ells. It is reported that a paradoxical response of analgesia and anti-

nflammatory action at low doses [14] . Recently, more and more stud-

es reported that Naltrexone was initially found to have functions of

umor inhibition and immunomodulation when used at low doses [15] .

altrexone has a strong blocking effect on OGFr [16] . Zagon et al. re-

orted that LDN could compete with OGF, after a short period of inhi-

ition, and promote the increase of OGF. Low-dose naltrexone inhibits

olorectal cancer progression and promotes apoptosis by increasing M1-

ype macrophages and activating the Bax/Bcl-2/caspase-3/PARP path-

ay [17] . 

In the present study, we found that OGFr was low expressed in tu-

ors of patients with cervical cancer. Low-dose naltrexone could up-

egulate the expression of OGFr. Additionally, LDN could suppress the

bilities of colony formation, migration and invasion. LDN could also

nhibit cervical cancer progression in mice model. Moreover, LDN indi-

ectly reduced the expressions of PI3K, pAKT and mTOR in vitro and

n vivo. Therefore, LDN may be considered a potential treatment option

or cervical cancer. 

aterials and methods 

ell culture 

The human cervical cancer cell lines Hela and Siha (TCHu187 and

CHu113, Cell Bank of the Chinese Academy of Sciences) were cultured

n DMEM and MEM (Gibco, USA) with 10% fetal bovine serum, 2%

enicillin and streptomycin at 37 °C under 5% CO 2 . The siRNA- OGFr

equence: 5’-CCCTGGACTACTTCATGTT-3. 

estern blot and antibodies 

SDS loading buffer. Samples were boiled for 15 min at 95 ° Western

lot analysis was performed as described previously [18] . Proteinsam-

les were mixed with 4 × SDS loading buffer.Samples were boiled for 15

in at 95 °C, and proteins were separated by SDS page and transferred

o PVDF membranes,and then, the following primary antibodies and di-

utions were used: OGFr antibody(1:1000, Sigma, USA), VEGFR2 and
2 
-VEGFR2 antibody (1:1000, CST, USA),PI3K and PDK1 antibody

1:1000, Santa Cruz, USA), AKT, pAKT antibody, and 𝛽-actin anti-

ody (1:1000, Proteintech, China), and mTOR antibody (1:1000, Wan-

eibio,China). Secondary antibodies were anti-rabbit or anti-mouse HRP

onjugated IgG(1:10000, beyotime, China). 

ormation of stable cell clones 

Hela and Siha cells at a density of 200 per group were seeded into

5 mm Petri dishes and cultured for 24 h. For treatment with LDN,

edium containing 1.24 (Hela) or 1.83 (Siha) mg/mL LDN (Amquar

io Co., Ltd, USA) was added. The medium were changed every 3 days

or all groups. Visible colonies were observed after approximately 14

ays. Then, the colonies formed were fixed with 4% formaldehyde for

0 min, followed by visualization treatment with 0.3% crystal violet

taining for 5–8 min. After washing twice with PBS, the clones were

canned, photographed, and counted. Colony formation rate = (number

f colonies/numbers of seeded cells) ×100%. 

cratch assay 

Scratch assays were performed as described previously [19,20] . Be-

ore the scratch assay, the medium of each cell group treated with LDN

as replaced with a serum-free medium and cultured for 1 h. The wound

cratch was created using a 200 𝜇l pipette tip on the cell surface of the

etri dish, which was then washed once with serum-free medium. The

ells were observed under a microscope and photographs of each treat-

ent group were captured. The locations of the cells in the photographs

ere recorded for comparison with more photographs at later check

oints. The cells were continually incubated in serum-free media for an-

ther 24 or 48 h before more photograph recordings at corresponding

ime points. The distance of cell migration in each experimental group

as calculated. 

nvasion assay 

Invasion assays were performed as described previously [21] . Boy-

en chambers were coated with Matrigel (BD Biosciences, USA). Ac-

ording to the manufacturer’s protocol, cells (3 ×10 4 ) were seeded on

atrigel in the upper chamber, and the bottom chamber was filled with

0% FBS culture medium as chemoattractant. Cells that invaded through

he Matrigel-coated membrane after 24 h were fixed with paraformalde-

yde and stained with 0.4% crystal violet. The fold change in invasion
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Fig. 2. LDN inhibited proliferation, migration and invasion in cervical cancer cells. (A&B) The expressions of OGFr in cervical cancer cells treated LDN were examined 

by Western Bolt. (C&D) The influence of LND treated on colony-formation ability in Hela and Siha cells. (E&F) The migration of Hela and Siha cells were analyzed 

by Scratch assay. The statistical analysis was shown in the bar graph (mean ± SD from three independent experiments), and a representative experiment was shown. 

(G&H) The invasiveness of Hela and Siha cells were analyzed in invasion assay. The fold change in invasion was shown in the bar graph (mean ± SD from three 

independent experiments), and a representative experiment was shown. For treatment with LDN, medium containing 1.24 (Hela) or 1.83 (Siha) mg/mL LDN was 

added. 
3 
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Fig. 3. LDN inhibited the progression of sub- 

cutaneous xenografts in vivo. (A) 4 ×10 6 Hela 

cells (in 0.1 ml solution) were injected into 

BABL/c nude mice. The nude mice experiments 

were performed in four independent groups. 

Different dose of LDN were intraperitoneally 

injected as 0.5 mg/kg, 5 mg/kg, 10 mg/kg. The 

control group of nude mice received an equal 

volume of normal saline. (B) Tumor weigh 

were determined after nude mice death. (C) Tu- 

mor volume was determined each three days. 

N = 5 biologically independent samples. 
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as calculated by dividing the number of cells in LDN treated cells by

he number of cells in the control cells. 

uantitative real-time PCR 

Total RNA from tissue samples was isolated with TRIzol (Invitro-

en, USA). qPCR was performed in the CFX96 Real-Time PCR De-

ection System (Bio-Rad, USA) using TransStart Top Green qPCR

uperMix (Transgene, China) according to the manufacturer’s in-

tructions. The primers used for PCR amplification were as follows:

IK3CA forward, 5 ′ - CCACGACCATCATCAGGTGAA -3 ′ and reverse,

 ′ -CCTCACGGAGGCATTCTAAAGT-3 ′ ; PDK1 forward, 5 ′ - CTGTGAT-

CGGA TCAGAAACCG -3 ′ and reverse, 5 ′ -T TCCACCAAACAATAAA-

AGTGCT -3 ′ ; AKT1 forward, 5 ′ - TCCTCCTCAAGAATGATGGCA ′ and

everse, 5 ′ - GTGCGTTCGATGACAGTGGT -3 ′ ; mTOR forward, 5 ′ - TC-

GAGAGATGAGTCA AGAGG -3 ′ and reverse, 5 ′ - CACCTTCCACTCC-

ATGAGGC -3 ′ ; and VEGFR2 forward, 5 ′ - GTGATCGGAAATGACACTG-

AG -3 ′ and reverse, 5 ′ - CATGTTGGTCACTAACAGAAGCA -3 ′ and 𝛽-

ctin forward, 5 ′ - CATGTACG TTGCTATCCAGGC-3 ′ and reverse, 5 ′ -

TCCTTAATGTCACGCACGAT-3 ′ . qPCR data were analyzed using the

omparative Ct method, and the expression of target genes was normal-

zed to that of 𝛽-actin. 

umor cell implantation in nude mice 

BALB/C nude mice (4–6 weeks old) were purchased from Charles

iver (Beijing, China). The Ethics Committee of the China Medical

niversity approved the experiments. A total of 4 ×10 6 Hela cells (in

.1 mL solution) were injected into nude mice at the right flank via

ubcutaneous injections (five mice/group). The mice were randomly di-

ided into four groups, including the control, the concentrations of LDN

.5 mg/kg, 5 mg/kg, and 10 mg/kg. Intraperitoneal injection of naltrex-

ne dissolved in physiological saline with corresponding concentration
4 
egan the day after tumor cell implantation. Tumor growth and body

eights were measured every 3 days, and the tumor volume was calcu-

ated with the formula: (length ×width2)/2 (mm 

3 ). Thirty-six days after

he tumor was implanted, retro-orbital blood collection was performed

efore euthanizing the mice to collect and weigh the tumors. 

tatistical analysis 

All statistical analyses were performed using GraphPad Prism Soft-

are. The results are expressed as mean values ± SD. Each assay was

erformed in at least three independent replicates. Significant differ-

nces between two groups were assessed using paired two-tailed Stu-

ent’s t -tests. A p -value of ≤ 0.05 was considered statistically significant.

 ≤ 0.05, ≤ 0.01, ≤ 0.001 and ≤ 0.0001 are represented by single, double,

riple and four asterisks respectively. 

esult 

xamining the expressions of OGFr in patients tumors with cervical cancer 

To check the expression of OGFr in patients’ tumor with cervical

ancer, western blot was performed in 12 patients. We found that OGFr

as low expressed in cervical cancer tissues ( Fig. 1 A). Furthermore, we

lso checked the expression of OGFr in mRNA level of tissues, quan-

itative PCR (qPCR) was performed in 60 specimens: 30 specimens of

ervical cancer tissues and 30 of paired adjacent non-cancerous tissues.

e found that OGFr was significantly downregulated in cervical cancer

issues ( Fig. 1 B). 
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Fig. 4. LDN mediated the propagation property in cervical cancer cells through PI3K/AKT/mTOR signaling pathway. (A&B) Changes of PI3K/AKT/mTOR signaling 

pathway-related protein in Hela and Siha cells treated LDN were examined by qPCR and Western Blot. For treatment with LDN, medium containing 1.24 (Hela) or 

1.83 (Siha) mg/mL LDN was added. 

5 
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Fig. 5. LDN mediated the propagation 

property through PI3K/AKT/mTOR signal- 

ing pathway in vivo. (A–H) Changes of 

PI3K/AKT/mTOR signaling pathway-related 

protein in tumors of mice treated LDN were 

examined by Western Blot. 
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DN suppresses proliferation, migration and invasion in cervical cancer 

ells in vitro 

Naltrexone has a strong blocking effect on OGFr, and we detected

he expression of OGFr when cervical cancer cells treated with LDN.

e found that treatment with LDN increased the OGFr expression in

ela and Siha ( Fig. 2 A&B). When knockdownthe expression of OGFr,

reated with LDN could also increase the OGFr expression in Hela and

iha ( Fig. 2 A&B). To explore the function of LDN in cervical cancer

ells, we detected the abilities of proliferation, migration and invasion

hen cervical cancer cells treated with LDN. Then the effect of LDN on

ell holoclone formation was first assessed by clonogenic assays. The

esults showed that LDN could inhibit the holoclone formation of Hela

nd Siha cells ( Fig. 2 C&D). The scratch assay demonstrated that LDN

reatment could markedly reduce the migration of Hela and Siha cells

d

6 
 Fig. 2 E&F). Similarity, the effect of LDN on the invasiveness in cervical

ancer cell lines, the results indicated that the number of invasive cells

as significantly reduced ( Fig. 2 G&H). 

DN mediate the propagation property in vivo 

Furthermore, we extended our findings to a xenograft model in vivo,

n which cervical cancer cells are subcutaneously injected into mice.

e noticed that LDN could inhibit tumor growth ( Fig. 3 A&B), as com-

ared to control group. In addition, compared with the control group,

he 10 mg/kg LDN treatment group had significant differences in inhi-

ition on tumor growth from the 22 days of the treatment, while the

 mg/kg LDN-treated group was 31 days. The time of significant differ-

nce in mice treated with 0.5 mg/kg LDN was 34 days ( Fig. 3 C). There-

ore, the results showed that LDN could suppress the tumor growth with

ose dependent in vivo. 
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DN mediate the propagation property in cervical cancer cells through 

I3K/AKT/mTOR signaling pathway 

PI3K/AKT/mTOR signaling pathway was involved in oncoprotein-

ediated upregulation of EMT-related transcription factors in NSCLC

ells. To explore whether the LDN effect was mediated the

I3K/AKT/mTOR signaling pathway, we detected the expression of

EGFR, PI3K, PDK1, AKT and mTOR by qPCR and western. As shown in

ig. 4 A, LDN significantly decreased the expression of PI3K, PDK1 and

TOR. Although, there was no difference in the expression of VEGF and

KT, the expression of pVEGFR2 and p AKT was downregulated when

reated with LDN in cervical cancer cells ( Fig. 4 B). We also found that

he expression of pVEGFR, PI3K, PDK1, pAKT and mTOR significantly

educed after LDN treatment, especially in the 10 mg/kg group ( Fig. 5 ).

iscussion 

Naltrexone, is a kind of non-specific opioid receptor antagonist, in-

luding the classical opioid receptors can adversely affect opioid recep-

ors ( 𝜇-, 𝜅-, 𝛿- receptor) and the non-classical 𝜁 -receptor (opioid growth

actor receptor, OGFr) [22] . Studies have shown that opioid growth fac-

or (OGF) interacts with OGFr to regulate the occurrence and develop-

ent of tumors [23] . LDN can block the interaction of OGF-OGFr. In this

tudy, we found that OGFr was low expressed in tumors of patients with

ervical cancer. Low-dose naltrexone could upregulate the expression of

GFr. 

Low dose naltrexone (LDN) gradually play a role of treatment in the

ider fields, such as cancer, immune related diseases, complications re-

ated to diabetes [24,25] mental disorders, even also AIDS [26] , How-

ver, the mechanism of the role of LDN in these disease remains un-

lear. It was reported that LDN could inhibit non-opioid receptor Toll-

ike receptor 4 (TLR4) on macrophages such as microglia cells to reduce

nflammatory response, and further alleviate pain symptoms caused by

nflammation [27] . In colorectal cancer, LDN could inhibit CRC progres-

ion andpromotes apoptosis. LDN could induce apoptosis of CRC cells

y activating Bax/Bcl-2/caspase-3/PARP pathway [28] . In our previ-

us study, we found that LDN can up-regulate the expression of CD83,

D80, CD40 and other molecules on the surface of bone marrow derived

endritic cells (BMDCs) in vitro, further promote the differentiation and

aturation of BMDCs, promote the release of IL-12 and TNF- 𝛼, and indi-

ectly kill tumor cells [29] . In this study, we also found that LDN could

uppress the abilities of colony formation, migration and invasion. LDN

ould also inhibit cervical cancer progression in mice model. 

The PI3K/AKT/mTOR signaling pathway regulates the basic func-

ions of cells, such as proliferation, migration, survival and angiogen-

sis, and also plays an important role in the response to hypoxia and

nergy consumption. Activation of this signaling pathway is associated

ith the development of cancer [30] . When the upstream oncogene ex-

ression is amplified or mutated, the PI3K/AKT/mTOR signaling axis

s also activated. The upstream genes include epidermal growth factor

EGF), vascular endothelial growth factor (VEGF), hepatocyte growth

actor (HGF), and fibroblast growth factor (FGF). At the same time, this

ignaling pathway can also be regulated by tumor suppressor genes such

s PTEN.PI3K/AKT/mTOR contributes to tumor growth, angiogenesis,

etastasis and drug resistance in many cell lines and mouse xenograft

odels [31] . Therefore, inhibition of this pathway plays an important

ole in anti-tumor therapy. The inhibitors of PI3K/AKT/mTOR signaling

athway, such as sirolimus and everolimus, are also under experimen-

al research. But a variety of inhibitor drugs have dose-limiting toxic-

ty, including hyperglycemia, macular papules, gastrointestinal intoler-

nce (anorexia, nausea, vomiting, dyspepsia, diarrhea) and stomatitis.

 few also have serious side effects, such as severe bacterial infections

nd immune-mediated organ damage, including colitis, hepatitis and

neumonia, leading to the cessation of clinical trials of some inhibitors

hortly after development [31] . But LDN minor side effects only include

rowsiness, dizziness, vomiting and diarrhea. And in people undergo-
7 
ng chemotherapy, LDN adjuvant therapy can reduce the side effects

aused by chemotherapy, such as LDN alleviates bone marrow suppres-

ion induced by carboplatin chemotherapy in breast cancer and kidney

amage. LDN can also have a synergistic effect with cisplatin in ovarian

ancer, jointly inhibiting the DNA replication and angiogenesis of tu-

or cells. In our study, LDN indirectly reduced the expressions of PI3K,

AKT and mTOR in vitro and in vivo. Therefore, LDN can be used as an

djuvant of clinical anti-tumor drugs in inhibiting the PI3K/AKT/mTOR

ignaling pathway, with high safety and low price. 
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