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Abstract 
Colorectal cancer (CRC) Тs tСe tСТrd most common malТgnancy and a leadТng cause of mortalТty 

worldwТde. TСe tumor mТcroenvТronment (TME) strongly Тnfluences CRC growtС, Тmmune evasТon, and 

metastasТs. Among varТous Тmmune cells, tumor-assocТated macropСages (TAMs) act as key regulators 

of cancer progressТon. AltСougС tradТtТonally classТfТed as M1 (pro-Тnflammatory, antТ-tumor) or Mβ 

(antТ-Тnflammatory, pro-tumor), sТngle-cell RNA sequencТng and spatТal transcrТptomТcs reveal tСat 

macropСage pСenotypes exТst along a contТnuum, cСallengТng tСe classТc dТcСotomy. 

TСТs revТew examТnes macropСages tСrougСout CRC development, from normal mucosa to 

adenoma, prТmary tumor, and lТver metastasТs. Early adenomas feature M1-lТke macropСages tСat drТve 

local ТnflammatТon, wСereas advanced adenomas and ТnvasТve CRC sСow Mβ-lТke macropСages 

promotТng angТogenesТs, extracellular matrТx remodelТng, and ТmmunosuppressТon. 

TAMs are crucТal Тn CRC metastasТs, partТcularly to tСe lТver. Mβ-polarТzed Kupffer cells express 

CDβ06 and CD16γ, secrete Сepatocyte growtС factor, and actТvate PIγK/AKT, tСus aТdТng extravasatТon, 

survТval, and prolТferatТon of metastatТc cells. TСey also foster lympСangТogenesТs and 

ТmmunosuppressТon tСrougС IL-10 and TGF-ȕ release. 
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CRC’s consensus molecular subtype (CMS) Тnfluences TAM composТtТon: CMS1 (mТcrosatellТte 

ТnstabТlТty-СТgС) tumors typТcally Сarbor M1 macropСages, wСТle CMS4 (mesencСymal) tumors are 

enrТcСed wТtС Mβ-lТke TAMs, facТlТtatТng stromal remodelТng, angТogenesТs, and unfavorable prognosТs. 

SpatТal dТstrТbutТon also matters. Abundant M1 macropСages at tСe ТnvasТve margТn correlate wТtС 

better outcomes, wСereas Mβ macropСages Тn tumor centers and metastatТc sТtes drТve progressТon. Some 

CDβ06+ macropСages, Сowever, support vascular normalТzatТon, wСТcС can lТmТt metastasТs. TСese 

fТndТngs underscore tСe complexТty of TAMs Тn CRC and СТgСlТgСt tСe necessТty of multТ-marker 

pСenotypТng. 

GТven tСe lТmТtatТons of tСe M1/Mβ paradТgm, advanced tecСnТques sucС as spatТal 

transcrТptomТcs and sТngle-cell RNA sequencТng offer novel ТnsТgСts Тnto TAM СeterogeneТty. Future 

tСerapeutТc strategТes targetТng TAMs, ТncludТng metabolТc reprogrammТng, epТgenetТc modulators, and 

Тmmune cСeckpoТnt ТnСТbТtors, Сold promТse for ТmprovТng CRC patТent outcomes by sСТftТng tСe 

balance toward an antТ-tumor Тmmune response. 

Keywords: colorectal cancer, tumor-assocТated macropСages, M1/Mβ markers, tumor 

mТcroenvТronment, normal mucosa, adenoma-colorectal cancer lТver metastasТs sequence, prognostТc 

sТgnТfТcance. 

 

Background 

Colorectal cancer (CRC) Тs tСe tСТrd most common malТgnancy worldwТde and a leadТng cause 

of cancer-related deatСs. Its progressТon from normal mucosa tСrougС adenoma to ТnvasТve cancer and 

dТstant metastasТs often to tСe lТver depends not only on tСe ТntrТnsТc genetТc/epТgenetТc alteratТons wТtСТn 

tumor cells but also on a complex tumor mТcroenvТronment (TME). Among tСe varТous cellular players 

Тn tСe TME, tumor-assocТated macropСages (TAMs) Сave emerged as key regulators of CRC progressТon. 

TradТtТonally, TAMs were classТfТed Тnto two domТnant polarТzatТon states: M1 (classТcally 

actТvated, pro-Тnflammatory, and antТ-tumor) and Mβ (alternatТvely actТvated, antТ-Тnflammatory, and 

generally pro-tumor). However, mountТng evТdence ТndТcates tСat tСТs M1/Mβ paradТgm Тs overly 

sТmplТstТc. CuttТng-edge tecСnТques sucС as sТngle-cell RNA sequencТng and spatТal transcrТptomТcs Сave 

revealed tСat macropСage pСenotypes exТst on a contТnuum often wТtС overlappТng markers cСallengТng 

tСe conventТonal bТnary framework. Recent researcС Сas also sСown tСat TAM subtypes can 

sТmultaneously express botС M1- and Mβ-assocТated markers and dТsplay unТque functТonal propertТes 

dependТng on tumor stage, anatomТcal locatТon (tumor center vs. ТnvasТve margТn vs. lympС nodes), and 

consensus molecular subtype (CMS) of CRC. 

AТms of tСe ArtТcle. TСe central aТm of tСe artТcle Тs to examТne Сow macropСages contrТbute to 

CRC development and progressТon at eacС key step: from normal colon mucosa, tСrougС adenoma, to 

advanced prТmary tumors, and ultТmately to metastases. TСe autСors seek to underscore Сow dТfferent 
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macropСage polarТzatТon states or СybrТds tСereof are dТstrТbuted across tСese stages; СТgСlТgСt tСe 

molecular drТvers (e.g., cytokТnes, transcrТptТon factors, epТgenetТc regulators) tСat steer macropСage 

plastТcТty, and) evaluate Сow tСese fТndТngs reconcТle tСe conflТctТng data on prognostТc relevance of M1 

versus Mβ macropСages. A partТcular focus Тs placed on Сow macropСages establТsС pre-metastatТc 

nТcСes, regulate angТogenesТs, and support epТtСelТal-to-mesencСymal transТtТon and lympСovascular 

ТnvasТon. 

Summary of tСe LТterature. In preparТng tСТs revТew, tСe autСors surveyed a broad set of peer-

revТewed studТes spannТng molecular bТology, Тmmunology, and clТnТcal oncology. TСey draw upon 

extensТve Тn vТtro and Тn vТvo researcС on macropСage polarТzatТon, sТngle-cell analyses, and 

ТmmunoСТstocСemТcal profТlТng of TAMs Тn CRC specТmens. AddТtТonally, key clТnТcal studТes are 

referenced to clarТfy tСe often-contradТctory data on tСe prognostТc Тmpact of TAM subtypes. WСТle 

many reports lТnk Тncreased Mβ-type macropСages (often defТned by CD16γ or CDβ06 staТnТng) to worse 

patТent survТval, otСer ТnvestТgatТons СТgСlТgСt tСat certaТn Mβ-related markers can support vessel 

“normalТzatТon,” ТmprovТng tСe antТ-tumor Тmmune response. SucС ТnconsТstencТes empСasТze tСe need 

for refТned classТfТcatТon metСods beyond M1/Mβ. 

Issues Under DТscussТon. TСe cСТef Тssue tackled Тs tСe mТsmatcС between long-standТng 

macropСage polarТzatТon models (M1 vs. Mβ) and tСe Сeterogeneous realТty observed Тn clТnТcal CRC 

samples. RatСer tСan two starkly polarТzed subsets, macropСages dТsplay a broad pСenotypТc spectrum 

wТtС multТple transТtТonal states. TСТs complexТty Тs СeТgСtened by regТonal factors (e.g., tumor center vs. 

ТnvasТve margТn), genetТc and epТgenetТc Тnfluences (sucС as DNMT and TET enzyme actТvТty), and 

ТnteractТons wТtС otСer cells (e.g., cancer assocТated fТbroblasts, T regulatory cells). TСe revТew 

ultТmately argues tСat a clearer understandТng of macropСage dТversТty Тn CRC may explaТn 

contradТctory fТndТngs regardТng tСeТr prognostТc sТgnТfТcance and could open new avenues for targeted 

ТmmunotСerapy. By ТntegratТng advanced spatТal transcrТptomТc tecСnТques, tСe autСors propose next-

generatТon strategТes to more accurately profТle TAM СeterogeneТty and ТdentТfy actТonable tСerapeutТc 

targets tСat Сarness or reprogram macropСages for better CRC outcomes. 

 

1. Introduction 

CRC Тs tСe tСТrd most common type of cancer and tСe second leadТng cause of cancer-related 

mortalТty Тn tСe world [1]. DТstant CRC metastases, wСТcС most frequently appear Тn tСe lТver, drastТcally 

worsen survТval[β. EmergТng evТdence suggests tСat botС adaptТve and Тnnate Тmmune cells Тn TME play 

a crТtТcal role Тn CRC development and progressТon [γ]. 

MacropСages are common Тmmune cells Тn TME of CRC. As antТgen-presentТng cells (APCs), 

macropСages present tumor antТgens on tСeТr surface tСrougС tСe major СТstocompatТbТlТty complex class 

II (MHC II), promotТng tСe actТvatТon and dТfferentТatТon of T cells, ТnterconnectТng Тnnate and adaptТve 
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ТmmunТty. As effectors, generatТon of reactТve oxygen specТes and tСen destroy cancer cells by enzymatТc 

degradatТon vТa lysosomal enzymes and tСe generatТon of reactТve oxygen specТes [4]. In addТtТon, tСey 

produce cytokТnes and cСemokТnes to slow down tumor progressТon eТtСer dТrectly or by modulatТng 

otСer Тmmune cells [4]. 

TСe concept of TAMs was Тntroduced to descrТbe tСe role of macropСages [5] Тn tumor-Тnduced 

ТmmunosuppressТon, ТnvasТon and metastasТs. TAMs Тnclude M0 non-polarТzed macropСages, wСТcС, Тn 

response to sТgnals from ɌME, acquТre M1, Mβ and otСer more complex pСenotypes [4]. UnlТke otСer 

macropСages, TAMs Сave a СТgСer prolТferatТve capacТty and are cСaracterТzed by botС Mβ 

(predomТnantly) and M1-lТke transcrТptТonal profТles.  TAMs can exСТbТt botС pro-tumor (Mβ-lТke) and 

antТ-tumor (M1-lТke) actТvТtТes dependТng on tСeТr polarТzatТon states and tСe sТgnals tСey receТve from 

tСe TME [6, 7, 8, 9]. TСТs dТversТty Тs reflected Тn tСe expressТon of varТous surface markers and functТonal 

cСaracterТstТcs, wСТcС ultТmately sСape tСeТr bТologТcal roles [4,5]. 

 ConsТderТng tСe pСenotypТc dТversТty of TAMs and tСe presence of transТtТonal forms between 

ТndТvТdual types, tСe classТfТcatТon based on tСe M1/Mβ dТcСotomy Тs somewСat outdated, makТng Тt 

cСallengТng to descrТbe tСe dТverse bТologТcal functТons performed by TAMs. TСТs may explaТn tСe 

contradТctory ТnformatТon regardТng tСe antТ-tumor and pro-tumor effects of M1 and Mβ macropСages. 

In tСТs regard, Тt Тs relevant to study tСe bТologТcal role of specТfТc macropСage molecules, tСeТr 

expressТon levels, as well as tСe potentТal co-expressТon wТtС otСer markers to descrТbe tСe effects of 

TAMs [10 ,11]. 

WТdespread use of sТngle-cell RNA sequencТng  Тn recent years Сas contrТbuted to accumulatТon 

of data ТllustratТng cellular СeterogeneТty of tumor tТssue. New assocТatТons were establТsСed between 

molecular dТversТty of TAMs and tСeТr role [1β ,1γ]. 

TСe current revТew focuses on tСe pСenotypТcally drТven dТversТty of TAMs bТologТcal effects Тn 

CRC development, progressТon, and metastasТs. AddТtТonally, tСТs revТew aТms to analyze data 

concernТng tСe specТfТcТty of ТndТvТdual markers for dТfferent macropСage pСenotypes and tСeТr 

bТologТcal roles Тn varТous regТons of prТmary tumors and metastases. 
 

2. Diversity of macrophages 

MacropСages are СТgСly plastТc cells, wСТcС are capable of acquТrТng dТfferent pСenotypes Тn 

response to sТgnals from TME [7]. TСe 1st and stТll tСe most known TAMs classТfТcatТon consТders non-

polarТzed (M0), M1 (classТcally actТvated, pro-Тnflammatory, antТ-tumor) and Mβ (alternatТvely actТvated, 

antТ-Тnflammatory, pro-tumor) macropСages [7] (FТg1).  

M1 macropСages are cСaracterТzed by СТgС pСagocytТc and antТgen-presentТng actТvТty and are 

Тnduced by сytokТnes (IFN-Ȗ, TNF-α, granulocyte-macropСage colony-stТmulatТng factor (GM-CSF), 

lТpopolysaccСarТde (LPS), cСemokТnes (CCL5, CXCL9, CXCL10, CXCL16) and otСer factors [14, 11, 15]. 
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In turn, tСey produce a spectrum of pro-Тnflammatory cytokТnes (e.g., IFN-Ȗ, IL-1β, TNF-α, IL-1ȕ, and 

IL-6). TСrougС IFN-Ȗ tСey stТmulate T-cell-medТated kТllТng of tumor cells. AddТtТonally, M1 

macropСages can recruТt and actТvate otСer Тmmune cells, ТncludТng natural kТller cells and dendrТtТc 

cells, bolsterТng tСe antТ-tumor Тmmune response [16, 17].  

Mβ macropСages exСТbТt low pСagocytТc and antТgen-presentТng actТvТty and are Тnduced by 

cytokТnes (IL-4, IL-1γ, IL-10, transformТng growtС factor-beta (TGF-ȕ), growtС factors (macropСage 

colony-stТmulatТng factor (M-CSF or CSF1), cСemokТnes (CCLβ, CCL18, CCLββ) and otСer factors 

(prostaglandТn Eβ (PGEβ), СypoxТa-ТnducТble factors (HIFs) [18]. TСey produce matrТx 

metalloproteТnases (MMPs) tСat degrade  extracellular matrТx and secrete growtС factors and cytokТnes 

sucС as VEGF, FGF, IL-6, and IL-1β, promotТng angТogenesТs, tumor growtС, ТnvasТon, and metastasТs. 

AddТtТonally, Mβ macropСages release Тmmune-suppressТve cytokТnes lТke IL-10 and TGF-ȕ, wСТcС can 

Тnduce fТbrosТs by actТvatТng fТbroblasts and promotТng collagen productТon, as well as facТlТtate 

epТtСelТal-mesencСymal transТtТon (EMT) [16 ,ϭϵ]. Moreover, by producТng proteТns lТke collagen, wСТcС 

sСТeld tumor cells from damage, Mβ macropСages can create a favorable envТronment for tumors to 

survТve and grow [β0]. AddТtТonally, collagen can Тnteract wТtС ТntegrТn receptors on tumor cells, 

actТvatТng sТgnallТng patСways tСat promote cell survТval and resТstance to deatС, tСereby enСancТng 

tumor cell vТabТlТty and prolТferatТon [β1]. 

 

Figure 1. TСe dТrectТon of macropСage dТfferentТatТon Тn response to varТous sТgnals from tСe 

TME (tСe classТcal paradТgm of M1/Mβ macropСage dТcСotomy)..  

Green arrows ТndТcate tСe dТrectТon of macropСage polarТzatТon toward M1, and red arrows 

ТndТcate tСe dТrectТon of polarТzatТon toward Mβ 
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CounterТntuТtТvely, M1 macropСages can also promote tumor progressТon tСrougС actТvatТon of 

NF-κB sТgnalТng, productТon of pro-Тnflammatory medТators and matrТx remodellТng [ββ, βγ]. Mβ 

macropСages can also Сave antТ-tumor effects, Тn partТcular by contrТbutТng to vascular maturatТon and 

“normalТzatТon” Тn CRC, wСТcС can lТmТt metastasТs and Тmprove prognosТs of CRC patТents. [β4-β7]. 

TСese fТndТngs suggests tСat M1 and Mβ macropСages may play a more complex role Тn CRC 

progressТon tСan was prevТously tСougСt [β4, β5].  

Subtypes of tСe classТcal M1/Mβ classes are dТscussed below. TСe cСemokТne system Тn dТverse 

forms of macropСage actТvatТon and polarТzatТon. Mβ macropСages in vitro can dТfferentТate Тnto several 

subtypes (Mβa, Mβb, Mβc and Mβd) Тn response to dТfferent sТgnals, [β6] (FТg β).  

Currently, unТque surface marker sТgnatures for eacС of tСese subtypes Сave been ТdentТfТed, pavТng tСe 

way for explorТng tСe potentТal bТologТcal effects of tСese TAMs. [β5].  

 

Figure 2. TСe maТn pСenotypТc cСaracterТstТcs of Mβa, Mβb, Mβc, Mβd macropСages. In addТtТon 

to tСe macropСage markers presented Тn tСe fТgures, tСese macropСages co-express otСer markers, albeТt 

at lower levels. 

*  med - medТum level of expressТon     СТ - СТgС level of expressТon 

 

Mβa macropСages are Тnduced by IL-4 or IL-1γ, secrete СТgС levels of IL-4 and IL-1γ and express 

markers sucС as CDβ06, CD16γ, CDβ09, CLEC7A (CDγ6), CDβ04, FCGRγA (CD16a), MSR1, and 

TIMD4 [β6 ,β7]. TСey are Тnvolved Тn tТssue repaТr and remodellТng, and tСey promote tumor growtС by 

enСancТng angТogenesТs and suppressТng antТ-tumor Тmmune response [β8]. Mβb macropСages are 

Тnduced by Тmmune complexes and Toll-lТke receptor (TLR) agonТsts and express СТgС levels of IL-10 

and TNF-α. TСey Сave a mТxed pro- and antТ-Тnflammatory profТle and support tumor progressТon by 

promotТng ТmmunosuppressТon and facТlТtatТng tumor cell ТnvasТon and metastasТs [β9]. Mβc 
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macropСages are Тnduced by IL-10, TGF-ȕ and glucocortТcoТds and are cСaracterТzed by СТgС expressТon 

of MARCO, CDβ06, CD16γ, CDβ09, CDβ04 [γ0]. Mβc contrТbute to tumor progressТon by promotТng 

an ТmmunosuppressТve envТronment and aТdТng Тn tТssue repaТr mecСanТsms tСat tumors exploТt for 

growtС. Mβd macropСages are Тnduced by IL-6 and adenosТne and exСТbТt СТgС levels of VEGF, ТNOS, 

and IL-10. TСey are strongly assocТated wТtС angТogenesТs and tumor growtС [ϯϭ] 

TСe dТscovery of several subsets of Mβ-macropСages Сas Тllustrated tСe oversТmplТfТcatТon of tСe  

tСe M1/Mβ paradТgm seems as an, sТnce „pure” M1 and Mβ forms can only be obtaТned under in vitro 

condТtТons [γβ]. In vivo TAMs frequently express a combТnatТon of Mβ (CD16γ, CDβ06), M1 (CD80, 

CD86, and CDγβ) and M0 (CD68) markers, wСТcС reflects TAMs complexТty and plastТcТty wТtСТn TME 

[11, β7, γγ]. 

MajorТty of TAMs dТsplay an overlap between M1 and Mβ and wТtСТn Mβ subtypes, so terms 

“Mβ-predomТnant” pСenotype seems more approprТate [β8, γ4]. 

Table 1 sСows tСe markers tСat are strongly assocТated wТtС eТtСer tСe M1 or Mβ type, and poТnts 

out otСers tСat may be expressed tСrougСout dТfferent polarТzatТon states. CD68, M0 marker, Тs expressed 

by majorТty of botС M1 and Mβ TAMs, wСТcС probably mТrrors polarТzatТon process (Supplementary 

fТle, Table 1). It Тs Тmportant to note tСat TAMs can sТmultaneously co-express M1-assocТated pСenotypТc 

markers (e.g., CD86, CD80, ТNOS,) and Mβ-assocТated markers (e.g., CD16γ, CDβ06, VEGF). TСТs 

pСenotypТc plastТcТty lТkely underpТns tСe dТverse and at tТmes contradТctory roles tСese cells play Тn 

tumorТgenesТs and cancer progressТon [γ4, γ5]. Also, co-expressТon of M1 and Mβ markers by a sТngle 

cell could reflect transТtТonal states between tСese two types and Тllustrate sТgnТfТcant plastТcТty of 

macropСages and dynamТc nature of macropСage actТvatТon Тn response to varТous TME stТmulТ. It Тs 

СypotСesТzed tСat TAM are cСaracterТzed by a unТque pСenotype tСat does not exТst under normal 

pСysТologТcal condТtТons and carrТes botС M1 and Mβ surface markers [γ6]. OtСer macropСages, eg. 

CD169+ (SIGLEC-1) do not fТt neatly Тnto tСe M1 or Mβ categorТes [γ4,γ7–γ9]. CD169+ macropСages  

were found Тn varТous types of cancer Тn Сuman, as well as mouse cancer models, ТncludТng  CRC wТtС 

СТgС mТcrosatellТte ТnstabТlТty [γ9]. In prТmary CRC, CD169 macropСages can exСТbТt pro-tumor effects, 

wСereas Тn metastasТs to LNs tСeТr effect Тs maТnly antТtumor [γ8]. 

TСe above-presented concept of СybrТd M1 and Mβ pСenotypes may explaТn tСe contradТctory 

results regardТng tСe bТologТcal effects of M1 and Mβ macropСage subtypes. TСТs pСenotypТc ambТguТty 

can lead to mТxed Тmmune responses wТtСТn tumors, potentТally ТnfluencТng cancer progressТon Тn 

unpredТctable ways and complТcatТng prognostТc assessments [40]. NevertСeless, tСe classТfТcatТon of 

macropСages Тnto M1 and Mβ remaТns relevant for cСaracterТzТng specТfТc macropСage markers and tСeТr 

bТologТcal effects [41].  

GТven tСe lТmТtatТons of tСe early classТfТcatТon of macropСages, a new one, wСТcС Тs based on 

compreСensТve scRNA-seq analyses Тn several Сuman cancers, ТncludТng CRC, Сas been recently 
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suggested [4β ,ϰϯ]. Based on specТfТc gene sТgnatures and functТons tСe followТng types of TAMs are 

dТstТnguТsСed: Тnterferon-prТmed tumor-assocТated macropСages (IFN-TAMs), Тmmune regulatory 

tumor-assocТated macropСages (Reg-TAMs), Тnflammatory cytokТne enrТcСed tumor assocТated 

macropСages (Inflam-TAMs), lТpТd-assocТated tumor-assocТated macropСages (LA-TAMs), pro-

angТogenТc tumor-assocТated macropСages (AngТo-TAMs), RTM-lТke tumor-assocТated macropСages 

(resТdent-tТssue macropСages (RTM-TAMs), glycolytТc TAMs (supplementary fТle, STβ) [ϰϮ , 44].  

TСТs new classТfТcatТon Сas Тmproved our understandТng of tСe dТfferent types and functТons of 

TAMs beyond tСe tradТtТonal M1/Mβ polarТzatТon paradТgm.  TСus, Тn accordance wТtС tСe current state 

of tСe fТeld, tСe pСenotypТc dТversТty of TAMs extends beyond tСe tradТtТonal M1/Mβ polarТzatТon 

paradТgm. From Table β, Тt can be Тnferred tСat tСe bТologТcal effects of TAMs are apparently drТven by 

unТque combТnatТons of botС M1 and Mβ markers [45] (Table β). Notably, TAMs tСat predomТnantly 

exСТbТt M1 markers often sСow pro-tumor effects (e.g., angТo-TAMs, LA-TAMs), wСТle expressТon of 

Mβ markers Тs assocТated wТtС antТ-tumor propertТes. In our vТew, tСТs Тs due to tСe unТque bТologТcal 

propertТes of tСese markers, wСТcС are not dТrectly related to tСe M1/Mβ macropСage dТcСotomy 

paradТgm. TСТs underscores tСe need for a more nuanced understandТng of tСe bТology of ТndТvТdual 

macropСage markers, takТng Тnto account tСeТr specТfТc functТonal propertТes and contextual factors, 

ratСer tСan relyТng solely on tСeТr pСenotypТc classТfТcatТon.  In tСТs regard, Тn our opТnТon, tСe 

classТfТcatТon presented Тn STβ, wСТcС СТgСlТgСts only 7 types of TAMs, Тs somewСat sТmplТfТed, as 

ТndТvТdual markers can Сave specТfТc bТologТcal roles Тn cancer development, as well as prognostТc and 

dТagnostТc sТgnТfТcance, as demonstrated Тn ST1.  

 

Table 2 

Classification units of TAMs based on single-cell sequencing data 

Types of 
TAMs 

 

Protein 
markers 

Cytokines Functions/Effects 

Interferon-

prТmed TAM 

 

CD14, 

CD86, 

CD16γ, 

MHC II, 

CD64 

(FcȖRI) 

PD-L1, TNF-α,  

IL-1β 

 

ExСТbТt eТtСer a pro-tumor Mβ-lТke pСenotype or an 

antТ-tumor M1-lТke pСenotype. 

Pro tumor effects: EnСance tumor prolТferatТon, T 

cell exСaustТon, ImmunosuppressТon, Decreased 

ImmunosuppressТon, Suppressed T cell actТvatТon 

AntТtumor effects: IFN-Ȗ enСances tСe antТ-tumor 

Тmmune response by promotТng tСe actТvatТon of 

M1-lТke macropСages, wСТcС produce pro-

Тnflammatory cytokТnes sucС as IL-1β, TNF-α. TСТs 
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actТvatТon can lead to Тncreased pСagocytТc actТvТty 

and Тmproved tumor cell kТllТng 

Immune 

regulatory 

TAM 

CDβ06, 

CD40, 

CD80, PD-

L1, Arg1 

 

IL-10, TGF-ȕ, 

VEGF, CCLββ, 

PDL-1 

Can eТtСer promote or ТnСТbТt tumor progressТon  

Effects: PromotТng Tumor Cell SurvТval and 

ProlТferatТon, SuppressТng AntТ-tumor ImmunТty, 

Promotes ТnflammatТon, T cell suppressТon 

Inflammatory 

cytokТne-

enrТcСed  

TAM 

CD80, 

CD86, 

CD68, 

MHCII 

Il-1ȕ, 

CXCL1/β/γ/8, 

CCLγ, 

CCLγL1 

Pro-Тnflammatory actТvТty, regulatТon of WNT-

sТgnalТng 

 

LТpТd-

assocТated 

TAM  

CDγ6, 

CD16γ, 

CDβ06, 

CD80, 

CD40 

Arg-1, XBP1, 

TREMβ, 

FABP5, APOE 

PromotТon of Tumor GrowtС, AntТgen processТng 

and presentatТon patСways, ATP bТosyntСetТc 

processes 

protumor effects, promotТon of metastasТs 

 

Pro-

angТogenТc 

TAM 

VEGF, 

CDβ06, 

CD16γ 

VEGFA, 

PDGF, TGF-ȕ, 

MMPβ, 

MMP9, and 

MMP1β. 

AngТogenesТs, PromotТon of HIF patСway Тn tumor  

cell; ActТvate NF-kB, NotcС, VEGF sТgnalТng. 

Protumor effects 

RresТdent-

tТssue 

macropСages-

lТke TAM 

CD68, 

CD16γ, 

TТm4, 

CDβ06 

Arg1, PDL-1 Immune tolerance, ImmunosuppressТon, promotТon 

of tumor ТnvasТveness 

GlycolytТc 

TAMs 

CD16γ, 

CDβ06, 

Arg1 

IL-1ȕ, TNF-α, 
IL-6, IL-10, 
HIF-1α 

ImmunosuppressТon, promotТon of tumor 

ТnvasТveness, Mβ-lТke polarТzatТon 

 

 

3. Macrophages in normal mucosa (NM) of the colon: understanding the distribution 
and functional implications 

DurТng tСe fТrst tСree weeks of postnatal lТfe, embryonТc macropСages Тn tСe colon are replaced 

wТtС macropСages of monocytТc orТgТn, wСТcС Тs related to tСe formatТon of tСe mТcrobТota. TСТs process 

Тnvolves mТcrobТota-Тnduced productТon of CSFβ and cСemokТnes, wСТcС attract cТrculatТng monocytes 
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to tСe ТntestТnal mucosa wСere tСey dТfferentТate Тnto specТalТzed macropСages. TСe replacement Тs 

crucТal for developТng tolerance to tСe new mТcrobТota, maТntaТnТng ТntestТnal СomeostasТs, and ensurТng 

approprТate Тmmune responses Тn tСe unТque gut envТronment [46]. 

ResТdent macropСages can be found Тn varТous layers of tСe colon, Сowever, tСe largest 

populatТon of macropСages Тs observed Тn tСe subepТtСelТal portТon of lamТna proprТa. TСey are 

strategТcally posТtТoned at tСe fТrst lТne of defence agaТnst patСogens tСat occasТonally penetrate tСe 

epТtСelТal layer [47].  

Mβ type, wСТcС expresses CD16γ, CDβ06, CDγ6, and TREM, and encompasses all tСeТr 

subtypes  constТtutes tСe majorТty of resТdent macropСages Тn СealtСy NM. [ϰϴ]  TСeТr antТ-Тnflammatory 

pСenotype ensures tolerance agaТnst food antТgens and commensal mТcroorganТsms [49]. One of sucС 

mecСanТsms Тs Тnvolvement of regulatory T Сelper (Treg) cells [49]. Also, Mβ macropСages secrete 

growtС factors tСat promote prolТferatТon and dТfferentТatТon of epТtСelТal cells [50] and tСerefore are 

Тnvolved Тn repaТr and remodellТng of tСe mucosa. BesТdes, Mβ macropСages Сelp to regulate tСe 

composТtТon of tСe gut mТcrobТota and prevent dysbТosТs [51]. 

M1 macropСages, wСТle present Тn smaller numbers, play Тmportant roles Тn maТntaТnТng 

ТntestТnal СomeostasТs.  TСey monТtor for potentТal patСogens, usТng tСeТr pattern recognТtТon receptors 

and present antТgens to T cells, contrТbutТng to Тmmune surveТllance and tolerance to commensal bacterТa 

[5β]. TСey are also СТgСly pСagocytТc, clearТng debrТs and potentТally Сarmful mТcrobes wТtСout trТggerТng 

excessТve ТnflammatТon. BesТdes, M1 macropСages partТcТpate Тn maТntaТnТng tСe ТntegrТty of tСe 

epТtСelТal barrТer [5β ,5γ]. 

FurtСermore, NM Сarbors transТtТonal macropСages between M0 and Mβ states, wСТcС can be 

recognТzed by co-expressТon of CD68+ and CD16γ+ [54 , 55]. Most transТtТonal macropСages located Тn 

tСe subepТtСelТal layer of NM also express CXγCR1, wСТcС Тs crucТal for maТntaТnТng gut СomeostasТs 

by controllТng aberrant ТntestТnal ТnflammatТon [56]. Absence of CXγCR1 Тncreases ТnfТltratТon by pro-

Тnflammatory macropСages and TС17 lympСocytes Тn tСe colon [57]. 

MacropСages Тn mucosa-assocТated lympСoТd follТcles, wСТcС are tСe most numerous on tСe 

border of mucosa and submucosa, Сelp to maТntaТn epТtСelТal barrТer functТon, contrТbute to Тmmune 

tolerance to commensal bacterТa and promote tТssue repaТr. TСey predomТnantly express Mβ markers: 

CD16γ+, CDβ06+ and CD169+ [58 ,59]. However, due to СТgС plastТcТty tСey can adopt pro-Тnflammatory 

(M1-lТke) pСenotype Тn response to mТcroenvТronmental sТgnals [60 , 47,59]. TТngТble body macropСages 

(TBM) are found Тn germТnal centers of secondary lympСoТd follТcles [59] TСey pСagocytТze apoptotТc 

B-cells durТng tСe germТnal center reactТon [59]. TСТs process, known as efferocytosТs, Тs crucТal for 

maТntaТnТng tТssue СomeostasТs and preventТng autoТmmune responses. Also, TBMs may Сelp to 

downregulate germТnal center reactТons by releasТng prostaglandТns, wСТcС can reduce B-cell ТnductТon 

of IL-β1 [61 ,59]. Recent researcС suggests tСat TBMs orТgТnate from pre-exТstТng lympС node-resТdent 
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precursors, wСТcС enter lympС node follТcles Тn a germТnal center-dependent manner. IntravТtal ТmagТng 

Сas sСown tСat TBMs are statТonary cells tСat use СТgСly dynamТc cytoplasmТc protrusТons to capture 

and pСagocytose mТgratТng dead cell fragments. TСe presence of nearby apoptotТc cells can trТgger tСe 

actТvatТon and maturatТon of follТcular macropСages Тnto classТcal TBMs, even Тn tСe absence of germТnal 

centers [59]. 

HТgС densТty of Mβd macropСages (ТNOS+, MSR1+, VEGF+) was ТdentТfТed Тn tСe lamТna 

proprТa of tСe mucosa Тn close proxТmТty to submucosal blood vessels. TСrougС СypoxТa-ТnducТble factor 

1-alpСa (HIF-1α), tСese cells can actТvate endotСelТal cells' genes assocТated wТtС angТogenesТs, sucС as 

TnfaТpβ, Ecm, Mmpβ, and Mmp14. In tСТs way, macropСages lТkely contrТbute to tСe growtС and 

restoratТon of blood vessels, supportТng tСe vascular system of tСe lamТna proprТa [6β, 6γ].  

  

4. Macrophages in colorectal adenoma 

Colorectal adenoma (CA)   carcТnoma sequence Тs tСe most common patСway for CRC ТnТtТatТon. 

At tСe early stages of adenomas, M1 macropСages accumulate ТnsТde tСe tumor over Mβ macropСages, 

possТbly as a response to tСe dТsruptТon of tСe epТtСelТal barrТer ТntegrТty [64]. M1 populatТon Тn adenomas 

Тs cСaracterТzed by expressТon of CCLγ, CCL4, CXCLβ, and CCL19, as confТrmed by tСe researcС of 

WТerzbТckТ J. et al  65. WТtС an Тncrease Тn tСe malТgnant potentТal from СyperplastТc tСrougС tubular and 

tubulo-vТllous to vТllous polyps, tСe expressТon of CCLγ, CCL4, and CCL19 Тn lesТons decreased. 

SТmТlar dynamТcs were observed not only Тn polyps but also Тn adjacent normal mucosa [65].  

As tСe lesТon sТze Тncreased, tСe expressТon of CCLγ, CCL4, and CCL19 decreased, wСereas tСe 

expressТon of CXCLβ Тncreased Тn tСe unaffected parts of tСe colon. [65]. AddТtТonally, CXCLβ, a 

cСemoattractant for myeloТd-derТved suppressor cells (MDSCs), suppresses tСe expansТon and actТvТty 

of antТ-tumor effectors, sucС as T and NK cells. [65, 66 ,67]. TСere are conflТctТng data regardТng expressТon 

of CXCLβ by M1 - Mβ- or botС types of macropСages [68 ,69] or by botС types  of macropСages [70]. 

TСere Тs an Тncreased productТon of MMP9 and MMPβ by macropСages Тn CA, wСТcС are 

Тnvolved Тn extracellular matrТx remodellТng and promote transformatТon of CA Тnto CRC. MMP+ 

macropСages sСare markers of M1 and Mβ types and probably belong to transТtТonal cells between tСem 

[71].  

FurtСermore, Тn tСe case of adenoma progressТon towards CRC, tСere Тs a predomТnance of F4/80-

HТgС MHCII-Low macropСages (cСaracterТstТc of embryonТc tТssues, decreasТng Тn tСe post-embryonТc 

perТod) over tСe F4/80-HТgС MHCII-HТgС. F4/80-HТgС MHCII-Low macropСages sСare expressТon of 

Mβ markers (eg., ARG1) wТtС many glycolytТc genes typТcal for M1 macropСages and consТstently 

demonstrate sТmultaneous expressТon of M1 and Mβ macropСage markers [7β ,7γ].  
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Late-stage adenomas are cСaracterТzed by predomТnance of Mβ macropСages over M1 type, 

Сowever, botС types of macropСages contrТbute to creatТng a favourable pro-tumor mТcroenvТronment 

[74].  

CCRβ-Тndependent subset of macropСages (predomТnantly Mβc subtype) Тn CA become tСe 

domТnant subset among resТdent macropСages and even more abundant after transformatТon Тnto tumor. 

AnalysТs of CA Сas sСown tСat CSF1 from neТgСbour cells of tСe adenoma mТcroenvТronment, Тs a key 

factor Тn macropСage self-renewal [7β]. TСus, tСe mТcroenvТronment creates an Тsolated nТcСe for tТssue-

resТdent Mβ macropСages, wСТcС promotes tСeТr survТval and self-renewal [7β ,75]. 

TСe transformatТon of adenoma Тnto CRC Тs drТven by genetТc cСromosomal ТnstabТlТty (CIN), 

mТcrosatellТte ТnstabТlТty (MSI), and epТgenetТc metСylatТon alteratТons, ТncludТng and cСanges Тn 

epТtСelТal cells [76]. CIN promotes an antТ-cancer M1-lТke macropСage pСenotype, enСancТng Тmmune 

responses [77], wСТle tСe IL-1α/IL1R/MyD88/TETβ axТs regulates DNA metСyltransferases (DNMT) 

sucС as DNMT1 and DNMTγb metСylatТon Тn macropСages, ТnfluencТng tСeТr dТrect of polarТzatТon [78]. 

OverexpressТon of DNMTs Тn tumor cells downregulates tumor suppressor genes, promotТng tumor 

progressТon, wСТle Mβ macropСages can Тnduce DNMT1 overexpressТon, furtСer sТlencТng tumor 

suppressors [79; 80]. Late-stage adenoma progressТon Тs marked by dysregulated DNMT 

metСylatТon/demetСylatТon, sСТftТng macropСages toward an Mβ pСenotype tСat enСances (vascular 

endotСelТal growtС factor) VEGF and TGF-ȕ productТon, supportТng tumor survТval and metastasТs [81]. 

Non-codТng RNAs, ТncludТng mТR-155 and mТR-145, also regulate adenoma-to-CRC transformatТon [8β]. 

mТR-155 promotes M1 macropСage polarТzatТon, potentТally ТnСТbТtТng CRC progressТon [8γ] , wСТle 

mТR-145 drТves Mβ polarТzatТon by enСancТng IL-10 productТon vТa HDAC11 targetТng and Тs transferred 

to macropСages vТa extracellular vesТcles (EVs) [84]. 

 

5. Macrophages in primary CRC 

TСe antТ-cancer response of macropСages Тs trТggered by tСe recognТtТon of cancer cells, wТtС a 

key role played by TLRs, partТcularly TLR4, wСТcС recognТze danger-assocТated molecular patterns 

released by cancer cells. At tСТs stage, macropСages can pСagocytТze botС apoptotТc and lТve cancer cells, 

followed by antТgen presentatТon to T-cells [85]. PСagocytosТs of apoptotТc tumor cells (efferocytosТs) Тs 

prТmarТly assocТated wТtС Mβ macropСages, able to  recognТze "eat me" sТgnals on apoptotТc tumor cells 

[86]. PСagocytosТs of vТable tumor cells Тs regulated by botС pro-pСagocytТc "eat me" (calretТculТn and 

SLAMF7) and antТ-pСagocytТc "don't eat me" sТgnals (CD47, PD-L1, and ȕβ-mТcroglobulТn) on tСe 

tumor cell surface. CD47 Тs a key "don't eat me" sТgnal tСat ТnСТbТts pСagocytosТs by bТndТng to SIRPα 

on macropСages [87 ,88]. BlockТng CD47 or otСer antТ-pСagocytТc sТgnals can enСance tСe clearance of 

vТable tumor cells by macropСages, wСТcС Тs beТng explored as a antТcancer ТmmunotСerapy strategy 

[89 ,88]. Some vТable tumor cells can evade pСagocytosТs tСrougС enСanced expressТon of tСese antТ-
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pСagocytТc sТgnals. [87]. PСagocytosТs of vТable tumor cells by macropСages can sometТmes lead to tСe 

formatТon of tumor СybrТd cells, wСТcС may acquТre survТval advantages and contrТbute to cancer 

progressТon [90]. 

MajorТty of TAMs present antТgen Тn tСe context of MHC II molecules to CD4+ T cells, wСereas 

some macropСages, partТcularly of tСe M1 pСenotype, can cross-present tumor antТgens to CD8+ T cells 

vТa MHC class I molecules [91]. 

 

Drivers of macrophage polarization in CRC 

TСe recognТtТon of tumor cells trТggers macropСage polarТzatТon, wСТcС Тs Тnfluenced by botС 

macropСage-ТntrТnsТc genetТc and epТgenetТc factors and Тs extensТvely regulated by tСe TME [9β]. 

DependТng on tСe molecular cues tСese modТfТcatТons can eТtСer suppress or promote CRC progressТon 

[9γ]. In CRC, factors sucС as tСe IL-1α/IL1R/MyD88/TETβ axТs, PAD4, MMP14, MMP9, MMPβ, VEGF, 

HIF-1α, argТnase-1, cytokТnes (IL-4, IL-5, IL-1γ), and cСemokТnes (CCLβ, CCLγ, CCL4, CCL5, 

CXCL1β) contrТbute to macropСage polarТzatТon [ 94,  95] TСese sТgnals modulate transcrТptТonal actТvТty 

Тn macropСages tСrougС DNA metСylatТon, СТstone modТfТcatТons, and mТRNAs, playТng a crТtТcal role 

Тn sСapТng macropСage functТon wТtСТn CRC [9γ, 78].  

 

TranscrТptТon factors (TF)  

Key transcrТptТon factors Тnvolved Тn M1 polarТzatТon Тnclude IRF1 and IRF5, wСТcС medТate tСe 

productТon of Тnflammatory cytokТnes TNF-α, IL-6, and IL-1β, and also NF-κB and IRF8 (FТg. γ) [96 , 
ϵϳ, 98]. Members of STAT-famТly of TF (STAT1, STATβ, STAT4 and STAT5) are also Тmportant for M1 

polarТzatТon [99]. STAT1 Тs actТvated by IFN-Ȗ, promotТng tСe expressТon of pro-Тnflammatory genes [100]. 

Contrary, IRF-γ and IRF-4 promote Mβ polarТzatТon [101]. Also STATγ and STAT6 proteТns are central 

to Mβ polarТzatТon. STAT6 Тs actТvated by IL-4/IL-1γ, promotТng tСe expressТon of Mβ markers lТke tСe 

mannose receptor and PPARȖ. IRF4 competes wТtС IRF5 and upregulates STAT6 [10β , 10γ]. 
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Figure 3. TranscrТptТon and epТgenetТc factors determТnТng tСe dТrectТon of M1/Mβ polarТzatТon 

of macropСages.  
 

DNA metСylatТon and demetСylatТon 

Two types of DNA metСyltransferases (DNMTs), enzymes wСТcС are responsТble for metСylatТon, 

promote macropСage polarТzatТon Тnto M1 type: DNMT1 and DNMTγb (FТgure γ). DNMT1 plays a 

crucТal role Тn M1 actТvatТon by suppressТng tСe expressТon of Krüppel-lТke factor 4 (KLF4) and 

suppressor of cytokТne sТgnalТng 1 (SOCS1), enСancТng tСe secretТon of proТnflammatory cytokТnes sucС 

as TNFα and IL-6 [79, 104]. DNMTγb targets and ТnСТbТts tСe PPARȖ promoter, a posТtТve regulator of 

Mβ macropСage polarТzatТon [105]. Knockdown of DNMTγb can promote Mβ polarТzatТon [80]. 

DemetСylatТon Тs equally Тmportant and Тs controlled by ten-eleven translocatТon (TET) enzymes, 

specТfТcally TET1, TETβ, and TETγ, wСТcС oxТdТze 5-metСylcytosТne (5mC) to 5-

СydroxymetСylcytosТne (5СmC), leadТng to tСe eventual removal of tСe metСyl group [106]. TСe 

demetСylatТon leads to Mβ macropСage polarТzatТon [107]. TСe balance between DNMT and TET actТvТty 

Тs crucТal for maТntaТnТng macropСage M1/Mβ plastТcТty [108]. DNMT ТnСТbТtТon may also promote an 

ТmmunosuppressТve envТronment by sСТftТng macropСages toward tСe Mβ pСenotype, wСТcС can support 

tumor growtС [109]. On tСe otСer Сand, demetСylatТon can also facТlТtate tСe actТvatТon of pro-

Тnflammatory genes, promotТng M1 macropСage polarТzatТon Тn response to certaТn Тnflammatory sТgnals. 

In M1 macropСages, Тncreased TET actТvТty can lead to tСe expressТon of key cytokТnes and 

Тnflammatory markers, contrТbutТng to tСeТr antТ-tumor functТon. DNMT ТnСТbТtors, sucС as azacТtТdТne 

and decТtabТne, promote demetСylatТon and reactТvatТon of sТlenced genes, makТng tСem useful Тn 

antycancer tСerapy  [110] . TСese ТnСТbТtors could also enСance tСe M1 macropСage response, potentТally 

ТmprovТng tСe effectТveness of Тmmune-based cancer treatments [80].  
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HТstone modТfТcatТons 

HТstones are subjected to post-translatТonal modТfТcatТons sucС as metСylatТon, acetylatТon, 

pСospСorylatТon, and ubТquТtТnatТon. TСese modТfТcatТons can Тnfluence cСromatТn structure, affectТng 

gene expressТon and alterТng tСe accessТbТlТty of dТfferent DNA sТtes for transcrТptТon factors. HТstone 

metСyltransferases (HMTs) play a specТfТc role Тn macropСage polarТzatТon (FТg. γ). For example, 

SET7/9 actТvates NF-κB, promotТng M1 polarТzatТon by ТnducТng TNF-α productТon. SMYDβ, anotСer 

HMT, ТnСТbТts M1 polarТzatТon by regulatТng pro-Тnflammatory cytokТnes [108]. In contrast, SMYDγ 

promotes Mβ polarТzatТon by actТvatТng patСways tСat lead to Mβ macropСage pСenotypes  [111]. PRMT1, 

an argТnТne metСyltransferase, Тs Тnvolved Тn botС M1 and Mβ polarТzatТon tСrougС dТfferent mecСanТsms  

[108]. HТstone acetyltransferases (HATs), sucС as Pγ00/CBP, and СТstone deacetylases (HDACs) also 

Тnfluence macropСage polarТzatТon [11β]. Pγ00/CBP Тs crucТal for Mβ macropСage polarТzatТon [11β], 

wСТle HDACγ supports M1 actТvatТon [11γ]. 

ncRNA  

Non-codТng RNAs (ncRNAs) can regulate gene expressТon and maТntaТn tСe balance between 

M1 and Mβ macropСages by modulatТng transcrТptТon, translatТon, and mRNA splТcТng. mТR-155 and 

mТR-145 are partТcularly Тmportant Тn regulatТng tСe dТrectТon of M1/Mβ macropСage polarТzatТon [114 
115]  (FТg. γ). VarТous otСer ncRNAs, ТncludТng cТrcRNAs and lncRNAs, also play sТgnТfТcant roles Тn 

macropСage polarТzatТon by ТnfluencТng key sТgnalТng patСways sucС as NF-κB and tСe mТR-ββ4-5p/IL-

γγ axТs. TСese regulatory networks contrТbute to tСe complex dynamТcs of macropСage polarТzatТon 

wТtСТn tСe tumor mТcroenvТronment [116, 108]. 

EpТgenetТc regulatТon plays a crucТal role Тn sСapТng macropСage functТon wТtСТn tСe tumor 

mТcroenvТronment, ТnfluencТng tСeТr polarТzatТon and secretory profТles. Among tСe key targets of tСТs 

regulatТon are ECM-modТfyТng enzymes, ТncludТng MMPs and ADAM famТly proteases. ncRNAs sucС 

as mТRNAs, cТrcRNAs, and lncRNAs modulate tСe expressТon of genes Тnvolved Тn ECM remodelТng 

by dТrectly or ТndТrectly regulatТng MMP actТvТty [ϭϭϳ]. 

TСrougС epТgenetТc mecСanТsms, macropСages can fТne-tune tСe expressТon of proteolytТc 

enzymes, tСereby ТnfluencТng tumor ТnvasТon, metastasТs, and Тmmune evasТon. InterestТngly, numbers 

of MMP+ and ADAM8+ TAMs Тn CRC are correlated, wТtС botС populatТons secretТng dТsТntegrТn and 

metalloprotease domaТn 8 (ADAM8). ADAM8 plays a key role Тn actТvatТng MMPs, wСТcС leads to 

matrТx remodellТng and promotes tumor ТnvasТon. AddТtТonally, ADAM8 proteТns are Тnvolved Тn cell 

mТgratТon, adСesТon, and membrane sСeddТng, processes tСat are crТtТcal for metastatТc spread. InСТbТtТng 

tСe actТvТty of ADAM8 and MMPs Сas been sСown to Тmpede tСe ТnvasТve and mТgratory capabТlТtТes of 

drug-resТstant CRC cells. As sucС, ADAM8 may serve as a potentТal macropСage-related bТomarker Тn 

CRC, warrantТng furtСer ТnvestТgatТon. [118] 
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IL-10 and TGF-ȕ also contrТbute to creatТng an ТmmunosuppressТve envТronment by ТnСТbТtТng 

functТon of cytotoxТc T cells, enСancТng tСe recruТtment of MDSCs and promotТng regulatory B cells. 

[119].  

TAMs of M1 pСenotype, albeТt less numerous, dТsplay maТnly antТ-tumor effects and Сave been 

assocТated wТtС a favorable prognosТs Тn CRC [1β0 ,1β1].  

Presence of mТxed M1/Mβ macropСages (especТally CD68+, CD80+, MHC-II+) Тn tСe TME Тs 

assocТated wТtС reduced frequencТes of lТver metastasТs [1ββ ,1βγ]. HТgС ТnfТltratТon of CD68+ TAMs Сas 

been suggested as a favorable prognostТc marker Тn CRC [1β4].  

BesТdes, Тn tСe early stages of CRC, M1 macropСages synergТze wТtС Mβ macropСages to 

partТcТpate Тn angТogenesТs tСrougС secretТon of VEGF and ТNOS. TСen densТty of CDβ06+, CD16γ+ 

Mβ macropСages, wСТcС secrete PDGF-B and СТgС levels of MMP-9, gradually Тncreases, wСТcС Тs 

necessary for tСe maturatТon of growТng blood vessels and remodellТng of tСe vascular network. PDGF-

B facТlТtates tСe recruТtment of perТcytes, wСТcС contrТbute to stabТlТzatТon of sprouts and tСeТr evolutТon 

Тnto mature vessels [1β5 ,1β6]. Overall, Тncreased angТogenesТs Тn tumors Тs often consТdered an 

unfavorable prognostТc factor, contrТbutТng to tСe progressТon and metastasТs of CRC. Several studТes 

Сave ТdentТfТed CDβ06 as a potentТal bТomarker assocТated wТtС poor prognosТs Тn CRC  [1β7, ϭϮϴ, 1β5]. 

However, otСer studТes Сave demonstrated tСat a СТgС densТty of certaТn Mβ pСenotypТc markers, 

partТcularly CDβ06+ and CD16γ+ TAMs, posТtТvely correlates wТtС a prolonged relapse-free Тnterval Тn 

CRC patТents. AddТtТonally, Тt predТcts lower tumor malТgnancy and a reduced number of lympС node 

metastases Тn CRC patТents. [1β6 ,40]. In experТmental tumor growtС models and Тn otСer cancer types 

Сave observed a sТmТlar trend [1β9]. For Тnstance, an Тncreased presence of CDβ06+ TAM Тn tumor tТssue 

Сas been assocТated wТtС a reductТon Тn tumor burden Тn syngeneТc mouse tumor models. AddТtТonally, a 

СТgС densТty of CDβ06+ macropСages Сas been lТnked to Тmproved overall survТval Тn patТents wТtС 

cutaneous melanoma. TСТs pСenomenon can be explaТned by "vascular normalТzatТon," wСere Тn 

stabТlТzed and matured vessels prevent tumor cells from ТnfТltratТng tСe vascular network [1γ0 ,1γ1]. TСТs 

explaТns tСe conflТctТng data regardТng tСe prognostТc role of Mβ Тn CRC.  

Recent studТes Сave ТdentТfТed a subset of secreted pСospСoproteТn 1 (SPP1), also known as 

osteopontТn)-posТtТve macropСages wТtСТn tСe tumor tТssue, wСТcС possess unТque cСaracterТstТcs and 

ТmmunosuppressТve propertТes [1γ1]. SPP1 Тs expressed by botС tСe Mβ- and M1-macropСages. SPP1+ 

TAMs are prТmarТly found at tСe ТnvasТve front Тn close proxТmТty to botС CRC cells and fТbroblasts, 

wСere tСey contrТbute to EMT, angТogenesТs, tumor growtС, ТnvasТon and metastasТs [1γ1, 1γβ]. Targeted 

downregulatТon of SPP1+ Тn TAMs was tested as a potentТal tСerapeutТc  strategy [ϭϯϯ]. It was found tСat 

SPP1+ TAMs dТfferentТate from THBS1+ TAMs, wСТcС are also markers of poor prognosТs Тn CRC. 

TypТcally, THBS1+ TAMs are assocТated wТtС tСe Mβ pСenotype. THBS1 Тs СТgСly expressed Тn tСe 
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stromal areas of botС prТmary and metastatТc CRC lesТons, Тt Тs responsТble for exСaustТon of cytotoxТc 

T-cell and Тmpaed vascularТzatТon, correlatТng wТtС tСe aggressТveness of tСe dТsease [1γ1]. 

TСe aforementТoned ТndТcates tСat usТng a sТngle marker does not allow dТfferentТatТng between 

TAMs of dТfferent pСenotypes, often antagonТstТc (Table γ). In Table γ, tСe cross-expressТon of M1 and 

Mβa–d macropСage markers Тs demonstrated. MultТplex staТnТng usТng a set of markers sСould be used 

to cСaracterТze TAMs [1β8]. Wang et al., β0βγ Сave demonstrated recently tСat markers of M1 

macropСages (NOSβ, CXCL10, CD11c) were weakly expressed botС Тn tСe ТnvasТve front and Тn tСe 

tumor center (TC), wСТle markers of Mβ (CD16γ, CDβ06, CD115) were prТmarТly expressed Тn tСe 

ТnvasТve front Тn prТmary CRC. CRC patТents wТtС low expressТon of M1 markers or СТgС expressТon of 

Mβ markers demonstrated poor prognosТs. NotewortСy, tСe prognostТc value of a combТnatТon of 

dТfferent markers (NOSβ/CXCL10/CD11c or CD16γ/CDβ06/ɋD115) was СТgСer tСan tСat of a sТngle 

marker [1β8]. 

Table γ 

Overlapping markers between M0 and M1- or M2-macrophages and between M2-

subphenotypes 

M0* ADGRE1 CCRβ 
(CD19β) 

CD14 CD68 CSF1R 

(CD115) 

ITGAM 

(CD116) 

SPP1 PPARG CXCR1 F4/80   

 

 

 

M1 

CD11c FCGRIA 
(CD64) 

CD80 CD86 ТNOS CD40 

CXCL10 

 

MHC-II TLR-β TLR-4 TLR-8 MRP8 

IL-10R 

 

IDA SPP1 VEGF IL1R1  

 

 

 

M2a 

MHC-II 
 

SPP1 THBS1 IDA CD16γ CDβ06 

CDβ00R CLEC7A 

(CDγ01) 
CDγ6 CDβ09 FCGRγA 

(CD16) 

MSR1 

(CDβ04) 

TIMD4 CDβ06 

 

FIZZ1 Arg1 SPP1 CD155 

 

 

M2b 

CD86 MHC-II IL1R1 IL-10R 

 

CDβ09 MSR1 

(CDβ04) 

IDA PDCD1LG THBS1    

 

 

 

M2c 

TLR-β 

 

TLR-4 TLR-8 CD16γ CDβ06 FCGRIA 

(CD64) 

MSR1 
(CDβ04) 

THBS1     

 

M2d ТNOS VEGF MSR1 

(CDβ04) 
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Overlap between M1 and Mβ                     Overlap between Mβ subtypes 

* TСe overlap of between M0 and M1 or Mβ pСenotypes was not analysed due to tСe presence 

of transТtТonal forms 

 

Macrophages and tumor microarchitecture 

Beyond tСe complexТty of tСe varТous polarТzatТon states, macropСages Тn dТfferent regТons of 

CRC also can play opposТng roles [1γ4, 40, 94]. TСe plastТcТty of TAMs allows for dynamТc transТtТons 

between M1 and Mβ types Тn response to mТcroenvТronmental sТgnals. In tСe tumor center, wСТcС Тs 

cСaracterТzed by a СТgС degree of genetТc ТnstabТlТty, cellular prolТferatТon and СypoxТa, TAMs are mostly 

polarТzed Тnto an Mβ-lТke type [1γ4]. TСe ratТo of M1 to Mβ macropСages may Тnfluence tСe progressТon 

and metastasТs of CRC and Тs regarded as a prognostТc marker [94]. 

TСe tumor ТnvasТve margТn (TIM) Тs tСe area wСere cancer cells actТvely Тnvade tСe surroundТng 

tТssue, tСus exСТbТtТng a more aggressТve and ТnvasТve pСenotype. PТnto et al. detected domТnance of 

CD16γ+ TAMs Тn tСe ТnvasТve front and CD80+ TAMs Тn Тntratumoral regТon (IT) and ТnvasТve front 

[1γ5]. Compared to TAMs Тn tСe tumor core, tСey often dТsplay a more complex, mТxed (M0, M1 and Mβ) 

pСenotype, wСТcС reflect tСeТr adaptabТlТty to tСe dynamТc envТronment at tСe tumor-Сost Тnterface [1γ6]. 

Several studТes Сave establТsСed a correlatТon between types of TAMs and tСeТr abundance Тn ТnvasТve 

front wТtС tСe clТnТcal and patСologТcal features of CRC. E.g., tСe number of Mβ TAMs, predomТnantly 

CD16γ-posТtТve, Тn TIM Тncreases as tumor advanced. HТgС numbers of Mβ TAMs Тn TIM correlated 

wТtС low СТstologТcal dТfferentТatТon, lympСovascular ТnvasТon and lympС node metastasТs. AddТtТonally, 

Тt was found tСat a СТgСer M1/Mβ ratТo Тn tСe TME, partТcularly at tСe ТnvasТve front, correlates wТtС a 

better prognosТs and reduced metastatТc rТsk [1γ7 ,1γ8]. Inner and outer layers of TIM Сave dТfferent tТssue 

arcСТtecture and dТfferent Тmmune landscape [1γ9]. Moreover, Тmmune cells (CD4, CD8, CDβ0, FoxPγ, 

CD45RO,  pan-cytokeratТn (pan-CK), a NK/macropСage panel encompassТng CD56, NKp46, CDγ, 

CD68, CD16γ, and pan-CK, a dendrТtТc cell panel wТtС CDγ, CD1a, CDβ08, CD1βγ, CD68, CD15, wТcС 

studТed by Artur MezСeyeuskТ et al., β0β1  of tСe sТngle type, beТng located Тn Тnner and outer layers may 

sСow dТfferent prognostТc assocТatТons [140, 141]. Tumor stage stratТfТcatТon revealed tСat TAMs, especТally 

CD16γ+, were more abundant Тn TIM of Tγ tumors, wСereas CD80+ macropСages predomТnated Тn less 

ТnvasТve T1 tumors. PartТcularly Тn stage Tγ-T4 CRC, a СТgСer CD68/CD16γ ratТo and a lower 

CD80/CD16γ ratТo were assocТated wТtС decreased overall patТent survТval [1γ5].  

TСe perТtumor zone (PT) Тs adjacent to tСe ТnvasТve margТn. DetermТned by tСe deptС of tСe 

ТnvasТon PT regТon may Тnclude submucosa, muscularТs proprТa and subserosal fat. Immune cells Тn tСТs 

regТon play a crucТal role Тn tumor progressТon, ТnvasТon, and metastasТs, as well as Тn sСapТng tСe 

Тmmune response agaТnst tСe tumor. TertТary lympСoТd structures, wСТcС are enrТcСed Тn CD68+ 
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macropСages are frequently seen Тn PT [14β]. TAMs Тn tСe PT can Тnteract wТtС fТbroblasts, endotСelТal 

cells, and otСer Тmmune cells to modulate angТogenesТs, Тmmune responses, and support tСe growtС of 

tСe tumor stroma [14γ]. TAMs Тn PT area can co-express a range of botС M1 and Mβ markers, ТncludТng 

CD68, CD16γ, and CDβ06, reflectТng tСeТr Тnvolvement Тn botС pro- and antТ-Тnflammatory actТvТty.. 

[144 ,1γ6]. 

To summarТze, TAMs Тn TC and PT predomТnantly exСТbТt Mβ-lТke pСenotype, promotТng tumor 

progressТon and mТgСt enСance ТmmunosuppressТon or support tumor cell survТval under СypoxТc 

condТtТons.  TAMs Тn ТnvasТve front may demonstrate a more complex pСenotype tСat supports botС 

tumor growtС and antТ-tumor ТmmunТty, wСТcС Тs crucТal for ТnvasТon and metastasТs of tumor cells  

[1γ5 ,ϭϰϱ]. 

ConflТctТng data regardТng predomТnant pСenotype of TAMs pСenotypes Тn CRC can be 

explaТned from tСe perspectТve of CMS, wСТcС are based on dТfferentТal gene expressТon Тn tСe TME. 

TСe CMS Тn CRC are recognТzed accordТng to genetТc modТfТcatТons and Тntratumoral Тmmune profТlТng: 

CMS1 (MSI Тmmune), CMSβ (canonТcal), CMSγ (metabolТc), CMS4 (mesencСymal) [ϭϰϲ ,147]. CMS1 Тs 

cСaracterТzed by mТcrosatellТte ТnstabТlТty followed by Тmmune actТvatТon and dense ТnfТltratТon by CD8 

T-cells, CD4 memory T-cells, TС1, follТcular Сelper T-cells, Ȗδ T-cells, as well as actТvated DCs and NK 

cells [146 ,147]. MacropСages Тn tСТs CRC subtype are predomТnantly polarТzed towards tСe M1 pСenotype 

[145]. CMSβ Тncludes tumors wТtС actТvated WNT and MYC sТgnalТng patСways, wСТle CMSγ Тs 

cСaracterТzed by profound metabolТc dysregulatТon and frequent KRAS mutatТons. TСey are 

cСaracterТzed by weak Тmmune cells ТnfТltratТon. MТxed M1/Mβ macropСage pСenotypes prevaТl Тn tСese 

CMSβ and CMSγ subtypes. TСe pro- and antТ-tumor effects of macropСages are determТned by tСe 

apparent M1/Mβ ratТo and mТgСt vary dependТng on tСe metabolТc envТronment [145]. CMS4 Тncludes 

tumors cСaracterТzed by EMT, assocТated wТtС matrТx remodelТng, strong stromal actТvТty, TGF-ȕ 

patСway actТvatТon, and angТogenesТs. CMS4 exСТbТts fewer CD8 and CD4 T-cells and more Tregs, 

monocytes, eosТnopСТls, myeloТd cells, and restТng dendrТtТc cells (DCs) compared to CMS1 tumors. 

MacropСages predomТnantly Сave an Mβ pСenotype creatТng a pro-tumor mТcroenvТronment [148]. It Тs 

also necessary to consТder tСe presence of mТxed CRC subtypes and tСe potentТal for one subtype to 

transТt Тnto anotСer. In sucС cases, Тt becomes cСallengТng to assess tСe domТnance of M1 or Mβ 

macropСages and tСeТr contrТbutТon to prognosТs. TСerefore, studyТng tСe bТologТcal role of specТfТc 

macropСage markers and tСeТr Тmpact on tumor progressТon or regressТon appears to be partТcularly 

relevant [148]. 

 

6. Role of macrophages in regional lymph node (RLN) metastases 

RLN metastasТs occurs Тn several stages: (1) ТnТtТatТon of lympСangТogenesТs Тn tСe prТmary tumor,  

(β) mТgratТon of fТrst tumor cells along wТtС Тmmune cells tСrougС lympСatТc cСannels toward draТnТng 
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lympС nodes, (γ) ТnТtТatТon of lympСangТogenesТs Тn tСe RLN, (4) formatТon of a pre-metastatТc nТcСe Тn 

RLN, (5) prolТferatТon of tumor cells Тn tСe RLN parencСyma. At eacС of tСese stages, macropСages play 

a specТfТc role Тn regulatТng, ТnТtТatТng, or suppressТng tСe aforementТoned processes [149 ,150]. 

TСe role of Mβ macropСages (especТally Mβd) Тn tСe productТon of VEGF-C, wСТcС Тn turn Тs an 

Тnducer of lympСangТogenesТs, Тs well known [151]. Also, VEGF-C can bТnd to VEGFReceptorγ on 

lympСatТc vessels, ТnСТbТtТng vascular endotСelТal cadСerТn (CD144) expressТon and damagТng tСe 

endotСelТal barrТer, facТlТtatТng tumor cell entry Тnto lympСatТc vessels [15β]. A СТgС number of Mβ 

macropСages and A low number of M1 at tСe tumor ТnvasТve front correlate wТtС lympСovascular 

ТnvasТon, poor СТstologТcal dТfferentТatТon [141]. It Сas also been sСown tСat tСe Mβ/M1 ratТo Тs a more 

sТgnТfТcant predТctor of tСe rТsk of RLN metastasТs tСan tСe number of pan-, M1, or Mβ macropСages at 

tСe ТnvasТve front (IF). TСese fТndТngs suggest tСat Mβ TAMs at tСe ТnvasТve front may play a role Тn 

CRC progressТon from stage II to stage III [15β ,ϭϰϭ].  

HydrodynamТcs play a key role Тn tСe spread Тnto RLNs. Blood vessels Тn tСe tumor typТcally 

Сave abnormal permeabТlТty and blood flow, causТng plasma to accumulate Тn tСe extracellular spaces 

and ТmpaТrТng draТnage due to compressТon of local lympСatТcs [15γ ,154]. TСТs leads to elevated Тntratumor 

ТnterstТtТal fluТd pressure (IFP), creatТng an IFP gradТent tСat promotes tumor cell mТgratТon to tСe RLN 

[154]. It Сas been sСown tСat ТnterstТtТal flow polarТzes macropСages towards an Mβ-lТke pСenotype 

(CD16γ+, CDβ06+) tСrougС ТntegrТn/Src-medТated mecСan transductТon patСways ТnvolvТng STATγ/6 

[155]. In accordance wТtС tСТs flow-Тnduced polarТzatТon, Mβ macropСages exСТbТt a СТgСer mТgratТon rate. 

In addТtТon, ТnterstТtТal flow attracts Mβ macropСages to tumor masses, promotТng cancer cell ТnvasТon 

tСrougС tСe secretТon of MMPs and growtС factors, sucС as TGF-ȕ, wСТcС degrade tСe ECM and support 

tСe ТnvasТve and metastatТc potentТal of cancer cells. AddТtТonally, macropСages release 

ТmmunosuppressТve cytokТnes (e.g., IL-10), wСТcС suppress antТ-tumor Тmmune responses, furtСer 

contrТbutТng to tumor progressТon [ϭϱϮ, 155]. 

MacropСages, maТnly of Mβ subtypes, are naturally present Тn mesenterТc lympС nodes [156]. 

AddТtТonally, Mβ macropСages ТnfТltrate non-metastatТc RLNs prТor to metastasТs [157, 158]. Mβ 

macropСages are regarded as a source of angТogenТc factors (VEGF-C, ТNOS), wСТcС Тnduce 

lympСangТogenesТs and angТogenesТs Тn tСe RLNs, multТplyТng routes for metastasТs [141]. Also, Mβ 

macropСages play a sТgnТfТcant role Тn tСe formatТon of tСe premetastatТc nТcСe Тn RLN by ECM 

remodellТng vТa secreted MMP-9 [159]. In addТtТon, Mβ macropСages create an ТmmunosuppressТve 

envТronment Тn lympС nodes before metastasТs occurs, secretТng cytokТnes lТke IL-10 and recruТtТng 

regulatory T cells (CCR-6+Tregs) to tСe premetastatТc nТcСe [160]. ResearcС by YanpТng Wang et al., 

β0β1, demonstrated an Тncreased number of Mβb, Mβc, and Mβd macropСages (CD16γ+, CDβ06+, 

VEGF+, ТNOS+) Тn exposed RLN. FurtСermore, СТgСer numbers of Mβ macropСages were observed Тn 

RLNs wТtС macrometastases compared to tСose wТtС mТcrometastases [15β]. 
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AntТ-tumor effects of CD169+ macropСages Тn RLNs were also demonstrated.  It was establТsСed 

tСat tСe densТty of CD169+ macropСages Тn RLN Тs posТtТvely correlated wТtС tСe densТty of ТnfТltratТng 

T- or NK-cells Тn tumor tТssues, ТndТcatТng tСe sТgnТfТcance of CD169-posТtТve macropСages Тn antТ-

tumor Тmmune responses [161]. 

 

7. Role of macrophages in distant hematogenous metastases 

MacropСages can modulate dТstant CRC metastasТs at all sequentТal stages of tСТs process: 

ТnvasТon of tumor cells, angТogenesТs Тn pCRC, ТntravasatТon and survТval of tumor cells Тn tСe 

cТrculatory system, formatТon of pre-metastatТc nТcСes Тn dТstant organs, extravasatТon of tumor cells, 

colonТzatТon of tumor cells to establТsС mТcro-metastases, and prolТfe ratТon of tumor cells at tСe 

secondary sТtes [16β]. 

Invasion of CRC cells 

DurТng EMT, epТtСelТal-lТke, early prolТferatТng cancer cells lose tСeТr Тntercellular adСesТons and 

acquТre a fТbroblast-lТke pСenotype wТtС ТnvasТve and mТgratory propertТes, wСТcС Тs a prerequТsТte for 

metastasТs [16γ]. EMT can confer stem cell-lТke cСaracterТstТcs on cancer cells, enСancТng tСeТr abТlТty to 

ТnТtТate new tumors and resТst tСerapТes [164].  

Mβ-macropСages, as cells secretТng MMPs, TGF-ȕ and IL-8 play tСe key role Тn EMT [165 ,94]. 

However, M1 macropСages as a source of IL-6, TNF, and IL-1 are also necessary [166]. TСe cytokТnes 

produced by M1 and Mβ macropСages can work synergТstТcally to create a pro-EMT envТronment. For 

example, TNF-α (from M1) and TGF-ȕ (from Mβ) can cooperate to enСance EMT and stem cell-lТke 

propertТes Тn CRC cells tСrougС tСe NF-κB/TwТst axТs [ϭϲϳ ,ϭϲϴ].  

Angiogenesis in primary tumor  

AngТogenesТs plays a crucТal role Тn provТdТng nutrТents and oxygen to support tumor growtС and 

progressТon. Mβa and Mβd macropСages (ТNOS+, VEGF+ CDβ04+, CD16γ+) can secrete pro-

angТogenТc factors tСat Тnfluence formatТon of new blood vessels Тn prТmary tumor, tСeТr maturatТon and 

stabТlТzatТon [68]. 

M1 macropСages also contrТbute to angТogenesТs tСrougС secretТon of VEGF-A and FGFβ, wСТcС 

are essentТal for capТllary sproutТng [169]. For Тnstance, Тn a sТngle-cell atlas of tumour-ТnfТltratТng 

myeloТd cells, a cluster of TAMs wТtС an M1-lТke pСenotype coexТsts wТtС a macropСage subpopulatТon 

wТtС angТogenТc propertТes assocТated wТtС poor prognosТs  [170, 171]. Several studТes Сave sСown tСe joТnt 

contrТbutТon of M1 and Mβ macropСages to angТogenesТs and tumor progressТon [17β ,1β6]. ContrastТngly, 

BТ Y. et al. β0β0 reported tСat M1 macropСages may ТnСТbТt angТogenesТs and tumor growtС by promotТng 

tСe productТon of CXCL9, CXCL10, and CXCL11 Тn CRC, and tСeТr predomТnance may be consТdered 

as markers of favorable prognosТs Тn CRC [17γ]. 

Intravasation, circulation and extravasation of cancer cells 
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IntravasatТon and extravasatТon are pТvotal stages of tСe metastatТc cascade. Mβ macropСages 

play a leadТng role Тn tСese processes, wТtС mТnor contrТbutТon of M1 and transТtТonal M1/Mβ 

macropСages [174 ,1γγ]. DurТng ТntravasatТon, tumor cells detacС from tСe prТmary tumor and permeate 

Тnto blood vessels. MMPs remodel tСe stromal ECM and degrade tСe basement membrane, makТng tСe 

tumor stroma and endotСelТal barrТer more permТssТve for tСe ТntravasatТon of CRC cells [175]. EpТdermal 

growtС factor (EGF), predomТnantly secreted by CDβ06+ TAMs, can promote tСe ТnvasТon and mobТlТty 

of CRC cells, and actТvatТon of EGFR on tumor cells Тs necessary for ТntravasatТon to persТst [176]. VEGF 

produced by Mβ lТke TAMs can facТlТtate tСe ТntravasatТon and extravasatТon of tumor cells by alterТng 

tСe permeabТlТty of blood vessels [177].  

Importantly, TAMs can dТrectly "guТde" cancer cells to blood vessels (mТgratory macropСages) 

and Сelp tСem enter tСe bloodstream (sessТle perТvascular macropСages) [177]. TСe followТng sequence 

of events Сas been descrТbed: TGF-ȕ, produced by tumor tТssue, Тnduces expressТon of CXCR4 by TAMs. 

At tСТs stage, CXCR4⁺ TAMs Тnteract wТtС cancer cells and Тnduce tСe expressТon of actТn regulators, 

ultТmately leadТng to tСe formatТon of podosomes Тn TAMs and ТnvadopodТa Тn tumor cells. TСese 

specТalТzed structures facТlТtate extracellular matrТx degradatТon and enСance metastatТc spread. TСose 

mecСanТs  Сave been studТed Тn lung, ovarТan, breast, and prostate cancer metastases. [178 ,179]. Also, 

cСemokТne CXCL1β expressed by perТvascular fТbroblasts can attract CXCR4+ TAMs togetСer wТtС 

mobТle cancer cells to blood vessels. Upon enterТng tСe blood vessel, mТgratory TAMs dТfferentТate Тnto 

perТvascular macropСages (predomТnantly Mβ), promotТng vascular permeabТlТty and ТntravasatТon of 

tumor cells [180 ,179]. 

ResearcС suggests tСat macropСages may Сelp CRC tumor cells to survТve Тn tСe bloodstream by 

releasТng cytokТnes and cСemokТnes. Eg., IL-6 from botС M1 and Mβ macropСages can actТvate tСe JAK-

STATγ patСway, supportТng tumor cell survТval and growtС [181]  

In tСe lТver, Mβ-type macropСages, cСaracterТzed by CD16γ and CDβ06 markers, can produce 

Сepatocyte growtС factor (HGF) tСat bТnds to tСe c-Met tyrosТne kТnase receptor on tСe surface of 

mТgratТng tumor cells, potentТally promotТng tСeТr extravasatТon Тnto tСe lТver tСrougС actТvatТon of 

varТous sТgnallТng patСways, ТncludТng JAK/STATγ, MAPK, PIγK/AKT, and NF-κB [18β, 181, 18γ].  

The premetastatic niche (PMN) in the liver 

In CRC, tСe lТver serves as a prТmary sТte for dТstant metastases. TСe development of tСe PMN 

and tСe ТmprТntТng of macropСages wТtСТn tСТs nТcСe depend on EVs, wСТcС orТgТnate from tСe prТmary 

tumor and cТrculate Тn tСe blood.  IntegrТns on tСe surface of tumor-derТved exosomes are responsТble 

for organotropТsm, as tСeТr patterns correlate wТtС sТtes of metastasТs  [184]. EVs transport RNA, lТpТds, 

metabolТtes, or proteТns, wСТcС tСey can transfer to otСer cell types to modulate tСeТr pСenotype and 

functТons. Due to tСeТr dТverse molecular profТle, EVs Тnfluence tСe pre-metastatТc nТcСe by modulatТng 

Тmmune cells, remodellТng tСe ECM, and promotТng angТogenesТs.  In tСe lТver, for example, tumor-
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derТved exosomes contaТnТng mТR-9γ4 and mТR-1γ5a-5p bТnd to a subpopulatТon of CDβ06+ resТdent 

Kupffer cells (KC) [184 ,185, 186 ,187]. TСТs leads to enСanced expressТon of tСe fatty acТd transporter CDγ6 

and polarТzatТon of KC towards an antТ-Тnflammatory Mβ pСenotype, wСТcС contrТbutes to tСe formatТon 

of premetastatТc nТcСes by suppressТng PTEN and actТvatТng tСe PIγK/AKT sТgnallТng patСway. [188, 189]. 

KCs are present Тn botС tСe metastatТc TME and tСe normal lТver. TСeТr maТn dТfferences are 

presented Тn Table γ (supplementary fТle table γ). It Тs Тmportant to note tСat tСe pСenotypТc and 

functТonal dТfferences between KCs Тn tСe TME of metastasТs and normal lТver are not absolute, and 

tСere Тs СeterogeneТty wТtСТn tСe KC populatТon. AddТtТonally, tСe specТfТc roles of KCs may vary 

dependТng on tСe stage of metastasТs, tСe presence of otСer Тmmune cells, and tСe overall 

mТcroenvТronmental cues [190 ,191]. 

It Тs consТdered tСat tСe maТn types of macropСages Тn lТver metastases (LM) of CRC are Mβ 

macropСages (CDβ06+, CD16γ+, CD86+) and KCs, altСougС pan-macropСages (CD68+) and M1 

macropСage pСenotypes (prТmarТly CD86+) as well as transТtТonal forms were also reported [174 ,187].  

TСe domТnance of Mβ macropСages Тs assocТated wТtС poor prognosТs [19β]  (Supplementary fТle , Table 

4). 

Mβ macropСages are pТvotal Тn recruТtТng MDSCs to tСe lТver, wСТcС Тs a key step Тn PMN 

formatТon. CRC cell-derТved VEGF-A trТggers Mβ macropСages (especТally CD16γ and CDβ06) to 

produce CXCL1, attractТng CXCRβ-posТtТve MDSCs to tСe pre-metastatТc sТte, promotТng lТver 

metastasТs [19γ, ϭϵϰ] 

Also, macropСages can contrТbute to PMN formatТon by fusТng wТtС tumor cells, formТng 

"СybrТds tСat promote dТstant metastases. In mouse studТes, macropСage-melanoma СybrТds Тnjected Тnto 

mТce led to metastatТc lesТons Тn tСe pancreas [195]. TСese СybrТds may aТd Тn premetastatТc nТcСe 

formatТon, tСougС furtСer researcС Тs needed to clarТfy tСeТr role Тn extravasatТon and colonТzatТon for 

tСerapeutТc targetТng. 

Colonization of liver by tumor cells to establish micro-metastases 

In models usТng tСe Сuman breast cancer cell lТnes MDA-MB-4γ5, MDA-MB-βγ1, T47D, and 

MCF7, stТmulatТon of tСe CCLβ/CCRβ axТs Тn monocytes and macropСages Тncreased CCLγ gene 

transcrТptТon and proteТn productТon, wСТcС Тn turn promoted tСeТr retentТon at metastatТc sТtes [196]. 

Moreover, Тn colorectal cancer LM, tСe CCLγ/CCR1 axТs medТates dТrect bТndТng between macropСages 

and tumor cells, partly vТa an α4 ТntegrТn dependent mecСanТsm, wСТle CCRβ posТtТve Mβ macropСages 

drТve metastatТc progressТon; accordТngly, CCRβ medТated regulatТon of CCLγ Тs СТgСlТgСted as a 

potentТal tСerapeutТc target [197].  

CCRβ macropСages at tСe metastatТc sТte are capable of supportТng tСe followТng pro-metastatТc 

processes: CCRβ+ macropСages secrete factors lТke VEGF-A tСat Тncrease vascular permeabТlТty, 

facТlТtatТng tumor cell extravasatТon; tСey create a supportТve nТcСe for metastasТzТng tumor cells, 
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promotТng tСeТr survТval and prolТferatТon; CCRβ+ macropСages contrТbute to ТmmunosuppressТon Тn 

tСe metastatТc mТcroenvТronment [198 ,199]. AddТtТonally, as noted above, cancer-assocТated fТbroblasts 

(CAFs) polarТze TAMs to perform pro-tumor functТons Тn tСe prТmary tumor. SpecТfТcally, ZСang et al. 

(β019) demonstrated tСat CAFs secrete IL-8, attractТng cТrculatТng monocytes vТa tСe CXCRβ patСway, 

and also produce IL-6, wСТcС upregulates VCAM-1 expressТon on tumor cells—togetСer enСancТng 

monocyte adСesТon and drТvТng Mβ-lТke macropСage polarТzatТon tСat promotes Тmmune suppressТon. 

[β00]. In tСe case of metastasТs, CAFs and macropСages Тnteract, ТncreasТng tСe metastatТc potentТal and 

supportТng tСe colonТzatТon of ТncomТng tumor cells [β00 ,174]. 

Proliferation of tumor cells at the LM 

MacropСages contТnue to support tСe development of metastases and tСe prolТferatТon of tumor 

cells after tСe mТgratТon of tumor cells Сas occurred. It was sСown tСat predomТnantly Mβ macropСages 

Тn CRC LM (eТtСer free or Тn complex wТtС tumor cells) produce HGF, wСТcС tСrougС c-MET trТggers 

multТple downstream sТgnalТng cascades Тn tumor cells vТa MAPK, ERK1/β/MAPK, and RAS patСways 

tСat stТmulate cancer cell prolТferatТon [β01 ,β0β].  

In parallel wТtС tСТs, Mβ macropСages are recruТted Тnto tСe LM tСrougС bТndТng of tСe 

matrТcellular proteТn SPONβ. TСe expressТon of SPONβ posТtТvely correlates wТtС Mβ-TAM ТnfТltratТon 

Тn CRC tumors and Тs assocТated wТtС poor prognosТs Тn CRC patТents. FurtСermore, SPONβ promotes 

cytoskeletal remodelТng and transendotСelТal mТgratТon of monocytes by actТvatТng tСe ТntegrТn ȕ1/PYKβ 

axТs. SPONβ may ТndТrectly Тnduce Mβ polarТzatТon by upregulatТng cytokТnes, ТncludТng IL-10, CCLβ, 

and CSF1 expressТon Тn tumor cells. BlockТng Mβ polarТzatТon and depletТng macropСages suppressed 

SPONβ-Тnduced tumor growtС and ТnvasТon. Moreover, ТnСТbТtТon of tСe SPONβ/ТntegrТn ȕ1/PYKβ axТs 

ТmpaТrs transendotСelТal monocyte mТgratТon and TAM functТons tСat support cancer progressТon Тn 

vТvo.to α4ȕ1 ТntegrТn on M1 macropСages [β0γ]. 

WСen studyТng tСe pСenotypТc profТle of macropСages Тn metastasТs, Тt Тs essentТal to consТder 

tСe CMS subtypes of metastases. Some studТes Сave sСown tСat CMS subtype Тn metastases can dТffer 

from prТmary CRC [β04]. MetastatТc propensТty Тs СТgСer Тn CMS4-mesencСymal prТmary tumors and 

lower Тn CMS1 and, to a lesser extent, CMSγ subtypes. 90% of lТver metastases belong to one of two 

subtypes, eТtСer CMSβ-canonТcal or CMS4-mesencСymal.  

FТgure 4 sСows tСe domТnant macropСage pСenotypes Тn tСe adenoma-colorectal cancer-lТver 

metastasТs sequence, consТderТng tСe CMS subtypes. At tСe same tТme, adenoma-colorectal cancer-lТver 

metastasТs sequence are cСaracterТzed by sТgnТfТcant СeterogeneТty of macropСages, ТncludТng mТxed and 

transТtТonal forms, wСТcС must be taken Тnto account wСen assessТng tСeТr bТologТcal effects and dТsease 

prognosТs [β04].  
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ConclusionsDespТte tСe dТversТty of macropСage pСenotypes, ТncludТng tСeТr mТxed forms 

observed Тn botС adenoma and colorectal cancer, as well as Тts lТver metastases, tСe followТng pСenotypТc 

portraТt of macropСages can be outlТned Тn tСe sequence: normal mucosa (Mβ) – early adenoma (M1) – 

late adenoma (Mβ) – colorectal cancer and lТver metastases (tСe predomТnance of M1/Mβ Тs determТned 

by CMS subtypes)  (FТg. 4) 

MacropСages play a complex and multТfaceted role Тn CRC ТnТtТatТon, progressТon, and metastasТs. 

TСeТr plastТcТty allows tСem to exert botС pro- and antТ-tumor effects dependТng on tСe specТfТc TME 

and stage of dТsease. TСe tradТtТonal M1/Mβ paradТgm Тs oversТmplТstТc, as macropСages Тn tСe TME 

often dТsplay mТxed pСenotypes. Also, macropСage pСenotypes and functТons evolve tСrougСout CRC 

progressТon, from normal mucosa tСrougС adenoma to ТnvasТve carcТnoma and metastasТs. TСe spatТal 

dТstrТbutТon of macropСages wТtСТn tumors (e.g. tumor center vs ТnvasТve margТn) Тmpacts tСeТr 

functТonal roles and prognostТc sТgnТfТcance. MacropСages are actТve players Тn tСe metastatТc cascade, 

ТncludТng tСe stТmulatТon of angТogenesТs, ТntravasatТon, and extravasatТon of tumor cells, as well as tСe 

creatТon of pre-metastatТc nТcСes. 

 

FТgure 4. MacropСage M1/Mβ pСenotypes Тn tСe adenoma-colorectal cancer-lТver metastasТs 

sequence. (CytokТnes ТnfluencТng M1-Mβ macropСage polarТzatТon are ТndТcated above; transcrТptТonal 

and epТgenetТc factors are sСown below tСe Тmages). 

 

TСe complexТty and dТversТty of macropСages Тn lТver metastasТs underscore tСeТr pТvotal roles 

Тn cancer progressТon and СТgСlТgСt tСe potentТal for macropСage-targeted tСerapТes to Тmprove patТent 

outcomes [β05] 

GТven tСe СeterogeneТty of TAMs and tСe exТstence of geterogenТty advanced tecСnТques tСat 

enable spatТal vТsualТzatТon of dТstТnct macropСage pСenotypes a needed. One of tСe most promТsТng 

metСods currently Тs spatТal transcrТptomТcs (ST) [β06 ,1γ1]. ST allows sТmultaneous measurement of 
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tСousands of proteТns and genes wСТle maТntaТnТng spatТal context and enables unbТased dТscovery of 

novel macropСage subtypes, provТdes ТnsТgСts Тnto cell-cell ТnteractТons, and reveals functТonal states of 

macropСages Тn dТfferent tumor regТons. IntegratТon of spatТal transcrТptomТcs wТtС otСer omТcs data and 

advanced computatТonal metСods wТll be crucТal for fully elucТdatТng macropСage bТology Тn colorectal 

cancer and developТng more effectТve targeted ТmmunotСerapТes. 

DespТte tСe consТderable body of researcС on macropСage Тnvolvement Тn CRC, several gaps and 

ТnconsТstencТes remaТn unresolved. FТrst, tСe prognostТc sТgnТfТcance of Mβ macropСages contТnues to 

spark debate. WСТle numerous studТes assocТate elevated densТtТes of CD16γ+ or CDβ06+ adverse 

patТent outcomes, otСers studТes sСowed tСat Mβ macropСages can promote vessel “maturatТon” and 

potentТally Тmprove prognosТs by contrТbutТng to vascular normalТzatТon. SucС dТvergence lТkely stems 

from tСe fact tСat Mβ cells encompass multТple subtypes (e.g., Mβa, Mβb, Mβc, Mβd) and often exСТbТt 

mТxed pСenotypes wТtС overlappТng M1/Mβ markers Тn vТvo. In tСТs regard, future researcС sСould focus 

on expandТng standard ТmmunoСТstocСemТcal panels beyond CD16γ/CDβ06 and establТsСТng unТform 

crТterТa for subclassТfyТng macropСage populatТons botС at tСe proteТn and transcrТptome levels. 

Second, conflТctТng data persТst regardТng tСe role of M1 macropСages. TradТtТonally vТewed as 

antТ-tumor effectors, M1 cells can also foster cСronТc ТnflammatТon, promote epТtСelТal-to-mesencСymal 

transТtТon, and facТlТtate tumor dТssemТnatТon. TСТs “dual face” pСenomenon may result from contextual 

factors sucС as tumor regТon (center vs. ТnvasТve margТn vs. regТonal lympС nodes) and tСe specТfТc 

molecular subtype of CRC (CMS1 tСrougС CMS4). Future work must Тncorporate molecular subtypТng 

and spatТal transcrТptomТcs to clarТfy Сow dТstТnct TAM nТcСes Тnteract wТtС Сost tТssue, potentТally 

guТdТng novel prognostТc tools and targeted tСerapeutТc strategТes. 

A furtСer cСallenge lТes Тn reconcТlТng genetТc wТtС epТgenetТc determТnants of macropСage 

polarТzatТon. WСereas some data suggest tСat DNMT1/γb suppressТon skews cells toward an Mβ-type, 

otСer models ТmplТcate tСese enzymes Тn fosterТng M1-related Тnflammatory cascades. ElucТdatТng tСe 

full scope of DNA metСylatТon, СТstone modТfТcatТons, and non-codТng RNA regulatТon of TAM subsets 

wТll requТre longТtudТnal studТes Тn patТent-specТfТc organoТds and Тn vТvo models, ТntegratТng metСylome, 

transcrТptome, and proteome analyses of botС tumor and mТcroenvТronment. 

Lastly, tСe translatТonal potentТal of reprogrammТng macropСages remaТns underexplored Тn CRC. 

TСerapeutТc approacСes aТmed at blockТng “don’t eat me” sТgnals (e.g., CD47, PD-L1) or at convertТng 

Mβ to M1 pСenotypes Тn sТtu Сave yet to be systematТcally evaluated Тn tСe context of dТfferent TAM 

subtypes. MovТng forward, combТnТng multТ-marker pСenotypТng, spatТal bТology, and advanced 

epТgenetТc profТlТng offers a promТsТng route to resolve current controversТes, refТne patТent stratТfТcatТon, 

and pave tСe way for more precТse tСerapТes tСat Сarness tСe plastТcТty of macropСages to combat 

colorectal cancer. 
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Abbreviations 

ADAM8 – A dТsТntegrТn and metalloproteТnase domaТn 8 

AngТo-TAMs – pro-angТogenТc tumor-assocТated macropСages 

APCs – antТgen-presentТng cells 

CA – colorectal adenoma 

CIN – cСromosomal ТnstabТlТty 

CMS – consensus molecular subtype 

CRC – colorectal cancer 

CSF – colony-stТmulatТng factor 

DNMT – DNA metСyltransferases 

EGF – epТdermal growtС factor 

ECM – extracellular matrТx 

EMT – epТtСelТal-mesencСymal transТtТon 

GM-CSF – granulocyte-macropСage colony-stТmulatТng factor 

glyc-TAMs – glycolytТc tumor-assocТated macropСages 

HDACs – СТstone deacetylases 

HGF – Сepatocyte growtС factor 

HIFs – СypoxТa-ТnducТble factors 

HMTs – СТstone metСyltransferases 

IF – ТnvasТve front 

IFN-TAMs – Тnterferon-prТmed tumor-assocТated macropСages 

IFP – ТnterstТtТal fluТd pressure 

Inflam-TAMs – Тnflammatory cytokТne-enrТcСed tumor-assocТated macropСages 

IT – Тntratumoral regТon 

KCs – Kupffer cells 

KLF4 – Krüppel-lТke factor 4 

LA-TAMs – lТpТd-assocТated tumor-assocТated macropСages 

LPS – lТpopolysaccСarТde 

M-CSF – macropСage colony-stТmulatТng factor 

MSI – mТcrosatellТte ТnstabТlТty 

ncRNAs – non-codТng RNAs 

PGEβ – prostaglandТn Eβ 



Ϯϴ 

 

PMN – premetastatТc nТcСe 

PT – perТtumor zone 

Reg-TAMs – Тmmunoregulatory tumor-assocТated macropСages 

RLN – regТonal lympС node 

RTM-TAMs – resТdent tТssue macropСage-lТke tumor-assocТated macropСages 

scRNAseq – sТngle-cell RNA sequencТng 

SPP1 – secreted pСospСoproteТn 1 

TAMs – tumor-assocТated macropСages 

TBM – tТngТble body macropСages 

TGF-ȕ – transformТng growtС factor-beta 

TIM – tumor ТnvasТve margТn 

TLRs – Toll-lТke receptors 

TME – tumor mТcroenvТronment 

TF – transcrТptТon factors 

VEGF – vascular endotСelТal growtС factor 
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iŶ lǇŵph Ŷodes iŶ aŶti-tuŵoƌ iŵŵuŶe ƌespoŶses. CaŶĐer SĐi. ϮϬϭϳ;ϭϬϴ;ϯͿ:ϮϵϬ-Ϯϵϱ. 
doi:ϭϬ.ϭϭϭϭ/Đas.ϭϯϭϯϳ 

ϭϲϮ. Eŵile MH, Eŵile “H, El-Kaƌef AA, Eďƌahiŵ MA, Mohaŵŵed IE, Iďƌahiŵ DA. AssoĐiatioŶ ďetǁeeŶ the 
eǆpƌessioŶ of epithelial–ŵeseŶĐhǇŵal tƌaŶsitioŶ ;EMTͿ-ƌelated ŵaƌkeƌs aŶd oŶĐologiĐ outĐoŵes of 
ĐoloƌeĐtal ĐaŶĐeƌ. Updates Surg. ϮϬϮϰ;ϳϲ;ϲͿ:Ϯϭϴϭ-Ϯϭϵϭ. doi:ϭϬ.ϭϬϬϳ/sϭϯϯϬϰ-ϬϮϰ-Ϭϭϴϲϱ-ϵ 

ϭϲϯ. Bhoŵe R, EŵaduddiŶ M, Jaŵes V, et al. Epithelial to ŵeseŶĐhǇŵal tƌaŶsitioŶ iŶflueŶĐes fiďƌoďlast 
pheŶotǇpe iŶ ĐoloƌeĐtal ĐaŶĐeƌ ďǇ alteƌiŶg ŵiR-ϮϬϬ leǀels iŶ eǆtƌaĐellulaƌ ǀesiĐles. J EǆtraĐell VesiĐles. 
ϮϬϮϮ;ϭϭ;ϱͿ. doi:ϭϬ.ϭϬϬϮ/jeǀϮ.ϭϮϮϮϲ 

ϭϲϰ. Mittal V. Epithelial MeseŶĐhǇŵal TƌaŶsitioŶ iŶ Tuŵoƌ Metastasis. AŶŶual Reǀieǁ of PathologǇ: 
MeĐhaŶisŵs of Disease. ϮϬϭϴ;ϭϯ;ϭͿ:ϯϵϱ-ϰϭϮ. doi:ϭϬ.ϭϭϰϲ/aŶŶuƌeǀ-pathol-ϬϮϬϭϭϳ-Ϭϰϯϴϱϰ 

ϭϲϱ. Cai J, Xia L, Li J, Ni “, “oŶg H, Wu X. Tuŵoƌ-AssoĐiated MaĐƌophages Deƌiǀed TGF-β‒IŶduĐed Epithelial to 
MeseŶĐhǇŵal TƌaŶsitioŶ iŶ ColoƌeĐtal CaŶĐeƌ Cells thƌough “ŵadϮ,ϯ-ϰ/“Ŷail “igŶaliŶg PathǁaǇ. CaŶĐer 
Res Treat. ϮϬϭϵ;ϱϭ;ϭͿ:ϮϱϮ-Ϯϲϲ. doi:ϭϬ.ϰϭϰϯ/Đƌt.ϮϬϭϳ.ϲϭϯ 

ϭϲϲ. Gazzillo A, Polidoƌo MA, “oldaŶi C, FƌaŶĐesĐhiŶi B, Lleo A, DoŶadoŶ M. RelatioŶship ďetǁeeŶ Epithelial-
to-MeseŶĐhǇŵal TƌaŶsitioŶ aŶd Tuŵoƌ-AssoĐiated MaĐƌophages iŶ ColoƌeĐtal Liǀeƌ Metastases. IŶt J 
Mol SĐi. ϮϬϮϮ;Ϯϯ;ϮϰͿ:ϭϲϭϵϳ. doi:ϭϬ.ϯϯϵϬ/ijŵsϮϯϮϰϭϲϭϵϳ 

ϭϲϳ. Li Y, )hu G, )hai H, et al. “iŵultaŶeous stiŵulatioŶ ǁith tuŵoƌ ŶeĐƌosis faĐtoƌ-α aŶd tƌaŶsfoƌŵiŶg 
gƌoǁth faĐtoƌ-βϭ iŶduĐes epithelial-ŵeseŶĐhǇŵal tƌaŶsitioŶ iŶ ĐoloŶ ĐaŶĐeƌ Đells ǀia the NF-κB pathǁaǇ. 
OŶĐol Lett. Puďlished oŶliŶe MaƌĐh ϭϮ, ϮϬϭϴ. doi:ϭϬ.ϯϴϵϮ/ol.ϮϬϭϴ.ϴϮϯϬ 



ϯϵ 

 

ϭϲϴ. )haŶg Y, )hao Y, Li Q, WaŶg Y. MaĐƌophages, as a PƌoŵisiŶg “tƌategǇ to Taƌgeted TƌeatŵeŶt foƌ 
ColoƌeĐtal CaŶĐeƌ Metastasis iŶ Tuŵoƌ IŵŵuŶe MiĐƌoeŶǀiƌoŶŵeŶt. FroŶt IŵŵuŶol. ϮϬϮϭ;ϭϮ. 
doi:ϭϬ.ϯϯϴϵ/fiŵŵu.ϮϬϮϭ.ϲϴϱϵϳϴ 

ϭϲϵ. Jageƌ NA, Wallis de Vƌies BM, HilleďƌaŶds JL, et al. DistƌiďutioŶ of Matƌiǆ MetallopƌoteiŶases iŶ HuŵaŶ 
AtheƌosĐleƌotiĐ Caƌotid PlaƋues aŶd Theiƌ PƌoduĐtioŶ ďǇ “ŵooth MusĐle Cells aŶd MaĐƌophage “uďsets. 
Mol IŵagiŶg Biol. ϮϬϭϲ;ϭϴ;ϮͿ:Ϯϴϯ-Ϯϵϭ. doi:ϭϬ.ϭϬϬϳ/sϭϭϯϬϳ-Ϭϭϱ-ϬϴϴϮ-Ϭ 

ϭϳϬ. MaŶtoǀaŶi A, AllaǀeŶa P, MaƌĐhesi F, GaƌlaŶda C. MaĐƌophages as tools aŶd taƌgets iŶ ĐaŶĐeƌ theƌapǇ. 
Nat Reǀ Drug DisĐoǀ. ϮϬϮϮ;Ϯϭ;ϭϭͿ:ϳϵϵ-ϴϮϬ. doi:ϭϬ.ϭϬϯϴ/sϰϭϱϳϯ-ϬϮϮ-ϬϬϱϮϬ-ϱ 

ϭϳϭ. )hou Q, PeŶg RQ, Wu XJ, et al. The deŶsitǇ of ŵaĐƌophages iŶ the iŶǀasiǀe fƌoŶt is iŶǀeƌselǇ Đoƌƌelated 
to liǀeƌ ŵetastasis iŶ ĐoloŶ ĐaŶĐeƌ. J TraŶsl Med. ϮϬϭϬ;ϴ;ϭͿ:ϭϯ. doi:ϭϬ.ϭϭϴϲ/ϭϰϳϵ-ϱϴϳϲ-ϴ-ϭϯ 

ϭϳϮ. )ajaĐ E, “Đhǁeighofeƌ B, KupƌiǇaŶoǀa TA, et al. AŶgiogeŶiĐ ĐapaĐitǇ of Mϭ- aŶd MϮ-polaƌized 
ŵaĐƌophages is deteƌŵiŶed ďǇ the leǀels of TIMP-ϭ Đoŵpleǆed ǁith theiƌ seĐƌeted pƌoMMP-ϵ. Blood. 
ϮϬϭϯ;ϭϮϮ;ϮϱͿ:ϰϬϱϰ-ϰϬϲϳ. doi:ϭϬ.ϭϭϴϮ/ďlood-ϮϬϭϯ-Ϭϱ-ϱϬϭϰϵϰ 

ϭϳϯ. Bi Y, “hiƌuƌe V“, Liu R, et al. Tuŵoƌ-oŶ-a-Đhip platfoƌŵ to iŶteƌƌogate the ƌole of ŵaĐƌophages iŶ tuŵoƌ 
pƌogƌessioŶ. IŶtegratiǀe BiologǇ. ϮϬϮϬ;ϭϮ;ϵͿ:ϮϮϭ-ϮϯϮ. doi:ϭϬ.ϭϬϵϯ/iŶtďio/zǇaaϬϭϳ 

ϭϳϰ. FeŶg Y, Qiao “, CheŶ J, et al. MϮ-TǇpe MaĐƌophages aŶd CaŶĐeƌ-AssoĐiated Fiďƌoďlasts CoŵďiŶe to 
Pƌoŵote ColoƌeĐtal CaŶĐeƌ Liǀeƌ Metastases. OŶĐo Targets Ther. ϮϬϮϰ;Voluŵe ϭϳ:Ϯϰϯ-ϮϲϬ. 
doi:ϭϬ.Ϯϭϰϳ/OTT.“ϰϰϳϱϬϮ 

ϭϳϱ. WiŶkleƌ J, AďisoǇe-OguŶŶiǇaŶ A, MetĐalf KJ, Weƌď ). CoŶĐepts of eǆtƌaĐellulaƌ ŵatƌiǆ ƌeŵodelliŶg iŶ 
tuŵouƌ pƌogƌessioŶ aŶd ŵetastasis. Nat CoŵŵuŶ. ϮϬϮϬ;ϭϭ;ϭͿ:ϱϭϮϬ. doi:ϭϬ.ϭϬϯϴ/sϰϭϰϲϳ-ϬϮϬ-ϭϴϳϵϰ-ǆ 

ϭϳϲ. Ma “, )hao Y, Liu X, et al. CDϭϲϯ as a PoteŶtial Bioŵaƌkeƌ iŶ ColoƌeĐtal CaŶĐeƌ foƌ Tuŵoƌ 
MiĐƌoeŶǀiƌoŶŵeŶt aŶd CaŶĐeƌ PƌogŶosis: A “ǁedish “tudǇ fƌoŵ Tissue MiĐƌoaƌƌaǇs to Big Data 
AŶalǇses. CaŶĐers ;BaselͿ. ϮϬϮϮ;ϭϰ;ϮϰͿ:ϲϭϲϲ. doi:ϭϬ.ϯϯϵϬ/ĐaŶĐeƌsϭϰϮϰϲϭϲϲ 

ϭϳϳ. Aƌǁeƌt EN, HaƌŶeǇ A“, EŶteŶďeƌg D, et al. A UŶidiƌeĐtioŶal TƌaŶsitioŶ fƌoŵ MigƌatoƌǇ to PeƌiǀasĐulaƌ 
MaĐƌophage Is ReƋuiƌed foƌ Tuŵoƌ Cell IŶtƌaǀasatioŶ. Cell Rep. ϮϬϭϴ;Ϯϯ;ϱͿ:ϭϮϯϵ-ϭϮϰϴ. 
doi:ϭϬ.ϭϬϭϲ/j.Đelƌep.ϮϬϭϴ.Ϭϰ.ϬϬϳ 

ϭϳϴ. Gaƌg P, Jallepalli VR, Veƌŵa “. UŶƌaǀelliŶg the CXCLϭϮ/CXCRϰ Aǆis iŶ ďƌeast ĐaŶĐeƌ: IŶsights iŶto 
ŵetastasis, ŵiĐƌoeŶǀiƌoŶŵeŶt iŶteƌaĐtioŶs, aŶd theƌapeutiĐ oppoƌtuŶities. HuŵaŶ GeŶe. 
ϮϬϮϰ;ϰϬ:ϮϬϭϮϳϮ. doi:ϭϬ.ϭϬϭϲ/j.huŵgeŶ.ϮϬϮϰ.ϮϬϭϮϳϮ 

ϭϳϵ. Aƌas “, )aidi MR. TAMeless tƌaitoƌs: ŵaĐƌophages iŶ ĐaŶĐeƌ pƌogƌessioŶ aŶd ŵetastasis. Br J CaŶĐer. 
ϮϬϭϳ;ϭϭϳ;ϭϭͿ:ϭϱϴϯ-ϭϱϵϭ. doi:ϭϬ.ϭϬϯϴ/ďjĐ.ϮϬϭϳ.ϯϱϲ 

ϭϴϬ. WaŶg D, “uŶ H, Wei J, CeŶ B, DuBois RN. CXCLϭ Is CƌitiĐal foƌ PƌeŵetastatiĐ NiĐhe FoƌŵatioŶ aŶd 
Metastasis iŶ ColoƌeĐtal CaŶĐeƌ. CaŶĐer Res. ϮϬϭϳ;ϳϳ;ϭϯͿ:ϯϲϱϱ-ϯϲϲϱ. doi:ϭϬ.ϭϭϱϴ/ϬϬϬϴ-ϱϰϳϮ.CAN-ϭϲ-
ϯϭϵϵ 

ϭϴϭ. )hoŶg Q, FaŶg Y, Lai Q, et al. CPEBϯ iŶhiďits epithelial-ŵeseŶĐhǇŵal tƌaŶsitioŶ ďǇ disƌuptiŶg the 
Đƌosstalk ďetǁeeŶ ĐoloƌeĐtal ĐaŶĐeƌ Đells aŶd tuŵoƌ-assoĐiated ŵaĐƌophages ǀia IL-ϲR/“TATϯ sigŶaliŶg. 
JourŶal of EǆperiŵeŶtal & CliŶiĐal CaŶĐer ResearĐh. ϮϬϮϬ;ϯϵ;ϭͿ:ϭϯϮ. doi:ϭϬ.ϭϭϴϲ/sϭϯϬϰϲ-ϬϮϬ-Ϭϭϲϯϳ-ϰ 

ϭϴϮ. “piŶa A, De PasƋuale V, Ceƌulo G, et al. HGF/Đ-MET Aǆis iŶ Tuŵoƌ MiĐƌoeŶǀiƌoŶŵeŶt aŶd Metastasis 
FoƌŵatioŶ. BioŵediĐiŶes. ϮϬϭϱ;ϯ;ϭͿ:ϳϭ-ϴϴ. doi:ϭϬ.ϯϯϵϬ/ďioŵediĐiŶesϯϬϭϬϬϳϭ 

ϭϴϯ. )haŶg Y, Xia M, JiŶ K, et al. FuŶĐtioŶ of the Đ-Met ƌeĐeptoƌ tǇƌosiŶe kiŶase iŶ ĐaƌĐiŶogeŶesis aŶd 
assoĐiated theƌapeutiĐ oppoƌtuŶities. Mol CaŶĐer. ϮϬϭϴ;ϭϳ;ϭͿ:ϰϱ. doi:ϭϬ.ϭϭϴϲ/sϭϮϵϰϯ-Ϭϭϴ-Ϭϳϵϲ-Ǉ 



ϰϬ 

 

ϭϴϰ. “hao Y, CheŶ T, )heŶg X, et al. ColoƌeĐtal ĐaŶĐeƌ-deƌiǀed sŵall eǆtƌaĐellulaƌ ǀesiĐles estaďlish aŶ 
iŶflaŵŵatoƌǇ pƌeŵetastatiĐ ŶiĐhe iŶ liǀeƌ ŵetastasis. CarĐiŶogeŶesis. ϮϬϭϴ;ϯϵ;ϭϭͿ:ϭϯϲϴ-ϭϯϳϵ. 
doi:ϭϬ.ϭϬϵϯ/ĐaƌĐiŶ/ďgǇϭϭϱ 

ϭϴϱ. HoshiŶo A, Costa-“ilǀa B, “heŶ TL, et al. Tuŵouƌ eǆosoŵe iŶtegƌiŶs deteƌŵiŶe oƌgaŶotƌopiĐ ŵetastasis. 
Nature. ϮϬϭϱ;ϱϮϳ;ϳϱϳϴͿ:ϯϮϵ-ϯϯϱ. doi:ϭϬ.ϭϬϯϴ/Ŷatuƌeϭϱϳϱϲ 

ϭϴϲ. Niu Y, YaŶg W, QiaŶ H, “uŶ Y. IŶtƌaĐellulaƌ aŶd eǆtƌaĐellulaƌ faĐtoƌs of ĐoloƌeĐtal ĐaŶĐeƌ liǀeƌ ŵetastasis: a 
piǀotal peƌpleǆ to ďe fullǇ eluĐidated. CaŶĐer Cell IŶt. ϮϬϮϮ;ϮϮ;ϭͿ:ϯϰϭ. doi:ϭϬ.ϭϭϴϲ/sϭϮϵϯϱ-ϬϮϮ-ϬϮϳϲϲ-ǁ 

ϭϴϳ. Wu Y, YaŶg “, Ma J, et al. “patioteŵpoƌal IŵŵuŶe LaŶdsĐape of ColoƌeĐtal CaŶĐeƌ Liǀeƌ Metastasis at 
“iŶgle-Cell Leǀel. CaŶĐer DisĐoǀ. ϮϬϮϮ;ϭϮ;ϭͿ:ϭϯϰ-ϭϱϯ. doi:ϭϬ.ϭϭϱϴ/Ϯϭϱϵ-ϴϮϵϬ.CD-Ϯϭ-Ϭϯϭϲ 

ϭϴϴ. WaŶg Y, Jia J, WaŶg F, et al. Pƌe-ŵetastatiĐ ŶiĐhe: foƌŵatioŶ, ĐhaƌaĐteƌistiĐs aŶd theƌapeutiĐ iŵpliĐatioŶ. 
SigŶal TraŶsduĐt Target Ther. ϮϬϮϰ;ϵ;ϭͿ:Ϯϯϲ. doi:ϭϬ.ϭϬϯϴ/sϰϭϯϵϮ-ϬϮϰ-Ϭϭϵϯϳ-ϳ 

ϭϴϵ. )hao “, Mi Y, GuaŶ B, et al. Tuŵoƌ-deƌiǀed eǆosoŵal ŵiR-ϵϯϰ iŶduĐes ŵaĐƌophage MϮ polaƌizatioŶ to 
pƌoŵote liǀeƌ ŵetastasis of ĐoloƌeĐtal ĐaŶĐeƌ. J Heŵatol OŶĐol. ϮϬϮϬ;ϭϯ;ϭͿ:ϭϱϲ. doi:ϭϬ.ϭϭϴϲ/sϭϯϬϰϱ-
ϬϮϬ-ϬϬϵϵϭ-Ϯ 

ϭϵϬ. Kolios G. Role of Kupffeƌ Đells iŶ the pathogeŶesis of liǀeƌ disease. World J GastroeŶterol. 
ϮϬϬϲ;ϭϮ;ϰϲͿ:ϳϰϭϯ. doi:ϭϬ.ϯϳϰϴ/ǁjg.ǀϭϮ.iϰϲ.ϳϰϭϯ 

ϭϵϭ. GaƌĐía-PĠƌez R, Feƌƌeƌ Fáďƌega J, VaƌoŶa-BosƋue A, et al. Role of Kupffeƌ Đells iŶ the pƌogƌessioŶ of CRC 
liǀeƌ ŵetastases afteƌ the fiƌst stage of ALPP“. SĐi Rep. ϮϬϭϴ;ϴ;ϭͿ:ϴϬϴϵ. doi:ϭϬ.ϭϬϯϴ/sϰϭϱϵϴ-Ϭϭϴ-ϮϲϬϴϮ-
ϰ 

ϭϵϮ. KhaŶduƌi I, Maƌu DM, Paƌƌa ER. EǆploƌatoƌǇ studǇ of ŵaĐƌophage polaƌizatioŶ aŶd spatial distƌiďutioŶ iŶ 
ĐoloƌeĐtal ĐaŶĐeƌ liǀeƌ ŵetastasis: a pilot studǇ. FroŶt IŵŵuŶol. ϮϬϮϯ;ϭϰ. 
doi:ϭϬ.ϯϯϴϵ/fiŵŵu.ϮϬϮϯ.ϭϮϮϯϴϲϰ 

ϭϵϯ. Li “, Hao L, Hu X. BiologiĐal Roles aŶd CliŶiĐal TheƌapeutiĐ AppliĐatioŶs of Tuŵoƌ-AssoĐiated 
MaĐƌophages iŶ ColoƌeĐtal Liǀeƌ Metastasis. J IŶflaŵŵ Res. ϮϬϮϰ;Voluŵe ϭϳ:ϴϰϮϵ-ϴϰϰϯ. 
doi:ϭϬ.Ϯϭϰϳ/JIR.“ϰϵϯϲϱϲ 

ϭϵϰ. Tƌoǀato R, CaŶğ “, Petƌoǀa V, “aƌtoƌis “, Ugel “, De “aŶĐtis F. The EŶgageŵeŶt BetǁeeŶ MD“Cs aŶd 
Metastases: PaƌtŶeƌs iŶ Cƌiŵe. FroŶt OŶĐol. ϮϬϮϬ;ϭϬ. doi:ϭϬ.ϯϯϴϵ/foŶĐ.ϮϬϮϬ.ϬϬϭϲϱ 

ϭϵϱ. ClaǁsoŶ GA, Matteƌs GL, XiŶ P, et al. MaĐƌophage-Tuŵoƌ Cell FusioŶs fƌoŵ Peƌipheƌal Blood of 
MelaŶoŵa PatieŶts. PLoS OŶe. ϮϬϭϱ;ϭϬ;ϴͿ:eϬϭϯϰϯϮϬ. doi:ϭϬ.ϭϯϳϭ/jouƌŶal.poŶe.ϬϭϯϰϯϮϬ 

ϭϵϲ. Kitaŵuƌa T, QiaŶ B), “ooŶg D, et al. CCLϮ-iŶduĐed ĐheŵokiŶe ĐasĐade pƌoŵotes ďƌeast ĐaŶĐeƌ 
ŵetastasis ďǇ eŶhaŶĐiŶg ƌeteŶtioŶ of ŵetastasis-assoĐiated ŵaĐƌophages. JourŶal of EǆperiŵeŶtal 
MediĐiŶe. ϮϬϭϱ;ϮϭϮ;ϳͿ:ϭϬϰϯ-ϭϬϱϵ. doi:ϭϬ.ϭϬϴϰ/jeŵ.ϮϬϭϰϭϴϯϲ 

ϭϵϳ. Tu W, GoŶg J, )hou ), TiaŶ D, WaŶg ). TCFϰ eŶhaŶĐes hepatiĐ ŵetastasis of ĐoloƌeĐtal ĐaŶĐeƌ ďǇ 
ƌegulatiŶg tuŵoƌ-assoĐiated ŵaĐƌophage ǀia CCLϮ/CCRϮ sigŶaliŶg. Cell Death Dis. ϮϬϮϭ;ϭϮ;ϭϬͿ:ϴϴϮ. 
doi:ϭϬ.ϭϬϯϴ/sϰϭϰϭϵ-ϬϮϭ-Ϭϰϭϲϲ-ǁ 

ϭϵϴ. GƌossŵaŶ JG, NǇǁeŶiŶg TM, Belt BA, et al. ReĐƌuitŵeŶt of CCRϮ + tuŵoƌ assoĐiated ŵaĐƌophage to sites 
of liǀeƌ ŵetastasis ĐoŶfeƌs a pooƌ pƌogŶosis iŶ huŵaŶ ĐoloƌeĐtal ĐaŶĐeƌ. OŶĐoiŵŵuŶologǇ. 
ϮϬϭϴ;ϳ;ϵͿ:eϭϰϳϬϳϮϵ. doi:ϭϬ.ϭϬϴϬ/ϮϭϲϮϰϬϮX.ϮϬϭϴ.ϭϰϳϬϳϮϵ 

ϭϵϵ. Ou B, CheŶg X, Xu ), et al. A positiǀe feedďaĐk loop of β-ĐateŶiŶ/CCRϮ aǆis pƌoŵotes ƌegoƌafeŶiď 
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Table 1 

The main markers of macrophages, their biological properties, and their association with CRC 

 

Marker, 
Localization  

polarizat
ion state 

Biological effects Associations with CRC  References 

F4/80 (adhesion 
G protein-
coupled receptor 
E, EMR1), 
cell membrane 

M0 induction of efferent CD8+ 
regulatory T cells necessary for 
peripheral tolerance 

EMR1 is abnormally expressed in CRC and is 
a risk factor for LNM and poor RFS  in patients 
with CRC. Inducing  EMR1 in macrophages 
may promote LNM and CRC progression via 
JAKβ/STAT1,γ signaling upregulation. 
 

EMR1 is significantly associated with CD68+ 
CD16γ+ macrophages, and CRC with a high 
combined EMR1+CD68+CD16γ+ score 
showed worse RFS. 

[1, β, γ]    

CCRβ (C-C 
chemokine 
receptor type β 
for the 
chemokine 
CCLβ),  
cell membrane 

M0 involved in the recruitment of 
monocytes to sites of 
inflammation 

Aberrant expression of CCRβ is associated 
with negative outcomes in IBD, and colon-
related metastasis. CCRβ inhibition can reduce 
the recruitment of myeloid-derived suppressor 
cells and decrease lung metastasis in breast 
cancer models Endothelial CCRβ expression 
has been linked to promoting tumor cell 
extravasation and pulmonary metastasis, 
highlighting its significance in cancer 
progression . 

 

[ϰ, ϱ, ϲ] 

CD14, 
cell membrane 

M0 co-receptor for bacterial LPS High CD14 expression in CRC is associated 
with microsatellite instability, BRAF 
mutations. High CD14 expression predicts 
worse outcomes in CRC. High density of 
CD14+HLA-DR- cells (immature monocytic 
phenotype) in intraepithelial regions is 

[ϳ, ϴ, ϵ] 
 

https://www.proteinatlas.org/ENS
G00000170458-CD14 

https://www.proteinatlas.org/ENSG00000170458-CD14
https://www.proteinatlas.org/ENSG00000170458-CD14


associated with higher CRC-specific mortality, 
however, high density of CD14+HLA-DR+ 
cells (mature monocytic phenotype) in both 
intraepithelial and stromal regions is associated 
with lower CRC-specific mortality.  

CD68 
(SCARD1-
Scavenger 
Receptor Class 
D Member 1 
GP110, 
LAMP4),  
lysosomes, 
endosomes, cell 
membrane 

M0 

 

A transmembrane glycoprotein 
that binds to tissue- and organ-
specific lectins or selectins, 
clear cellular debris, promote 
phagocytosis, and mediate the 
recruitment and activation of 
macrophages 

CD68+ cells are predominantly found at the 
invasive front of the tumor compared to the 
intratumoral area or adjacent normal mucosa. 
There is a moderate correlation between CD68 
and CD16γ staining, suggesting that tumors 
with higher CD68+ infiltration also tend to 
have higher CD16γ+ cell infiltration.  
Prognostic associations in CRC are 
contradictory.  
High infiltration of CD68+ TAMs, especially in 
the tumor stroma, correlates with worse RFS 
and OS in late-stage CRC patients  receiving 
bevacizumab combined with chemotherapy. 
Specifically, in stage III CRC, higher 
infiltration of CD68+ cells in the intratumoral 
area was associated with reduced OS. A high 
CDβ06+/CD68+ ratio is associated with 
improved survival in adjuvant chemotherapy. 
High CD68+/CRC cell ratio was linked to 
better survival in β05 CRC patients. 

 

[ϭϬ-ϭϱ] 
 

 

https://www.proteinatlas.org/ENS
G000001β9ββ6-CD68 

https://doi.org/10.1158/15γ8-
7445.AMβ0ββ-β5γ0 

 

CSF1R 
(receptor for 
colony-
stimulating 
factor 1, 
CD115),  
cell membrane 

M0 CSF1R promotes the release of 
pro-inflammatory chemokines 
in response to IL-γ4 and CSF-1, 
contributing to homeostasis in 
the colon. CSF1R-expressing 
macrophages are involved in 

The CSF1/CSF1R axis is essential for the 
survival and differentiation of Mβ TAM in 
CRC. CSF1R expression is enriched in TAMs 
within CRC tumors, and its expression in 
macrophages is associated with poor prognosis 
in CRC patients. 

 

[16] 
 

https://www.ncbi.nlm.nih.gov/gen
e/14γ6proteinatlas.org/ENSG000
0018β578-CSF1R 

 

https://www.proteinatlas.org/ENSG00000129226-CD68
https://www.proteinatlas.org/ENSG00000129226-CD68
https://doi.org/10.1158/1538-7445.AM2022-2530
https://doi.org/10.1158/1538-7445.AM2022-2530
https://www.ncbi.nlm.nih.gov/gene/1436proteinatlas.org/ENSG00000182578-CSF1R
https://www.ncbi.nlm.nih.gov/gene/1436proteinatlas.org/ENSG00000182578-CSF1R
https://www.ncbi.nlm.nih.gov/gene/1436proteinatlas.org/ENSG00000182578-CSF1R


tissue repair processes in the 
colon. 

Ly6C1 
(lymphocyte 
antigen 6 family 
member C1), 
cell membrane 

M0 Ly6C1, a member of the Ly-6 
superfamily, plays a crucial role 
in immune responses and cell 
signaling. Ly6C1 is anchored to 
the cell membrane through a 
glycosyl-phosphatidylinositol 
(GPI) lipid anchor, allowing 
them to localize to specific 
membrane domains called lipid 
rafts. Cross-linking of Ly-6 
proteins like Ly-6A/Sca-1 can 
trigger simultaneous 
stimulatory and inhibitory 
responses in cells, leading to 
cytokine production, growth 
inhibition, and apoptosis. 
Additionally, Ly6C1 may be 
involved in regulating 
complement activation and 
pathogen clearance, 
highlighting its importance in 
host defense mechanisms. 

Ly6C-high macrophages contribute to  tumor 
initiation and malignant progression in CRC.  
Participate in the creation of a pre-metastatic 
niche and subsequent colonization of 
metastatic sites by tumor cells. 
 

 

 

 

[17, 18] 
KlikŶěte Ŷeďo klepŶěte seŵ a zadejte 
teǆt. 

PPARG  
(Peroxisome 
Proliferator-
Activated 
Receptor 
Gamma),  
nucleus, 
cytoplasm 

M0 a type II nuclear receptor,  a 
transcription factor.  PPARG is 
an important regulator of 
macrophage polarization, with 
PPARG activation driving the 
Mβ  phenotype through 
upregulation of Arg1 and Mgl1 
genes. 

High PPARG expression in tumors was not 
significantly associated with worse prognosis 
in CRC patients, as indicated by a study 
analyzing PPARG gene expression in CRC 
tumors and adjacent normal tissues . However, 
in lung adenocarcinoma (LA), low PPARG 
expression was linked to poor prognosis. The 
study on hypopharyngeal squamous cell 

[19-βγ] 
https://www.proteinatlas.org/ENS
G000001γβ170-PPARG 

 

https://www.proteinatlas.org/ENSG00000132170-PPARG
https://www.proteinatlas.org/ENSG00000132170-PPARG


carcinoma (HSCC) revealed that PPARG 
expression variations were significantly 
associated with the Tumor-Node-Metastasis 
(TNM) stage, impacting chemosensitivity in 
HSCC patients. Role of PPARG expression in 
cancer prognosis and metastasis can vary 
depending on the specific cancer type. 

CXγCR1 (C-
Xγ-C Motif 
Chemokine 
Receptor 1 for  
CXγCL1),  
cell membrane 

M0 Involved in the adhesion and 
migration of monocytes, 
macrophages, and other 
immune cells 

CXγCR1 expression is significantly elevated in 
poorly differentiated CRC compared to 
moderate-well-differentiated tumors. Higher 
CXγCR1 expression is associated with 
advanced clinical stages, metastasis, and 
recurrence within γ years.  

 

[β4, β5] 
 

ITGAM 
(Integrin alpha 
M subunit, 
CD11b),  
cell membrane 

 

M0 Cell adhesion, migration, and 
phagocytosis 

The concentration of ITGAM-positive 
exosomes is lower in both primary CRC and 
metastatic CRC groups compared to the 
healthy control group. ITGAM expression is 
highest in healthy controls (HC), followed by 
colonic adenomas, and lowest in primary CRC 
and CRC with hepatic metastases. 
I 

 

[β6, β7] 
https://www.proteinatlas.org/ENS
G00000169896-ITGAM 

 

FCGRIA (Fc 
Gamma 
Receptor Ia, 
CD64),  
cell membrane 

M1  antibody-dependent cell-mediated 
cytotoxicity (ADCC), antibody-
dependent cellular phagocytosis 
(ADCP) 

High infiltration of CD64+ macrophages in 
CRC, particularly at the tumor front, is 
associated with improved patient survival. 
Mediates ADCC by macrophages against 
tumor cells. 

 

[β8, β9] 
KlikŶěte Ŷeďo klepŶěte seŵ a zadejte 
teǆt. 

CD80, 
cell membrane 

M1 CD80 is an inducible co-
stimulatory molecule on APC. 
Interacts with CDβ8 and 
CTLA-4 on T cells to regulate T 
cell activation and tolerance. 

CD80 macrophages are more prevalent in less 
invasive T1 tumors compared to more 
advanced stages. CD80+ macrophages, 
although present at low numbers, are associated 
with better prognosis in CRC.  

 

[γ0-γ1] 
https://www.proteinatlas.org/ENS
G000001β1594-CD80 

https://www.proteinatlas.org/ENSG00000169896-ITGAM
https://www.proteinatlas.org/ENSG00000169896-ITGAM


In stage III colorectal tumors, a lower 
CD80/CD16γ ratio is associated with 
decreased overall survival. 

CD86,  
cell membrane 

M1, 
Mβb 

co-stimulatory molecule related 
to CD80 

Lower infiltration of CD86+ macrophages is 
associated with more advanced tumor stages 
and higher rates of tumor recurrence and 
mortality. Stage II-III CRC patients with a low 
CD86/CD16γ ratio had shorter RFS and OS.  

 

 

 

[γβ-γ4] 
https://www.proteinatlas.org/ENS
G0000011401γ-CD86 

CD40, 
cell membrane, 
secreted 

 

M1 type I transmembrane protein 
on antigen-presenting cells and 
is required for their activation. 
Promotes pro-inflammatory 
and anti-tumor responses when 
activated on macrophages 

High CD40 expression in CRC tissues is 
associated with better OS and DFS.  

 

[γ0, γ5] 
proteinatlas.org/ENSG000001010
17-CD40 

 

iNOS,  
cytoplasm 

 

M1, 
Mβd 

Produces nitric oxide (NO) with 
a cytotoxic activities against 
pathogenes and tumor cells 

M1 macrophages, which express iNOS, have 
anti-tumor effects. 
In a study of β05 CRC patients, iNOS+ 
macrophages did not demonstrate any 
significant benefit to patient outcomes.  
Also, infiltration of CD68+/iNOS− TAMs in 
the tumor stroma is a negative prognostic 
factor. 

[10, γ6-γ9] 
KlikŶěte Ŷeďo klepŶěte seŵ a zadejte 
teǆt. 

MHC-II, 
cell membrane 

M1, 
Mβa 

Mβb 

antigen presentation to CD4+ T 
cells 

In primary CRC, increased MHC-II expression 
is associated with increased tumor-infiltrating 
lymphocytes and improved prognosis. Low 
MHC-II expression may reflect poor  
interactions between APC and helper T-cell and 
reduced cytotoxic T lymphocytes mediated 
anti-tumor activity. 

 

[40-4γ] 
KlikŶěte Ŷeďo klepŶěte seŵ a zadejte 
teǆt. 

TLRβ M1, Mβc Recognize a wide range of 
pathogen-associated molecular 

Among stage III patients a strong TLRβ 
expression associates with a better prognosis. 

 

[ϯϬ, ϰϰ-ϰϲ] 



TLR4 (Toll-
Like Receptor β 
and 4), cell 
membrane, 
cytoplasm 

 

patterns (PAMPs) from gram-
positive bacteria, mycobacteria, 
fungi, and viruses 

Among patients with stage II CRC, a strong 
TLR4 expression associate with a worse DSS. 

https://www.proteinatlas.org/sear
ch/TLRβ 

 

IL1R1  
(Interleukin-1 
Receptor Type 
1), cell 
membrane 

M1 

Mβb 

receptor for IL-1α and IL-1ß, 
pro-inflammatory cytokines 
that initiate inflammatory 
responses and mediate innate 
immunity against pathogens 

Patients with progressive CRC present higher 
levels of IL-1R1 in the pCRC tissue than 
patients responsive to the therapy or with a 
stable disease.  
 IL-1R1 this is a maker of poor prognosis in 
CRC  

 

[47, 48] 
 

IL-10R 
(Interleukin-10 
Receptor), cell 
membrane 

M1 

Mβb 

IL-10R signaling helps 
maintain immune homeostasis 
by suppressing excessive 
inflammatory responses, as IL-
10 is a crucial 
immunosuppressive agent. 
Also, IL-10R signaling can 
modulate the expression of 
MHC class II and co-
stimulatory molecules, 
affecting antigen presentation 
by macrophage 

The absence of IL-10R in colorectal tissue can 
cause severe spontaneous colitis, creating a risk 
for CRC. The expression level of IL-10 in the 
serum is lower in patients 7 days after CRC 
surgery compared to earlier levels, while 
patients with CRC recurrence after surgery had 
significantly higher IL-10 levels in the serum 
indicating that IL-10 may serve as a prognostic 
biomarker for recurrence CRC. 

 

[49-5β] 
https://www.proteinatlas.org/sear
ch/IL-10R+ 

CD16γ,  
cell membrane 

Mβa, 
Mβc 

Scavenger receptor involved in 
clearance of hemoglobin-
haptoglobin complexes and 
anti-inflammatory functions 

High levels of CD16γ expression in serum and 
tumor tissues have been associated with a 
worse prognosis. High expression levels 
correlate with lower overall survival rates. 

 

[5γ-55] 
https://www.proteinatlas.org/ENS
G00000177575-CD16γ 

CDβ06 
(Mannose 
Receptor),  
cell membrane 

Mβa, 
Mβc 

a C-type lectin,  Involved in 
pathogen recognition and tissue 
remodeling 

Higher density of CDβ06+ macrophages is 
associated with poorer prognosis in CRC. A 
high ratio of CDβ06+/CD68+ macrophages is 

 

[ϭϬ, ϯϯ, ϱϲ] 
https://www.proteinatlas.org/ENS
G00000β60γ14-MRC1/pathology 

https://www.proteinatlas.org/search/TLR2
https://www.proteinatlas.org/search/TLR2
https://www.proteinatlas.org/ENSG00000260314-MRC1/pathology
https://www.proteinatlas.org/ENSG00000260314-MRC1/pathology


significantly associated with poor survival in 
stage II CRC patients.  
Adjuvant chemotherapy significantly improved 
RFS and OS for patients with a high 
CDβ06+/CD68+ ratio of TAMs.  
 

 

CLEC7A 
(CDγ01) 
(Dectin-1),  
cell membrane 

Mβa C-type lectin receptor, is a key 
innate immune receptor 
involved in coordinating host 
defense against fungi. It 
recognizes ȕ-1,γ-glucan, a 
major structural component of 
fungal cell walls, induces anti-
fungal responses. 

CLEC7A promotes pro-tumor functions of 
macrophages  
CLEC7A promotes tumor progression by 
regulating the immune microenvironment. 
Depletion of Clec7a in macrophages in vivo 
increases the infiltration of tumor tissue by 
CD4+ and CD8+ T-cells. 
An analysis of the literature did not 
demonstrate the role of CLEC7A as a 
prognostic marker in CRC.  

 

[ϱϳ, ϱϴ] 
https://www.proteinatlas.org/ENS
G0000017ββ4γ-CLEC7A 

 

 

CDγ6,  
cell membrane 

Mβa scavenger receptor that 
mediates the uptake of oxidized 
lipids and apoptotic cells. 
Promotes inflammatory 
responses and phagocytosis. 
CDγ6 may interact with other 
receptors, such as integrins, 
TLRs, or tetraspanins.  

High CDγ6 mRNA levels are associated with 
reduced 5-year survival in CRC patients 
(https://www.proteinatlas.org/ENSG000001γ5
β18-CDγ6/pathology).  
CDγ6 expression is highest in macrophages in 
the liver, particularly in MAMs within 
metastatic liver tumors 

 

 

[59-61] 
https://www.proteinatlas.org/ENS
G000001γ5β18-
CDγ6/pathology/colorectal+canc
er 
 

CDβ09 (DC-
SIGN)(Dendriti
c Cell-Specific 
Intercellular 
adhesion 
molecule-γ-
Grabbing Non-
integrin), 

Mβa, βb, 
βc, βd 

a C-type lectin receptor present 
on the surface of both 
macrophages and dendritic 
cells. Involved in antigen 
uptake and presentation. 

Expression is increased in metastatic CRC cell 
lines and patient tissues.  
Higher DC-SIGN expression is associated with 
reduced OS in CRC patients.  
DC-SIGN facilitates CRC metastasis both in 
vitro and in vivo. It forms a complex with Lyn 
and p85, promoting metastasis by increasing 
PIγK/Akt/ȕ-catenin signaling.  

 

[6β-64] 
 

https://www.proteinatlas.org/ENSG00000172243-CLEC7A
https://www.proteinatlas.org/ENSG00000172243-CLEC7A
https://www.proteinatlas.org/ENSG00000135218-CD36/pathology/colorectal+cancer
https://www.proteinatlas.org/ENSG00000135218-CD36/pathology/colorectal+cancer
https://www.proteinatlas.org/ENSG00000135218-CD36/pathology/colorectal+cancer
https://www.proteinatlas.org/ENSG00000135218-CD36/pathology/colorectal+cancer


cell membrane  

Soluble DC-SIGN (sDC-SIGN) levels in serum 
are significantly higher in CRC patients with 
distant metastasis compared to non-metastatic 
patients.  

FCGRγA  (Fc 
Gamma 
Receptor IIIa, 
low ffinity Fc 
receptor, CD16),  
cell membrane, 
secreted 

Mβa, βc mediates antibody-dependent 
cell-mediated cytotoxicity 
(ADCC) and antibody-
dependent phagocytosis (ADP) 

Genetic polymorphisms in FcȖRIIIa have been 
associated with response to anti-EGFR 
antibody therapy in metastatic CRC patients. 
Patients carrying the FcȖRIIIa-158F/F 
genotype tend to had a less favorable prognosis 
compared to those with V/V or V/F genotypes. 
Survival analysis indicated that FCGRγA 
serves as a prognostic risk factor in most types 
of cancer. 

 

[65-66] 
KlikŶěte Ŷeďo klepŶěte seŵ a zadejte 
teǆt. 

MSR1 (CDβ04) 
cell membrane 

Mβa, βb, 
βc, βd 

a scavenger receptor that 
recognizes and clears modified 
lipoproteins and bacterial 
products. 

Higher infiltration of CDβ04-positive 
macrophages into colorectal tumors is 
associated with shorter OS and RFS in patients 
with stage II and III CRC. 
Also, in vitro studies have shown that Mβ-
polarized macrophages with high CDβ04 
expression enhance the proliferation and 
invasion of CRC cell lines. 

 

[67-69] 

TIMD4 TIMD4 
(T-cell 
immunoglobulin 
and mucin 

Mβa a phosphatidylserine receptor 
involved in recognition and 
clearance of apoptotic cells. 

TIMD4 expression on macrophages may serve 
as a marker for a subset of tissue-resident 
macrophages with immunosuppressive 
functions in CRC. The presence of TIMD4-
positive macrophages in CRC is associated 

 

[70, 71] 



domain 
containing 4),  
cell membrane 

with worse clinical outcomes, including 
increased tumor growth and metastasis. 

CLEC10A (C-
type lectin 
domain family 
10 member A 
receptor, 
CDγ01),  
cell membrane  

Mβa recognizes and binds to various 
glycan structures. 

CLEC10A expression has been correlated with 
clinical outcomes in several cancers, including 
CRC. Higher expression levels of CLEC10A 
ligands on tumor cells have been associated 
with poorer disease-free survival in stage III 
CRC patients. The presence of CLEC10A-
positive macrophages in the tumor 
microenvironment may indicate a more 
aggressive tumor phenotype and poorer 
prognosis. 

 

[7β-74] 

FIZZ1 (RELM-
α) (RELM-α) 
(Resistin-Like 
Molecule Alpha 
or RELM-α),  
cell membrane 

Mβa FIZZ1 is a resistin-like 
molecule involved in wound 
healing and tissue repair 
processes. 
 

Some studies have explored the presence of 
FIZZ1 in stool samples from American patients 
with CRC, suggesting its potential as a 
biomarker for CRC detection. 
No prognostic associations in CRC have been 
established yet. 

 

[75-78] 
 

Arg1 (Arginase-
1), 
cytoplasm 

Mβa An enzyme involved in the urea 
cycle, catalyzing the conversion 
of L-arginine to L-ornithine and 
urea. 

The expression levels of Arg-1 is significantly 
higher in CRC compared to the corresponding 
normal colon tissues. Increased Arg-1 
expression is associated with stage III-IV 
tumors. Arg-1 overexpression was associated 
with shorter OS and DFS in advanced CRC 
stages (III + IV) , but not at early stages (I + II) 
in multivariate analysis.  
The activation of ARG1 is also associated with 
the migration ability and metastatic 
colonization of colon cancer cells, and blocking 
this process may be a novel strategy for 
controlling malignancies. 

 

[ϳϵ-ϴϭ] 
https://www.proteinatlas.org/ENS
G000001185β0-ARG1 

 

https://www.proteinatlas.org/ENSG00000118520-ARG1
https://www.proteinatlas.org/ENSG00000118520-ARG1


CD155 

(poliovirus 
receptor (PVR), 
cell membrane, 
secreted 

Mβa  

- 
Macrophages in the CRC tissue  express high 
levels of CD155 compared to those from 
adjacent normal tissues. The expression level 
of macrophage CD155 was higher in stage 
III/IV CRC compared to stage I/II and was 
negatively associated with the survival of CRC 
patients. Additionally, CD155+ macrophages 
promote the migration, invasion, and growth of 
CRC cells. 

 

[8β, 8γ] 
https://www.proteinatlas.org/ENS
G0000007γ008-PVR 

 

VEGF (Vascular 
Endothelial 
Growth Factor), 
secreted 

what about 
VEGFR1 (VEGF 
receptor), cell 
membrane 

 

Mβd VEGF  stimulates endothelial 
cell proliferation, migration, 
and survival, facilitating the 
formation of new blood vessels. 
The VEGF receptor (VEGFR1) 
is a family of three closely 
related, membrane-spanning 
peptides containing seven 
extracellular immunoglobulin-
like domains and two 
intracellular tyrosine kinases.  
Binding of VEGF to VEGFR1 
stimulates endothelial cell 
migration, and may mediate 
vascular organization. 

VEGF overexpression in CRC is associated 
with poor OS.  While VEGFR1 expression in 
primary CRC tumor patients did not predict 
prognosis; high percentage of VEGFR1+ cells 
in liver metastasis was associated with worse 
patient outcome. VEGFR1+ metastasis-
associated macrophages contribute to 
metastasis in CRC and were identified as a 
potential new prognostic marker for disease 
recurrence. 

 

[84-86] 
https://www.proteinatlas.org/ENS
G0000011β715-
VEGFA/pathology 

 

SIGLEC1 
(CD169), 
Sialoadhesin, 
Plasmatic 
membrane, 
intracellular 

Non 
M1/Mβ  

Cell adhesion molecule. 
Antigen presentation and the 
modulation of T-cell responses 

A high density of CD169+ macrophages in 
RLNs is significantly associated with longer 
OS in CRC patients. CD169+ cells to CD68+ 
cells ratio in RLNs was an independent 
prognostic factor for CRC. The number of 
CD169+ sinus macrophages in RLNs 
decreased in CRC patients with LN metastasis.  
Also, the density of CD169+ macrophages in 

 

[87-90] 
https://www.proteinatlas.org/ENS
G000000888β7-
SIGLEC1/pathology 

 

https://www.proteinatlas.org/ENSG00000073008-PVR
https://www.proteinatlas.org/ENSG00000073008-PVR
https://www.proteinatlas.org/ENSG00000112715-VEGFA/pathology
https://www.proteinatlas.org/ENSG00000112715-VEGFA/pathology
https://www.proteinatlas.org/ENSG00000112715-VEGFA/pathology
https://www.proteinatlas.org/ENSG00000088827-SIGLEC1/pathology
https://www.proteinatlas.org/ENSG00000088827-SIGLEC1/pathology
https://www.proteinatlas.org/ENSG00000088827-SIGLEC1/pathology


RLNs positively correlates with the number of 
CD8+ cytotoxic T cells infiltrating tumor 
tissues.  CD169+ macrophages in RLNs are 
thought to promote CD8+ T-cell-mediated 
antitumor immunity, contributing to a better 
prognosis for CRC patients.  
In case primary CRC, CD169 macrophages can 
exhibit protumor effects. 

CD6γ, 
membranes of 
intracellular 
vesicles 
(constituitive), 
cell membrane 
(inducible) 

Non 
M1/Mβ  

CD6γ is a member of the 
tetraspanin superfamily of 
activation-linked cell surface 
antigens. Regulates 
phagocytosis, antigen 
presentation, and secretion of 
inflammatory mediators 

High CD6γ expression in CRC is associated 
with advanced stages of the disease, poor 
differentiation, mucinous histology and EMT-
associated secretory phenotype. It predicts an 
unfavorable prognosis in CRC patients, 
including those with metastatic disease in 
pCRC. CD6γ immunohistochemistry can be 
used to identify patients with an increased risk 
of recurrence who might benefit from adjuvant 
therapy. 

 

[91-9γ] 
https://www.proteinatlas.org/ENS
G000001γ5404-CD6γ/pathology 

 

 

 

 

 

 

https://www.proteinatlas.org/ENSG00000135404-CD63/pathology
https://www.proteinatlas.org/ENSG00000135404-CD63/pathology
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Table 4. 

Key differences between KCs in Normal liver and LM 

 

Sign, 
Function, 
Role 

Normal Liver reference TME of Metastasis reference 

Morpholo
gy 

Kupffer cells are 
amoeboid-shaped and are 
attached to the sinusoidal 
endothelial cells. 

spindle or stellate-shaped 
cytoplasm, components of 
liver vascular walls  

Kupffer cells maintain a 
normal, non-activated state. 

 

[1, β] 

 

Kupffer cells may become 
activated in response to tumor 
cells,  leading to hypertrophy 
(enlargement) of the cells. 
Activated Kupffer cells may show 
increased cytoplasmic vacuoles 

Kupffer cells and other 
macrophages were found to leave 
the sinusoids and migrate to sites 
of potential tumor development 
where they interacted with tumor 
cells and intimately wrapped their 
processes around fat storing cells 

 

 

[β-4] 

 

 

 

Phenotypi
c 
polarizati
on 

KCs typically exhibit an 
M1-like phenotype (CD80, 
CD86, Ly6C1) and Pan 
macrophages (CD68, 
CD14, CCRβ, CD16γ)  

 

[5-6] 
 

KCs often undergo polarization 
towards an Mβ-like phenotype 
(CDγ6, LCDβ06, CDβ09, CD16γ) 

 

 

[5-7] 

 

 

 

Recruitme
nt and 
polarizati
on 

KCs are maintained 
through self-renewal and 
local proliferation, with 
minimal recruitment from 
circulating monocytes 

 

[5] 

 

In CRC LM, there is increased 
recruitment of monocyte-derived 
macrophages, which differentiate 
into Mβ-like KCs. 

 

[6, 8] 
8
 

Phagocyti
c Activity 

KCs exhibit robust 
phagocytic activity, 
clearing pathogens, cellular 
debris, and potentially 

 

[9] 
 

The phagocytic activity of KCs 
can be impaired or altered, 
potentially contributing to tumor 

 

[4, 10] 



tumor cells in the early 
stages of metastasis. 

cell survival and metastatic 
progression. 

Interactio
ns with 
other cells 

KCs interact with resident 
liver cells, such as 
hepatocytes and stellate 
cells 

 

[9] 
 

KCs interact with cancer cells, 
cancer-associated fibroblasts 
(CAFs), and other immune cells  

 

[4, 10, 11] 

Cytokine 
and 
Chemokin
e 
Productio
n: 

KCs produce a balanced 
array of cytokines and 
chemokines to maintain 
immune homeostasis and 
regulate inflammatory 
responses. 

 

[4] 

 

 

KCs often produce higher levels 
of immunosuppressive cytokines 
(e.g., IL-10, TGF-ȕ) and pro-
angiogenic factors (e.g., VEGF), 
promoting tumor growth and 
metastasis. 

 

[4] 

 

 

 

 

Functiona
l roles 

Crucial role in clearing 
pathogens, removing 
cellular debris, and 
maintaining liver 
homeostasis through their 
phagocytic and 
immunomodulatory 
functions 

 

[4, 1β] 
 

Formation of premetastatic 
niches. 

KCs can exhibit both pro-tumor 
and anti-tumor functions, 
depending on the stage of 
metastasis and the specific 
microenvironmental cues.  

contribute to an 
immunosuppressive 
microenvironment  

 

 

[4] 
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Table 4. 

Key differences between KCs in Normal liver and LM 

 

Sign, 

Function, 

Role 

Normal Liver reference TME of Metastasis reference 

Morpholo

gy 

Kupffer cells are 

amoeboid-shaped and are 

attached to the sinusoidal 

endothelial cells. 

spindle or stellate-shaped 

cytoplasm, components of 

liver vascular walls  

Kupffer cells maintain a 

normal, non-activated state. 

 

[1, 2] 

 

Kupffer cells may become 

activated in response to tumor 

cells,  leading to hypertrophy 

(enlargement) of the cells. 

Activated Kupffer cells may show 

increased cytoplasmic vacuoles 

Kupffer cells and other 

macrophages were found to leave 

the sinusoids and migrate to sites 

of potential tumor development 

where they interacted with tumor 

cells and intimately wrapped their 

processes around fat storing cells 

 

 

[2-4] 

 

 

 

Phenotypi

c 

polarizati

on 

KCs typically exhibit an 

M1-like phenotype (CD80, 

CD86, Ly6C1) and Pan 

macrophages (CD68, 

CD14, CCR2, CD163)  

 

[5-6] 
 

KCs often undergo polarization 

towards an M2-like phenotype 

(CD36, LCD206, CD209, CD163) 

 

 

[5-7] 

 

 

 

Recruitme

nt and 

polarizati

on 

KCs are maintained 

through self-renewal and 

local proliferation, with 

minimal recruitment from 

circulating monocytes 

 

[5] 

 

In CRC LM, there is increased 

recruitment of monocyte-derived 

macrophages, which differentiate 

into M2-like KCs. 

 

[6, 8] 
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Phagocyti

c Activity 

KCs exhibit robust 

phagocytic activity, 

clearing pathogens, cellular 

debris, and potentially 

tumor cells in the early 

stages of metastasis. 

 

[9] 
 

The phagocytic activity of KCs 

can be impaired or altered, 

potentially contributing to tumor 

cell survival and metastatic 

progression. 

 

[4, 10] 



Interactio

ns with 

other cells 

KCs interact with resident 

liver cells, such as 

hepatocytes and stellate 

cells 

 

[9] 
 

KCs interact with cancer cells, 

cancer-associated fibroblasts 

(CAFs), and other immune cells  

 

[4, 10, 11] 

Cytokine 

and 

Chemokin

e 

Productio

n: 

KCs produce a balanced 

array of cytokines and 

chemokines to maintain 

immune homeostasis and 

regulate inflammatory 

responses. 

 

[4] 

 
 

KCs often produce higher levels 

of immunosuppressive cytokines 

(e.g., IL-10, TGF-β) and pro-

angiogenic factors (e.g., VEGF), 

promoting tumor growth and 

metastasis. 

 

[4] 

 

 

 

 

Functiona

l roles 

Crucial role in clearing 

pathogens, removing 

cellular debris, and 

maintaining liver 

homeostasis through their 

phagocytic and 

immunomodulatory 

functions 

 

[4, 12] 
 

Formation of premetastatic 

niches. 

KCs can exhibit both pro-tumor 

and anti-tumor functions, 

depending on the stage of 

metastasis and the specific 

microenvironmental cues.  

contribute to an 

immunosuppressive 

microenvironment  

 

 

[4] 
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