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Abstract
Background: The	roles	of	different	subtypes	of	tumour-	associated	macrophages	
(TAMs)	in	predicting	the	prognosis	of	colorectal	cancer	(CRC)	remain	controver-
sial.	In	this	study,	different	subtypes	of	TAMs	were	investigated	as	prognostic	and	
predictive	biomarkers	for	CRC.
Methods: Expressions	of	CD68,	CD86	and	CD163	were	investigated	by	immuno-
histochemistry	(IHC)	and	immunofluorescence	(IF),	and	the	correlation	between	
the	 expression	 of	 CD86	 and	 CD163	 was	 calculated	 in	 colorectal	 cancer	 tissues	
from	64	CRC	patients.
Results: The	results	showed	that	high	expressions	of	CD86+	and	CD68+CD86+	
TAMs	as	well	as	low	expression	of	CD163+	and	CD68+CD163+	TAMs	were	sig-
nificantly	 associated	 with	 favourable	 overall	 survival	 (OS).	 The	 level	 of	 CD86	
protein	 expression	 showed	 a	 negative	 correlation	 with	 CD163	 protein	 expres-
sion.	In	addition,	CD86	protein	expression	remarkably	negatively	correlated	with	
tumour	differentiation	and	tumour	node	metastasis	(TNM)	stage,	while	CD163	
protein	 expression	 significantly	 positively	 correlated	 with	 tumour	 differentia-
tion	and	 tumour	 size.	As	an	 independent	 risk	 factor,	high	expression	of	CD86	
TAMs	had	prominently	favourable	prognostic	efficacy,	while	high	expression	of	
CD68+CD163+	TAMs	had	significantly	poor	prognostic	efficacy.
Conclusions: These	 results	 indicate	 that	 CD86+	 and	 CD68+CD163+	 TAMs	 as	
prognostic	and	predictive	biomarkers	for	CRC.
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1 	 | 	 INTRODUCTION

The	latest	epidemiological	data	discovered	that	colorectal	
cancer	 (CRC)	 is	 the	 third	most	common	diagnosed	can-
cer	but	the	second	leading	cause	of	cancer-	related	death	
globally,	 with	 some	 1.8	 million	 new	 patients	 and	 0.861	
million	deaths	in	2018.1	On	the	basis	of	data	from	Chinese	
National	 Cancer	 Center,	 CRC	 is	 the	 fourth	 highest	 inci-
dence	in	women	and	the	fifth	highest	incidence	in	men.2	
In	the	last	20 years,	even	though	implemented	screenings	
for	 its	 early	 diagnosis	 and	 witnessed	 of	 available	 treat-
ment	modalities	such	as	chemotherapy,	targeted	therapy	
and	immunotherapy,	CRC	recurrence	and	metastasis	re-
mained	very	common	and	its	mortality	rate	was	still	very	
high.3-	5	Reports	 indicate	 that	 the	5-	year	 relative	 survival	
rate	 for	 CRC	 patients	 still	 remains	 around	 65%,	 yet	 ap-
proximately	50%	of	CRC	patients	will	eventually	develop	
recurrence	and	metastasis.4	There	is	still	a	need	for	better	
prognostic	and	efficient	biomarkers	for	early	detection	of	
CRC	diagnosis	and	recurrence.

CRC	 was	 derived	 from	 chronic	 inflammatory	 tissues	
under	the	immune	surveillance	of	tumour-	infiltrating	im-
mune	 cells.	Tumour-	immune	 cells	 interaction	 is	 a	 signif-
icant	 territory	of	 research	 in	 regard	 to	prognosis	 in	CRC.	
Cancer	 accelerating	 inflammation	 orchestrates	 a	 strong	
immune	cell	response	and	the	tumour	microenvironment	
(TME)	are	arising	as	crucial	obstacles	to	the	development	
of	 effective	 therapies.6,7	 Specifically,	 tumour-	associated	
macrophages	(TAMs)	are	dominating	immune	cells	in	the	
TME	and	have	been	implicated	in	neoplastic	progression,	
survival	and	metastatic	dissemination	in	various	solid	tu-
mours.8,9	Meanwhile,	TAMs	also	play	a	pivotal	role	in	in-
fluencing	 the	 tumour	 activity	 and	 prognosis	 of	 CRC.10	
However,	clinically	deciding	the	practical	biologic	relevance	
of	TAMs	 has	 demonstrated	 to	 be	 difficult	 because	TAMs	
cannot	be	assessed	by	standardized	methods	on	haematox-
ylin/eosin	 (H&E)	 but	 immunohistochemistry	 (IHC).11	 So	
many	individual	researches	have	uncertain	results.

In	general,	TAMs	have	been	divided	into	M1	and	M2	
subtypes	 to	 define	 their	 polarization	 status:	 M1	 TAMs,	
which	act	in	a	tumour-	inhibiting	manner	by	stimulating	
tumour	 immunity	 and	 suppressing	 tumour	 progression,	
and	M2	TAMs,	which	act	in	a	tumour-	promoting	manner	
via	promoting	tumour	cell	invasion,	motility	and	intrava-
sation,	 enhancing	 angiogenesis,	 restraining	 the	 immune	
response	and	escaping	tumour	cell	attack	by	natural	killer	
and	 T	 cells.12,13	 Generally,	 different	 markers	 were	 used	
to	 identify	 TAMs	 in	 CRC,	 including	 the	 most	 common	
pan-	macrophage	marker,	CD68;	M1	macrophage	markers	
such	 as	 nitric	 oxide	 synthase	 (iNOS),	 CD86	 and	 CD169;	
and	M2	macrophage	markers	such	as	CD163,	CD206	and	
CD204.14	Ohtaki	et	al	used	CD68	and	CD204	as	markers	
and	researched	TAMs	in	patients	with	lung	cancer,	with	

their	 results	 finding	 that	 CD204-	positive	 stromal	 TAMs	
but	not	CD68-	positive	stromal	TAMs	are	connected	with	
tumour	 aggressiveness	 in	 lung	 cancer.15	 In	 additional,	
ratio	of	CD206/CD68	TAMs	is	a	better	prognostic	and	pre-
dictive	biomarker	in	patients	with	stage	II	colon	cancer.16

However,	little	clinical	evidence	proved	that	TAMs	were	
predictive	biomarkers	and	prognostic	 risk	 factor	 in	CRC.	
In	the	present	research,	we	tested	TAMs	and	M1/M2	sub-
types	that	infiltrated	in	the	tumour	tissues	of	CRC	cancer	
patients.	We	evaluated	the	prognostic	and	predictive	accu-
racy	of	TAMs	as	biomarkers	for	post-	operative	patients.	We	
also	analysed	the	clinicopathological	characteristics	of	the	
CRC	patients	and	risk	factors	to	predict	prognosis.

2 	 | 	 MATERIALS AND METHODS

2.1	 |	 Patients and specimens

To	 research	 the	 clinical	 and	 pathological	 significance	 of	
CD68,	CD86	and	CD163,	we	collected	64	specimens,	diag-
nosed	by	clinical	and	histopathological	evidence,	from	colo-
rectal	carcinoma	patients,	who	were	treated	at	the	Luoyang	
Central	 Hospital	 Affiliated	 to	 Zhengzhou	 University	
(Luoyang,	China)	from	March	2012	to	March	2015.	All	pa-
tients	were	not	treated	in	pre-	operative	and	were	received	
post-	operative	adjuvant	chemotherapy.	This	research	was	
approved	 by	 the	 Institutional	 Review	 Board	 and	 Human	
Ethics	Committee	at	Luoyang	Central	Hospital	Affiliated	
to	 Zhengzhou	 University,	 and	 agreed	 to	 use	 paraffin-	
embedded	 colorectal	 tissue	 samples	 for	 the	 projected	 re-
search	acquired	from	all	patients	or	their	families.	And	all	
patients	 provided	 written	 and	 oral	 informed	 consent.	 All	
of	the	CRC	patients	had	undergone	curative	resection,	and	
the	final	pathological	diagnosis	was	adenocarcinoma.	The	
stage	of	CRC	was	confirmed	according	to	the	AJCC/UICC	
TNM	staging	system,	8th	edition;	and	radical	(R0)	resection	
of	the	primary	tumour.	Furthermore,	those	patients	were	
followed	up	after	confirmed	CRC	on	15	April	2019.	A	total	
of	64	CRC	samples	were	used	for	 immunohistochemistry	
(IHC)	analysis.	Clinical	and	pathologic	data,	including	age,	
gender	 tumour	 size,	TNM	stage,	 etc,	were	obtained	 from	
hospital	medical	records.	Overall	survival	(OS)	was	defined	
as	the	time	of	confirmed	CRC	to	the	date	of	death	or	the	lat-
est	follow	up.	Recurrence-	free	survival	(RFS)	was	defined	
as	the	time	from	the	date	of	confirmed	CRC	to	the	first	date	
of	recurrence,	or	the	date	of	the	last	follow	up.

2.2	 |	 Immunohistochemistry

Immunohistochemical	 staining	 was	 implemented	 on	
formalin-	fixed	 and	 paraffin-	embedded	 surgical	 tissue	
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specimens.	Slides	were	cut	at	4 μm	thickness.	Paraffin	sec-
tions	were	dewaxed	in	xylene	and	rehydrated	in	a	gradient	
series	of	ethanol	solutions.	Endogenous	peroxidases	were	
blocked	with	3%	hydrogen	peroxide	for	10 minutes	then	
fixed	 in	 4%	 paraformaldehyde	 for	 15  minutes.	 Sections	
were	rinsed	with	phosphate-	buffered	saline	(PBS)	3	times	
for	5 minutes.	Then,	antigen	retrieval	was	accomplished	in	
citrate	buffer	(0.01 M)	for	3 minutes	at	95°C	using	a	micro-
wave	oven.	Slides	were	then	incubated	with	primary	an-
tibodies	against	CD68	(Cat#	sc-	20060,	Santa	Cruz,1:200),	
CD86	(Cat#	sc-	28347,	Santa	Cruz,1:200)	or	CD163	(Cat#	
sc-	20066,	 Santa	 Cruz,1:200)	 overnight	 at	 4°C,	 followed	
by	 treatment	 with	 biotinylated	 secondary	 antibodies	 for	
30 minutes	at	room	temperature,	then	streptavidin-	biotin	
complex	 (SABC,	 Boster).	 Sections	 were	 reacted	 with	 di-
aminobenzidine	 (DAB,	 Boster)	 and	 counterstained	 with	
haematoxylin	for	nuclear	staining.	The	IHC	results	were	
detected	by	2	independent	pathologists	who	were	special-
ized	and	had	no	information	of	the	patients’	clinical	sta-
tus.	To	quantify	the	immunostaining	of	CD68,	CD86	and	
CD163,	 slides	were	 imaged	digitally	with	equal	 light	ex-
posure	and	assessed	by	Image	Pro	Plus	(IPP).	The	immu-
nostaining	extent	was	scored	by	the	percentage	of	positive	
cells	 (0-	100)	 using	 Image	 Pro	 Plus	 (IPP)	 and	 the	 immu-
nostaining	 intensities	were	multiplied	 to	produce	an	 in-
tensity	score	(0,	1,	2	and	3).

2.3	 |	 Immunofluorescence

According	 to	 the	 protocol	 described	 previously,17	 the	
immunofluorescence	 assays	 were	 performed	 with	 M1	
macrophage	 markers	 of	 CD68	 and	 CD86	 and	 M2	 mac-
rophage	markers	of	CD68	and	CD163	respectively.	After	
being	 washed,	 the	 coverslips	 were	 incubated	 with	 the	
corresponding	 PE/FITC	 conjugated	 secondary	 antibod-
ies	m-		 IgGκBP-	PE	(Cat#	516141,	Santa	Cruz,	1:200)	and	
Alexa	Fluor	488	AffiniPure	Goat	Anti-	Rabbit	IgG	(H+L)	
(FMS-	RBaf48801,	FcMACS,1:200)	 for	30min,	 then	coun-
terstained	with	5mg/ml	DAPI	 for	20	min,	after	 that,	 the	
images	 were	 detected	 by	 confocal	 microscopy	 (Leica,	
Jena,	Germany).

2.4	 |	 Statistical analyses

All	statistical	analyses	were	executed	with	the	SPSS	ver-
sion	19.0	software.	The	relativity	analyses	were	employed	
using	Pearson	coefficient	and	P-	value	between	CD86	and	
CD163	staining	scores.	ROC	analyses	were	performed	to	
measure	the	cut	points	of	IHC	score	for	CD68,	CD86	and	
CD163	 in	 CRC	 tissue.	 The	 Chi-	squared	 test	 or	 Fisher's	
exact	 test	 was	 used	 to	 analyse	 the	 correlation	 between	

CD68,	 CD86	 andCD163	 and	 clinicopathological	 charac-
teristics.	The	Kaplan-	Meier	method	with	the	log-	rank	test	
was	conducted	to	estimate	survival	difference	and	progno-
sis	factors.	For	multivariate	regression,	only	factors	with	
P <.05	 in	 the	 log-	rank	univariate	analyses	were	brought	
into	 the	 Cox's	 proportional	 hazard	 model.	 The	 survival	
outcomes	were	estimated	with	hazard	ratio	(HR)	and	its	
95%	confidence	interval	(CI).	P <.05	was	considered	sta-
tistically	significant.

3 	 | 	 RESULTS

3.1	 |	 Patient characteristics and follow- 
up evaluation

In	this	study,	of	78	CRC	patients,	64	(82%)	were	included	
in	the	analysis.	Of	the	14	patients	excluded,	6	(7.7%)	had	
inadequate	 follow-	up	 date,	 4	 (5%)	 had	 undergone	 pal-
liative	resection,	2	(2.5%)	had	liver	metastasis	confirmed	
CRC	 and	 2	 (2.5%)	 had	 died	 not	 because	 of	 cancer.	 The	
detailed	clinicopathological	characteristics	and	high-	risk	
factors	of	CRC	patients	after	radical	resection	are	shown	
in	Table 1	and	Table 2.	The	median	RFS	of	64	CRC	pa-
tients	was	36 months,	and	5-	year	RFS	rate	of	all	enrolled	
patients	was	14%	(Figure 3A).	Then,	median	OS	of	64	CRC	
patients	was	41 months,	and	the	5-	year	survival	rate	of	all	
enrolled	patients	was	26.4%	(Figure 4A).

3.2	 |	 The biomarkers of TAM protein 
expressed in human CRC

CD68	 was	 chosen	 as	 a	 marker	 for	 most	 common	 pan-	
macrophage,	CD86	as	a	marker	for	M1-	like	macrophages	
and	CD163	as	a	marker	for	M2-	like	phenotype.	In	order	
to	examine	the	expression	of	CD68,	CD86	and	CD163	in	
CRC,	we	performed	IHC	and	IF	analyses	of	64	CRC	speci-
mens	(Figure 1).	All	CRC	tissue	slides	were	digitally	im-
aged	and	evaluated	by	Image	Pro	Plus.	ROC	statistics	were	
employed	 to	evaluate	 the	cut	point	of	 the	 IHC	score	 for	
TAMs	as	shown	in	Figure 2.	Therefore,	for	CD68	protein	
expression,	the	IHC	scores	of	≥90.75	was	defined	as	high	
and	<90.75	was	defined	as	low.	For	CD86	protein	expres-
sion,	 the	 IHC	 scores	 of	≥87.52	 was	 defined	 as	 high	 and	
<87.52	was	defined	as	low.	For	CD163	protein	expression,	
the	IHC	scores	of	≥27.89	was	defined	as	high	and	<27.89	
was	defined	as	low.	The	co-	expression	of	CD68	and	CD86	
(CD68/CD86:+/+),	 ≥90.75/87.52,	 and	 co-	expression	 of	
CD68	and	CD163	(CD68/CD163:+/+),	≥90.75/27.89,	were	
defined	as	both	high.

According	 to	 the	 cut	 points,	 17	 (26.6%),	 10	 (15.6%)	
and	 38	 (59.4%)	 patients	 were	 defined	 as	 having	 high	
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T A B L E  1 	 Clinicopathological	characteristics	and	log-	rank	
univariate	analyses	for	RFS	of	the	patients

Variables
Total 
patients (n)

X2 
value P- value

Age

≤60 26 0.016 .898

>60 38

Sex

Male 35 0.476 .490

Female 29

Tumour	location

Colon 28 0.096 .757

Rectal 36

Tumour	size(cm)

<3 12 8.217 .004

≥3 52

Differentiation

Well/moderate 48 6.495 .011

Poor/undifferentiated 16

T	stage

T1-	T2 20 5.733 .017

T3-	T4 44

TNM	stage

Ⅰ 18 9.509 .023

Ⅱ 14

Ⅲ 27

Ⅳ 5

Lymph	node	metastasis

No 33 5.534 .019

Yes 31

Distant	metastasis

No 60 3.460 .063

Yes 4

CD68	protein	expression

Low 47 0.286 .593

High 17

CD86	protein	expression

Low 54 9.993 .002

High 10

CD163	protein	expression

Low 26 12.064 .001

High 38

Co-	expression	of	CD68	and	CD86

Both	high 8 6.489 .011

Others 56

Co-	expression	of	CD68	and	CD163

Both	high 10 5.836 0.016

Others 54

Note: P-	values	were	obtained	by	log-	rank	test.

T A B L E  2 	 Clinicopathological	characteristics	and	log-	rank	
univariate	analyses	for	OS	of	the	patients

Variables
Total 
patients(n)

X2 
value P- value

Age

≤60 26 0.051 .822

>60 38

Sex

Male 35 0.583 .445

Female 29

Tumour	location

Colon 28 0.122 .727

Rectal 36

Tumour	size	(cm)

<3 12 8.958 .003

≥3 52

Differentiation

Well/moderate 48 5.535 .019

Poor/undifferentiated 16

T	stage

T1-	T2 20 7.025 .008

T3-	T4 44

TNM	stage

Ⅰ 18 12.422 .006

Ⅱ 14

Ⅲ 27

Ⅳ 5

Lymph	node	metastasis

No 33 7.695 .006

Yes 31

Distant	metastasis

No 60 3.430 .064

Yes 4

CD68	protein	expression

Low 47 0.374 .541

High 17

CD86	protein	expression

Low 54 10.199 .001

High 10

CD163	protein	expression

Low 26 12.097 .001

High 38

Co-	expression	of	CD68	and	CD86

Both	high 8 6.518 .011

Others 56

Co-	expression	of	CD68	and	CD163

Both	high 10 5.201 .023

Others 54

Note: P-	values	were	acquired	by	log-	rank	test.
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CD68,	CD86	and	CD163	protein	expression	 respectively.	
Furthermore,	 8	 (12.5%)	 and	 10	 (15.6%)	 patients	 were	
defined	 as	 having	 both	 high	 co-	expression	 of	 CD68	 and	
CD86	and	co-	expression	of	CD68	and	CD163	respectively.

3.3	 |	 TAM biomarkers CD68, CD86 and 
CD163 correlation with Clinicopathological 
features in CRC patients

We	studied	whether	the	CD68,	CD86	and	CD163	expres-
sion	 level	 associated	 with	 clinicopathological	 features	

was	potentially	predictive	of	prognosis.	The	results	found	
that	CD68	protein	expression	was	not	significantly	corre-
lated	with	clinicopathological	 features	 (age,	 sex,	 tumour	
size,	 etc),	 patients	 with	 high	 CD86	 expression	 showed	
a	 remarkably	 lower	 presence	 of	 poorer	 differentiation	
(P =.047)	and	more	advanced	tumour	staging	(TNM	stage,	
P  =.017),	 and	 not	 significantly	 associated	 with	 age,	 sex,	
tumour	location,	tumour	size,	T	stage,	lymph	node	metas-
tasis	 and	 distant	 metastasis.	 Furthermore,	 patients	 with	
high	CD163	expression	showed	a	remarkably	greater	pres-
ence	of	larger	tumour	diameter	and	poorer	differentiation	
(P =.04).	The	expression	of	CD68,	CD86	and	CD163	TAMs	

F I G U R E  1  Detection	of	CD68,	CD163	and	CD86	using	immunohistochemical	staining	and	multiplex	quantitative	immunofluorescence	
in	poor	differentiated	and	well/moderate	differentiated	colorectal	cancer.	A,	Representative	immunohistochemical	staining	images	of	
CD68,	CD86	and	CD163.	B,	Representative	fluorescence	images	showing	the	estimate	of	M1	macrophage	in	colorectal	cancer	tissues	by	
simultaneous	staining	of	DAPI	(blue	channel),	CD68	(Alexa	Fluor	488,	green	channel)	and	CD86	(PE,	red	channel).	C,	Representative	
fluorescence	images	showing	the	estimate	of	M2	macrophage	in	colorectal	cancer	tissues	by	simultaneous	staining	of	DAPI	(blue	channel),	
CD68	(Alexa	Fluor	488,	green	channel)	and	CD163	(PE,	red	channel)

F I G U R E  2  ROC	statistics	were	used	to	detect	the	cut	points	of	the	IHC	score	for	CD68,	CD86	and	CD163.	A,	CD68,	B,	CD86	and	C,	
CD163	in	colorectal	cancer	samples
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in	CRC	tissues	was	associated	with	different	clinicopatho-
logical	factors	(Table 3).

3.4	 |	 Correlation of CD86 protein 
expression and CD163 protein expression

The	 correlation	 of	 CD86	 protein	 expression	 and	 CD163	
protein	expression	is	shown	in	Table 4.	The	level	of	CD86	
protein	 expression	 showed	 a	 negative	 correlation	 with	
CD163	 protein	 expression	 (r  =  −0.345,P  =.005).	 The	
counts	of	CD163+	cells	at	the	tumour	area,	but	normally	
higher	than	that	of	CD86+	cells.

3.5	 |	 Prognostic impact of TAMs 
biomarkers CD68, CD86 and CD163 
expression in CRC

To	detect	 the	prognostic	 impact	of	TAMs,	we	compared	
OS	and	RFS	in	patients	with	different	expression	of	CD68,	
CD86	and	CD163.	CD68	protein	expression	was	not	a	re-
markable	prognostic	biomarker	for	RFS	(P =.593)	and	OS	
(P =.541)	(Figure 3B,	Figure 4B).	Kaplan-	Meier	survival	
analysis	found	that	there	was	a	remarkable	correlation	be-
tween	high	CD86	expression	and	reduced	RFS	(P =.002)	
(Figure 3C).	RFS	was	shorter	in	patients	with	low	expres-
sion	levels	of	CD86,	whereas	it	was	longer	in	those	patients	

T A B L E  3 	 Expression	of	CD68,	CD86	and	CD163	protein	in	relation	to	clinicopathological	parameters	in	colorectal	cancer	tissues

Variables

CD68

P- value

CD86

P- value

CD163

P- valueHigh Low High Low High Low

Age

≤60 8 18 .529 6 20 .174 16 10 .771

>60 9 29 4 34 22 16

Sex

Male 9 26 .866 5 30 .746 21 14 .911

Female 8 21 5 24 17 12

Tumour	location

Colon 9 19 .373 5 23 .664 14 14 .178

Rectal 8 28 5 31 24 12

Tumour	size	(cm)

<3 3 9 .892 4 8 .061 3 9 .007

≥3 14 38 6 46 35 17

Differentiation

Well/moderate 12 36 .624 10 38 .047 25 23 .040

Poor 5 11 0 16 13 3

T	stage

T1-	T2 5 15 .849 4 16 .516 12 8 .945

T3-	t4 12 32 6 38 26 18

TNM	stage

Ⅰ 5 13 .880 4 14 .017 11 7 .816

Ⅱ 3 11 1 13 9 5

Ⅲ 7 20 2 25 16 11

Ⅳ 2 3 3 2 5 2

Lymph	node	metastasis

No 9 24 .894 6 27 .561 16 10 .771

Yes 8 23 4 27 22 16

Distant	metastasis

No 16 44 .942 8 52 .051 36 24 .693

Yes 1 3 2 2 2 2

Note: P-	values	were	estimated	by	Chi-	squared	test.
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with	high	levels	of	CD86	expression.	There	was	also	a	re-
markable	association	between	 low	CD86	expression	and	
shorter	 OS	 (P  =.001)	 (Figure  4C).	 CD86	 expression	 sta-
tus	remarkably	separates	the	OS	of	patients.	In	addition,	
RFS	 was	 shorter	 in	 patients	 with	 high	 expression	 levels	
of	 CD163,	 whereas	 it	 was	 longer	 in	 those	 patients	 with	
low	 levels	 of	 CD163	 expression	 (P  =.001)	 (Figure  3D).	
Simultaneously,	 there	 was	 a	 remarkable	 association	 be-
tween	 high	 CD163	 expression	 and	 shorter	 OS	 (P  =.001)	
(Figure 4D).	Then,	patients	with	both	high	co-	expression	
of	CD68	and	CD86	had	significantly	better	RFS	(P =.011)	
and	OS	(P =.011)	than	those	with	others	(Figure 3E	and	
Figure  4E).	 Patients	 with	 both	 high	 co-	expression	 of	
CD68	and	CD163	had	significantly	worse	RFS	(P =.016)	
and	OS	(P =.023)	than	those	with	others	(Figure 3F	and	
Figure 4F).

3.6	 |	 CD86 protein expression and co- 
expression of CD68 and CD163 TAMs 
as independent prognostic factor for 
RFS and OS

We	assessed	the	Kaplan-	Meier	survival	of	RFS	and	OS	for	
tumour	size,	tumour	differentiation,	T	stage,	TNM	stage,	
lymph	node	station	and	M	stage	(Figure	S1	and	S2).	The	
results	showed	that	the	RFS	was	correlated	with	tumour	
size	(P =.004),	 tumour	differentiation	(P =.011),	T	stage	
(P =.017),	TNM	stage	 (P =.023),	 lymph	node	metastasis	
(P  =.019),	 CD86	 protein	 expression	 (P  =.002),	 CD163	
protein	expression	(P =.001),	co-	expression	of	CD68	and	
CD86	 (P  =.011)	 and	 co-	expression	 of	 CD68	 and	 CD163	
(P =.016)	(Table 1).	For	these	factors	included	in	the	Cox's	
multivariate	analyses,	CD86	protein	expression	(P =.007)	
and	 co-	expression	 of	 CD68	 and	 CD163	 (P  =.001)	 were	
independent	 prognostic	 factor	 remarkably	 associated	
with	RFS.	In	addition	to	CD86	protein	expression	and	co-	
expression	of	CD68	and	CD163	status,	statistically	remark-
able	clinicopathological	features	that	were	associated	with	
RFS	 were	 TNM	 stage	 (P  =.001)	 and	 tumour	 differentia-
tion	(P =.010).	Table 5	summarizes	 the	results	 from	the	
Cox	 proportional	 hazards	 analysis	 for	 RFS.	 Univariate	

analyses	showed	that	the	OS	was	correlated	with	tumour	
size	(P =.003),	 tumour	differentiation	(P =.019),	T	stage	
(P =.008),	TNM	stage	 (P =.006),	 lymph	node	metastasis	
(P =.006),	CD86	protein	expression	(P =.001),	CD163	pro-
tein	expression	(P =.001),	co-	expression	of	CD68	and	CD86	
(P =.011)	and	co-	expression	of	CD68	and	CD163	(P =.023)	
(Table 2).	In	a	multivariate	Cox	regression	analysis,	a	low	
level	of	CD86	expression	was	predictive	of	decreased	OS	
(P =.004),	while	a	high	co-	expression	of	CD68	and	CD163	
was	predictive	of	reduced	OS	(P =.001).	Moreover,	TNM	
stage	(P <.001)	and	tumour	differentiation	(P =.016)	were	
also	identified	as	independent	prognostic	factors.	Table 6	
summarizes	 the	 results	 from	 the	 Cox	 proportional	 haz-
ards	analysis	for	OS.

4 	 | 	 DISCUSSIONS

Colorectal	 cancer	 is	 the	 third	 primary	 cause	 of	 cancer	
death	in	the	world.	The	TNM	stage	is	generally	known	as	
the	major	prognostic	factor,	but	it	is	not	precise.18	Cancer	
biomarkers	 are	 substances	 or	 molecules	 objectively	 de-
tectable	in	cells,	body	fluids	or	tissues	that	manifested	the	
existence	of	cancer	or	the	survival.	Therefore,	we	hope	to	
confirm	a	biomarker	which	is	most	correlated	with	CRC	
prognosis.

Despite	the	gigantic	progress	 in	the	deconvolution	of	
the	 immune	 infiltrate	 in	 tumour,19	 the	 value	 of	 TAM-	
derived	 signals	 for	 clinical	 prognosis	 is	 far	 from	 being	
comprehended.	 It	 is	 extensively	 confirmed	 that	 the	 im-
mune	 system	 acted	 as	 a	 pivotal	 part	 in	 cancer	 develop-
ment	and	progression,14	and	macrophage	closely	related	
to	outcomes	of	disease.20,21	In	addition,	TAMs	are	one	of	
the	most	dynamic	immune	cells	in	CRC,	which	are	abun-
dantly	 associated	 with	 the	 occurrence	 and	 development	
of	cancers.22,23	The	ratio	of	M1/M2	macrophages	has	been	
considered	to	define	these	cells	as	either	pro-	inflammatory	
or	 anti-	inflammatory.24	 In	 specific	 stages,	 different	 sub-
populations	 of	 TAMs	 have	 professional	 functions,	 yet	
they	 enhance	 growth	 with	 an	 inflammatory	 mutagenic	
environment	 at	 the	 prime	 period.25	 During	 the	 progres-
sion	 phase,	 the	 primary	 function	 of	 M2	 macrophages	
arouses	 angiogenesis,	 promotes	 tumour	 cell	 migration	
and	 invasion	 and	 suppresses	 anti-	tumour	 immunity.	 In	
most	 solid	 tumours,	 high-	density	 macrophages	 infiltra-
tion	 has	 been	 related	 to	 evidently	 poor	 prognosis.11,26,27	
However,	 studies	 assessing	 the	 remarkableness	 of	 prog-
nosis	 in	 different	 subtypes	 of	TAMs	 infiltration	 in	 CRC	
remain	controversial.28-	30

We	 used	 IHC	 and	 IF	 to	 research	 the	TAMs	 densities	
of	 tumour	 tissues	and	 to	confirm	the	correlation	among	
TAMs,	 clinicopathological	 parameters	 and	 prognosis.	
Of	the	64	cases,	only	10	cases	(15.6%)	had	a	high	level	of	

T A B L E  4 	 Association	of	CD86	protein	expression	with	CD163	
protein	expression

CD86

CD163

r P- valueHigh Low Total no.

High 2 9 11 −0.345 .005

Low 36 17 53

Total	no. 38 26 64

Note: P-	values	were	measured	by	Fisher's	exact	test
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CD86	expression.	Although	the	numbers	of	patients	were	
the	limitation,	it	still	illuminated	the	association	between	
the	expression	level	of	CD86	and	clinicopathological	fac-
tors,	 and	 CRC	 prognosis.	 The	 research	 found	 that	 low	
CD86	 expression	 was	 significantly	 correlated	 with	 clini-
copathological	 characteristics	 including	 tumour	 differ-
entiation	 or	TNM	 stage,	 and	 high	 CD86	 expression	 was	
a	favourable	predictor	for	RFS	and	OS.	Patients	with	high	
CD163	expression	were	remarkably	correlated	with	clin-
icopathological	 characteristics	 including	 tumour	 size	 or	
tumour	 differentiation	 and	 high	 CD163	 expression	 was	
an	adverse	predictor	for	RFS	and	OS.	Furthermore,	CD86	

protein	 expression	 level	 had	 a	 negative	 correlation	 with	
CD163	protein	expression	in	CRC.

The	 traditional	 method	 of	 TAMs	 analysis	 was	 based	
individually	on	CD68	expression.29,31,32	In	CRC,	 little	re-
searches	 implemented	 double-	IHC	 staining	 for	 analys-
ing	different	subsets	of	TAMs,	while	 the	multitude	used	
single-	IHC	 staining	 against	 M1	 or	 M2	 antigens.33,34	 We	
used	3	markers	to	identify	TAMs;	CD68,	CD86	and	CD163	
were	performed	with	pan-	macrophage	markers,	M1	mac-
rophage	 markers	 and	 M2	 macrophage	 markers	 respec-
tively.	We	implemented	double-	IHC	staining	for	analysing	
different	subsets	of	TAMs.	Specially,	we	stained	CD68	with	

F I G U R E  3  Aberrant	CD68,	CD86	
and	CD163	expression	in	tumours	
illustrates	the	prognosis	in	colorectal	
cancer	patients	for	RFS.	A.	Kaplan-	
Meier	survival	curves	showed	RFS	in	
64	patients.	B.	High	CD68	expression	is	
not	associated	with	overall	survival	in	
CRC	patients.	C-	D.	High	expression	of	
CD86	and	low	expression	of	CD163	are	
associated	with	favourable	prognosis	
in	human	colorectal	cancer	samples.	E.	
High	co-	expression	of	CD68	and	CD86	is	
associated	with	favourable	prognosis.	F.	
High	co-	expression	of	CD68	and	CD163	
is	associated	with	poor	prognosis	in	CRC.	
The	P-	value	was	obtained	using	the	log-	
rank	test	of	the	differences
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green	fluorescence	and	stained	CD86	or	CD163	with	red	
fluorescence	 in	 the	 tumour	 tissues	 by	 IF	 co-	localization	
assay.	These	 are	 little	 researches	 carried	 out.	 Previously,	
some	studies	found	that	M2	macrophages	(CD163+)	were	

related	 to	 poorer	 OS	 and	 DFS/RFS.12,31	 Moreover,	 low	
existence	of	CD86+	TAMs	and	high	presence	of	CD206+	
TAMs	 were	 outstandingly	 related	 with	 invasive	 tumour	
phenotypes	and	with	poorer	overall	survival	(OS)	as	well	

F I G U R E  4  Aberrant	CD68,	CD86	
and	CD163	expression	in	tumours	
illustrates	the	prognosis	in	colorectal	
cancer	patients	for	OS.	A,	Kaplan-	
Meier	survival	curves	showed	OS	in	64	
patients.	B,	Cumulative	OS	differences	
between	patients	with	high	and	low	CD68	
expression.	High	CD68	expression	is	not	
associated	with	overall	survival	in	CRC	
patients.	C-	D,	Cumulative	OS	differences	
between	patients	with	high	and	low	
CD86	and	CD163	expression.	E,	Survival	
curves	of	patients	with	primary	CRC	are	
associated	with	high	or	low	co-	expression	
of	CD68	and	CD86	and	co-	expression	
of	CD68	and	CD163.	The	P-	value	was	
obtained	using	the	log-	rank	test	of	the	
differences

Variables Hazard ratio 95% CI P- value

TNM	stage 0.111 0.032-	0.385 .001

Differentiation 0.435 0.232-	0.817 .010

CD86	protein	expression 3.777 1.431-	9.968 .007

Co-	expression	of	CD68	and	CD163 0.265 0.124-	0.567 .001

Note: P-	values	were	acquired	by	Cox	proportional	hazards	analysis

T A B L E  5 	 Multivariate	Analysis	of	
significant	prognosis	factors	for	RFS	in	
patients	with	colorectal	cancer
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as	reduced	 time	to	recurrence.35	And	high	CD163/CD68	
ratio	was	closely	associated	with	aggressive	phenotype	and	
poor	prognosis	in	CRC.34	Viktor	H.	Koelzer	et	al	suggested	
that	 high	 CD163+	 TAMs	 infiltration	 predicted	 lower	 tu-
mour	grade,	less	lymph	node	metastasis	and	better	prog-
nosis.36	 The	 significance	 of	 prognosis	 in	 M1	 like	 or	 M2	
like	of	TAMs	infiltration	in	CRC	remains	controversial.	In	
our	study,	univariate	and	multivariate	analysis	found	that	
expression	 of	 CD86	 is	 an	 independent	 prognostic	 factor	
for	RFS	and	OS	and	high	expression	of	CD86	TAMs	was	
significantly	associated	with	better	RFS	and	OS.	And	we	
also	identified	expression	of	CD86	TAMs	and	expression	
of	 CD163	 TAMs	 as	 a	 significant	 prognostic	 biomarker.	
However,	 multivariate	 analysis	 found	 that	 expression	 of	
CD163	TAMs	could	not	significantly	predict	prognosis.	As	
an	improvement,	we	detected	the	co-	expression	of	CD68	
and	CD163	as	the	proportion	of	M2	TAMs	in	total	TAMs.	
The	results	showed	that	co-	expression	of	CD68	and	CD163	
TAMs	was	a	better	account	for	the	prognostic	factor	than	
expression	 of	 CD163	 TAMs	 and	 traditional	 clinicopath-
ological	 high-	risk	 factors.	 Furthermore,	 univariate	 and	
multivariate	analysis	 found	that	TNM	stage	and	 tumour	
differentiation	are	independent	prognostic	factors	for	RFS	
and	OS.

In	 conclusion,	 we	 researched	 prognostic	 remarkable	
of	different	subtypes	of	TAMs	(pan-	macrophage	marker:	
CD68;	M1	macrophage	marker:	CD86	and	M2	macrophage	
marker:	CD163).	The	results	found	that	strong	CD86	ex-
pression	in	primary	CRC	tumour	was	correlated	with	tu-
mour	differentiation,	TNM	stage	and	better	RFS	and	OS	
of	CRC	patients,	and	strong	CD163	expression	in	primary	
CRC	tumour	was	associated	with	tumour	differentiation,	
tumour	size	and	worse	RFS	and	OS	of	CRC	patients.	The	
level	of	CD86	protein	expression	showed	a	negative	cor-
relation	with	CD163	protein	expression.	Moreover,	CD86+	
and	CD68+CD163+	TAMs	were	defined	as	potential	bio-
markers	of	CRC	development	and	progression.	This	dis-
ease	has	a	high	morbidity	rate	health	problem	in	China,	so	
a	better	analysis	of	the	role	of	different	subtypes	of	TAMs	
will	be	helpful	for	early	diagnosis	and	treatment	of	CRC.	
Further	 experiments	 are	 conducted	 to	 study	 the	 mecha-
nism	of	TAM	in	the	CRC	microenvironment	and	explored	
the	drugs	to	promote	polarization	of	TAM	from	M2	to	M1	
phenotype.

ACKNOWLEDGMENTS
This	work	was	supported	by	grants	from	National	Natural	
Science	 Foundation	 of	 China	 (No.81803780);	 Natural	
Science	 Foundation	 of	 Jiangsu	 Province,	 China	 (No.	
BK20180928);	 Key	 Scientific	 and	 Technological	 projects	
of	 Henan	 Province,	 China	 (No.	 192102310395);	 Joint	
Construction	Program,	Medical	Science	and	Technology	
Research	 Program	 of	 Henan	 Province,	 China	 (No.	
2018020893),	 and	 Joint	 Construction	 Program,	 Medical	
Science	 and	 Technology	 Research	 Program	 of	 Henan	
Province,	China	(No.	2018020898).

CONFLICT OF INTEREST
The	authors	declare	that	there	is	no	conflict	of	interest.

AUTHOR CONTRIBUTIONS
Conception:	Yu	Kou,	Baowei	Han	and	Yunshuai	Wang.	
Interpretation	 or	 analysis	 of	 data:	 Zhuoqun	 Li,	 Yan	 Li	
and	Qidi	Sun.	Preparation	of	the	manuscript:	Shengnan	
Yang,	Chen	Hu	and	Yu	Kou.	Revision	for	important	in-
tellectual	 content:	 Zhuoqun	 Li,	 Yu	 Kou	 and	 Qidi	 Sun.	
Supervision:	 Huijie	 Gu,	 Huangjian	 Wang	 and	 Hairong	
Xu.

DATA AVAILABILITY STATEMENT
Date	 is	 available	 at	 the	 Scandinavian	 Journal	 of	
Immunology's	website

ORCID
Yu Kou  	https://orcid.org/0000-0003-3387-8322	

REFERENCES
	 1.	 Bray	F,	Ferlay	J,	Soerjomataram	I,	Siegel	RL,	Torre	LA,	Jemal	

A.	Global	cancer	statistics	2018:	GLOBOCAN	estimates	of	inci-
dence	and	mortality	worldwide	for	36	cancers	in	185	countries.	
CA Cancer J Clin.	2018;68(6):394-	424.

	 2.	 Chen	W,	Zheng	R,	Baade	PD,	et	al.	Cancer	statistics	in	China,	
2015.	CA Cancer J Clin.	2016;66(2):115-	132.

	 3.	 Kalyan	A,	Kircher	S,	Shah	H,	Mulcahy	M,	Benson	A.	Updates	
on	immunotherapy	for	colorectal	cancer.	J Gastrointest Oncol.	
2018;9:160-	169.

	 4.	 Miller	KD,	Siegel	RL,	Lin	CC,	et	al.	Cancer	treatment	and	survi-
vorship	statistics,	2016.	CA Cancer J Clin.	2016;66(4):271-	289.

	 5.	 Lambert	AW,	Pattabiraman	DR,	Weinberg	RA.	Emerging	bio-
logical	principles	of	metastasis.	Cell.	2017;9(168):670-	691.

Variables
Hazard 
ratio 95% CI P- value

TNM	stage 0.091 0.026-	0.320 .000

Differentiation 0.461 0.246-	0.865 .016

CD86	protein	expression 4.098 1.551-	10.832 .004

Co-	expression	of	CD68	and	CD163 0.264 0.124-	0.566 .001

Note: P- values	were	obtained	by	Cox	proportional	hazards	analysis.

T A B L E  6 	 Multivariate	Analysis	of	
significant	prognosis	factors	for	OS	in	
patients	with	colorectal	cancer

https://orcid.org/0000-0003-3387-8322
https://orcid.org/0000-0003-3387-8322


   | 11 of 11KOU et al.

	 6.	 Zhang	 Y,	 Qiu	 Z,	 Qiu	 Y,	 Su	 T,	 Qu	 P.	 Functional	 regulation	
of	 ginsenosides	 on	 myeloid	 immunosuppressive	 cells	 in	
the	 tumor	 microenvironment.	 Integr Cancer Ther.	 2019;18:	
153473541988665.

	 7.	 Madhavan	S,	Nagarajan	S.	GRP78	and	next	generation	cancer	
hallmarks:	 an	 underexplored	 molecular	 target	 in	 cancer	 che-
moprevention	research.	Biochimie.	2020;175:69-	76.

	 8.	 Lan	Q,	Lai	W,	Zeng	Y,	et	al.	CCL26	participates	in	the	PRL-	3-	
induced	promotion	of	colorectal	cancer	invasion	by	stimulating	
tumor-	associated	 macrophage	 infiltration.	 Mol Cancer Ther.	
2018;17:276-	289.

	 9.	 He	 Y,	 de	 Araújo	 Júnior	 RF,	 Cruz	 LJ,	 Eich	 C.	 Functionalized	
nanoparticles	targeting	tumor-	associated	macrophages	as	can-
cer	therapy.	Pharmaceutics.	2021;13(10):1670.

	10.	 Yahaya	MAF,	Lila	MAM,	Ismail	S,	Zainol	M,	Afizan	NARNM.	
Tumour-	associated	macrophages	(TAMs)	 in	colon	cancer	and	
how	to	reeducate	them.	J Immunol Res.	2019;2019:1-	9.

	11.	 Pelekanou	 V,	 Villarroel-	Espindola	 F,	 Schalper	 KA,	 Pusztai	
L,	 Rimm	 DL.	 CD68,	 CD163,	 and	 matrix	 metalloproteinase	 9	
(MMP-	9)	 co-	localization	 in	 breast	 tumor	 microenvironment	
predicts	survival	differently	 in	ER-	positive	and	 -	negative	can-
cers.	Breast Cancer Res.	2018;17(20):154.

	12.	 Komohara	 Y,	 Fujiwara	 Y,	 Ohnishi	 K,	 Takeya	 M.	 Tumor-	
associated	macrophages:	potential	therapeutic	targets	for	anti-	
cancer	therapy.	Adv Drug Deliv Rev.	2016;99:180-	185.

	13.	 Takeya	 M,	 Komohara	 Y.	 Role	 of	 tumor-	associated	 macro-
phages	 in	 human	 malignancies:	 friend	 or	 foe?	 Pathol Int.	
2016;66:491-	505.

	14.	 Vitale	 I,	 Manic	 G,	 Coussens	 LM,	 Kroemer	 G,	 Galluzzi	 L.	
Macrophages	and	metabolism	in	the	tumor	microenvironment.	
Cell Metab.	2019;2(30):36-	50.

	15.	 Ohtaki	Y,	Ishii	G,	Nagai	K,	et	al.	Stromal	macrophage	express-
ing	CD204	is	associated	with	tumor	aggressiveness	in	lung	ade-
nocarcinoma.	J Thorac Oncol.	2010;5:1507-	1515.

	16.	 Feng	Q,	Chang	W,	Mao	Y,	et	al.	Tumor-	associated	macrophages	
as	prognostic	and	predictive	biomarkers	for	postoperative	adju-
vant	chemotherapy	in	patients	with	stage	ii	colon	cancer.	Clin 
Cancer Res.	2019;1(25):3896-	3907.

	17.	 Jiang	S,	Wang	X,	Song	D,	et	al.	Cholesterol	induces	epithelial-	
to-	mesenchymal	 transition	 of	 prostate	 cancer	 cells	 by	 sup-
pressing	 degradation	 of	 EGFR	 through	 APMAP.	 Can Res.	
2019;15(79):3063-	3075.

	18.	 Benson	AB	3rd,	Venook	AP,	Cederquist	L,	et	al.	Colon	cancer,	
version	1.2017,	NCCN	clinical	practice	guidelines	in	oncology.	
J Natl Compr Canc Netw.	2017;15:370-	398.

	19.	 Lyons	 YA,	 Wu	 SY,	 Overwijk	 WW,	 Baggerly	 KA,	 Sood	 AK.	
Immune	cell	profiling	in	cancer:	molecular	approaches	to	cell-	
specific	identification.	NPJ Precis Oncol.	2017;1:26.

	20.	 Aras	S,	Zaidi	MR.	TAMeless	traitors:	macrophages	in	cancer	pro-
gression	and	metastasis.	Br J Cancer.	2017;21(117):1583-	1591.

	21.	 Poh	 AR,	 Ernst	 M.	 Targeting	 macrophages	 in	 cancer:	 from	
bench	to	bedside.	Front Oncol.	2018;8:49.

	22.	 Fang	DD,	Tang	Q,	Kong	Y,	et	al.	MDM2	inhibitor	APG-	115	syn-
ergizes	with	PD-	1	blockade	through	enhancing	antitumor	im-
munity	in	the	tumor	microenvironment.	J Immunother Cancer.	
2019;28(7):327.

	23.	 Szebeni	 GJ,	 Vizler	 C,	 Kitajka	 K,	 Puskas	 LG.	 Inflammation	
and	 cancer:	 extra-		 and	 intracellular	 determinants	 of	 tumor-	
associated	 macrophages	 as	 tumor	 promoters.	 Mediators 
Inflamm.	2017;2017:9294018.

	24.	 Fiani	ML,	Barreca	V,	Sargiacomo	M,	Ferrantelli	F,	Manfredi	F.	
Exploiting	manipulated	small	extracellular	vesicles	to	subvert	im-
munosuppression	at	the	tumor	microenvironment	through	man-
nose	receptor/CD206	targeting.	Int J Mol Sci.	2020;21(17):6318.

	25.	 Gonzalez	 H,	 Hagerling	 C,	Werb	 Z.	 Roles	 of	 the	 immune	 sys-
tem	in	cancer:	from	tumor	initiation	to	metastatic	progression.	
Genes Dev.	2018;1(32):1267-	1284.

	26.	 Kuo	CY,	Yang	TH,	Tsai	PF,	Yu	CH.	Role	of	 the	 inflammatory	
response	of	RAW	264.7	cells	in	the	metastasis	of	novel	cancer	
stem-	like	cells.	Medicina.	2021;57(8):778.

	27.	 Zhang	 J,	 Yan	 Y,	 Yang	 Y,	 et	 al.	 High	 infiltration	 of	 tumor-	
associated	 macrophages	 influences	 poor	 prognosis	 in	 human	
gastric	 cancer	 patients,	 associates	 with	 the	 phenomenon	 of	
EMT.	Medicine.	2016;95:e2636.

	28.	 Cavnar	MJ,	Turcotte	S,	Katz	SC,	et	al.	Tumor-	associated	macro-
phage	infiltration	in	colorectal	cancer	liver	metastases	is	associ-
ated	with	better	outcome.	Ann Surg Oncol.	2017;24:1835-	1842.

	29.	 Kim	Y,	Wen	X,	Bae	JM,	Kim	JH,	Cho	NY,	Kang	GH.	The	distri-
bution	of	intratumoral	macrophages	correlates	with	molecular	
phenotypes	 and	 impacts	 prognosis	 in	 colorectal	 carcinoma.	
Histopathology.	2018;73:663-	671.

	30.	 Huang	C,	Ou	R,	Chen	X,	et	al.	Tumor	cell-	derived	SPON2	pro-
motes	M2-	polarized	tumor-	associated	macrophage	infiltration	
and	cancer	progression	by	activating	PYK2	in	CRC.	J Exp Clin 
Cancer Res.	2021;28(40):304.

	31.	 Zhao	Y,	Ge	X,	Xu	X,	Yu	S,	Wang	J.	Prognostic	value	and	clin-
icopathological	 roles	 of	 phenotypes	 of	 tumour-	associated	
macrophages	 in	 colorectal	 cancer.	 J Cancer Res Clin Oncol.	
2019;145:3005-	3019.

	32.	 Larionova	 I,	 Tuguzbaeva	 G,	 Ponomaryova	 A,	 et	 al.	 Tumor-	
associated	 macrophages	 in	 human	 breast,	 colorectal,	 lung,	
ovarian	and	prostate	cancers.	Front Oncol.	2020;10:566511.

	33.	 Pinto	 ML,	 Rios	 E,	 Duraes	 C,	 et	 al.	 The	 two	 faces	 of	 tumor-	
associated	macrophages	and	 their	clinical	 significance	 in	col-
orectal	cancer.	Front Immunol.	2019;10:1875.

	34.	 Yang	C,	Wei	C,	Wang	S,	et	al.	Elevated	CD163(+)/CD68(+)	ratio	
at	 tumor	 invasive	 front	 is	 closely	 associated	 with	 aggressive	
phenotype	 and	 poor	 prognosis	 in	 colorectal	 cancer.	 Int J Biol 
Sci.	2019;15:984-	998.

	35.	 Dong	P,	Ma	L,	Liu	L,	et	al.	CD86(+)/CD206(+),	diametrically	
polarized	tumor-	associated	macrophages,	predict	hepatocellu-
lar	carcinoma	patient	prognosis.	Int J Mol Sci.	2016;1(17):320.

	36.	 Koelzer	 VH,	 Canonica	 K,	 Dawson	 H,	 et	 al.	 Phenotyping	 of	
tumor-	associated	macrophages	in	colorectal	cancer:	impact	on	
single	 cell	 invasion	 (tumor	 budding)	 and	 clinicopathological	
outcome.	Oncoimmunology.	2016;5:e1106677.

SUPPORTING INFORMATION
Additional	 supporting	 information	 may	 be	 found	 in	 the	
online	version	of	the	article	at	the	publisher’s	website.

How to cite this article:	Kou	Y,	Li	Z,	Sun	Q,	et	al.	
Prognostic	value	and	predictive	biomarkers	of	
phenotypes	of	tumour-	associated	macrophages	in	
colorectal	cancer.	Scand J Immunol.	2022;95:e13137.	
doi:10.1111/sji.13137

https://doi.org/10.1111/sji.13137

