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Abstract	

While	 several	 treatment	 choices	 exist	 for	 cervical	 cancer,	 such	 as	 surgical	 therapy,	

chemotherapy,	 and	 radiotherapy,	 some	 patients	 will	 still	 show	 poor	 prognosis.	 HPV	

infection	is	a	principal	factor	for	cervical	cancer	development,	from	early	inflammation	

to	proliferation,	angiogenesis,	and	neoplastic	growth.	While	HPV	T-cell	responses	exist,	

the	tumor	seems	to	evade	the	immune	system	upon	its	tolerance.	The	latter	suggests	

the	 existence	 of	 a	 confluent	 tumor	 microenvironment	 responsible	 for	 the	 evasion	

tactics	employed	by	 the	neoplasm.	Therefore,	novel	biomarkers	 governing	prognosis	

and	 treatment	 planning	 must	 be	 developed,	 with	 several	 studies	 tackling	 the	

significance	 of	 the	 tumor	 microenvironment	 in	 the	 genesis,	 development,	

proliferation,	and	overall	response	of	cervical	cancer	during	neoplastic	processes.	This	

review	 aims	 to	 analyze	 and	 contemplate	 the	 characteristics	 of	 the	 tumor	

microenvironment	 and	 its	 role	 in	 prognosis,	 progression,	 evasion,	 and	 invasion,	

including	therapeutic	outcome	and	overall	survival.	
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Introduction	

	 Cervical	 cancer	occurs	between	 the	 lowest	part	of	 the	uterus	and	 the	vagina,	

with	its	most	common	histologic	types	being	squamous	cell	carcinoma	(70%	of	cervical	

cancers,	Figs.	1,2,3)	and	adenocarcinoma	(25%	of	cervical	cancers,	Figs.	4,5,6),	(Bray	et	

al.,	 2018;	 Peng	 et	 al.,	 2021).	 Surgical	 resection,	 chemotherapy,	 radiotherapy,	 or	

comprehensive	treatment	methods	are	used	worldwide	to	treat	cervical	cancer	(Peng	

et	 al.,	 2021).	 However,	 some	patients	with	 cervical	 cancer	 do	 not	 fully	 recover	with	

these	methods	(Chen	et	al.,	2019;	Peng	et	al.,	2021).	Therefore,	new	biomarkers	must	

be	 developed	 to	 provide	 the	 prognosis	 of	 cervical	 cancer	 and	 guide	 the	 treatment,	

with	 recent	 studies	 revealing	 the	 prognostic	 value	 and	 importance	 of	 the	 tumor	

microenvironment	 (TME)	molecules,	 signaling,	 and	 factors	 to	prevent	 cervical	 cancer	

metastasis	(Quail	and	Joyce,	2013;	Ojesina	et	al.,	2014;	Cancer	Genome	Atlas	Research	

et	al.,	2017;	Su	et	al.,	2018).	

	 TMEs'	 role	 in	 tumor	development	 is	vital	because	 it	actively	promotes	cancer	

progression.	 TMEs	 comprise	 immune	 cells,	 the	 extracellular	 matrix,	 blood	 vessels,	

fibroblasts,	 cellular	 products	 (e.g.,	 cytokines	 and	 chemokines),	 and	other	 noncellular	

components	of	 the	extracellular	matrix	 (Cancer	Genome	Atlas	Research	et	 al.,	 2017;	

Truffi	 et	 al.,	 2020;	 Peng	 et	 al.,	 2021).	 As	 a	 result,	 analyzing	 the	 composition	 and	

characteristics	 of	 TME	 would	 help	 develop	 new	 therapeutic	 methods,	 which	 may	

drastically	 impact	 patients’	 survival.	 This	 review	 aims	 to	 investigate	 the	 components	

comprising	 the	 tumor	microenvironment	 TME	 of	 cervical	 cancer	 and	 elucidate	 their	

functions	 and	 role	 in	 the	 overall	 processes	 of	 immunosuppression,	 development,	
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progression,	 infiltration,	and	metastasis,	 including	clinicopathological	association	with	

prognosis	and	outcome.	

	

HPV	and	cervical	cancer	

	 Cervical	 cancer	 is	 one	 of	 the	 most	 well-studied	 examples	 of	 how	 a	 viral	

infection	 can	 lead	 to	 malignancies,	 as	 most	 cases	 are	 caused	 by	 an	 infection	 with	

certain	 types	 of	 Human	 Papilloma	 Virus	 (HPV)	 (Chan	 et	 al.,	 2019).	 Based	 on	 their	

association	with	cervical	cancer	and	precursor	lesions,	HPVs	can	be	grouped	into	high-

risk	and	low-risk	HPV	types.	Low-risk	HPV	includes	types	6,	11,	42,	43,	and	44.	High-risk	

HPV	includes	types	16,	18,	31,	33,	34,	35,	39,	45,	51,	52,	56,	58,	59,	66,	68,	and	70,	with	

HPV	 types	 16	 and	 18	 being	 responsible	 for	 nearly	 50%	 of	 high-grade	 cervical	

preinvasive	lesions	(Burd,	2003;	Crosbie	et	al.,	2013;	Okunade,	2020).	HPV	types	in	the	

genital	tract	are	a	priori	essential	for	the	transformation	of	cervical	epithelial	cells,	with	

various	 cofactors	 and	 molecular	 events	 determining	 whether	 cervical	 cancer	 will	

develop	 (Burd,	 2003;	 Schiffman	 et	 al.,	 2007;	 Rahangdale	 et	 al.,	 2022).	 Most	 HPV	

infections	and	precancerous	 lesions	subside	 independently	 in	 less	 than	a	year.	Yet,	a	

risk	exists	for	every	woman	to	be	infected	with	HPV	high-risk	types,	which	may	develop	

into	 invasive	 cervical	 cancer,	 especially	 for	 women	 with	 weakened	 immune	 system	

(Jenson	 et	 al.,	 1991;	 Höpfl	 et	 al.,	 2000).	 Since	 the	 early	 1980s,	 when	 the	 first	 link	

between	genital	HPV	infections	and	cervical	cancer	occurred,	several	research	studies	

have	 been	 done.	 According	 to	 these,	 the	 association	 between	 HPV	 and	 cervical	

squamous	 carcinoma	 is	 even	 stronger	 than	 that	 between	 smoking	 and	 lung	 cancer	

(Franco,	1995).	
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	 HPV	replication	cycle	begins	with	the	virus	entry	into	the	cells	of	the	basal	layer	

of	the	epithelium	via	latching	onto	the	respective	receptors,	which	differ	between	HPV	

types,	 and	 secondary	 receptors	 involved	 in	 HPV	 attachment	 (Evander	 et	 al.,	 1997;	

Joyce	 et	 al.,	 1999;	 Giroglou	 et	 al.,	 2001).	 The	 viral	 replication	 is	 categorized	 as	

productive	 or	 nonproductive,	 depending	 on	 which	 epithelial	 layer	 it	 occurs	 in.	 It	 is	

labeled	 as	 nonproductive	 if	 it	 occurs	 in	 the	 basal	 layers,	 while	 it	 is	 considered	

productive	 if	 it	 occurs	 in	 the	 differentiated	 keratinocytes	 of	 the	 suprabasal	 layers,	

depending	on	episome	copies	produced,	with	the	basal	being	low	and	the	suprabasal	

being	high	(Burd,	2003;	Balasubramaniam	et	al.,	2019).	Host	cell	factors	are	necessary	

for	 HPV	DNA	 replication,	which	 begins	with	 the	 transcription	 of	 the	 viral	 E6	 and	 E7	

genes,	 via	 host	 cell	 factors’	 interaction	 with	 the	 LCR	 region	 of	 the	 HPV	 genome	

(Syrjänen	 and	 Syrjänen,	 1999;	 Longworth	 and	 Laimins,	 2004).	 It	 is	 important	 to	

mention	 that	 E6	 and	 E7	 genes	 are	 expressed	 on	MHC	 class	 I	 molecules	 and	 inhibit	

Natural	Killer	(NK)	cell	IL-18	induced	IFN-γ	production	(Münger	et	al.,	1989;	Uppendahl	

et	 al.,	 2017).	 The	 E6	 and	 E7	 gene	 products	 act	 as	 oncoproteins	 by	 downregulating	

tumor	 suppressor	 proteins,	 cell	 cyclins,	 and	 cyclin-dependent	 kinases,	 with	 HPV	 E6	

gene	 product	 binding	 to	 and	 inactivating	 p53	 and	 E7	 gene	 product	 attaching	 to	 the	

retinoblastoma	 family	 of	 tumor	 suppressors	 and	 stalling	 S	 phase	 cycle	 progression.	

(Dyson	et	al.,	1989;	Münger	et	al.,	1989;	Syrjänen	and	Syrjänen,	1999;	Thomas	et	al.,	

1999;	Longworth	and	Laimins,	2004).	Moreover,	E5,	E1,	and	E2	gene	products	play	an	

important	 role	on	HPV	oncogenic	 activity.	 E5	 gene	product	upregulates	proliferation	

and	mitotic	activity,	E1	product	exhibits	helicase	protein	activity,	and	E2	product	acts	

as	site-specific	DNA	binding	protein,	blocking	E6	and	E7	and	allowing	E1	gene	product	

to	 bind	 to	 the	 LCR	 region	 of	 the	 HPV	 genome,	 forcing	 replication	 of	 the	 latter	 as	
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extrachromosomal	elements	(Cripe	et	al.,	1987;	Hughes	and	Romanos,	1993;	Syrjänen	

and	Syrjänen,	1999).	Finally,	the	E4	gene	product	upregulates	the	oncogenic	activity	of	

the	HPV	virus,	increasing	the	proliferation	rate	and	the	number	of	mitoses	(Burd,	2003;	

Zummeren	 et	 al.,	 2018).	 The	 understanding	 of	 the	 pathogenesis	 of	 HPV	 types	 is	

growing	rapidly	through	various	new	techniques,	which	focus	on	the	in	vitro	synthesis	

of	the	oncogenic	HPV	genomes	(Meyers	et	al.,	1992;	Frattini	et	al.,	1996).	Studying	the	

mechanisms	 and	 factors	 facilitating	 viral	 entry	 and	 analyzing	 innate	 and	 cellular	

immune	responses	against	viral	infection	is	equally	important	(Longworth	and	Laimins,	

2004).	 HPV	 prevention	 and	 treatment	 is	 a	 major	 area	 for	 study	 and	 research,	 with	

significant	 advances	 in	 this	 area	made	 by	 the	 use	 of	 HPV	 vaccines.	Moreover,	 drug	

development	 for	 existing	 HPV	 disease	 is	 an	 important	 undertaking	 that	 deserves	

attention	(Koutsky	et	al.,	2002;	Longworth	and	Laimins,	2004).	

	

The	immune	system	against	cervical	cancer	

Putative	 T-cell	memory	 actions	 of	 E6	 and	 HPV16	 E2	 in	 HPV-negative	 healthy	

females	highlight	the	immune	system’s	part	in	HPV	infection	control,	and	these	actions	

are	followed	by	IL-5,	IFN-γ	secretion,	and	low	IL-10	levels	(de	Jong	et	al.,	2002;	Welters	

et	al.,	2003;	de	Jong	et	al.,	2004).	Meanwhile,	in	half	of	the	cervical	cancer	patients	and	

HSIL	 ones,	 HPV-specific	 T	 memory	 cells’	 weak	 responses	 are	 associated	 with	 IL-10.	

While	 HPV18	 and	 E7	 responses	 have	 been	 documented,	 HPV16	 E2	 actions	 seem	 to	

occur	during	virus	clearance	and	are	linked	to	the	stalling	of	neoplastic	proliferation	in	

patients	with	LSIL,	depicting	an	E2	guarding	 immunity	 role	 (Bontkes	et	al.,	1999;	van	

der	Burg	et	al.,	2001;	Welters	et	al.,	2003;	Woo	et	al.,	2010).	HPV16	E6	actions,	marked	
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by	 IL-2	 secretion,	 are	 associated	 with	 tumor	 infiltration,	 while	 disease-free	 survival	

(DFS)	and	cytotoxic	HPV16	T-cell	responses	found	in	healthy	donors	can	be	explained	

by	the	impaired	Th-1	activity	 in	patients	with	cervical	cancer	(Ressing	et	al.,	1996;	de	

Gruijl	 et	 al.,	 1996;	 Nimako	 et	 al.,	 1997;	 Nakagawa	 et	 al.,	 1999;	 Youde	 et	 al.,	 2000;	

Bontkes	 et	 al.,	 2000;	 de	 Jong	 et	 al.,	 2002;	 de	 Vos	 van	 Steenwijk	 et	 al.,	 2008;	

Heusinkveld	et	al.,	2011).	HPV-specific	T-cell	responses	are	found	in	metastatic	lymph	

nodes	and	cervical	 cancer	 tissues	 (Evans	et	al.,	 1997;	Höhn	et	al.,	 1999;	Höhn	et	al.,	

2000;	Oerke	et	al.,	2005).	

	 Despite	 the	 abundant	 HPV-specific	 T	 cells	 in	 neoplastic	 tissue,	 the	 immune	

system	cannot	eradicate	the	tumor,	suggesting	the	existence	of	an	immunosuppressive	

microenvironment	in	patients	with	cervical	cancer.	A	possible	direct	mechanism	of	the	

creation	of	the	immunosuppressive	TME	by	HPV	is	via	E6	and	E7	proteins,	which	block	

interferon	regulatory	factors	3	and	1,	respectively	(IRF3,	IRF1),	leading	to	a	faulty	IFN-γ	

pathway	and	NF-Kβ	stimulated	genes	that	ultimately	lessen	proinflammatory	cytokines	

(Ronco	et	al.,	1998;	Perea	et	al.,	2000;	Nees	et	al.,	2001).	E6	and	E7	proteins	are	crucial	

players	 in	 malignant	 phenotype	maintenance,	 and	 granule	 exocytosis	 and	 FAS/FASL	

pathways	 are	 the	 key	mediators	 employed	by	 lymphocytes	 (Shresta	et	 al.,	 1998).	As	

shown	in	mouse	models,	different	cues	of	evading	mechanisms	for	these	pathways	are	

expressions	 of	 Granzyme	 B	 inhibitor	 PI-9,	 FASL	 inhibitors	 FLICE-inhibitory	 protein	

(cFLIP),	and	anti-apoptotic	BCL-2	gene	overexpression	(Reed	et	al.,	1988;	Djerbi	et	al.,	

1999;	Medema	et	al.,	1999;	Medema	et	al.,	2001).	cFLIP,	SerpinA1,	and	SerpinA3	are	

abundant	 in	 cervical	 cancer	 tissues,	 with	 cFLIP	 having	 an	 unclear	 impact,	 while	 the	

Serpin	family	proteins	overexpression	correlates	with	poor	overall	survival	(OS)	as	they	

seem	to	block	apoptosis	(Poe	et	al.,	1991;	Emoto	et	al.,	1998;	Zhou	et	al.,	2006;	Kloth	
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et	al.,	2008).	Another	mechanism	is	 impaired	antigen	presentation	on	MHC	Class	 I	of	

tumor	 antigens	 secreted	 by	 proteasomes	 and	 moved	 through	 Transport	 Associated	

Protein	 genes	 (TAP)	 (Marincola	 et	 al.,	 2000).	 In	 cervical	 cancer,	 HPV16	 E6	 antigen	

presentation	 relies	 upon	 TAP	 and	 proteasome.	 Thus,	 deficiencies	 in	 these	 reduce	

neoplastic	cells	identification	by	HPV-specific	T-cells	(Evans	et	al.,	2001).	Specifically,	E7	

protein	 of	 HPV6,	 HPV16,	 and	 HPV18	 subtypes	 are	 found	 to	 downgrade	MHC	 class	 I	

heavy	chain,	TAP1,	and	LMP2	expression,	while	E5	protein	of	HPV16	diminishes	HLA-A	

and	 HLA-B	 surface	 expression	 (Georgopoulos	 et	 al.,	 2000;	 Ashrafi	 et	 al.,	 2005).	

Nonetheless,	MHC	 class	 I	 is	 not	 eradicated	 in	 LSIL	 or	HSIL	 cases,	while	 defects	 have	

been	 noted	 in	 cervical	 cancer	 patients	 with	 TAP	 crosstalk,	 stating	 that	 MHC	 class	 I	

pathway	is	not	mediated	by	HPV	(Cromme	et	al.,	1993,	1994;	Keating	et	al.,	1995;	van	

Driel	et	al.,	1996;	Bontkes	et	al.,	1998;	Mehta	et	al.,	2008).	MHC	class	I	modifications	

lay	the	path	for	T-cell	 immunotherapy;	changes	 in	MHC	Class	 I	were	noted	 in	90%	of	

patients	 with	 cervical	 cancer,	 and	 only	 10%	 accounted	 for	 MHC	 class	 I	 pathway	

eradication	(Koopman	et	al.,	2000).	

	 Regarding	 immunoevasion	 tactics	 employed	 by	 cervical	 carcinomas,	 the	

immunosuppressive	 TME	 can	 be	 established	 through	 the	 expression	 of	 coreceptors	

with	an	inhibitory	function,	as	shown	in	many	tumors,	with	the	inhibitory	B7-H1	(PD-

L1)	of	 the	B7	 family	 coreceptor	being	 the	most	prominent	one,	which	 interacts	with	

PD-1	 and	 CD80	 on	 T-cells	 and	 leads	 to	 apoptosis,	 depletion	 or	 anergy	 of	 effector	 T-

cells,	and	poor	OS	(Dong	et	al.,	2002;	Thompson	et	al.,	2006;	Hamanishi	et	al.,	2007;	

Rabinovich	 et	 al.,	 2007;	 Pentcheva-Hoang	 et	 al.,	 2009).	 On	 the	 contrary,	 in	 patients	

with	 cervical	 cancer,	PD-L1	expression	 is	 associated	with	 increased	OS,	 as	PD-L1	and	

PD-1	crosstalk	inhibits	invading	PD-1+	regulatory	T-cells	(Zang	and	Allison,	2007;	Karim	
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et	 al.,	 2009).	 Tumor	 cells	 secreting	molecules	 with	 an	 immunosuppressive	 function,	

such	 as	 vascular	 endothelial	 growth	 factor	 (VEGF),	 IL-10,	 tumor	 growth	 factor-β	 and	

indoleamine	 2,3-dioxygenase	 (IDO),	 establish	 the	 immunosuppressive	 tumor	

microenvironment	 (Grohmann	et	al.,	2003).	 In	cervical	neoplasia,	 the	 IDO	pathway	 is	

noted	 in	 HSIL	 and	 patients	 with	 cervical	 cancer,	 with	 yet	 an	 unclear	 effect.	 VEGF	 is	

essential	 for	 vascular	 formation	and	aids	 the	 immunosuppressive	TME	as	 it	draws	 in	

macrophages	 and	 immature	 dendritic	 cells	 (DCs).	 TGF-β	 is	 conversely	 expressed	 in	

relation	 to	 tumor-infiltrating	 lymphocytes	 (TILs),	 highlighting	 a	 possible	 blockade	 of	

lymphocytic	intrusion	in	cervical	neoplasms,	as	molecules	that	highlight	its	abundance,	

such	as	PAI-1	and	ανβ6,	reduce	survival	rates	(Grohmann	et	al.,	2003;	Hazelbag	et	al.,	

2004;	 Kim	 et	 al.,	 2006;	 Nakamura	 et	 al.,	 2007;	 Hazelbag	 et	 al.,	 2007).	 Concerning	

immune	cells,	such	as	dendritic	and	NK	cells,	macrophages	B	and	T-cells	also	constitute	

TME,	with	TIL	being	associated	with	the	progression	of	cervical	cancer.	

	

Tumor-associated	macrophages	(TAMs)	

	 Macrophages,	 derived	 from	 bone	 marrow,	 exert	 a	 crucial	 role.	 They	 are	

classified	 as	 classical	 M1	 and	 alternative	 M2	 groups,	 which	 endorse	 inflammatory	

processes	 and	 neoplastic	 proliferation	 and	 progression.	 Concerning	 cervical	 cancer,	

macrophages	 seem	 to	 account	 for	 a	 high	 percentage	 of	 the	 cell	 population,	 as	 the	

intraepithelial	 neoplasia	 (CIN,	 Figs.	 7,8)	 progresses	 rapidly,	with	CD68+	macrophages	

(Fig.	9)	shown	to	invade	cervical	neoplasms	and	metastatic	lymph	nodes,	reaching	the	

concentration	of	T-cells	with	yet	an	unclear	effect	(Hilders	et	al.,	1995;	Zijlmans	et	al.,	

2006;	 Zijlmans	 et	 al.,	 2007;	 Hammes	 et	 al.,	 2007).	 TAMs	 are	 important	 in	 the	

progression	 of	 cervical	 cancer,	 from	 early	 inflammation	 to	 cervical	 intraepithelial	
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neoplasia	 and	 later	 to	 invasive	 cervical	 cancer,	 with	 angiogenetic	 processes	 being	

linked	 to	 TAMs;	 stromal	 TAMs	 are	 positively	 associated	 with	 IL-12p40,	 which	 is	

expressed	 intratumorally	 and	 indicates	 a	 good	 prognostic	 outcome	 (OS)	 in	 cervical	

carcinoma	 (Zijlmans	et	 al.,	 2007;	Hammes	et	 al.,	 2007;	 Y.	 Liu	et	 al.	 2020;	Guo	et	 al.,	

2021).	 TAMs	 are	 also	 associated	 with	 macrophage	 proliferation	 and	

lymphangiogenesis.	 They	express	VEGF-C,	 leading	 to	 IL-1β	and	 IL-8	 surges	 in	 cervical	

cancer	 cells,	 thus	promoting	 lymph	node	metastasis	 (Nakao	et	al.,	 2005;	Waugh	and	

Wilson,	2008;	Ding	et	al.,	2014).	

	 The	 classical	 M1	 group	 destroys	 pathogens	 and	 stimulates	 Th-1	 immune	

responses.	 They	 are	 activated	 by	 IFN-γ	 and	 lipopolysaccharides	 (LPS)	 via	 Toll-like	

receptors	and	granulocyte-monocyte	colony-stimulating	 factor	 (GM-CSF)	and	express	

factors,	 such	 as	 reactive	 oxygen	 species,	 IL-13,	 TNF-a,	 CD80/CD86,	 IL-12,	 and	major	

histocompatibility	complex	class	II	(MHC	II)	(Pedraza-Brindis	et	al.,	2016).	Meanwhile,	

the	 alternative	 M2	 group	 of	 macrophages,	 which	 most	 refer	 to	 as	 TAMs,	

predominantly	 encourage	 the	 inflammatory	 activity	 of	 the	 neoplasm,	 including	

invasion	 and	 Th-2	 feedback,	 as	 they	 secrete	 molecules,	 such	 as	 indoleamine	 2.3-

dioxygenase,	 transforming	 growth	 factor-β	 (TGF-β),	 VEGF,	 and	 programmed	 death	

ligand	1	(PD-L1)	via	potent	IL-33,	IL-10,	IL-4,	IL-13,	and	IL-21	activation	(Pedraza-Brindis	

et	 al.,	 2016;	 Li	 et	 al.,	 2017).	 Specifically,	 M2	 type	 TAMs	 seem	 important	 in	

carcinogenesis	of	 the	uterine	cervix	and	are	 linked	 to	high-risk	HPV	 infection	as	 they	

show	 high	 numbers	 in	 advanced	 tumor	 stage,	 lymph	 node	 spread,	 and	

lymphangiogenesis	 (Ding	 et	 al.,	 2014;	 Chen	 et	 al.,	 2017;	 Swangphon	 et	 al.,	 2017).	

Explicatively,	 M2	 macrophages	 are	 a	 poor	 prognostic	 indicative	 marker	 because	

cervical	 cancer	 cells	 drive	monocyte	 formation	 towards	M2-like	phenotype	 in	 TAMs,	
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thus	 sustaining	 the	 tumor	 microenvironment	 and	 allowing	 for	 metastatic	 and	

angiogenetic	steps	(Jiang	et	al.,	2016;	Pedraza-Brindis	et	al.,	2016).	Moreover,	the	M1	

to	 M2	 TAM	 ratio	 is	 crucial	 for	 the	 prognostic	 outcome	 of	 cervical	 neoplasia,	 as	

depicted	by	Petrillo	et	al.	(2015),	with	increased	M1	to	M2	ratio	being	associated	with	

complete	pathologic	responses	and	enhanced	DFS	and	OS	(Petrillo	et	al.,	2015).		

	

Dendritic	cells	(DCs)	

	 In	 general,	 DCs	 (Fig.	 10)	 are	 a	 key	 factor	 for	 linking	 immune	 response	

mechanisms	 (innate	 and	 adaptive),	 with	 immature	 ones	 binding	 to	 antigens	 in	 the	

peripheral	 tissues	 and	 mature	 ones	 activating	 their	 antigen-presenting	 machinery,	

such	 as	MHC	 class	 I	 and	 II,	 CD80,	 CD83,	 and	 CD86,	 and	 expressing	MMP-2/MMP-9	

matrix-degrading	enzymes	necessary	 for	 secondary	 lymphatic	migration	 (Saeki	 et	 al.,	

1999;	 Förster	 et	 al.,	 1999;	 Ratzinger	 et	 al.,	 2002;	 Yen	 et	 al.,	 2008).	 Cervical	

carcinogenesis	and	its	relation	to	DCs	must	be	elucidated.	DCs	aid	in	the	HPV	process.	

These	are	dysfunctional	and	decreased	in	HPV-induced	lesions,	such	as	intraepithelial	

neoplasia,	 and	 HPV16	 seems	 to	 mediate	 a	 2.5-times	 decrease	 in	 DCs,	 which	 is	

associated	with	an	impaired	E-cadherin	expression	(Scott	et	al.,	2001;	Matthews	et	al.,	

2003;	 Uchimura	 et	 al.,	 2004;	 Walker	 et	 al.,	 2005;	 Hubert	 et	 al.,	 2005;	 Guess	 and	

McCance,	2005;	Jimenez–Flores	et	al.,	2006).	Specifically,	immature	DCs	crosstalk	with	

keratinocytes	 via	 E-cadherin,	 thus	 mediating	 the	 response	 of	 the	 immune	 system	

against	 the	 HPV	 infection,	 while	 their	 cytoplasmic	 analogs	 diminish	 in	 viral	 lesions,	

noting	a	possible	neoplasia	induction	mechanism	(Uchimura	et	al.,	2004;	Hubert	et	al.,	

2005).	
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	 CD83+	 DCs	 are	 higher	 in	 nonmetastatic	 sentinel	 lymph	 nodes	 (SLNs)	 than	 in	

metastatic	ones.	Meanwhile,	S-100+	and	CD1a+	DCs	 in	SLNs	are	higher	than	those	 in	

non-SLNs,	 highlighting	 that	 the	 SLNs	 are	 the	 first	 to	 be	 activated	 by	

immunosurveillance,	 with	 suppression	 of	 the	 immune	 system	 being	 the	 key	

component	due	to	low	DC	numbers	(Kara	et	al.,	2009).	DCs	interplay	with	cells	of	the	

immune	environment,	leading	to	different	outcomes.	In	the	presence	of	NK	cells,	DCs	

display	 an	 increased	 CD86	 expression.	 Interestingly,	 CD86	 signaling	 may	 act	

synergistically	with	IL-12p70	to	polarize	the	 immune	system	towards	a	Th1	response,	

mediating	 immune	 microenvironment	 feedback	 of	 cervical	 cancer	 as	 Th-1	 cells	 and	

cytotoxic	 T-lymphocytes	 (CTLs)	 respond,	 paving	 the	 way	 for	 a	 novel	 immune	

therapeutic	 regimen	 (Lichtenegger	 et	 al.,	 2012;	 Cao	et	 al.,	 2019;	Wang	et	 al.,	 2019).	

Data	 suggest	 that	 upon	 vaccination,	 the	 crosstalk	 between	 NK	 cells	 and	 DCs	 could	

reverse	the	unbalanced	 IL-12/IL-10	ratio	observed	 in	the	blood	of	patients	with	HPV-

associated	uterine	cervical	 lesions	 (Clerici	et	al.,	1997;	 Jacobs	et	al.,	1998;	Langers	et	

al.,	2014).	 In	addition,	HPV	 is	believed	 to	 induce	phosphoinositide-3-kinase	 (PI3-K)	 in	

DCs,	evading	the	inhibitory	immune	checkpoints	and	noting	PI3-K	as	a	possible	therapy	

(Fausch	 et	 al.,	 2005).	 Meanwhile,	 cervical	 cancer	 cells	 are	 resilient	 to	 DCs.	 They	

produce	RANKL,	the	receptor	of	nuclear	Factor	Kappa-B	ligand	(NF-Kβ),	which	could	act	

as	evasion	loops	of	the	immune	system	along	with	T-regulatory	cells	(Demoulin	et	al.,	

2015).	 Cervical	 cancer	 cells	 activate	MMP-9,	 a	 protease	with	 a	 protumorigenic	 role,	

and	CD80,	CD86,	CD83,	and	MHC	class	I	and	II,	including	DCs,	and	downregulate	CCR7	

in	mature	CD83+	DCs,	rendering	 its	regulation	 independent	from	the	CD83	marker	 in	

vivo	and	in	vitro,	ultimately	silencing	it	as	IL-6	interplays	with	CCR7’s	regulatory	NF-kβ	

pathway.	 (Höpken	 et	 al.,	 2002;	 Hegde	 et	 al.,	 2004;	 Schröer	 et	 al.,	 2011;	 Pahne-
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Zeppenfeld	 et	 al.,	 2014).	 In	 sum,	 as	 cell-induced	 responses	 are	 crucial	 for	 HPV	

infections	 and	 neoplasms,	 a	 possible	 therapeutic	 arsenal	 could	 be	 vaccines	 with	

abundant	antigen-enhanced	DCs.	

	

Myeloid-derived	suppressor	cells	(MDSCs)	

	 MDSCs	 are	 induced	 by	 G-CSF	 of	 neoplastic	 origin.	 They	 are	 associated	 with	

neoplastic	disease	progression,	 therapeutic	potency,	 resistance	 in	chemotherapy	and	

radiotherapy,	 and	 consequently	 with	 poor	 prognostic	 outcomes.	 Meanwhile,	 they	

seem	to	boost	the	ability	of	neoplastic	cells	to	self-renew	and	differentiate	(Mabuchi	et	

al.,	2014;	Kawano	et	al.,	2015;	Wu	et	al.,	2018;	Kuroda	et	al.,	2018;	Liang	et	al.,	2019).	

MDSCs	 seem	 to	 function	 via	 the	 expression	 of	 arginine	 1	 (ARG1),	 reactive	 oxygen	

species,	and	cytokine-inducible	nitric	oxide	synthase,	which	metabolize	L-arginine	into	

nitric	oxide	or	urea,	 inhibiting	T-cell	 lymphocytes	 from	progressing	and	proliferating,	

while	 they	 lead	 MDSCs	 to	 surge	 in	 favor	 of	 neoplastic	 progression	 (Bronte	 and	

Zanovello,	2005;	Kusmartsev	and	Gabrilovich,	2006;	Fletcher	et	al.,	2015).	

	 In	 cervical	 carcinoma,	 MDSCs	 aberrantly	 express	 CD124	 (IL-4Ra),	 CD13,	 and	

CD39.	Meanwhile,	CD115	and	CD117	are	found	in	 low	levels,	and	CD14,	CD15,	CD34,	

CD37,	CD66b,	PD1,	and	PDL1	are	not	expressed	at	all	(B.	Zhang	et	al.,	2013;	L.	Wu	et	

al.,	2018).	They	are	divided	 into	monocytic	 (CD14+)	and	granulocytic	 (CD33+,	CD15+,	

CD66b+),	marked	as	CD14+	&	HLA-DR-	or	CD33+	&	HLA-DR-	and	CD11b+	&	CD14-,	and	

exert	 their	 immunosuppressive	 function	 through	 JAK-STAT3	and	 IL-6,	as	 shown	 in	an	

HPV-induced	 cervical	 cancer	 mouse	 model	 (Filipazzi	 et	 al.,	 2007;	 Rabinovich	 et	 al.,	

2007;	Rodriguez	et	al.,	2009;	Gabrilovich	and	Nagaraj,	2009;	Galliverti	et	al.,	2020).	As	
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per	functionality,	 in	high	concentrations,	they	seem	to	inhibit	CD4+	and	CD8+	T-cells.	

Specifically,	they	block	IL-2	and	IFN-γ	production	in	CD4+	T-cells	and	IFN-γ	in	CD8+	T-

cells	 (Wu	 et	 al.,	 2018).	 Moreover,	 granulocytic	 MDSC	 blood	 counts	 are	 statistically	

significantly	associated	with	poor	prognosis,	lymph	node	metastasis,	and	deep	stromal	

invasion,	including	tumor	recurrence;	also,	their	blood	counts	are	associated	with	the	

numbers	 of	 tumor	 tissue	 CD8+	 T-cells	 (Liang	 et	 al.,	 2019).	 Interestingly,	 both	

populations	of	MDSCs	are	shown	to	express	on	their	surface	the	B	cell	activating	factor	

(BAFF),	 especially	 in	malignant	 cervical	 neoplasms,	 a	member	 of	 the	 tumor	 necrosis	

factor	family,	which	 is	crucial	 for	the	maturation	of	all	B	cells	and	expressed	 in	many	

cells,	such	as	dendritic,	macrophages,	and	neutrophils	(Moore	et	al.,	1999;	Jianyi	et	al.,	

2022).	 MDSCs	 exert	 B	 cells	 to	 differentiate	 into	 the	 B10	 subtype	 through	 the	 BAFF	

pathway,	leading	to	IL-10	production	and	creating	a	positive	regulatory	feedback	loop	

through	 the	 STAT3	 pathway	 and	 phosphorylate	 MDSCs.	 This	 establishes	 an	

immunosuppressive	environment	for	patients	with	cervical	cancer	(Jianyi	et	al.,	2022).	

However,	 their	 impact	 on	 tumor	 progression	 in	 cervical	 cancer	 patients	 remains	

unclear.	

	

T	regulatory	cells	(Tregs)	and	Tumor-infiltrating	lymphocytes	(TILs)	

	

T	regulatory	cells	(Tregs)	

In	general,	Tregs	are	located	in	cervical	neoplasia,	either	in	the	primary	tumor,	lymph	

nodes,	or	the	peripheral	blood	of	patients,	with	many	studies	depicting	an	increase	of	

CD14+PDL1+	and	CD4+FOXP3+	Treg	cells	in	positive	lymph	nodes,	which	is	associated	

with	poor	clinical	outcomes.	 (Piersma	et	al.,	2007;	Nakamura	et	al.,	2007;	Molling	et	
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al.,	2007;	Visser	et	al.,	2007;	Jordanova	et	al.,	2008;	Adurthi	et	al.,	2008;	 	Shah	et	al.,	

2011).	Regarding	therapy-oriented	studies,	Daemen’s	group	noted	a	surge	of	IFN-γ	T-

cell	reactions	toward	HPV16	E6	and	E7	proteins,	and	Cichon’s	team	showed	that	with	

agonistic	 antiglucocorticoid-induced	 tumor	 necrosis	 factor	 receptor	 family-related	

protein	antibodies	leads	to	Treg	cells	silencing;	CD8+	T-cells	invade	the	tumor	and	clear	

the	neoplasia	in	70%	of	the	studied	murine	model	cervical	cancer	specimens	(Visser	et	

al.,	2007;	Loddenkemper	et	al.,	2009).	The	above	indirectly	states	the	role	of	Tregs	in	

anti-HPV	defense	mechanisms.	 FoxP3+	T	 cell	 density	was	 reduced	 after	 neoadjuvant	

chemotherapy	 intra-	 and	 peritumorally.	 and	 CD8+	 T-cells	 increased.	 FoxP3+	

peritumoral	Tregs	ratio	accounted	for	an	independent	OS	and	progression-free	survival	

(PFS)	factor,	as	shown	by	Liang	et	al.	(2018)	(Liang	et	al.,	2018).	Clinicopathologically,	

Tregs,	 specifically	FoxP3+,	 seem	to	associate	 in	a	 statistically	 significant	manner	with	

lymph	 node	 metastasis	 and	 vascular	 proliferation,	 indicating	 their	 crucial	 role	 in	

uterine	 cervical	 neoplasia	 and	 possible	 usage	 as	 a	 future	 target	 for	 promising	

therapeutic	outcomes	in	immunotherapy	(Piersma	et	al.,	2007;	Zhang	et	al.,	2011;	Tian	

et	al.,	2011;	Hou	et	al.,	2013).	

	

CD4+CD25+	or	FoxP3+	Tregs	

According	to	Wu	et	al.	(2011),	CD4+CD25+FoxP3+	T-cells	surge	within	areas	of	cervical	

cancer	 cells	 and	 FoxP3+	 increase	 in	 cervical	 cancer	 tissues	 (n=10)	 in	 contrast	 to	 CIN	

tissues	 (n=8)	 (p<0.001)	 and	 lymph	 node	 metastasis	 (p<0.05)	 (Wu	 et	 al.,	 2011).	

Interestingly,	 the	 CD4:CD25	 Treg	 ratio	 is	 noted	 to	 increase	 in	 TILs,	 while	 FoxP3+	

expression	 in	 TILs,	 as	 shown	 on	 96	 formalin-fixed	 paraffin-embedded	 samples,	 is	
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negatively	associated	statistically	significantly,	with	risk	(p=0.009)	when	patients	were	

grouped	 in	 low-,	 moderate-,	 and	 high-risk	 groups	 according	 to	 immunostaining	

density,	tumor	size,	invasion	of	the	stroma,	FIGO	staging,	parametrial	invasion,	lymph	

node	 metastasis,	 invasion	 of	 the	 lymphovasculature,	 HPV	 profile,	 ki67	 status,	 and	

histopathological	 status	 (Chang	 et	 al.,	 2016;	 Etxeberria	 et	 al.,	 2019).	 All	 indicate	 the	

prognostic	 role	of	Tregs	 in	 cervical	 cancer.	 In	another	 study	by	Adurthi	et	al.	 (2008),	

the	 CD4+	 T-cells:FoxP3+	 cells	 ratio	 via	 immunohistochemistry	 was	 statistically	

significantly	low	in	patients	with	cervical	cancer	(Adurthi	et	al.,	2008).	In	studies	by	van	

der	Burg	et	al.	(2007),	HPV-specific	CD4+	Tregs	arising	from	cervical	cancer	lymph	node	

specimens	 led	 responder	 T-cells	 to	 produce	 reduced	 IFN-γ	 and	 IL-2	 and	 downgrade	

their	proliferation	further	(van	der	Burg	et	al.,	2007).	Meanwhile,	Battaglia	et	al.	(2009)	

noted	 an	 increased	 CD4+FoxP3+	 Treg	 cell	 population	 in	 metastatic	 tumor-draining	

lymph	nodes	(Battaglia	et	al.,	2009).	In	addition,	FoxP3+	Tregs	in	the	study	of	Cao	et	al.	

(2019)	 are	 associated	with	 increased	HPV	 viral	 accumulation	 in	 high-risk	HPV	biopsy	

specimens,	which	correlate	through	Cox	regression	analysis	with	worse	overall	clinical	

progression	and	high	recurrence	and	FIGO	stage,	including	diminished	15-year	survival	

rate	(Cao	et	al.,	2019).	Thus,	Tregs	can	be	characterized	as	a	negative	prognostic	factor	

for	patient	survival	and	possible	neoplasm	recurrence.	

	

HLADRhi	Tregs	

Tregs	 are	high	within	 the	peripheral	 blood	of	 patients	with	 cervical	 cancer,	with	 the	

Helios+	 subcategory	 (HLADR+)	 and	 CD45RA−HLADR+	 high	 level	 activation	 (HLADRhi)	

being	 prominent	 as	 well.	 Meanwhile,	 CD45RA+HLADR-	 was	 lower	 in	 patients	 with	
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cervical	cancer	(CSCC)	than	in	healthy	blood	donors	(HD)	(Yang	et	al.,	2020).	These	data	

show	a	possible	HLADRhi	 function	 in	neoplastic	proliferation	and	 tumor	progression.	

HLADRhi	 and	 HLADR+	 Treg	 subsets	 are	 closely	 linked	 to	 an	 advanced	 stage	 of	

neoplastic	disease.	Specifically,	 the	 increased	density	of	 these	cell	populations	 in	 the	

tumoral	stroma	is	associated	with	deep	stromal	invasion	and	diminished	PFS	(p=0.022)	

(Yang	et	al.,	2020).	Moreover,	HLADRhi	Treg	cells	express	high	 levels	of	 transcription	

factors,	 such	 as	 IRF4,	 Helios,	 HIF1a,	 FoxP3,	 c-Myc,	 and	 BATF.	 C-Myc	 is	 a	 crucial	

component	 of	 the	 cell	 cycle,	 allowing	 T-cells	 to	 metabolize	 along	 with	 HIF1a.	

Meanwhile,	 BATF	 and	 IRF4	 regulate	 TCR	 toward	 activation,	 and	 Helios	 and	 FOXP3	

directly	affect	Treg	cells	and	their	ability	to	suppress	immune	functions	(Adhikary	and	

Eilers,	2005;	Finlay	et	al.,	2012;	Man	et	al.,	2017;	Yang	et	al.,	2020).	

	 Previous	 points	 show	 an	 association	 between	HLADRhi	 Tregs,	 TME,	 and	 poor	

outcome,	 making	 HLADRhi	 Treg	 cells	 a	 strong	 candidate	 to	 predict	 the	 prognosis-

related	 biomarker,	 especially	 in	 patients	 undergoing	 immunotherapies.	 They	 can	 be	

identified	 by	 several	 markers	 and	 become	 the	 next	 target	 for	 ablation	 toward	

antitumoral	 immunity	while	 keeping	peripheral	 tolerance	 stable.	 In	 sum,	Tregs	 show	

strong	suppressive	capacities	within	the	TME	of	patients	with	cervical	cancer.	

	

Intraepithelial	and	stromal	TILs	

TILs	are	a	crucial	component	of	 the	cervical	cancer	TME.	Generally,	 it	can	be	divided	

into	intraepithelial	(iTILs)	and	stromal	(sTILs),	with	iTILS	exceeding	the	accuracy	of	sTILS	

for	 survival	 and	 response	outcomes	within	 the	neoplasia.	 sTILs’	 predictive	 value	 and	

number	count	 is	unaffected	by	 the	density	and	expansiveness	of	 the	cancer	 cells,	 as	
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shown	in	breast	and	colorectal	cancer	studies	(Adams	et	al.,	2014;	Salgado	et	al.,	2015;	

Fuchs	et	al.,	2020).	 iTILs	are	associated	with	improved	OS,	as	depicted	by	Ohno	et	al.	

(2020)	 in	 a	 study	of	 55	patients	with	 stage	 II-III	 cervical	 cancer	 subjected	 to	definite	

CRT	 (Ohno	et	al.,	2020).	Conversely,	 in	 the	cohort	study	of	Gultekin	et	al.	 (2022),	OS	

rates	were	 associated	with	 sTILs	 but	 statistically	 not	 significant.	 The	 5-year	DFS	 rate	

was	 promising	 when	 sTILs	 were	 above	 30%	 (77%)	 and	 worse	 below	 30%	 (63%),	

specifically	 for	 patients	 with	 advanced	 cancer	 stage	 treated	 with	 hysterectomy	 and	

adjuvant	RT/RCT	(Gultekin	et	al.,	2022).	Palaia	et	al.	(2021)	noted	a	promising	response	

toward	neoadjuvant	treatment	when	the	sTILs	counts	increased,	with	sTILs	below	40%	

linked	to	neoplastic	proliferation	(Asano	et	al.,	2018;	Miyakita	et	al.,	2020;	Palaia	et	al.,	

2021).	iTILs	and	sTILs	are	also	studied	for	their	prognostic	significance	by	Bethwaite	et	

al.	(1996),	who	associated	low	iTIL	numbers	with	advanced	local	and	distant	neoplastic	

disease	 and	 metastasis	 to	 the	 pelvic	 lymph	 nodes.	 Ohno	 et	 al.	 (2020)	 showed	 that	

increased	CD8+	TILs	must	be	noted	 in	pelvic	 lymph	node	metastasis	cases.	Cao	et	al.	

(2020)	 highlighted	 that	 iTILs,	 sTILs,	 and	 TAMs	 are	 linked	 to	 distant	 metastasis	 and	

DMFS	(Bethwaite	et	al.,	1996;	Cao	et	al.,	2020;	Ohno	et	al.,	2020;	Gultekin	et	al.,	2022).	

Overall,	TILs	have	prognostic	significance	in	foreseeing	metastasis	outside	the	uterine	

cervix.	 Their	 density	 is	 the	most	 prominent	 characteristic	 to	 evaluate.	However,	 it	 is	

not	 linked	 to	 response	 toward	 local	 anatomical	 regions	 treated	with	definite	CRT.	 In	

the	 study	 of	 Ibarra	 et	 al.	 (2021)	 in	 patients	 with	 cervical	 cancer,	 where	 they	 were	

divided	according	 to	 the	PD-1	expression	 levels	on	CD8+	TILs:	PD-1	high	group,	PD-1	

intermediate	 group,	 and	 PD-1	 low	 group,	 ultimately	 noting	 high	 PD-1	 high	 and	

intermediate	 rates	 on	 CD8+	 TILs,	which	 concurs	with	 the	 study	 of	 Fan	 et	 al.	 (2021),	

where	PD-1	high	levels	led	to	early	recurrence	in	cervical	neoplasia.	This	indicates	that	
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PD-1	 expression	 on	 CD8+	 TILs	 can	 be	 used	 as	 a	 prognostic	 biomarker	 a	 therapeutic	

criterion	 for	PD-1	blockade	therapy	and	cellular	diagnosis	purposes	 (Solorzano-Ibarra	

et	al.,	2021;	Fan	et	al.,	2021).	

	

CD4+	and	CD8+	TILs	

CD4+	TILs	and	mast	cells	(Fig.	11)	are	independent	prognostic	factors	of	OS	in	the	study	

of	 Oldford	 &	 Marshall	 (2015),	 where	 CD4+	 T-cells	 held	 5%	 of	 the	 overall	 tumor-

infiltrating	 cell	 population.	 Increased	 infiltration	 of	 CD4+	 cells	 was	 associated	 with	

improved	 OS,	 with	 mast	 cells	 being	 an	 independent	 factor	 which	 aligns	 with	 other	

cancer	 studies	 concerning	 the	 role	 of	 mast	 cells,	 indicating	 their	 role	 as	 possible	

immunotherapy	 targets	 (Kormelink	 et	 al.,	 2009;	 Oldford	 and	 Marshall,	 2015;	

Cherdantseva	et	al.,	2017;	Liu	et	al.,	2018;	Wang	et	al.,	2019).	CD4+	TILs	aid	CD8+	TILs	

in	eliminating	neoplastic	cells	via	MHC	class	I	mechanisms.	Their	presence	is	a	positive	

prognostic	factor	for	the	overall	outcome	of	cancer.	

	 Concerning	 cervical	 cancer,	 several	 studies	with	 interesting	 results	have	been	

conducted	(Bell	et	al.,	1995;	Sheu	et	al.,	1999;	Shah	et	al.,	2011;	Gooden	et	al.,	2011;	

Bedoya	et	al.,	 2013;	Maskey	et	al.,	 2019;	Wang	et	al.,	 2019;	Etxeberria	et	al.,	 2019).	

High	 CD8+	 TILs	 numbers	 are	 implied	 in	 positive	 outcomes	 on	 OS.	 Meanwhile,	 high	

CD4+	TILs	 are	 implied	 in	poor	prognostic	outcomes.	 The	 role	of	CD4+	TILs	 as	 a	poor	

prognostic	indicator	for	neoplastic	proliferation	concurs	with	the	study	of	Wang	et	al.	

(2019),	 where	 an	 analysis	 of	 tumor-infiltrating	 cells	 in	 cervical	 neoplasia	 was	

performed	through	RNA	expression	data	with	the	CIBERSORT	metagene	method.	Their	

analysis	highlighted	that	the	key	characteristic	in	the	difference	of	immune	infiltration	
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in	 cervical	 neoplasia	was	 played	 by	 activated	 CD4+	 T-cells	 acting	 as	 an	 independent	

prognostic	 factor	 (Wang	et	al.,	2019).	Concerning	CD8+	TILs	 (Fig.	12)	 role	and	count,	

Ghosh	&	Moore	(1992)	noted	an	increased	CD8+	TILs	population	invading	the	cervical	

neoplastic	mass	(Ghosh	and	Moore,	1992).	Maskey	et	al.	(2019)	found	increased	CD8+	

cells	 in	dysplastic	cases,	while	Beyoda	et	al.	 (2013)	showed	a	high	CD8+	TILs	count	 in	

stromal	and	epithelial	layers,	although	statistically	not	significant.	Prayitno	et	al.	(2013)	

depicted	the	expression	of	CD8+	cells	and	MHC	class	I	 in	HPV-induced	cervical	cancer	

(Ghosh	and	Moore,	1992;	Bedoya	et	al.,	2013;	Prayitno	et	al.,	2013;	Das	et	al.,	2018;	

Maskey	et	al.,	2019).	

	

CD4/CD8	ratio	

CD4/CD8	 cell	 ratio	 in	 cervical	 cancer	 TILs	 is	 linked	 to	 exacerbation	 of	 neoplastic	

proliferation,	 metastasis	 to	 the	 lymph	 nodes,	 and	 poor	 overall	 progression.	 The	

aforementioned	concurs	with	the	following	as	CD4/CD8	cell	ratio	in	cervical	cancer	TILs	

is	reversed	in	tumor	tissues	in	contrast	to	peripheral	blood	(p=0.004),	with	the	highest	

ratio	in	the	most	advanced	disease	stage	and	CD4+	cells	being	low	in	tumor	sites.	It	is	

statistically	 significant	 (p=0.0013),	as	 shown	by	a	 study	on	 Indian	women	concerning	

the	 CD4+/CD8+	 lymphocytes	 in	 cervical	 cancer	 tissues	 and	 peripheral	 bloodstream	

infiltration	 counts	 (Das	 et	 al.,	 2018).	 Moreover,	 according	 to	 Sheu	 et	 al.	 (1999),	

patients	 with	 lymph	 node	 metastasis	 exhibited	 a	 lower	 CD4/CD8	 ratio	

(p=0.001/p=0.001)	than	those	without	and	tumors	with	increased	volume	(size	over	4	

cm)	and	 those	without	 (n=25)	 (Sheu	et	al.,	1999).	Conversely,	an	 increased	CD4/CD8	

ratio	was	 associated	with	 a	 favorable	 5-year	 survival	 rate	 in	 a	 statistically	 significant	
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manner	(82.4%	vs	44.4%,	p=0.029),	as	shown	by	Shah	et	al.	(2011)	(Shah	et	al.,	2011).	

Thus,	 this	biopsy	ratio	could	act	as	a	useful	prognostic	and	therapeutic	biomarker	by	

regulating	 the	 ratio	 clinically	 and	 therapeutic	 interventions,	 such	 as	 radiotherapy	

and/or	 chemotherapy,	 subsequently	 leading	 to	 improved	patient	 survival	 (Fan	et	 al.,	

2021).	

	

CD8+	and	CD3+	TILs	

Etxeberria	 et	 al.	 (2019)	 investigated	 96	 patients	 with	 cervical	 cancer	 regarding	 the	

association	 between	 characteristics,	 such	 as	 lymph	 node	 metastasis,	 International	

Federation	of	Gynecology	 and	Obstetrics	 (FIGO)	 stage,	 lymphovascular	 invasion	 (LVI)	

state,	 and	 the	 density	 and	 dispersity	 of	 CD4+,	 CD3+,	 and	 CD8+	 TILs	 in	 paraffin-

embedded	tissues	(Etxeberria	et	al.,	2019).	Notably,	when	a	LVI	was	present,	CD3+	and	

CD4+	TILs	in	the	central	tumor	site	and	CD8+	TILs	in	the	central	and	marginal	site	were	

statistically	significantly	high	(p=0.010,	p=0.045,	p=0.033,	p=0.004,	respectively).	When	

lymph	 node	 metastasis	 was	 grouped	 based	 on	 characteristic	 LVI	 state,	 FIGO	 stages	

were	different	and	CD3+	TILs	were	statistically	significantly	high	 in	 the	central	 tumor	

area	(p=0.005,	p=0.003,	p=0.045	respectively)	(Etxeberria	et	al.,	2019).	Thus,	a	positive	

association	 was	 found	 between	 CD3+	 and	 CD8+	 TIL	 counts	 and	 cervical	 neoplasia	

progression.	 Interestingly,	 CD3+	 TILs	 were	 found	 in	 epithelial	 and	 stromal	 layers	 of	

CIN3	 patients,	 highlighting	 a	 possible	 association	with	 the	 progressive	 nature	 of	 the	

cervical	neoplasm,	as	seen	by	Carrero	et	al.	(2009)	(Carrero	et	al.,	2009).	Gooden	et	al.	

(2011)	 further	 clarified	 the	 relationship	 between	 CD3+	 and	 CD8+	 TILs	 and	 cervical	
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neoplasia,	 showing	 that	 they	 have	 prognostic	 significance	 for	 OS,	 with	 both	 TILs	

exhibiting	hazard	ratio	(HR)	of	0.58	and	0.71,	respectively	(Gooden	et	al.,	2011).	

	

CD8+/Treg	ratio	

CD8+:Treg	 cell	 ratio	 indicates	 a	 favorable	 prognostic	 cue	 for	 patients	 with	 cervical	

cancer.	Liang	et	al.	(2018)	studied	CD8+	and	Foxp3+	TILs	levels	pre-	and	post-treatment	

using	platinum-based	neoadjuvant	 chemotherapy	 (NACT)	 in	 IB2	 stage	and	 IIA2	 stage	

cervical	 cancer	 samples,	 with	 CD8+	 T-cells	 remaining	 the	 same	 in	 intra-	 and	

peritumoral	regions	(p=0.414/p=0.255)	and	increased	CD8	and	FoxP3+	TILs	 intra-	and	

peritumorally,	 respectively,	 in	residual	neoplastic	regions.	This	cues	a	good	prognosis	

for	PFS	and	OS	 (p=0.018/p=0.014)	 (Liang	et	 al.,	 2018).	 Jordanova	et	 al.	 (2008)	noted	

poor	 survival	 with	 an	 associated	 CD8+:T	 regs	 ratio	 (p=0.025)	 decrease	 but	 with	 a	

FoxP3+	Tregs	increase.	Moreover,	it	has	a	feeble	HLA-A	expression	(p=0.034/p=0.033,	

respectively)	 with	 CD8+:Tregs	 and	 low	 HLA-A	 expression	 either	 alone	 or	 combined,	

identified	 as	 independent	 poor	 prognostic	 factors	 in	 cervical	 neoplasia	 (p=0.047,	

p=0.002,	respectively)	(Jordanova	et	al.,	2008).	

	

Th17	cells	

In	a	subgroup	of	TILs,	Th17	cells’	role	in	cervical	carcinogenesis	remains	underexplored.	

Nonetheless,	 they	 generally	 exert	 neoplastic	 proliferation	 via	 angiogenetic	 processes	

and	 promote	 cervical	 neoplasia	 progression	 via	 their	 abundant	 levels	 in	 the	 cervical	

mucosa	of	patients	with	cervical	cancer	(Alves	et	al.,	2018).	Moreover,	Th17	cells	are	

noted	to	activate	chronic	 inflammatory	responses	 in	high-risk	HPV	infection	cases	via	
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IL-17	 and	 several	 other	 cytokines	 secretions,	 establishing	 a	 TME	 for	

immunosuppression,	 expansion,	 and	 neoplastic	 proliferation	 purposes	 (Alves	 et	 al.,	

2018).	 Hou	 et	 al.	 (2012)	 investigated	 Th17	 cells	 and	 their	 association	 with	 Tregs,	

specifically	with	FoxP3+	T-cells	in	TILs	from	cervical	intraepithelial	neoplasia	(CIN).	IL-6,	

IL-10,	 and	 TGF-β	 increased	 in	 patients	 with	 cervical	 cancer.	 Additionally,	 Th17	 and	

FoxP3+	T-cells	also	increased	in	cervical	cancer	or	CIN	patients,	and	the	Th17:	FoxP3+	

T-cells	 ratio	 was	 decreased	 in	 patients’	 TILs,	 with	 Th17	 cells	 associating	 with	

microvascular	tumoral	density	(Hou	et	al.,	2012).	Thus,	Th17	and/or	FoxP3+	T-cells	play	

a	crucial	part	 in	cervical	cancer	proliferation	and	advancement,	with	Th17	specifically	

aiding	the	process	via	modulation	of	angiogenetic	processes	(Hou	et	al.,	2012).	Punt	et	

al.	 (2015)	 investigated	 67	 cervical	 patients	 with	 adenocarcinoma	 and	 showed	 that	

Tregs	were	present	 in	the	stromal	area	of	the	neoplasia	and	other	T-cells.	Moreover,	

IL-17+	 increased	 in	a	3-fold	 frequency	 inside	 the	 tumor,	with	decreased	Treg	and	 IL-

17+	 numbers	 being	 statistically	 significantly	 associated	 with	 poor	 disease-specific	

survival	 (p=	0.007),	decreased	Tregs	and	Th17	cells	with	poor	survival	 (p=0.018),	and	

increased	IL-17+	cell	counts	with	reduced	size	of	the	neoplasm	(p=0.030),	with	reduced	

infiltration	(p=0.021)	and	no	indication	of	vasculature	invasion	(p=0.001)	(Simone	Punt	

et	al.,	2015).	The	above	studies	indicate	that	Th17	cells	hold	a	negative	role	in	cervical	

cancer,	resulting	in	poor	overall	outcomes	and	responses.	Nonetheless,	several	studies	

must	be	performed	to	elucidate	their	actual	role	in	the	uterine	cervix.	

	

	

	



HIS
TOLO

GY A
ND H

IS
TOPATHOLO

GY 

(no
n-e

dit
ed

 m
an

us
cri

pt)

γδ	T	cells	

In	a	subset	of	T-cells,	γδ	T-cells	hold	a	significant	role	 in	cervical	cancer	prognosis,	as	

shown	by	a	few	studies	(Li	et	al.,	2010;	Wu	et	al.,	2020).	Wu	et	al.	 (2020)	studied	57	

patients.	Among	them,	44	had	cervical	cancer	at	stages	 IB1	to	 IIA2.	Thirteen	patients	

with	precancerous	 stage	disease	had	 low	numbers	of	 γδ	T-cells	 in	 the	 tumoral	areas	

and	high	in	the	peripheral	blood	of	patients	with	cervical	cancer,	highlighting	a	possible	

association	 of	 low	 γδ	 T-cells	 with	 neoplastic	 progression	 (p<0.05)	 (Wu	 et	 al.,	 2020).	

Moreover,	Li	et	al.	(2010)	sought	after	the	antitumor	function	of	ex	vivo	expanded	γδ	

T-cells	 from	cervical	 cancer	 TILs	by	 implementing	 in	 vitro	and	 in	 vivo	methods.	 They	

noted	a	91.2%	±	1.2%	percentage	of	T-cell	receptor	(TCR)	positive	for	γδ	T-cells	 in	γδ	

TILs	and	toxicity	toward	SiHa	or	HeLa	cells	 following	ex	vivo	expansion,	which	surged	

upon	galectin-1	antibody	or	lactose	incubation	of	effector	and	target	cells	at	a	1:1	ratio	

(p<0.05)	 (Li	 et	 al.,	 2010).	 γδ-TILs	 could	 be	 identified	 as	 a	 future	 therapeutic	 arsenal.	

They	 silenced	 tumoral	 growth	 independently.	 Concurrently,	 they	 can	 synergistically	

work	 with	 galectin-1	 antibody	 therapy.	 This	 combination	 downgraded	 the	

development	of	neoplastic	xenografts,	as	shown	in	immunodeficiency	mice	models	(p	

<	0.05)	(Li	et	al.,	2010).	

	

B	cells	

B	 cells	 (Fig.	 13)	 and	 plasma	 cells	 (Fig.	 14)	 are	 noted	 in	 several	 cancers	 of	 distinct	

histological	 natures	 associated	 with	 an	 improved	 outcome.	 Among	 which,	 cervical	

cancer,	with	HPV-induced	stages	of	CIN	 (premalignant,	 low-	and	high	grade),	 reflects	

the	 dominant	 population	 (Syrjänen	 et	 al.,	 1984;	 Väyrynen	 et	 al.,	 1985;	 Punt	 et	 al.,	
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1994;	 Bell	 et	 al.,	 1995;	 Zhang	 et	 al.,	 1995;	 Edwards	 et	 al.,	 1996;	 Imahayashi	 et	 al.,	

2000).	 B	 cells	 have	 also	 surged	 in	 draining	 lymph	nodes	 and	 lower	MHC	 class	 II	 and	

CD86	markers	expression	while	 increasing	 that	of	PD-L1	 (Fig.	15),	CD39,	and	Ly6A/E,	

indicating	their	role	as	 immune	checkpoints	 in	cervical	neoplasia	(Nelson,	2010;	Tang	

et	al.,	2016).	The	environment	of	 the	draining	 lymph	node	 is	a	 factor	 that	exerts	 the	

phenotype	transformation	of	the	B	cells	and	their	increased	survival,	indicating	B	cells	

and/or	 stromal	 cells	 interaction	 (Kakolyris	 et	 al.,	 2001;	Mackay	and	Schneider,	 2009;	

Tang	 et	 al.,	 2016).	 B	 cells,	 along	 with	 IL-10,	 induce	 HPV-related	 cervical	 cancer	

progression	in	a	mouse	model.	Meanwhile,	in	human	sample	tissues,	both	IL-10	and	B	

cells	are	noted	in	abundance,	correlating	with	one	another	in	a	statistically	significant	

linear	 status,	 highlighting	 a	 possible	 significance	 for	 neoplastic	 disease	 progression	

(Tang	et	al.,	2016;	Chen	et	al.,	2019).	B	cells	are	associated	with	several	factors,	such	as	

HPV	 infection,	 tumor	 spread	 and	metastasis,	 neoplastic	 differentiation,	 lymph	 node	

metastasis,	and	FIGO	staging,	highlighting	their	significance	as	indicators	for	metastasis	

and	degree	of	the	neoplasm.	They	are	also	hypothesized	to	block	T	cells	through	CD8+	

T-cells	via	IL-10	production,	act	towards	immune	regulation	via	TGF-b	production,	and	

activate	or	modify	CD4+CD25-FOXP3+	T	regulatory	cells	(Olkhanud	et	al.,	2011;	Chen	et	

al.,	2019).	Among	germinal	center	activated	B	cells,	pre-B	cells,	mantle	zone,	and	naive	

B	cells	express	TCL1A,	 leading	cells	to	proliferate	and	survive	via	the	protein	kinase	B	

(Akt)	pathway.	In	cervical	carcinomas,	mostly	mature	or	germinal	center	B	cells	express	

TCL1A,	highlighting	 that	 they	comprise	 follicular	 functions,	 such	as	B	cell	maturation,	

hypermutation,	 and	 isotype	 switching	 (Virgilio	 et	 al.,	 1994;	 Takizawa	 et	 al.,	 1998;	

Narducci	 et	 al.,	 2000;	 Punt	 et	 al.,	 2015).	 Moreover,	 TCL1A+	 and	 CD19+	 B	 cells	 are	

correlated	with	 improved	DFS,	while	decreased	TCL1A:CD20	 ratio	 is	 accompanied	by	
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poor	 DFS.	 Meanwhile,	 TCL1A	 and	 CD20+	 B	 cells	 are	 candidates	 for	 a	 favorable	

prognostic	course.	However,	studies	must	validate	the	assumption	(Punt	et	al.,	2015;	

Tang	 et	 al.,	 2016).	 HPV-associated	 cervical	 squamous	 cell	 carcinoma	 treatment	 via	

radiation	 and	 PD-1	 blockade,	 has	 yet	 to	 be	 explored	 into	 in	 order	 to	 support	 the	

premise	of	the	B	cells’	role	(Lucena	et	al.,	2016).	 (this	section	 is	unclear	and	requires	

revision)	

	

Eosinophils	

Increased	eosinophil	 (EOS)	 counts	 act	 upon	neoplastic	 proliferation	 and	progression,	

including	angiogenetic	processes	through	several	mechanisms,	facilitating	the	TME	and	

tumoral	 growth	 via	 Th2	 protumor	 actions,	 tumor	 antigen	 presentation,	 and	CD8+	 T-

cells	 silencing	 (Bandeira-Melo	 et	 al.,	 2002;	 D.	 Wang	 and	 Dubois,	 2010).	 Moreover,	

eosinophils	 secrete	 MMPs,	 like	 MMP-9,	 which	 help	 dissolve	 the	 ECM	 and	 enable	

invasion	 and	 metastasis	 of	 the	 neoplasm.	 Meanwhile,	 cytokine	 production,	 such	 as	

FGF-2,	 VEGF-A,	 and	 IL-8,	 acts	 upon	 angiogenesis	 (Yousefi	 et	 al.,	 1995;	 Baram	 et	 al.,	

2001;	Nissim	Ben	Efraim	and	Levi-Schaffer,	2014).	

	 Regarding	cervical	cancer,	eosinophils	are	shown	to	 increase	 their	 invasion	as	

the	 neoplasm	 progresses,	 specifically	 thymic	 stromal	 lymphopoietin	 (TSLP)	 cytokine	

regulating	 eosinophils,	 which	 is	 produced	 by	 cervical	 cancer	 cells	 and	 exerts	 the	

neoplasm	to	proliferate	and	 invade	via	a	microRNA-132	expression	deterioration	(Xie	

et	al.,	2015;	Zhang	et	al.,	2017;	Zhou	et	al.,	2017).	Cervical	cancer	cells	produce	TSLP,	

adding	 to	 neoplasm	 proliferation,	 and	 mediate	 angiogenetic	 processes.	 Meanwhile,	

EOS	and	cervical	cancer	cells	crosstalk	via	TLSP,	producing	tumor-related	angiogenetic	
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cues,	 such	as	TGF-b,	VEGF,	FGF,	GM-CSF,	 IL-6,	 IL-8,	CCL11,	and	CCL17.	Among	 these,	

GM-CSF	 and	 others,	 such	 as	 IL-3	 and	 IL-5,	 are	 crucial	 for	 eosinophil	 development,	

highlighting	 a	 possible	 role	 for	 TLSP	 (Salcedo	 et	 al.,	 2001;	Munitz	 and	 Levi-Schaffer,	

2004;	Puxeddu	et	al.,	2005;	Xie	et	al.,	2013,	2015;	Zhang	et	al.,	2017).	TSLP	also	acts	

upon	EOS	to	proliferate	and	survive	by	simultaneously	upregulating	the	Ki-67	marker	

and	BCL-2	and	downgrading	FAS	or	FASL	receptor,	noting	that	the	crosstalk	of	EOS	and	

cervical	cancer	cells	leads	to	cancer	progression	and	growth.	EOS	reduces	the	levels	of	

CD80	and	CD86	in	cervical	cancer	upon	crosstalk	with	TLPS	and	increases	the	levels	of	

IL-4,	 IL-5,	 IL-10,	and	IL-13.	Meanwhile,	tumor	necrosis	factor	(TNF-a)	and	interferon-γ	

(IFN-γ)	 remained	unchanged.	These	 indicate	 the	complexity	of	 the	 immune	response	

between	EOS	and	cervical	cancer	cells	and	their	infiltrative	effect	consequently	(Xie	et	

al.,	 2015).	 Eosinophils	 affect	OS	 and	 PFS,	 as	 shown	 by	 Zhu	 et	 al.	 (2019),	where	 110	

patients	 with	 cervical	 cancer	 were	 recruited	 in	 a	 retrospective	 study,	 where	 blood	

samples	 were	 collected	 one	week	 before	 surgery	 (pretreatment),	 three	weeks	 after	

surgery	 (pre-radiotherapy	 and	 post-treatment),	 and	 one	 month	 after	 radiotherapy	

(post-radiotherapy).	 Their	 respective	 cell	 counts,	 including	 eosinophils,	 are	 analyzed	

accordingly	(Zhu	et	al.,	2019).	Eosinophils	are	allocated	as	a	useful	prognostic	marker	

for	cervical	cancer	because	EOS	counts	increase	as	cancer	progresses,	specifically	with	

the	use	of	eosinophil:lymphocytes	ratio	(ELR),	accounting	for	increased	OS	in	one	study	

but	 reduced	OS	 in	 another	 one	 (Xie	 et	 al.,	 2015;	 Holub	 and	 Biete,	 2019;	 Zhu	 et	 al.,	

2019).	 According	 to	 Akis	 et	 al.	 (2022),	 the	 eosinophil	 count	 is	 higher	 in	 high-grade	

tumors	than	in	low-grade	tumors	(p=0.013),	and	in	lymph	node	metastasis	cases	than	

in	 those	 without	 (p=0.066),	 noting	 the	 association	 between	 EOS	 counts,	 grade	 of	
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neoplasia,	 and	 lymph	 node	 status,	 highlighting	 EOS	 as	 a	 promising	 preoperative	

predictive	biomarker	(Akış	et	al.,	2022).	

	 Contradictory	studies	associate	the	prognostic	effect	of	EOS,	specifically	tumor-

associated	 tissue	eosinophilia,	 on	 cervical	 neoplasia	 progression,	with	 some	 showing	

an	improved	prognosis	attributed	to	degranulation	mediated	by	EOS	and	others	a	poor	

prognosis	 (Pretlow	 et	 al.,	 1983;	 Horiuchi	 et	 al.,	 1993;	 Caruso	 et	 al.,	 2011;	 Xie	 et	 al.,	

2015).	 Overall,	 the	 effects	 of	 TSLP	 on	 cervical	 cells	 and	 EOS	 may	 increase	 tumor	

angiogenesis	and	contribute	to	cervical	cancer	development	and	progression.	

	

NK	cells	

NK	cells	are	a	key	player	in	the	immune	function	of	the	neoplasms.	They	are	activated	

via	 IL-2	and	secrete	molecules,	such	as	TNF-a	and	IFN-γ,	to	prevent	cancer	cells	 from	

proliferating,	such	as	cervical	ones	 (Zhu	et	al.,	2018).	NK	cells	exert	 their	cytotoxicity	

through	several	mechanisms.	CD16	recognizes	Fc	fractions	of	IgG	antibodies,	DNAM-1	

recognizes	CD112	and	CD115,	and	CD95	recognizes	CD95L	and	B7-H6	crosstalks	with	

NKp30.	 Moreover,	 NK	 cells	 are	 positive	 for	 NKp44	 and	 NKp46	 activation	 markers	

interplaying	with	 neuraminidase	 and	 hemagglutinin,	 depleting	 the	 designated	 target	

cell.	They	secrete	 IFN-γ	 in	abundance	acting	upon	 innate	 immunity	activation	and	Th	

cells	differentiation	(Cho	et	al.,	2014;	Mah	and	Cooper,	2016;	Ferns	et	al.,	2016;	Utami,	

2018;	 Zhang	et	 al.,	 2020).	 CD103	negative	NK	 cells	 exert	 an	effect	 through	proteins-

receptor	complexes,	such	as	UL-16	binding	proteins	(ULPB1)	with	member	D	receptor	

(NKG2D)	group	2	on	NK	cells	and	through	initiating	major	histocompatibility	complex	I	

and	its	respective	chains	A	and	B	(MIC	and	MICA/B)	(Komdeur	et	al.,	2017;	De	Nola	et	
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al.,	2019).	Meanwhile,	 in	patients	with	cervical	cancer,	NK	cells	are	present	mostly	 in	

metastatic	 disease,	 are	 of	 CD56-bright-CD16	 phenotype,	 and	 are	 activated	 through	

damage	recognition	or	via	the	activation	of	stress	receptors,	likewise	NKG2D	receptor	

detected	 by	 cues	 above,	 such	 as	 Major	 Histocompatibility	 Complex	 A	 or	 B	 chains	

(MICA/MICB)	 and	 UI16	 binding	 proteins	 (ULBPs)	 (Vaquer	 et	 al.,	 1990;	 Dunne	 et	 al.,	

2007;	Textor	et	al.,	2008;	Markowitz	et	al.,	2013;	Bansal	et	al.,	2016).	In	sum,	NK	cells	

target	 pathological	 cells	 without	 antigen	 presentation,	 and	 it	 has	 been	 shown	 that	

NKG2D,	a	type	two	lectin-like	family	of	transmembrane	proteins,	acts	as	a	stimulating	

receptor	 affecting	 NK	 cell	 toxicity	 and	 sensitivity	 to	 cervical	 cancer	 (Espinoza	 et	 al.,	

2016;	 Escarra-Senmarti	 et	 al.,	 2017).	 Conversely,	 NKG2A,	 CD158a,	 and	 CD158b	

receptors	act	in	an	inhibitory	manner.	They	are	seen	as	upregulated	in	cervical	cancer,	

highlighting	 a	possible	 suppressive	 function	of	 T-regulatory	 cells	 on	NK	 cells	 through	

the	blockage	of	TGF-β64	(Saraswati	et	al.,	2019).	

	 According	 to	 the	 research,	 NK	 cells	 govern	 immune	 processes	 and	 act	 as	 a	

prognostic	 biomarker	 for	 cervical	 cancer,	 as	 shown	 in	 a	 study	 that	 associated	 them	

with	 statistically	 significant	 better	 prognosis	 and	 in	 a	 clinical	 trial	 after	 four	

implemented	 chemotherapy	 cycles	 on	 stage	 two	 cancer.	 Its	 size	 decreased,	 and	 NK	

cells	 increased	(Saraswati	et	al.,	2019;	Wang	et	al.,	2019).	NK	cells	are	susceptible	to	

the	 actions	 of	 HPV16	 E6	 and	 E7	 viral	 proteins	 that	 block	 the	 IL-18	 mediated	 IFN-γ	

production.	Yet,	HPV	infection	exerts	only	a	mediocre	inflammatory	response,	leading	

to	an	 immune	escape	mechanism.	Moreover,	HPV-infected	cells	are	prone	to	NK	cell	

damage	 (Lee	 et	 al.,	 2001;	 Uppendahl	 et	 al.,	 2017).	 E6	 and	 E7	 HPV	 proteins	 express	

keratinocytes,	 leading	 to	 an	 intracellular	 increase	 of	 adhesion	 molecule-1	 proteins,	

which	NK	cells	recognize.	Such	crosstalk	could	be	a	future	consideration	for	treatment	
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strategies	 for	 cervical	 cancer	 (Carrington	et	 al.,	 2005;	 Textor	 et	 al.,	 2011).	A	notable	

increased	 risk	 for	 cervical	 neoplasia	 is	 found	 in	 specific	HLA	 loci	 and	KIRs,	which	 act	

upon	 NK	 cell	 activation,	 with	 them	 being	 KIR3DS1	 when	 inhibitory	 KIR	 ligands	 are	

missing.	Meanwhile,	when	KIR2DL1	and	KIRD3L1	are	present	and	KIREDS1	is	absent,	a	

protective	 function	 against	 cervical	 cancer	 is	 obvious	 (Carrington	 et	 al.,	 2005;	

Uppendahl	et	al.,	2017).	Nevertheless,	while	all	the	above	depicts	the	role	of	NK	cells,	

it	remains	an	unexplored	field.	

	

Treatment	in	Cervical	Cancer	

Current	standards	of	care	

FIGO	 staging	 of	 cervical	 cancer	 has	 undergone	 several	 changes,	 with	 the	 latest	

incorporating	 imaging	and	histopathology	 for	 staging	purposes	criteria.	Among	 these	

are	 magnetic	 resonance	 imaging,	 positron	 emission	 tomography,	 and	 computed	

tomography	 (Bhatla	et	al.,	2019).	 Incorporation	 led	to	an	accurate	prognostic	model,	

thus	 leaving	 aside	 complex	 therapeutic	 combinations	 that	 may	 increase	 later	

morbidities	and	adverse	effects.	

Table	1.	NCNN	guidelines	

NCNN	guidelines	for	cervical	cancer	therapy	
Stage	
IA1	and	IA2	
IB1	and	IIA1	
IB2	and	IIA2	
IIB	to	IVA	
IVB	or	recurrent	disease	not	subjectable	to	local	therapy	
CCRT:	 concurrent	 chemoradiotherapy,	 NCCN:	 National	 Comprehensive	 Cancer	 Network;	
PLND:	 pelvic	 lymph	 node	 dissection,	 RH:	 radical	 hysterectomy,	 EBRT:	 external	 beam	
radiotherapy	
	



HIS
TOLO

GY A
ND H

IS
TOPATHOLO

GY 

(no
n-e

dit
ed

 m
an

us
cri

pt)

The	treatment	for	cervical	cancer	(Table	1)	comprises	surgical	intervention	with	either	

radio/chemotherapy,	depending	on	the	disease	stage	(Koh	et	al.,	2019).	Some	patients	

may	 come	 up	 with	 metastatic	 neoplasia,	 which	 arises	 in	 15%-61%	 of	 patients	 with	

cervical	 cancer	 up	 to	 two	 years	 after	 their	 first	 therapeutic	 intervention.	 For	 these,	

chemotherapy	remains	staple	with	either	cisplatin	alone	or	cisplatin	doublet	therapy;	

however,	 these	 still	 exhibit	 poor	 results	 (13%	 and	 36%	 response	 rates,	 respectively)	

(Ries	LAG	et	al.,	SEER	cancer	statistics	review,	1975	to	2003.	Bethesda:	National	Cancer	

Institute;	2006),	(Surveillance,	epidemiology,	and	end	results.	SEER	registry	data,	2000	

to	2004.	http://seer.cancer.gov/.	Accessed	14	November	2023),	 (Moore	et	al.,	2004	;	

Long	et	al.,	2005;	Monk	et	al.,	2009).	

	 The	 latter	 comes	 to	be	ameliorated	with	 the	 implementation	of	bevacizumab	

alongside	chemotherapy,	leading	to	an	improved	OS	and	adding	up	to	four	months	and	

12%	 increased	 response	 rate	 (Tewari	 et	 al.,	 2014).	 As	 cervical	 cancer	 progresses	

toward	advanced	stages,	the	5-year	survival	rate	drops	to	17%,	with	treatment	options	

being	significantly	narrowed	down	to	single-agent	treatment	modalities	and	palliative	

approach	 (National	 Cancer	 Institute:	 cancer	 stat	 facts:	 cervix	 uteri	 cancer.	

https://seer.cancer.gov/statfacts/html/cervix.htm.	Accessed	 14	November	 2023),	 (Pfaendler	

&	Tewari,	2016).	Linkage	between	the	HPV	 infection	and	cervical	cancer	has	 led	to	a	

thorough	 investigation	 of	molecular	 biology	 and	 tumor	microenvironment	 processes	

amounting	 to	 the	 discovery	 of	 new	 treatment	 regimens	 available	 in	 the	 therapeutic	

arsenal	against	cervical	neoplasia	(de	Sanjose	et	al.,	2010).	
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Immune	checkpoint	inhibitors	

The	 therapeutic	 array	 of	 immune	 checkpoint	 inhibitors	 in	 cervical	 dysplasia	 and	

neoplasia	includes	programmed	death	1	(PD-1)	and	ligands	PD-L1	and	PD-L2.	There	is	

an	evident	association	between	HPV	and	cervical	cancer	(Mezache	et	al.,	2015;	Varga	

et	 al.,	 2019).	 Among	 therapeutic	 agents	 available,	 Pembrolizumab,	 a	 monoclonal	

antibody	 that	 blocks	 the	 PD-1	 receptor	 on	 T	 cells,	 is	 of	 interest	 in	 PD-L1-positive	

cervical	 cancer	 cases.	 It	 has	 been	 thoroughly	 studied	 in	 the	 open-label,	 phase	 II,	

multicohort	 KEYNOTE-158	 trial	 (ClinicalTrials.gov	 identifier:	 NCT02628067)	 and	 the	

phase	 Ib	 KEYNOTE-028	 trial.	 Later	 on,	 the	 FDA	 approved	 pembrolizumab	 as	 a	

treatment	 regimen	 for	 PD-L1-positive	 recurrent	 or	 metastatic	 patients	 with	 cervical	

cancer	 who	 first	 underwent	 chemotherapy	 cycles	 (Frenel	 et	 al.,	 2017;	 Chung	 et	 al.,	

2019).	

	

Epidermal	growth	factor	receptor	(EGFR)	oriented	therapy	

EGFR	has	a	pivotal	role	in	neoplastic	proliferation	and	growth	in	several	cancer	types,	

such	 as	 cervical	 cancer	 and	 HPV-16,	 governing	 the	 malignant	 conformation	 of	

keratinocytes.	 It	 can	be	a	possible	 therapeutic	 target	because	 it	 is	 expressed	 in	over	

75%	of	cervical	cancer	cases	(Scambia	et	al.,	1998;	Kersemaekers	et	al.,	1999;	Bellone	

et	al.,	2007).	
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Vaccines	and	T-cell	transfer	therapies	

Vaccines	 can	 be	 used	 in	 pathogen	 defense	 mechanisms	 and	 cancer,	 either	

prophylactically	 or	 therapeutically	 with	 promising	 signs	 for	 cervical	 cancer	 as	 HPV	

infection	mediates	most	of	the	cervical	carcinogenesis	via	evasion	of	innate	immunity	

of	T-cells	and	antibodies	(Su	et	al.,	2010;	Bhatla	et	al.,	2018;	Hollingsworth	and	Jansen,	

2019;	Lei	et	al.,	2020).	Regarding	therapy-oriented	vaccines,	an	antigen	eliciting	a	T-cell	

action	and	a	vector	(dead	cancer	cells,	bacteria,	DNA,	RNA,	peptides,	etc.)	are	always	

needed,	 and	 E6	 and	 E7	 oncoproteins	 hold	 the	 perfect	 antigenic	 profile	 for	 such	

purposes	 in	 cervical	 cancer	 (Schlom	 et	 al.,	 2014;	 Barra	 et	 al.,	 2020).	 Listeria	

monocytogenes-based	axalimogene	 filolisbac	 (ADXS11-001)	has	a	promising	cue.	 It	 is	

currently	in	phase	III	setting	(NCT02853604).	However,	in	the	phase	II	setting,	Basu	et	

al.	(2018)	compared	its	effect	with	that	of	cisplatin	alone	or	a	combination	of	both	for	

cervical	 cancer	 cases	 that	 either	 recurred	 or	 in	 refractory,	 with	 patients	 undergoing	

radio/chemotherapy,	noting	a	12-month	OS	of	35%	with	similar	resilience	concerning	

adverse	reactions	(Basu	et	al.,	2018).	Downstream	the	research	is	the	fusion	of	agent-

based	 vaccines	 with	 mechanisms	 alike,	 and	 trials	 examining	 the	 same	 vaccine	

alongside	 radio/chemotherapy	 are	 currently	 running	 (NCT02853604),	 with	 early	 on	

preclinical	and	clinical	results	depicting	a	light	in	the	usage	of	vaccines	with	HPV-16	SLP	

simultaneously	 with	 paclitaxel	 and	 carboplatin	 in	 murine	 models	 and	 patients	 with	

cervical	cancer	(Kagabu	et	al.,	2020).	Therapies	oriented	toward	T-cell	responses	of	the	

adaptive	immunity,	such	as	CAR-T	cell	therapy,	utilizing	the	blood	lymphocytes,	or	TILs	

therapy,	 utilizing	 the	 TILs,	 are	 promising,	 with	 an	 NIH	 study	 depicting	 a	 favorable	

response	in	metastatic	cervical	cancer	cases	administered	with	TILs	positive	for	HPV	E6	
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and	E7	antigens	and	 trials	 (NCT	0285310),	 currently	 running	 to	examine	an	E7	T-cell	

receptor-based	treatment	(Stevanović	et	al.,	2015;	Gopu	et	al.,	2021).	
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Figures		

Figure	 1.	 Squamous	 cell	 carcinoma	 of	 the	 uterine	 cervix.	 Nests	 of	 tumor	 cells	 infiltrate	
haphazardly	the	cervical	stroma	(x20).	

Figure	 2.	 Higher	 magnification	 shows	 the	 atypia	 of	 the	 tumor	 cells	 and	 the	 desmoplastic	
reaction	at	the	invasion	front	(x100).	

Figure	 3.	 The	 tumor	diffusely	 and	 strongly	 expresses	 the	 immunohistochemical	 factor	 p16	
related	to	its	HPV	pathogenesis	(x	100).		

Figure	 4.	 Adenocarcinoma	 of	 the	 uterine	 cervix.	 At	 the	 right	 part	 of	 the	 image,	 a	 large	
amount	of	extracellular	mucin	is	seen	(x5).	

Figure	5.	Higher	magnification	shows	atypical,	hyperchromatic	glands	haphazardly	 invading	
the	cervical	stroma	(x40).	

Figure	6.	Similar	to	squamous	lesions,	HPV-dependent	adenocarcinomas	express	p16.	

Figure	 7.	 A	 high	 grade	 intra-epithelial	 squamous	 lesion-HSIL,	 (cervical	 intraepithelial	
neoplasia,	CIN	3)	colonizing	the	underlying	endocervical	glands	(x	20).	

Figure	8.	Higher	magnification	reveals	atypical	cells	but	no	invasion	(x	200).	

Figure	9.	Macrophages	inside	the	stroma	of	an	endocervical	adenocarcinoma	shown	by	the	
CD68	antibody	(x	400).	

Figure	10.	Dendritic	cells	inside	the	stroma	of	an	endocervical	adenocarcinoma	shown	by	the	
S100	antibody	(x	100).	

Figure	11.	Mast	cells	inside	the	stroma	of	an	endocervical	adenocarcinoma	shown	by	the	c-
KIT	antibody	(x	400).	

Figure	 12.	 Cytotoxic	 T	 lymphocytes	 inside	 the	 stroma	 of	 an	 endocervical	 adenocarcinoma	
shown	by	the	CD8	antibody	(x	200).	
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Figure	13.	B	cells	inside	the	stroma	of	an	endocervical	adenocarcinoma	shown	by	the	PAX5	
antibody	(x	200).	

Figure	14.	Plasma	cells	inside	the	stroma	of	an	endocervical	adenocarcinoma	shown	by	the	
MUM1	antibody	(x	200).	

Figure	15.	PD-L1	expression	of	an	endocervical	adenocarcinoma	by	tumor	and	immune	cells	
(x	400).	
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