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Abstract
Background: As	an	immune	enhancer,	Nocardia	rubra	cell-	wall	skeleton	(Nr-	
CWS)	has	been	used	to	treat	persistent	human	papillomavirus	infection	and	cer-
vical	precancerous	lesions.	However,	it	is	still	unclear	whether	it	can	be	used	to	
treat	cervical	carcinoma.
Methods: In	our	study,	the	aim	was	to	determine	whether	Nr-	CWS	affects	the	
apoptosis	of	cervical	carcinoma	cells	by	enhancing	the	antitumor	effect	of	den-
dritic	cells	and	macrophages	in	vivo	and	in	vitro.
Results: The	experimental	results	showed	that	Nr-	CWS	can	promote	the	activity	
of	dendritic	cells	and	macrophages	and	reduce	their	apoptosis.	It	also	increased	
the	cytokines	IL-	6,	IL-	12,	TNF-	ɑ,	and	IL-	1β	secreted	by	dendritic	cells	and	mac-
rophages	 and	 reduced	 their	 PD-	L1	 expression.	 In	 vitro,	 Nr-	CWS	 inhibited	 the	
proliferation,	 colony	 forming	 ability	 of	 HeLa	 and	 SiHa	 cervical	 carcinoma	 cell	
lines	cultured	with	macrophages,	and	more	cells	were	blocked	in	G2/M	phase.	
Nr-	CWS	 promoted	 TNF-	ɑ/TNFR1/caspase-	8-	mediated	 apoptosis	 by	 increasing	
macrophages	secretion	of	TNF-	ɑ	and	inhibited	cell	migration	and	invasion	reg-
ulated	by	the	WNT/β-	catenin-	EMT	pathway.	Nr-	CWS	also	reduced	the	expres-
sion	 of	 the	 cervical	 carcinoma	 genes	 E6	 and	 E7	 thereby	 increasing	 expression	
of	p53 gene	and	decreasing	expression	of	PD-	L1 gene.	 In	vivo,	Nr-	CWS	 inhib-
ited	tumor	growth	and	decreased	the	expression	of	E6,	E7,	PD-	L1,	P16,	Ki67,	and	
PCNA	in	tumors.
Conclusions: Therefore,	our	results	suggest	that	Nr-	CWS	can	promote	apoptosis	
of	cervical	carcinoma	cells	by	enhancing	the	antitumor	effect	of	dendritic	cells	
and	macrophages.
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1 	 | 	 INTRODUCTION

Cervical	 carcinoma	 is	 a	 major	 cancer	 affecting	 women's	
health	 and	 one	 of	 the	 highest	 rates	 of	 cancer-	related	
deaths	in	developing	countries.1	The	pathogenesis	of	cer-
vical	carcinoma	has	been	proven	to	be	related	to	HPV	virus	
infection	and	patient	immune	degradation.2	However,	to	
date,	 no	 antiviral	 drugs	 that	 are	 effective	 in	 eliminating	
HPV	have	been	identified.	The	blocking	and	self-	clearing	
of	local	cervical	HPV	infection	depend	on	the	state	of	the	
host's	immune	system.	Therefore,	immunotherapy	plays	a	
vital	role	in	the	treatment	of	cervical	carcinoma.

Although	T	cells	are	the	primary	effectors	of	the	antitu-
mor	response,	there	is	increasing	evidence	that	innate	im-
mune	cells	are	essential	 for	successful	tumor	clearance.3	
Dendritic	cells	(DCs)	have	been	described	as	sentinels	of	
the	immune	system.	Although	DCs	are	only	a	small	pro-
portion	of	immune	cells	in	tumors	and	lymphatic	organs,	
these	cells	are	central	to	initiating	antigen-	specific	immu-
nity	 and	 tolerance.	 They	 continuously	 collect	 antigens	
and	present	them	to	T	cells	through	MHC	I	and	II,4	and	
modulate	the	activity	of	other	immune	cells	through	cell-	
to-	cell	contact	and	cytokine	release,	 thereby	shaping	the	
immune	response.5

Ideally,	newly	emerging	tumor	cells	can	be	recognized	
and	 eliminated	 by	 innate	 immune	 cells	 such	 as	 macro-
phages.6	 As	 the	 most	 abundant	 innate	 immune	 cells	 in	
tumor-	infiltrating	 immune	 cells,	 tumor-	associated	 mac-
rophages	 (TAMs)	 are	 the	 main	 inflammatory	 cell	 types	
in	the	tumor	microenvironment.7	TAMs	include	inactive	
M0 macrophages,	M1 macrophages	with	antitumor	effect,	
M2 macrophages	with	tumor-	promoting	effect,	and	many	
macrophages	whose	classification	has	not	been	clearly	de-
fined.8	Secretion	of	IL-	12	by	macrophages	strengthens	the	
activity	of	NK	cells	and	CD8+T	cells,	while	IL-	1β	recruits	
cytotoxic	T	lymphocytes	(CTL)	to	exert	antitumor	effects.9	
TNF-	ɑ,	 which	 is	 primarily	 secreted	 by	 macrophages	 in-
duces	 HeLa	 cell	 proliferation	 through	 EMT-	mediated	
epithelial-	mesenchymal	transformation.10

Current	studies	on	the	immunotherapy	of	cervical	car-
cinoma	 have	 primarily	 focused	 on	 therapeutic	 vaccines	
targeting	 E6	 and	 E7	 oncoproteins11	 and	 checkpoint	 in-
hibitors	of	PD-	1/PD-	L1.12	However,	there	are	few	studies	
on	innate	immunotherapy	in	patients	with	cervical	carci-
noma.	The	immunostimulant	of	Nocardia	rubra	cell-	wall	
skeleton	 (Nr-	CWS),	 consisting	 of	 nocardomycolic	 acid,	
arabinogalactan,	 and	 mucopeptide,	 enhances	 the	 ability	
of	 the	 host	 to	 clear	 infection.	 Nr-	CWS	 significantly	 in-
creased	the	number	of	CD4+	and	CD8+T	cells	in	the	cer-
vical	tissues	of	patients	with	HR-	HPV	infection	and	CIN,	
and	decreased	the	expression	of	PD-	L1.13	Nr-	CWS	can	sig-
nificantly	promote	the	activity	of	Cytokine-	Induced	Killer	
cells,	 DCs	 and	 Natural	 Killer	 cells,	 which	 exert	 strong	

antitumor	 activity	 especially	 by	 inducing	 apoptosis.14	
In	 addition,	 Nr-	CWS	 increases	 the	 response	 of	 CD8+T	
cell	and	activation	of	CD4+T	cell,	and	promotes	the	dif-
ferentiation	 of	 CD4+T	 cells	 into	Th1	 cells.15,16	 Ct26.WT	
tumor-	bearing	mice	were	injected	with	Nr-	CWS	and	PD-	1	
inhibitors	 simultaneously,	 which	 significantly	 inhibited	
the	growth	of	transplanted	tumor.	This	suggests	that	Nr-	
CWS	may	improve	the	efficacy	of	PD-	1	inhibitors.17

We	propose	the	hypothesis	that	Nr-	CWS	influences	the	
apoptosis	of	cervical	carcinoma	cells	by	promoting	the	an-
titumor	effect	of	macrophages	and	dendritic	cells.

2 	 | 	 MATERIALS AND METHODS

2.1	 |	 Patients

All	 studies	 involving	human	participants	were	 reviewed	
and	 approved	 by	 the	 Ethics	 Committee	 of	 Shengjing	
Hospital	 of	 China	 Medical	 University	 (2017PS003K).	
The	patients	provided	 their	written	 informed	consent	 to	
participate	 in	 this	 study.	 All	 blood	 samples	 used	 in	 the	
study	were	from	20	cervical	carcinoma	patients	who	were	
treated	at	 the	Obstetrics	and	Gynecology	Department	of	
Shengjing	Hospital	of	China	Medical	University	between	
2020	and	2021.

2.2	 |	 Mice and cell lines

Thirty	 female	 C57BL/6  mice	 aged	 6–	8  weeks	 were	 ob-
tained	 from	Beijing	Huafukang	Biosciences	 (China)	and	
kept	in	pathogen-	free	conditions.	This	animal	study	was	
reviewed	and	approved	by	the	Ethics	Committee	of	China	
Medical	 University	 (KT2020135).	 The	 human	 cervical	
carcinoma	 cell	 lines	 HeLa	 (HPV18+)	 (CL-	0101,	 Procell,	
China),	 SiHa	 (HPV16+)	 (CL-	0210,	 Procell,	 China),	 and	
the	 mouse	 cervical	 carcinoma	 cell	 lines	 U14	 (CL-	0459,	
Procell,	China),	TC-	1	(CL-	0551,	Procell,	China)	were	cul-
tured	 in	 RPMI	 1640	 (SH30255.01,	 HyClone,	 USA)	 with	
10%	fetal	bovine	serum	(FBS)	(164210,	Procell,	China).	All	
cell	 lines	were	cultured	under	sterile	conditions	at	37°C	
and	5%	CO2.

2.3	 |	 Cell induction and cultivation

2.3.1	 |	 Dendritic	cells

Using	 Ficoll	 human	 peripheral	 blood	 lymphocyte	 isola-
tion	 solution	 (P8900,	 Solarbio,	 China),	 centrifuged	 at	
800  g	 for	 25  min	 to	 separate	 peripheral	 blood	 mononu-
clear	cells	(PBMC).	In	RPMI	1640 medium	without	FBS,	
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PBMCs	were	cultured	at	37℃	for	2 h.	The	non-	adherent	
cells	 were	 discarded.	 The	 medium	 was	 replaced	 with	
1640 serum-	containing	medium	containing	recombinant	
granulocyte-	macrophage	colony-	stimulating	factor	(rGM-	
CSF)	(300–	03,	Peprotech,	USA)	(1000	U/mL)	and	recom-
binant	 human	 interleukin-	4	 (IL-	4)	 (200–	04,	 Peprotech,	
USA)	(5.0	U/mL)	for	continuous	culture	for	6 days.	TNF-	α	
(300-	01A,	Peprotech,	USA)	(2.0	U/mL)	was	added	on	the	
day	7,	and	the	culture	was	continued	for	3 days.	On	the	9th	
day,	all	DCs	were	collected	and	divided	into	three	groups,	
which	were	treated	with	20 μg/mL	Nr-	CWS,	30 μg/mL	Nr-	
CWS,	and	PBS	for	3 days.

2.3.2	 |	 Macrophage	cells

The	 previous	 steps	 were	 similar	 to	 those	 of	 DCs.	 The	
medium	 was	 replaced	 with	 1640  serum-	containing	 me-
dium	 containing	 macrophage	 colony-	stimulating	 factor	
(M-	CSF)	 (315–	02,	 Peprotech,	 USA)	 (1000	 U/mL),	 and	 a	
half	dosage	was	given	every	2 days.	On	the	day	7,	all	mac-
rophages	 were	 collected	 and	 divided	 into	 three	 groups,	
which	 were	 treated	 with	 20  μg/mL	 Nr-	CWS,	 30  μg/mL	
Nr-	CWS,	and	PBS	for	3 days.

2.3.3	 |	 Co-	culture	experiments

Transwells	 (3412,	 Corning,	 USA)	 with	 a	 0.4-	µm	 aper-
ture	 were	 used	 for	 co-	culture	 experiments.	 Mφs	 were	
cultured	in	the	upper	chamber	and	cervical	carcinoma	
cells	were	cultured	in	the	lower	chamber.	The	cells	were	
divided	 into	 four	groups,	untreated	cervical	carcinoma	
cells,	and	three	other	groups	that	were	co-	cultured	and	
treated	with	20 μg/mL	Nr-	CWS,	30 μg/mL	Nr-	CWS,	or	
PBS.	 After	 co-	culture	 for	 3  days,	 macrophages	 in	 the	
upper	 compartment	 and	 cervical	 carcinoma	 cells	 in	
the	 lower	 compartment	 were	 collected	 for	 subsequent	
experiments.

2.4	 |	 CCK- 8

Cells	 in	 each	 group	 were	 collected	 and	 resuspended	 in	
1640 medium.	The	cells	were	added	to	a	96-	well	plate	at	a	
density	of	2000	cells/well	and	placed	at	37°C,	5%	CO2	in-
cubator	for	culture.	Measuring	cell	viability	at	0,	24,	48,	72,	
and	96 hours.	Five	parallel	wells	were	used	for	different	
concentrations	of	Nr-	CWS	and	untreated	groups.	Ten	mi-
croliters	of	CCK-	8	(HB-	CCK8-	2,	Hanbio,	China)	reagent	
was	added	to	each	well	and	incubated	at	37°C	for	2 h.	The	
absorbance	 was	 measured	 at	 450nm	 with	 a	 microplate	
reader	(1603301D,	Bio	Tek,	USA).

2.5	 |	 The proportion of CD80+cells and 
CD68+cells by flow cytometry

We	 used	 CD80	 and	 CD68	 as	 markers	 for	 dendritic	 cells	
and	 macrophages,	 respectively.	 Cells	 from	 all	 groups	
were	collected,	washed	twice	by	PBS,	and	suspended	with	
500 μL	antibody	buffer	containing	anti-	PE-	CD80	(566992,	
BD,	USA)	and	FITC-	CD68(562117,	BD,	USA),	then	incu-
bated	in	darkness	for	20 min,	and	analyzed	by	flow	cytom-
etry	(LSRFortessa,	BD,	The	United	States).	Flow	detection	
voltage	settings	were	as	follows:	FSC	319,	SSC	357,	FITC	
500,	 and	 FSC	 198,	 SSC	 242,	 PE	 319.	 An	 antibody-	free	
group	was	set	for	survival	control	in	each	experiment.	The	
gating	policy	is	shown	in	Figure	S1.	All	results	were	ana-
lyzed	by	FlowJo	software.

2.6	 |	 Apoptosis assay

Cells	 from	 all	 groups	 were	 collected,	 washed	 with	 pre-	
cooled	 PBS	 for	 2	 times,	 and	 resuspended	 with	 500  µL	
buffer.	 Cell	 apoptosis	 was	 evaluated	 by	 apoptosis	 detec-
tion	 kit	 (CA1020,	 Solarbio,	 China).	 Annexin	 V-	FITC	
Fluorescein	isothiocyanate	(FITC)	was	added,	and	PI	dye	
was	 added	 after	 incubation	 for	 30  min.	 After	 15  min	 of	
incubation,	the	apoptosis	rate	was	assessed	using	flow	cy-
tometry.	Flow	detection	voltage	settings	were	as	follows:	
FSC	181,	SSC	286,	FITC	341,	PI	308	(DCs);	FSC	181,	SSC	
269,	FITC	286,	PI	275	(Mφs);	FSC	148,	SSC	265,	FITC	308,	
PI	363	(HeLa);	FSC	165,	SSC	269,	FITC	308,	PI	368	(SiHa);	
FSC	 357,	 SSC	 352,	 FITC	 500,	 PI	 478	 (Hela-	si),	 and	 FSC	
203,	SSC	286,	FITC	332,	PI	407	(SiHa-	si).

2.7	 |	 ELISA

IL-	6	 Human	 ELISA	 Kit	 (BMS213-	2,	 Invitrogen,	 USA),	
IL-	6 Mouse	ELISA	Kit	(BMS603-	2,	Invitrogen,	USA),	IL-	
12	 Human	 ELISA	 Kit	 (BMS2013TEN,	 Invitrogen,	 USA),	
IL-	12  Mouse	 ELISA	 Kit	 (88–	7120–	86,	 Invitrogen,	 USA),	
IL-	1β	 Human	 ELISA	 Kit	 (BMS224-	2,	 Invitrogen,	 USA),	
IL-	1β	 Mouse	 ELISA	 Kit	 (BMS6002,	 Invitrogen,	 USA),	
TNF-	ɑ	Human	ELISA	Kit	(BMS223HS,	Invitrogen,	USA),	
and	 TNF-	ɑ	 Mouse	 ELISA	 Kit	 (BMS607-	3,	 Invitrogen,	
USA)	were	used	to	analyze	cytokines	IL-	6,	IL-	12,	TNF-	ɑ,	
and	IL-	1β	in	cell	supernatant	and	serum	according	to	in-
structions	and	previous	studies.18

2.8	 |	 RT- qPCR

Total	 RNA	 was	 extracted	 from	 cells	 by	 TRIzol	 rea-
gent	 (16096020,	 Invitrogen,	 USA).	 mRNA	 was	 reverse	
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transcribed	into	cDNA	by	the	PrimeScriptTM	RT	Reagent	
Kit	 with	 gDNA	 Eraser	 (RR047A,	 Takara,	 USA).	 cDNA	
was	 added	 to	 the	 20  µL	 system	 using	 SYBR	 Premix	 Ex	
Taq	 (RR820A,	 Takara,	 USA).	 The	 real-	time	 quantitative	
PCR	was	performed	using	QuantStudio	(A40425,	Thermo,	
USA).	The	primer	sequence	is	shown	in	the	Table 1.	The	
mRNA	expression	was	normalized	to	GAPDH,	and	rela-
tive	 quantification	 was	 performed	 by	 calculating	 2−ΔΔCt.	
All	experiments	were	repeated	three	times.

2.9	 |	 Colony formation assay

Cells	in	each	group	were	collected	and	counted.	Thousand	
cells	 per	 well	 were	 added	 to	 a	 6-	well	 culture	 plate,	 cul-
tured	for	12 days	and	dyed	with	0.5%	crystal	violet.	The	ex-
periment	was	repeated	three	times.	The	basal	planes	were	
observed	and	photographed	under	a	microscope	(703548,	
Nikon,	Japan).

2.10	 |	 Scratch test

Cells	 from	 each	 group	 were	 collected	 and	 added	 to	 a	 6-	
well	 culture	 plate,	 and	 cultured	 overnight	 at	 37°C,	 5%	
CO2	 incubator.	 When	 cells	 had	 fused	 to	 80%,	 the	 me-
dium	was	discarded	and	 the	bottom	of	 the	culture	plate	
was	scratched	with	the	tip	of	a	100	µL	pipette.	The	cells	
were	cultured	in	serum-	free	medium	for	48 h	and	washed	
with	PBS.	The	scratch	healing	was	observed	under	a	mi-
croscope	(703548,	Nikon,	Japan).	The	experiment	was	re-
peated	three	times.

2.11	 |	 Transwell assays

Migration	 and	 invasion	 experiments	 were	 carried	 out	
using	 Transwell	 chamber	 (3413,	 Corning,	 USA).	 Two	
hundred	 microliters	 of	 serum-	free	 RPMI	 1640	 contain-
ing	 5*104	 cells	 were	 added	 to	 the	 upper	 compartment	
of	 the	 Transwell	 chamber.	 The	 lower	 compartment	 was	
incubated	with	800	µL	1640 medium	with	10%	 fetal	bo-
vine	serum	at	37°C	for	2 days.	At	room	temperature,	4%	
formaldehyde	 was	 used	 to	 fix	 Transwell	 membranes	 for	
15 min	and	0.1%	crystal	violet	was	used	to	stain	them	for	
25 min.	Photographs	were	taken	with	an	inverted	micro-
scope	 (703548,	 Nikon,	 Japan).	 The	 number	 of	 cells	 mi-
grated	 to	 the	 submembrane	 was	 detected	 by	 Image-	Pro	
Plus	6.0.	The	cell	 invasion	 test	was	performed	using	 the	
same	 method	 as	 the	 cell	 migration	 test.	 However,	 the	
Transwell	 chamber	 was	 precoated	 with	 10	 µL	 Matrigel	
(356234,	BD,	USA;	1/5	diluted	in	RPMI	1640).

2.12	 |	 Western Blot

Cellular	and	tissue	proteins	were	harvested	with	RIPA	
lysis	 buffer	 (P0013B,	 Beyotime,	 China)	 and	 phos-
phatase	 inhibitors.	 BCA	 protein	 detection	 kit	 (P0012,	
Beyotime,	 China)	 was	 used	 to	 determine	 the	 protein	
concentration.	The	mixtures	of	37.5 µg	protein	and	5X	
loading	buffer	were	added	 to	15%	SDS–	polyacrylamide	
gels	for	electrophoresis.	They	were	transferred	to	poly-
vinylidene	 fluoride	 (PVDF)	 (BS-	PVDF-	22,	 Biosharp,	
China)	 membrane	 after	 the	 above	 process.	 The	 mem-
branes	 were	 sealed	 at	 room	 temperature	 for	 1  h	 in	 5%	
nonfat	milk	TBST	buffer	(20 mM	Tris	pH	7.4,	150 mM	
NaCl	 and	 0.1%	 Tween-20),	 and	 then	 incubated	 with	
primary	 antibodies	 at	 4˚C	 overnight.	 After	 washing	
membranes	 with	 TBST	 buffer	 for	 3	 times,	 they	 were	
conjugated	 with	 the	 corresponding	 goat	 anti-mouse	
IgG	 antibody	 (1:5000,	 PA1-	28555,	 Invitrogen,	 USA)	 or	
goat	anti-rabbit	IgG	antibody	(1:5000,	31466,	Invitrogen,	
USA)	for	1 hour	at	room	temperature.	ImageJ	software	
was	 used	 to	 determine	 the	 relative	 amount	 of	 protein	
using	 densitometry.	 Rabbit	 polyclonal	 anti-GAPDH	
antibody	 (1:2500,	 ab9485,	 abcam,	 USA)	 was	 used	 as	
the	 loading	 control.	 The	 following	 primary	 antibodies	
were	 bounded	 with	 the	 proteins:	 mouse	 monoclonal	
anti-HPV16+18-	E6	 (1:1000,	 ab70,	 abcam,	 USA),	 rab-
bit	 polyclonal:	 monoclonal	 anti-	HPV18-	E7	 (1:1000,	
ab100953,	 abcam,	 USA),	 anti-	HPV16-	E7	 (1:1000,	
P03129,	 Bioss,	 China),	 anti-	p53	 (1:10000,	 ab32389,	
abcam,	 USA),	 PD-	L1	 (1:2000,	 ab205921,	 abcam,	 USA),	
anti-	caspase-	3	 (1:5000,	 ab32351,	 abcam,	 USA),	 anti-	
caspase-	8	(1:500,	ab32397,	abcam,	USA),	anti-	caspase-	9	
(1:2000,	 ab32539,	 abcam,	 USA),	 anti-	BAX	 (1:2000,	

T A B L E  1 	 Forward	and	reverse	primers

Primer name Oligo sequence (5′ to 3′)

HPV16-	E6	forward GCAATGTTTCAGGACCCACAGGAG

HPV16-	E6	reverse ACCTCACGTCGCAGTAACTGTTG

HPV16-	E7	forward ATGACAGCTCAGAGGAGGAGGATG

HPV16-	E7	reverse AACCGAAGCGTAGAGTCACACTTG

HPV18-	E6	forward TGTGCACGGAACTGAACACT

HPV18-	E6	reverse GCACCGCAGGCACCTTATTA

HPV18-	E7	forward CCGACGAGCCGAACCACAAC

HPV18-	E7	reverse CACCACGGACACACAAAGGACAG

TP53	forward TTCCTGAAAACAACGTTCTGTC

TP53	reverse AACCATTGTTCAATATCGTCCG

PD-	L1	forward GCTGCACTAATTGTCTATTGGG

PD-	L1	reverse CACAGTAATTCGCTTGTAGTCG

GAPDH	forward CGGATTTGGTCGTATTGGG

GAPDH	reverse CTGGAAGATGGTGATGGGATT
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ab32503,	 abcam,	 USA),	 anti-	Bcl-	2	 (1:1000,	 ab32124,	
abcam,	 USA),	 anti-	β-	catenin	 (1:1000,	 ab68183,	 abcam,	
USA),	anti-	E-	cadherin	 (1:2000,	ab40772,	abcam,	USA),	
anti-	N-	cadherin	 (1:2000,	 ab207608,	 abcam,	 USA),	 and	
anti-	TNFR1	(1:1000,	ab259817,	abcam,	USA).	The	chan-
nels	 to	 buy	 antibodies	 were	 all	 from	 Shenyang	 Boke	
Biotechnology	Limited	Company.	All	experiments	were	
repeated	three	times.

2.13	 |	 Cell cycle analysis

Cells	of	each	group	were	collected	and	rinsed	twice	with	
PBS.	The	pre-	chilled	ethanol	was	slowly	added	to	stabilize	
the	cells	and	stored	for	later	use	at	−20°C.	The	cells	were	
resuspended	 in	 500  µL	 PI/RNase	 A	 (550825,	 BD,	 USA)	
staining	 solution	 and	 incubated	 in	 the	 dark	 for	 20  min.	
The	flow	cytometry	(FACSCalibur,	BD,	USA)	was	be	used	
to	analyze	cell	cycle.	Flow	detection	voltage	settings	was	
as	follows:	FSC	319,	SSC	324,	and	PI	429.	The	experiment	
was	repeated	three	times.

2.14	 |	 Tumor growth studies

The	 U14	 and	 TC-	1	 tumor	 cells	 (2*106)	 were	 subcutane-
ously	injected	into	C57BL/6 mice.	One	week	later,	when	
the	average	tumor	volumes	were	150–	200 mm3,	the	mice	
were	randomly	assigned.	All	mice	were	randomly	divided	
into	 three	 groups	 (5  mice/each	 group):	 (A)	 the	 control	
group,	which	received	PBS	(100 μL);	(B)	the	Nr-	CWS-	low	
group,	which	received	5 μg	Nr-	CWS	(100	μL);	(C).	the	Nr-	
CWS-	high	group,	which	received	10 μg	Nr-	CWS	(100 μL).	
Tumor	 size	 was	 measured	 with	 Vernier	 caliper	 every	
3 days,	and	formula	to	calculate	tumor	volume	as	follows:	
Volume	=	0.5*	(width)2	*	(length).

2.15	 |	 Immunohistochemistry and 
image analysis

Fresh	tumor	tissues	were	stabilized	in	4%	paraformalde-
hyde	and	embedded	in	paraffin	blocks.	The	immunohis-
tochemistry	kit	(E-	IR-	R211,	Elabscience,	China)	was	used	
to	analyze	tissue	sections	(4 μm	thick).	Slides	were	incu-
bated	overnight	at	4°C	with	following	primary	antibodies:	
mouse	 anti-	human:	 HPV16+18-	E6	 (1:100,	 ab70,	 abcam,	
USA),	HPV18-	E7	 (1:100,	ab100953,	abcam,	USA),	 rabbit	
anti-	human:	 HPV16-	E7	 (1:100,	 P03129,	 Bioss,	 China),	
P16	(1:100,	ab108349,	abcam,	USA),	Ki67	(1:100,	ab15580,	
abcam,	USA),	and	PCNA	(1:100,	ab18197,	abcam,	USA).	
The	microscope	 (703548,	Nikon,	 Japan)	was	used	 to	ob-
serve	and	photograph	the	slides.

2.16	 |	 Immunofluorescence

Paraffin	 sections	 of	 6  μm	 thick	 tissue	 were	 fixed	 and	
blocked	 in	 10%	 BSA	 for	 2  h.	 Sections	 were	 incubated	
overnight	with	mouse	anti-	human:	HPV16+18-	E6	(1:100,	
ab70,	abcam,	USA),	HPV18-	E7	(1:100,	ab100953,	abcam,	
USA),	and	rabbit	anti-	human:	HPV16-	E7	(1:100,	P03129,	
Bioss,	 China)	 at	 4℃.	 Immunofluorescence	 staining	 was	
performed	 using	 Goat	 polyclonal	 Secondary	 Antibody	
to	 Rabbit/Mouse	 IgG-	H&L	 (1:200,	 ab150079/	 ab150115,	
abcam,	 USA)	 and	 4’,	 6-	diamino-	2-	phenylindoles	 (DAPI)	
(S2110,	Solarbio,	China).	The	sections	were	observed	by	
confocal	 microscopy.	 The	 microscope	 (703548,	 Nikon,	
Japan)	was	used	to	observe	and	photograph	the	slides.

2.17	 |	 Transfection

Small-	interfering	 RNAs	 (siRNAs)	 against	 TNFR1	 and	
control	 siRNA	 were	 purchased	 from	 Hanbio	 (China).	
siTNFR1	and	siRNA	transfections	were	carried	out	using	
Lipofectamine	2000	(11668019,	Invitrogen,	USA)	accord-
ing	to	the	instructions.

2.18	 |	 Statistical analysis

Calculations	were	performed	using	GraphPad	Prism	8.0	
version.	 The	 mean	 ±	 SD	 of	 at	 least	 three	 independent	
trials	represented	all	data.	Student's	 t-	test	analysis	was	
used	for	comparison	between	the	two	groups,	and	one-	
way	ANOVA	with	the	least	significant	difference	(LSD)	
test	 was	 used	 for	 the	 comparison	 of	 multiple	 groups.	
A	 p  <  0.05	 was	 considered	 a	 statistically	 significant	
difference.

3 	 | 	 RESULTS

3.1	 |	 Cell identification and optimum 
conditions

CCK-	8	was	used	to	determine	the	optimal	concentration	
and	 optimal	 action	 time	 of	 Nr-	CWS	 on	 immune	 cells.	
We	 found	 that	 Nr-	CWS	 increased	 PBMC	 activity	 in	 a	
dose-	dependent	and	time-	dependent	manner.	Under	the	
optimal	 concentration	 of	 20  μg/mL,	 72  h	 was	 the	 opti-
mal	 administration	 condition	 of	 Nr-	CWS	 (Figure  1A).	
CD80 molecules	are	highly	expressed	in	mature	dendritic	
cells.19	CD68 molecules	are	recognized	as	universal	mark-
ers	 of	 macrophages.20	 After	 inducing	 factor	 stimulation,	
the	proportions	of	dendritic	cells	and	macrophages	were	
97.3%	and	96.9%,	respectively	(Figure 1B,C).
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3.2	 |	 Nr- CWS enhances vitality and 
decreases the expression of PD- L1 in 
DCs and Mφs

Three	 groups	 of	 DCs	 and	 Mφs	 were	 cultured	 using	
two	concentrations	of	Nr-	CWS	and	PBS.	After	culture,	
the	 proliferation	 and	 apoptosis	 rates	 of	 DCs	 and	 Mφs	
treated	 with	 Nr-	CWS	 were	 measured.	 Compared	 with	
non-	Nr-	CWS	group,	different	concentrations	of	Nr-	CWS	
changed	DCs	and	Mφs	in	terms	of	promoting	prolifera-
tion	 and	 reducing	 the	 rate	 of	 apoptosis	 (Figure  2A,B).	
The	high	concentration	of	Nr-	CWS	significantly	reduced	
the	 apoptosis	 rate	 of	 dendritic	 cells	 and	 macrophages	
by	 63%	 and	 22%,	 respectively.	 To	 determine	 whether	
Nr-	CWS	 increases	 the	 expression	 of	 CD80+DCs	 and	
CD68+Mφs,	 flow	 cytometry	 was	 used	 to	 detect	 the	
expression	 of	 CD80+DCs	 and	 CD68+Mφs	 in	 PBMCs	
after	Nr-	CWS	treatment.	The	results	 showed	 that	high	
concentration	 of	 Nr-	CWS	 could	 increase	 the	 number	
of	CD80+DCs	and	CD68+Mφs	 in	PBMC	by	82.7%	and	
48.5%,	 respectively	 (Figure  2C,D).	 To	 further	 explore	
the	 effects	 of	 Nr-	CWS	 on	 DCs	 and	 Mφs,	 cytokines	 in	

the	supernatants	of	induced	macrophages	and	dendritic	
cells	were	detected.	The	results	indicated	that	Nr-	CWS	
simultaneously	increased	secretion	of	the	cytokines	IL-	6	
and	IL-	12	by	DCs	and	the	cytokines	TNF-	ɑ	and	IL-	1β	by	
Mφs	 (Figure 2E,F).	Further	 results	 showed	 that	 in	 the	
three	groups	of	DCs	and	Mφs,	PD-	L1	expression	levels	
were	strikingly	reduced	in	response	to	administration	of	
Nr-	CWS.	Especially,	high	concentration	of	Nr-	CWS	can	
reduce	 the	 expression	 of	 PD-	L1	 RNA	 in	 macrophages	
and	dendritic	cells	by	60%	and	71%	(Figure 2G).

3.3	 |	 The biological function of co- 
cultured cervical carcinoma cells changes 
after the addition of Nr- CWS

It	was	found	that	the	proliferation	rate	of	co-	cultured	cer-
vical	carcinoma	cells	cultured	with	Nr-	CWS	was	found	
to	be	significantly	lower	than	that	of	the	corresponding	
control	 media	 through	 CCK-	8	 experiment	 (Figure  3A)	
and	 colony	 formation	 experiment	 (Figure  3B).	 Scratch	
assays	(Figure 3C,D)	and	Transwell	assays	(Figure 3E,F)	
identified	Nr-	CWS-	mediated	decreases	in	the	migration	
and	invasion	abilities	of	co-	cultured	cervical	carcinoma	
cells.

3.4	 |	 Nr- CWS affects the expression of 
E6 and E7 oncogenes and related genes 
in co- cultured cervical carcinoma cells, 
affecting their cell cycle

We	next	investigated	whether	Nr-	CWS	affects	the	expres-
sion	 of	 cervical	 carcinoma	 oncogenes	 E6	 and	 E7	 by	 en-
hancing	 the	 antitumor	 effect	 of	 macrophages.	 RT-	qPCR	
and	Western	Blot	were	used	to	determine	the	expression	
of	 E6	 and	 E7	 in	 the	 HeLa/SiHa-	blank	 groups,	 HeLa/
SiHa-	Mφ	 groups,	 HeLa/SiHa-	Mφ-	Nr-	CWS-	low	 groups,	
and	 HeLa/SiHa-	Mφ-	Nr-	CWS-	high	 groups.	 The	 results	
revealed	that	expression	of	E6	and	E7	in	HeLa/SiHa-	Mφ-	
Nr-	CWS-	low	 groups	 and	 HeLa/SiHa-	Mφ-	Nr-	CWS-	high	
group	 was	 significantly	 decreased	 compared	 to	 HeLa/
SiHa-	Mφ	groups.	Among	them,	the	expression	of	E6	RNA	
in	HeLa/SiHa-	Mφ-	Nr-	CWS-	low	groups	decreased	by	54%	
and	 56%,	 and	 the	 expression	 of	 E7	 RNA	 in	 HeLa/SiHa-	
Mφ-	Nr-	CWS-	high	 groups	 decreased	 by	 52%	 and	 53%.	
However,	 the	expression	of	E6	and	E7 genes	 in	cervical	
carcinoma	 cells	 was	 not	 related	 to	 the	 dose	 of	 Nr-	CWS	
(Figure  4A,C,D).	 Obviously,	 we	 detected	 the	 expression	
of	 tumor	suppressor	gene	TP53	and	 the	 immune	check-
point	gene	PD-	L1	in	the	four	groups	of	cervical	carcinoma	
cells.	 The	 experiments	 demonstrated	 that	 the	 levels	 of	
TP53	 were	 increased	 1.87	 and	 2.15	 times	 and	 levels	 of	

F I G U R E  1  The	induction	and	identification	of	DCs	and	Mφs	
and	the	determination	of	the	optimal	concentration	and	optimal	
time	of	Nr-	CWS.	(A)	The	percentage	of	CD80+DCs	determined		
by	FCM.	(B)	The	percentage	of	CD68+Mφs	determined	by	FCM.	
(C)	CCK8	was	used	to	detect	that	the	optimal	concentration	of	
Nr-	CWS	on	PBMC	was	20μg/	mL	and	the	optimal	time	was	72h.	
(*p < 0.05,	**p < 0.01,	***p < 0.001)
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F I G U R E  2  Effects	of	Nr-	CWS	on	DCs	and	Mφs.	(A)	CCK8	was	used	to	detect	that	the	proliferation	of	DCs	and	Mφs	was	induced	by	
Nr-	CWS.	(B)	FCM	was	used	to	detect	that	Nr-	CWS	could	significantly	reduce	the	apoptosis	of	DCs	and	Mφs.	(C)	FCM	was	used	to	detect	
that	Nr-	CWS	could	promote	the	induction	of	CD80+DCs	by	PBMC.	(D)	FCM	was	used	to	detect	that	Nr-	CWS	could	promote	the	induction	
of	CD68+Mφs	by	PBMC.	(E)	ELISA	was	used	to	detect	that	Nr-	CWS	could	increase	the	content	of	cytokines	IL-	6	and	IL-	12 secreted	by	DCs.	
(F)	ELISA	was	used	to	detect	that	Nr-	CWS	could	increase	the	content	of	cytokines	IL-	1β	and	TNF-	ɑ	secreted	by	Mφs.	(G)	RT-	qPCR	was	used	
to	detect	that	Nr-	CWS	could	increase	the	expression	of	PD-	L1	in	DCs	and	Mφs.	(*p < 0.05,	**p < 0.01,	***p < 0.001)
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PD-	L1	 were	 decreased	 62%	 and	 63%	 in	 response	 to	 Nr-	
CWS	consistent	with	the	expression	results	of	E6	and	E7	
(Figure 4B,C,E).

To	investigate	whether	Nr-	CWS	can	affect	the	cycle	of	
cervical	carcinoma	cells,	Nr-	CWS	or	PBS	was	used	to	treat	
co-	cultured	HeLa	and	SiHa	cells.	We	found	that	Nr-	CWS	
significantly	increased	the	proportion	of	G2/M	phase	cells	
(Figure 4F).

3.5	 |	 Nr- CWS promotes the apoptosis of 
co- cultured HeLa and SiHa cells

The	apoptosis	of	co-	cultured	HeLa	and	SiHa	cells	treated	
with	Nr-	CWS	was	detected	by	flow	cytometry.	We	found	
that	Nr-	CWS	increased	 the	apoptosis	 rate	of	co-	cultured	
HeLa	and	SiHa	cells.	Compared	with	the	HeLa/SiHa-	Mφ	
groups,	the	apoptosis	rate	of	HeLa/SiHa-	Mφ-	Nr-	CWS-	low	
groups	were	increased	1.84	and	4.06	times,	and	the	apop-
tosis	 rate	 of	 HeLa/SiHa-	Mφ-	Nr-	CWS-	high	 groups	 were	
increased	1.96	and	5.08	 times.	 (Figure 5A,B).	The	 levels	
of	Bcl-	2,	BAX,	caspase-	3,	caspase-	8,	and	caspase-	9	protein	
were	detected	by	western	blot.	Compared	to	the	PBS	con-
trol	group,	the	levels	of	Bcl-	2	protein	in	co-	cultured	HeLa	
and	 SiHa	 cells	 treated	 with	 Nr-	CWS	 were	 significantly	
decreased,	 while	 the	 levels	 of	 BAX,	 caspase-	3,	 caspase-
	8,	 and	 caspase-	9	 protein	 were	 significantly	 increased	
(Figure 5C,D,E).	These	results	indicate	that	Nr-	CWS	pro-
motes	 the	 apoptosis	 in	 co-	cultured	 cervical	 carcinoma	
cells.

3.6	 |	 Nr- CWS inhibits the 
activation of the Wnt/β- catenin and 
EMT pathways

It	 has	 been	 reported	 that	 β-	catenin,	 E-	cadherin,	 and	 N-	
cadherin	are	key	factors	regulating	tumor	development.21	
Western	blot	was	also	used	to	detect	the	effects	of	Nr-	CWS	
on	Wnt/β-	catenin	and	EMT	pathways.	It	was	found	that	
in	 the	 absence	 of	 Nr-	CWS,	 β-	catenin,	 N-	cadherin,	 and	
E-	cadherin	 were	 not	 significantly	 different	 in	 HeLa	 and	
SiHa	cells	 co-	cultured	with	M	compared	with	 the	blank	
group.	 However,	 after	 the	 addition	 of	 different	 doses	 of	
Nr-	CWS,	 the	 content	 of	 β-	catenin,	 N-	cadherin	 in	 cells	
decreased	 significantly,	 while	 the	 content	 of	 E-	cadherin	

increased	 significantly.	 However,	 this	 trend	 seems	 to	 be	
independent	of	the	dose	of	Nr-	CWS	(Figure 6A–	C).

3.7	 |	 In vivo experiments demonstrate 
that Nr- CWS promotes the antitumor 
immune response of DCs and Mφs

To	investigate	whether	Nr-	CWS	enhances	the	antitumor	
effect	 of	 DCs	 and	 Mφs	 in	 vivo,	 mice	 were	 randomly	 di-
vided	 into	groups,	and	started	treatment	when	the	aver-
age	 tumor	 volume	 reached	 150–	200  mm3	 (n  =  5).	 Mice	
were	 intraperitoneally	 injected	 with	 either	 Nr-	CWS	 or	
PBS	on	days	8,	15,	22,	and	29	(Figure 7A).	On	day	36,	the	
levels	of	cytokines	in	mouse	venous	blood	were	measured.	
Similar	to	the	results	of	the	in	vivo	experiments,	compared	
with	the	PBS	group,	IL-	6,	IL-	12,	TNF-	ɑ,	and	IL-	1β	 levels	
in	the	blood	of	mice	in	the	Nr-	CWS	group	increased	sig-
nificantly.	 Of	 note,	 IL-	6	 and	 IL-	1β	 levels	 increased	 in	 a	
dose-	dependent	manner	in	vivo.	Compared	with	the	con-
trol	group,	IL-	6 levels	in	the	Nr-	CWS-	low	groups	were	in-
creased	by	3	times,	and	that	in	the	Nr-	CWS-	high	groups	
were	increased	by	6	times,	while	IL-	1β	levels	were	approx-
imately	17.2%	and	24.6%	higher	(Figure 7B).	Next,	expres-
sion	levels	of	F4/80,	CD80,	and	TNF-	ɑ	in	the	tumor	tissues	
of	mice	in	each	group	were	detected	by	western	blot.	The	
results	showed	that	the	levels	of	F4/80,	CD80,	and	TNF-	ɑ	
protein	in	tumor	tissues	of	the	Nr-	CWS	treatment	group	
were	higher	than	those	in	the	PBS	group	(Figure 7C,D).

3.8	 |	 Effect of Nr- CWS on subcutaneous 
tumor in mice

As	shown	 in	Figure 8,	 the	 tumor	weight	and	volume	 in	
the	control	group	were	higher	than	those	in	the	Nr-	CWS	
treatment	group.	Compared	with	TC-	1/U14-	blank	groups,	
tumors	 volume	 decreased	 by	 53%	 and	 49%	 in	 the	 TC-	1/
U14-	Nr-	CWS-	low	groups,	and	62%	and	69%	in	the	TC-	1/
U14-	Nr-	CWS-	high	 groups	 (Figure  8A–	C).	 These	 results	
showed	that	Nr-	CWS	inhibited	the	growth	of	cervical	car-
cinoma	 tumors	 in	 mice.	 Subsequently,	 we	 detected	 the	
expression	of	E6	and	E7	in	mouse	tumor	tissues	by	immu-
nohistochemistry	 and	 immunofluorescence.	 Expression	
of	 E6	 and	 E7	 oncoproteins	 in	 tumor	 tissues	 of	 mice	 in	
the	Nr-	CWS	treatment	group	was	significantly	decreased	

F I G U R E  3  Effect	of	Nr-	CWS	on	biological	function	of	co-	cultured	cervical	carcinoma	cell	lines.	(A)	Using	CCK8	to	detect	Nr-	CWS	can	
significantly	reduce	the	proliferation	of	co-	cultured	HeLa	and	SiHa	cell	lines.	(B)	Nr-	CWS	could	reduce	the	colony-	forming	ability	of	co-	
cultured	HeLa	and	SiHa	cell	lines.	(C,	D)	Scratch	test	was	used	to	detect	that	Nr-	CWS	could	reduce	the	migration	ability	of	co-	cultured	HeLa	
and	SiHa	cell	lines.	(E,	F)	Transwell	test	was	used	to	detect	that	Nr-	CWS	could	reduce	the	migration	and	invasion	ability	of	co-	cultured	
HeLa	and	SiHa	cell	lines.	(*p < 0.05,	**p < 0.01,	***p < 0.001)
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F I G U R E  4  Effects	of	Nr-	CWS	on	cell	cycle	and	related	genes	of	co-	cultured	cervical	carcinoma	cell	lines.	(A,	B)	RT-	qPCR	was	used	to	
detect	that	Nr-	CWS	could	reduce	the	mRNA	expression	of	E6,	E7	and	PD-	L1,	and	increase	the	mRNA	expression	of	TP53	in	co-	cultured	
cervical	carcinoma	cell	lines.	(C–	E)	Western	Blot	detected	that	Nr-	CWS	could	reduce	the	protein	expression	of	E6,	E7	and	PD-	L1,	and	
increase	the	protein	expression	of	TP53	in	co-	cultured	cervical	carcinoma	cell	lines.	(F)	FCM	detected	that	more	HeLa	and	SiHa	cells	
entered	G2/M	phase,	after	the	addition	of	Nr-	CWS.	(*p < 0.05,	**p < 0.01,	***p < 0.001)
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F I G U R E  5  Effect	of	Nr-	CWS	on	apoptosis	of	co-	cultured	cervical	carcinoma	cell	lines.	(A,	B)	FCM	detected	that	after	adding	Nr-	CWS,	
the	apoptosis	rate	of	co-	cultured	HeLa	and	SiHa	cells	increased.	(C–	E)	Western	Blot	detected	the	increase	in	BAX,	caspase-	3,	caspase-	8	
and	caspase-	9	protein	expression	levels	in	HeLa	and	SiHa	co-	cultured	with	Nr-	CWS,	while	the	Bcl-	2	protein	expression	level	decreased.	
(*p < 0.05,	**p < 0.01,	***p < 0.001)
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(Figure 9A,B).	At	the	same	time,	compared	to	the	control	
group,	 PD-	L1	 and	 some	 proliferation	 indicators	 also	 ex-
hibited	downward	trend	(Figure 8D–	G).

3.9	 |	 After knocking down TNFR1, the 
ability of Nr- CWS to promote apoptosis of 
cervical carcinoma cells decreased

In	order	to	verify	whether	Nr-	CWS	promotes	apoptosis	
of	 co-	cultured	 cervical	 carcinoma	 cells	 because	 of	 in-
creased	 secretion	 of	 TNF-	ɑ	 by	 macrophages.	 Cervical	
carcinoma	cell	lines	transfected	with	siTNFR1	and	siNC	
were	co-	cultured	with	Mφs	in	the	presence	of	Nr-	CWS.	
Compared	with	 siNC	groups,	 the	 level	of	Bcl-	2	protein	
increased	in	siTNFR1 groups	while	expressions	of	BAX,	
caspase-	3,	 caspase-	8,	 and	 caspase-	9	 protein	 decreased	
(Figure  10A–	D).	 At	 the	 same	 time,	 compared	 to	 the	
siNC	groups,	the	apoptosis	rate	of	siTNFR1 groups	was	

reduced	by	86.3%	and	31.0%	by	flow	cytometry,	respec-
tively	(Figure 10E,F).

All	the	results	confirm	that,	Nr-	CWS	can	promote	apop-
tosis	of	cervical	carcinoma	cells	by	enhancing	the	antitu-
mor	effect	of	dendritic	cells	and	macrophages	(Figure 11).

4 	 | 	 DISCUSSION

Immunotherapeutic	 approaches	 for	 cervical	 carcinoma	
are	primarily	divided	into	four	aspects:	immunomodula-
tors,	 inhibitors	of	 immune	checkpoints	and	action	 sites,	
CAR-	T	 cell	 therapy,	 and	 therapeutic	 vaccines	 against	
E6	and	E7.22	Among	them,	immunomodulators,	such	as	
Inosine	 Pranobex	 (IP)	 immunotherapy,23,24	 are	 current	
topic	of	interest.	Nr-	CWS	is	not	only	a	biological	response	
regulator,	 but	 also	 an	 immunomodulator.	 Whether	 Nr-	
CWS	can	be	used	to	treat	patients	with	cervical	carcinoma	
remains	an	open	question.

F I G U R E  6  Effect	of	Nr-	CWS	on	Wnt/β-	catenin-	EMT	pathway	in	co-	cultured	cervical	carcinoma	cell	lines.	(A,B)	Western	Blot	detected	
the	decrease	of	β-	catenin	protein	expression	levels	in	HeLa	and	SiHa	co-	cultured	with	Nr-	CWS.	(A,	C)	Western	Blot	detected	the	increase	in	
E-	cadherin	protein	expression	levels	in	HeLa	and	SiHa	co-	cultured	with	Nr-	CWS,	while	the	N-	cadherin	protein	expression	level	decreased.	
(*p < 0.05,	**p < 0.01,	***p < 0.01)
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Tumor-	associated	macrophages	(TAMs)	are	the	most	
important	cells	in	the	tumor	microenvironment	(TME)	
of	 cervical	 carcinoma.25	 Studies	 have	 shown	 that	 the	
density	 of	 CD68+TAM	 in	 cervical	 carcinoma	 tissue	
is	 higher	 than	 that	 in	 adjacent	 tissue	 and	 normal	 tis-
sue.	 A	 high	 density	 of	 CD68+TAMs	 is	 associated	 with	
lymph	node	metastasis.26	Under	normal	circumstances,	

dendritic	cells	promote	the	antitumor	immune	response	
of	 Th1/CTL	 and	 enhance	 the	 immune	 monitoring	 of	
tumor	cells	by	secreting	IL-	12.	Studies	have	confirmed	
that	an	HPV16E5	protein-	targeted	dendrite	vaccine	used	
in	the	treatment	of	tumor	mice,	controlled	the	growth	of	
mouse	tumors	and	improved	the	survival	rate	of	mice.27	
We	 first	 investigated	 whether	 Nr-	CWS	 enhanced	 the	

F I G U R E  7  Effect	of	Nr-	CWS	on	the	activity	of	DCs	and	Mφs	in	tumor-	bearing	mice.	(A)	Schedule	of	in	vivo	experiments.	(B)	After	
the	tumor-	bearing	mice	were	treated	with	Nr-	CWS,	the	serum	levels	of	IL-	6,	IL-	12,	TNF-	ɑ	and	IL-	1β	increased	by	ELISA.	(C)	Western	Blot	
detected	that	Nr-	CWS	increased	the	expression	of	F4/80	and	CD80	proteins	in	mice	subcutaneous	tumors	induced	by	TC-	1.	(D)	Western	
Blot	detected	that	Nr-	CWS	increased	the	expression	of	F4/80	and	CD80	proteins	in	mice	subcutaneous	tumors	induced	by	U14.	(*p < 0.05,	
**p < 0.01,	***p < 0.001)
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F I G U R E  8  Effect	of	Nr-	CWS	on	subcutaneous	tumor	growth	in	mice.	(A)	Tumor	image	of	each	group	of	tumor-	bearing	mice.	(B,	C)	Nr-	CWS	
could	significantly	inhibit	the	mass	and	volume	of	subcutaneous	tumor	growth	in	mice.	(D)	Immunohistochemistry	was	used	to	detect	that	Nr-	CWS	
could	reduce	the	expression	of	PD-	L1	in	mice	tumors.	(E)	Immunohistochemistry	was	used	to	detect	that	Nr-	CWS	could	reduce	the	expression	
of	Ki67	in	mice	tumors.	(F)	Immunohistochemistry	was	used	to	detect	that	Nr-	CWS	could	reduce	the	expression	of	P16	in	mice	tumors.	(G)	
Immunohistochemistry	was	used	to	detect	that	Nr-	CWS	could	reduce	the	expression	of	PCNA	in	mice	tumors.	(*p < 0.05,	**p < 0.01,	***p < 0.001)
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activity	 and	 antitumor	 function	 of	 dendritic	 cells	 and	
macrophages.	We	demonstrated	that	Nr-	CWS	increases	
the	activity	of	dendritic	cells	and	macrophages	and	in-
hibit	their	apoptosis.

Next,	to	investigate	whether	Nr-	CWS	affects	the	secre-
tion	function	of	dendritic	cells	and	macrophages,	the	IL-	
6,	IL-	12,	TNF-	ɑ,	and	IL-	1β	levels	in	culture	medium	and	
mouse	 serum	 were	 determined.	 The	 secretion	 of	 these	
four	cytokines	was	increased	by	the	addition	of	both	low	
and	high	doses	of	Nr-	CWS.	Among	them,	the	increasing	
trends	of	IL-	12	and	TNF-	ɑ	were	consistent	with	the	study	
results	of	Wei	et	al.	in	high-	risk	HPV	infection	and	cervi-
cal	intraepithelial	neoplasia.13	The	trends	in	IL-	6	and	IL-	
1β	 levels	 in	patients	with	bladder	cancer	were	similar	to	
the	results	of	the	study	by	Elizabeth	et	al.	However,	none	
of	 their	 studies	 indicated	 the	origin	of	 the	 increased	cy-
tokines.28	 Our	 experiments	 suggest	 that	 these	 increased	
cytokines	may	come	 from	the	 increase	 in	 the	activity	of	
dendritic	cells	and	macrophages.	The	role	of	IL-	6	in	dis-
ease	 is	bidirectional.	On	 the	one	hand,	activation	of	 the	
IL-	6-	STAT3  signaling	 pathway	 promotes	 the	 epithelial-	
mesenchymal	 transformation	 and	 metastasis	 of	 tumors;	
on	 the	other	hand,	 IL-	6	and	IL-	1β	are	 the	driving	 forces	
of	Th17	polarization,	which	can	enhance	 the	 role	of	 re-
sistance	 against	 extracellular	 pathogens.29	 Since	 cervical	
carcinoma	 patients	 often	 have	 persistent	 HPV	 infection,	
Nr-	CWS	 may	 promote	 the	 function	 of	 IL-	6	 and	 IL-	1β	
against	 foreign	 pathogens.	 In	 adoptive	 cell	 therapy,	 pre-
treatment	 of	 CD8+T	 by	 IL-	12	 enhances	 the	 function	 of	
tumor-	reactive	CD8+T	cells.30	TNF-	ɑ	can	bind	 to	 tumor	
necrosis	factor	receptor	1	(TNFR1)	and	initiate	apoptosis	
through	 activation	 of	 the	 caspase	 cascade	 under	 certain	
conditions.31

After	addition	of	Nr-	CWS,	the	expression	of	PD-	L1	in	
dendritic	cells,	macrophages,	cervical	carcinoma	cell	lines,	
and	 mouse	 tumor	 tissues	 was	 significantly	 decreased.	
Previous	studies	have	proven	that	the	expression	of	PD-	L1	
in	 cervical	 carcinoma	 tissues	 is	 higher	 than	 that	 in	 nor-
mal	cervical	tissues.1	After	the	expression	of	PD-	L1	in	tis-
sues	and	PD-	1	protein	on	T	cells	is	induced	by	cytokines,	
immune	 tolerance	 can	 be	 induced.	 When	 this	 immune	
tolerance	is	activated,	T	cell	receptor	(TCR)	signaling	is	in-
hibited,	thereby	inhibiting	T	cell	activity.32	Studies	by	TAO	
et	al.	 and	Wang	et	al.	 confirmed	 that	Nr-	CWS	promotes	
the	proliferation	of	CD4+T	cells	and	increase	the	response	
of	 CD8+T	 cells.	 The	 possible	 mechanism	 involves	 Nr-	
CWS	reducing	the	expression	levels	of	PD-	L1	and	attenu-
ating	the	immunosuppression.	Based	on	these	results,	we	
hypothesize	 that	Nr-	CWS	enhances	 the	antitumor	effect	
of	dendritic	cells	and	macrophages.15,16

Next,	 we	 investigated	 whether	 this	 enhanced	 antitu-
mor	effect	inhibits	the	development	of	cervical	carcinoma.	
According	 to	 the	 study	 of	 Meng	 et	 al.,	 we	 co-	cultured	

macrophages	induced	by	PBMCs	with	cervical	carcinoma	
cell	lines	HeLa	and	SiHa.14	We	found	that	the	abilities	of	
cervical	 carcinoma	 cells	 to	 proliferate,	 invade,	 and	 mi-
grate	 were	 reduced	 in	 response	 to	 Nr-	CWS.	 This	 shows	
that	 Nr-	CWS	 affects	 the	 biological	 function	 of	 cervical	
carcinoma	 cell	 lines	 by	 increasing	 the	 antitumor	 effect	
of	macrophages.	Wnt	signaling,	especially	Wnt/β-	catenin	
signaling,	 plays	 a	 switching	 role	 in	 the	 occurrence,	 me-
tastasis,	recurrence,	and	chemotherapy	resistance	of	cer-
vical	carcinoma.33	β-	catenin	is	encoded	by	CTNNB1	and	
is	a	multifunctional	protein	that	regulates	the	cell	growth	
and	intracellular	adhesion	in	epithelial	cells.	Cadherin	is	
transmembrane	glycoprotein	responsible	for	the	adhesion	
between	cells	and	the	maintenance	of	normal	tissue	struc-
ture.	 Among	 them,	 E-	cadherin	 and	 N-	cadherin	 are	 two	
classic	cadherins.34	Cadherin	usually	binds	to	β-	catenin	at	
the	 tail	end	of	 the	cytoplasm	and	aggregates	 into	a	con-
nective	 structure	 called	 the	 cadherin-	catenin	 complex.	
Dysfunction	of	 this	 complex	occurs	 in	 tumors,	 resulting	
in	an	increase	in	β-	catenin	in	the	cytoplasm	and	nucleus.	
Catenin	 mediates	 many	 signals	 transduction	 processes.	
They	 regulate	 tumor	 growth,	 metastasis,	 and	 epithelial-	
mesenchymal	transformation.21	We	detected	the	changes	
in	β-	catenin,	E-	cadherin,	and	N-	cadherin	protein	expres-
sion	in	cervical	carcinoma	cell	lines	after	adding	Nr-	CWS.	
The	 decrease	 in	 β-	catenin,	 and	 N-	cadherin	 and	 the	 in-
crease	in	E-	cadherin	indicate	the	"reversal"	of	tumor	de-
velopment	in	response	to	Nr-	CWS	administration.

During	the	process	of	HPV	infection,	viral	DNA	is	in-
tegrated	into	the	host	genome,	and	viral	oncoproteins	E6	
and	E7	are	expressed	in	cervical	epithelial	cells,	interact-
ing	with	cellular	proteins.35	The	well-	known	carcinogenic	
mechanism	involves	E6	and	E7	combining	and	inactivat-
ing	the	p53	and	retinoblastoma	protein	(pRb),	respectively,	
blocking	the	normal	regulation	of	the	cell	cycle,	and	initi-
ating	the	transcription	of	oncogenes.36	E6	and	E7	interact	
with	proteins	in	many	signal	transduction	pathways	that	
are	 involved	 in	 the	 formation	 of	 malignant	 phenotypes,	
including	β-	catenin.	Lichtig	et	al.	confirmed	for	 the	first	
time	 that	 HPV16-	E6	 enhanced	 β-	catenin/Tcf	 transcrip-
tion	in	the	form	of	E6-	related	protein	(E6AP),	providing	
a	possible	mechanistic	link	between	the	E6	oncogene	and	
Wnt/β-	catenin	signaling	in	cervical	carcinoma	cell	lines.37	
Although	the	description	of	E7	and	Wnt/β-	catenin	signal-
ing	is	not	as	detailed	as	E6,	the	co-	expression	of	HPV16-	E7	
and	β-	catenin	accelerates	the	occurrence	of	cervical	carci-
noma	in	a	double	transgenic	mouse	model.38	In	vivo	and	
in	vitro	experiments	have	demonstrated	that	Nr-	CWS	can	
reduce	 the	 expression	 levels	 of	 E6	 and	 E7	 oncoproteins	
in	cervical	carcinoma	cells	and	tumor	tissues.	The	tumor	
suppressor	 gene	TP53	 is	 involved	 in	 tumor	 necrosis	 fac-
tor-	α	 (TNF-	α)-	mediated	 apoptosis	 by	 inducing	 cell	 cycle	
arrest,	inhibiting	cell	proliferation,	and	ultimately	leading	
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to	 apoptosis.39	 In	 our	 experiments,	 an	 increase	 in	 p53	
was	also	detected	at	both	the	transcriptional	and	transla-
tional	levels.	The	above	results	once	again	confirmed	the	

inhibitory	effect	of	Nr-	CWS	on	cervical	carcinoma	cells.	
In	the	cell	cycle	detection,	we	found	that	more	cells	were	
blocked	in	G2/M	phase	after	the	addition	of	Nr-	CWS.	In	

F I G U R E  9  Effect	of	Nr-	CWS	on	the	expression	of	E6	and	E7	oncoproteins	in	tumor	tissues	of	mice.	(A)	Immunohistochemistry	was	used	
to	detect	that	Nr-	CWS	could	significantly	reduce	the	expression	of	E6	and	E7	oncoproteins	in	mouse	tumor	tissues.	(B)	Immunofluorescence	
was	used	to	detect	that	Nr-	CWS	could	significantly	reduce	the	expression	of	E6	and	E7	oncoproteins	in	mouse	tumor	tissues
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the	 G2	 phase,	 cells	 repair	 DNA	 damage	 or	 incomplete	
chromosomal	 replication.	 The	 cells	 prevent	 further	 rep-
lication	 of	 damaged	 chromosomes	 by	 delaying	 G2/M	
transformation.	 p53	 also	 affects	 the	 long-	term	 arrest	 of	
G2/M	 phase,	 and	 directly	 inhibit	 the	 expression	 of	 cy-
clin	 B1-	related	 genes	 through	 transcriptional	 products.	
Meanwhile,	three	downstream	genes	p21,	GADD45,	and	
14–	3-	3σ,	of	p53	are	also	involved	in	G2/M	arrest.40

The	ultimate	effect	of	Nr-	CWS	on	cervical	carcinoma	
cells	 is	 to	 promote	 the	 apoptosis	 of	 cervical	 carcinoma	
cells.	 In	 vivo,	 we	 found	 that	 the	 weight	 and	 volume	 of	
tumors	 in	 mice	 treated	 with	 Nr-	CWS	 were	 significantly	
smaller	than	those	in	the	PBS	group.	P16,	Ki67,	and	PCNA	
are	indicators	for	evaluating	the	malignant	degree	of	tu-
mors,	and	 their	expression	was	consistently	decreased.41	
TNFR1	binds	 to	 the	 junction	protein	FADD	in	 the	cyto-
plasm,	which	contains	a	death	domain.	When	the	death	
domain	binds	to	caspase-	8,	the	apoptotic	protease	cascade	
is	 turned	 on.	 Caspase-	8  cleaves	 downstream	 substrates,	
such	 as	 caspase-	3,	 and	 interacts	 with	 the	 Bcl-	2	 family	
to	 initiate	 apoptosis.	 The	 release	 of	 apoptotic	 molecules	
activates	 caspase-	9	 in	 the	 cytoplasm	 and	 amplifies	 the	
apoptotic	 protein	 cascade.42	 In	 the	 in	 vitro	 experiments,	
we	 found	 that	 the	 apoptosis	 rate	 of	 cervical	 carcinoma	
cell	lines	in	the	Nr-	CWS	group	was	increased.	Expression	

of	 Bcl-	2	 decreased,	 while	 expression	 of	 BAX,	 caspase-	3,	
caspase-	8,	and	caspase-	9	increased.	We	co-	cultured	cervi-
cal	carcinoma	cell	lines	after	knocking	down	TNFR1	with	
macrophages	in	the	Nr-	CWS	environment.	After	knocking	
down	TNFR1,	we	found	that	the	effect	of	Nr-	CWS	in	pro-
moting	apoptosis	of	cervical	carcinoma	cells	disappeared	
by	enhancing	the	secretion	of	TNF-	ɑ	by	macrophages.

Immunotherapy	 and	 chemoradiotherapy	 are	 rou-
tine	 treatments	 for	 advanced	 cervical	 carcinoma.	
Immunocheckpoint	inhibitors,	such	as	the	PD-	1	antibody	
pembrolizumab,	 are	 the	 most	 common	 immunotherapy.	
However,	many	advanced	patients,	especially	 those	with	
low-	PD-	1/PD-	L1	 expression,	 are	 not	 sensitive	 to	 immu-
nocheckpoint	inhibitor	therapy.43	Our	study	provides	the	
possibility	 for	 the	 combination	 of	 Nr-	CWS	 with	 PD-	1/
PD-	L1	 antibody.	 A	 large	 number	 of	 studies	 have	 shown	
that	radiation	therapy	can	affect	the	tumor	microenviron-
ment,	resulting	in	increased	PD-	L1 side	effects	in	tumor	
tissues.44	In	our	study,	Nr-	CWS	treatment	reduced	PD-	L1	
in	tumor	tissues.	This	characteristic	suggests	that	Nr-	CWS	
can	be	used	to	resist	the	side	effects	of	radiation	therapy,	
bringing	new	hints	for	the	treatment	of	advanced	cervical	
carcinoma.

This	paper	only	studied	the	effect	of	Nr-	CWS	on	the	
antitumor	 function	 of	 CD68+	 Mφs,	 which	 is	 limited.	

F I G U R E  1 0  After	knocking	down	TNFR1,	the	ability	of	Nr-	CWS	to	promote	apoptosis	of	cervical	carcinoma	cells	decreased.	(A–	D)	
Western	Blot	detected	that	the	expression	levels	of	BAX,	caspase-	3,	caspase-	8,	caspase-	9	and	TNFR1	proteins	in	co-	cultured	HeLa	and	SiHa	
transfected	with	siTNFR1	and	siNC.	(E,	F)	FCM	detected	that	the	apoptosis	rate	of	co-	cultured	HeLa	and	SiHa	transfected	with	siTNFR1	
and	siNC
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Differentiated	 M1  macrophages	 and	 M2  macrophages	
still	exist	in	TME.	However,	their	effects	on	tumor	pro-
gression	are	reversed.	M1 macrophages	have	antitumor	
and	pro-	inflammatory	phenotypes	and	M2 macrophages	
promote	 tumor	progression	and	suppress	 immunity.	 In	
our	 next	 study,	 we	 will	 conduct	 an	 in-	depth	 study	 on	
whether	Nr-	CWS	can	affect	 the	polarization	of	CD68+	
Mφs	and	 the	mutual	 transformation	between	M1 mac-
rophages	and	M2 macrophages.	One	shortcoming	of	this	
study	 is	 that	adherent	monocytes	remained	despite	 the	
removal	of	as	many	unadherent	lymphocytes	as	possible	
during	culture	and	induction.	T	cells,	B	cells,	and	other	
lymphocytes	could	not	be	avoided	in	the	process	of	cul-
ture.	 Because	 CD80	 is	 also	 expressed	 on	 T	 cells	 and	 B	
cells	and	CD68	is	also	present	on	monocytes.	 In	 future	
studies,	 we	 will	 add	 more	 inducers	 and	 identification	
markers	 to	obtain	 specific	Mφs	and	DCs.	For	example,	
the	addition	of	IFN-	γ	and	LPS	induces	M1,	and	the	ad-
dition	of	IL-	4	and	IL-	13	induces	M2.	At	the	same	time,	
CD86	can	be	added	to	mark	M1,	CD206,	and	CD163	can	
be	added	to	mark	M2,	CD14,	and	CD86	can	be	added	to	
mark	DCs.	We	know	that	Nr-	CWS	inhibits	the	develop-
ment	of	cervical	carcinoma	by	enhancing	the	antitumor	

effects	of	dendritic	cells	and	macrophages.	However,	the	
underlying	 mechanism	 is	 still	 being	 examined.	 In	 this	
paper,	the	effects	of	two	different	concentrations	of	Nr-	
CWS	on	cervical	carcinoma	were	studied.	Experimental	
results	demonstrated	that	different	concentrations	have	
an	effect	in	some	aspects,	but	have	no	effect	in	other	as-
pects.	Whether	the	above	differences	are	caused	by	arti-
fact	 is	still	an	open	question.	In	 future	studies,	we	will	
try	to	clarify	the	mechanism	by	which	Nr-	CWS	promotes	
apoptosis	 of	 cervical	 carcinoma	 cells	 by	 enhancing	 the	
antitumor	effect	of	dendritic	cells	and	macrophages,	and	
whether	the	concentration	difference	of	Nr-	CWS	affects	
its	inhibitory	effect.
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