J Radiopharm Mol Probes 2021;7(1):41-49
ISSN 2384-1583(Print) / ISSN 2508-3848(0nline)

JRMP

https://doi.org/10.22643/JRMP.2021.7.1.41

Journal of Radiopharmaceuticals and Molecular Probes Vol. 7, No. 1, 2021

Molecular imaging of polarized macrophages in tumors
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ABSTRACT

Diversity and flexibility are two typical hallmarks of macrophages. Two types of macrophages, M1(classically

activated macrophages) and M2(alternatively activated macrophages) exist at both ends of the commonly
known macrophage polarization. M1 macrophages have inflammatory properties and are primarily responsible
for defending against invading bacteria in our body. On the other hand, M2 macrophages are involved in anti-
inflammatory responses and tissue remodeling. Polarized migration of macrophages is of increasing interest
in regulating the initiation, generation, and resting phases of inflammatory diseases. In this review, it intend
to discuss the properties and functions of tumor-associated macrophages based on polarized macrophages
that affect inflammatory diseases. In addition, the purpose of this study is to investigate a molecular imaging
approach that targets macrophages that affect tumor growth by controlling the polarization of macrophages

that affect tumor diagnosis and treatment.
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Polarization of Macrophage
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Table 1. Different phenotypes of M2 macrophages

M2 Phenotype Stimulus Secreted Cytokines Function
TNF-o, IL-1a, -1, IL-6, 1L-12, IL-23, Improving endocytic activity
M2a IL-4,1L-13 CXCL9,CXCL11,CXCL16,CCL5, Involved in cell growth
TGF-B, IGF-1 tissue recovery
M2b TLR ligands, IL-1p -1, TNF-a, L6, Il-10,CCL1 eBUte i?:;g;ff:r”ecrfti?a:iz‘;promo““g
M2c G'”C°C°;2CF°_E'S’ L1010, TGF-p, CCL16,CCL18,CXCLIS  Affects phagocytosis of apoptotic cells
M2d TLR antagonists IL-10, VEGF Pr°mflf;2:ggi:’§;::gs &
Table 2. Characteristics of polarized M1, M2 macrophages
Division M1 macrophage M2 macrophage
Polarizing Material IFN-y, LPS, IFN-y+LPS IL-4,11-13,1C, IL-10, GC, GC+TGFB
Characteristics Pro-inflammatory Anti-inflammatory
Morphology Round and egg-shaped Elongated and fibroblast-like in shape
Phagocytic activity High Low
Antigen phenotype High Low
Arginine metabolism iNOS: Arginine -> NO Argl:Arginine — Ornithine
Antibacterial action High low
Effect on tumors Tumor attack Promote tumor growth

9 FABAE 57D, STHARIA-a (TNF-: 458 7oA T helper cell 2 (Th2) Ale]E7}RI9] ¥h-g-sto] &
&= °F, FUAEY] apoptosis +£) 5°] Utk Mia =3 Hohal A JHH7TI

Setal 9 ®iuo] w29 [L-4, IL-10, IL-13 & TGF-B M1 AN = ol A7 AT A FEE 2
(IL-4 / IL-13, IL-4 / IL10, IL-4 / IL-10 / TGE-B)2] oF  HF ¥FZ & FFof thgt 27| th-gof Tolsh= wHd
£ Hl&d 2FS AHESto] M2 HAAIR E53HE A= oA Yoy 7 ol &S A A Sl &4
Skal o]t At EZIRI 23t ZZto] 24 o E A4l F(ROS)ERE otz A-AF/ Al|EIRIE o= A
TIPS AEPSS A5G T F -4/ 1L-10/  FOo2ZH Z4 FFS Fofjshy] = gt o] I7gof Tolst
TGF-po] x3to] /43t & M1 HANRZE AstA v = M1 tAAZE9] At EFIRI R mo)= #2 539

A3} A7 a9E Holo] T HE 248 AAek= 71 1L-12, IL-23, IL-6, TNF-q, [L-1¢, S5 4 AFs} A4
7 W A H 1 A G ol ARtstFATHE]. 4 BAGNOS) ¢ IL-1po] &3ttt A+ 27t QL
dutx oz EIStH M1, M2 HAAxe] EALS , A7179 M1 AN 52 22 &4 9 9 o

oN K

Table 20 Yepitt. 45t daAzE AA b ZJHE o]0 &= QUTH8-101.
FLPYS} 22 FF #A = JAHHE FvHIFN-y), U, WA 2 S495S FEYCE M1
GM-CSF 9 TNF-2} Z-2 T helper cell 1 (Th1) Afe] A M2 diXAE E3312 BEY HAhS §rdto] &4F
E7RIC] =& =AY [L-4 9 [L-139] &9 =tanAe  # 299 25, A3 W AAHA

Jo
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TLR ligands
IFNy
IL-12
IL-1B

Inhibit inflammatory responses

Pro-inflammation Scavenge debris
Anti-Tumor ) Promote angiogenesis
Tumor formation Tissue remodeling & repair

3& 1. Polarization of MDSCs. Depending on environmental growth factors and inflammatory mediators, MDSCs
differentiate into M1- or M2-like cells.

-GS AES S| % B B M2 tiAA] derived suppressor cells)g 845t= A& HAIR

E ofg(M2a-d)2 A5 WH39] Rz st &4t [13-15]. M-MDSCS] *=|otd] &4ste TolA 2
A5 ARIEZIRl Zrul Zito s A3} 3y AFA AMRlEFIIC s Al&HEH, ol= E3F M-MDSC
(Table 1). 12wt A oA ol2fet AN zk 5t & FF FA= FATH 471914 M-MDSC= 4 &
A 39 AL g2 HEs| SHAA Bk, ol HAAE(TAME Z3lstAY SF W vAIZE A

Mo
oOlr

gt +714<l 771 F ] st M-MDSC Heo= dof ihg | A=29| 7|59 24
A-gs7] miol F Aol T2 JTe et Fo
Tumor Associated Macrophage (TAM) of }=H M-MDSCe W=|eHs] oA &Aystal |
& Al 7152 Uit 2749 4 IRk 45

IE ZU2 Ot AEE oA HIuks-& g9 7iA 9 HJrE} MDSCE M1- E: M2- A AZ= B35}
of= T4 W A e] 2hgof WA 03:6 g W=t} (Figure 1)}, o]= &4 BEX} ulAR A1 (Table 3) &
TF AL} FTF T AR ot EZ = oA QAE EH] 2= 913, M1-8-AF M-MDSC%: free radical(NO), TNE-

sto] Z4 AEE wAQsty sFgetoam o I o, [L-129 4 S7HA Y AFLS JAPtE AT
H IS5 A4S gt ol AT oA e At QltHiel

=4 FE S7HAER ofl et 2 ZHEE 2ot G 24014 F= pro-tumorigenicH &< sh=
5 A4 WSS WSAZITH12]. I Fol= CCL2 M2- 84 M-MDSCE F& IL-10, TGF-p ¥ Arg 1<
oF T2 AR, F2Y A= QIZHG-CSF, M-CSF), & &l Al 54 T-"xo] oJsf mi7fsl= $F Al A

7] ME I}, VEGF, IL-3 ¥ IL-69F 2= AJEZIR], B Aok SAIRE §-30ItH17]. ESF of2] A-tolA
S100A8 ¥ S100A9%} &2 24 A o] =2 w4 M1- A M-MDSC®l gt toll-like receptors(TLR) ¥
& 5 Al2rt geltE BE3lsto] M-MDSC(myeloid-  IFN-y, M2-RAF -8 gt [L-4 2 1L-139] S$84<
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Table 3. Representative macrophage markers

M1 M2
CD80,CD86 CD surface receptor CD163,CD206,CD200R
CXCL8, CXCL9, CXCL10, Chemokine CXCL12,CCL2,3,4,5,18,20
CCL2,CCL3,CCL5
IL-1b Cytokine IL-4, IL-6, IL-10, IL-13, TGF-b
MHC class I Biomarker S100A8, S100A9, MMP2
MMP9, STAB1
Vasculature marker VEGF
STAT1, IRF3, IRF5,HIF1a Transcription Factor STAT3, IRF4,FIZZ1,YM1
Checkpoint proteins PD-L1

iNOS, NO, ROS, IDO, PFKFB3, PKM2, ACOD1 Metabolites ARG1, IDO, CARKL, GS
miR-9, miR-18, miR-19a/b, miR-21, miR-21, miR-23a/b, miR-24, miR-27a,
miR-26, miR-27a/b, miR-127, miR-130a, miR- A miR-29, miR-34a, miR-124, miR-125a,
143, miR-145, miR-147, miR-155, miR-132, miR-146a, miR-155, miR-181,
miR-216a, miR-330 miR-188, miR-223, miR511
B AL, iXHW}X] M2- M-MDSCE M1- M-MDSC W HAAZ7} oA mHE==A]o tigt e5d<] A3

5t 28 Ho l% g9JtH18]. M1 E: M2 M-MDSC

9’] Z]—iﬂ 7]'10;'1‘_2' o]%éj’ :,L0ﬂ EE]-E'_U:] }_O]: ZZJ' Lﬁoﬂjﬂ
o]So] TAMO.& A & 7F=Ao] ot #o] ural2]

o ueh, oj5e /12l
235 A ESe) 7150 &

W RS A 9 B, B RS

Vool ek A E B 35 ol 8 U1,
o WOl q AR fee

7 AAme) 230t

AU *J ‘r‘d'—‘ oA A o]
A TAYEEH2,20]. TAMO] 7RA] A2 o2& 2AF 0]

ARt g W A|lZe}F FARHA TAMO] F 714 oFg <l
MI(&-SF +), M2(3-3F ) E8Fo= 4
A SItH21,22] (Figure 2). 7|&9] of2] AtolA &gs}
= 97 22 Y EAcks o AAEE B D 5 3
= Hol A 7 22004 7117t A A 27} o
S AN R O] £35S Al obd &S] E
SHAA] QFQut. SHATE, F7HARQl AFER 24 W B4
Alzzof et o @ AlF RS0l L7 EIEH Ry
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& ololZith. Al Sol, W] PfAAEE dghgolA
T, A, AEE AR, B, #E@AD), o
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< TAM >

@} M1-like macrophage

Immune activation
Lymphocyte Editing
Avoiding Immune Destruction

Antigen Presentation

Promoting TumorApoptosis
Promoting Cell Death
Sustaining Proliferative signaling

Phagocytosis of Tumor cells

Promoting Tumorinflammation

Polarization

@ M2-like macrophage

Immune Suppression
Blocking cytotoxic T cells

Activating regulatory T cells

Promoting Tumor Growth
Resisting Cell Death

Suppressing Tumor
Inflammation

Promoting Angiogenesis

Promoting Metastasis
Premetastatic Niche Formation
Tissue remodeling

ECM remadeling

38 2, Two subtypes of TAM. TAM exhibits two phenotypes: the M1 subtype with an anti-tumorigenic role and the

M2 subtype with a pro-tumorigenic role.

FH< 7dstz] Yo B4Ao|th TAME SYmIAIEHS
ollAl 71 F5-3t Alazo)7] wizol i e s d S5
gt HY Alzo] thHlste] 2 4% of & olnA
sto] Hlwsto 2 H T 4= Utk(Figure 3). Table 4
oAl TAM o|u|Ae] o] &E|= AA| etAlx} 2B E AT
Elpisg

3 MRS Rkt 27HR] AAEs A0
ofAtH, Aolgk TAMO 9)5) ¥ =+ subset-specific

receptorss HEAOZ FJASISE A =Z Folate-
conjugated fluorescein isothiocyanate(folate-FITC)
£ FAFHBAY oA ndoA FF A& W Alx
=2 1AIT ATEE AZCR([32] HZ ATLoA FAr-
Ui HE9] TAM ¥231e} Xz aito] tfsh B7H= Qi
[33], Y v 7|8k #2438} CD206-2 S UH]AI2HE
A o = W FAH &2 TAME AgH o=

d ol =]l P 2 el v HiYE ARSS
Sl ool AHH34,35].

=)
o
oS
=
rN
e
wa
A
)
0,
=
2ol

www.ksramp.or.k 45



Ran Ji Yoo, et al

(A)

(B)

&l 3. TAM image using image probe. Imaging using reported TAM-targeted imaging probes. (A) Folate-FITC image
in head and neck cancer model [32]. (B) PET/MR image using 64 Cu-labeled mannose-liposome [36]. (C) FMT-MR
image using magneto-fluorescent-nanoparticles [40].

2PA 9 RMES A= 272
29| =7} o]H1L FA 9] Fe region¥t
Fc receptor?] H] £o0]& A3} gEo]
2 97 Ho, o|= Qs A W o|u]ofA FF
n|AEE o] Az of 9] HEo] ¥ who] Sl
- vt 3jekd o 2 obAsll 7R84 o]
Eom 2 3=y _7]'51 il}@—?—ﬂié L3ete] &
FEstet35]. wEtA U
L HP‘?% O]%ﬂ‘ﬁﬂ A 7H‘i'=f% A 719 B4} oju]A 9
%

7 =2
*ﬂzﬂ 141011 A T‘M 25 l 1Agtste 7178 2hdet W
E GG Aol e RS 59
& 91k ot PET ZRER 1}
A5 2hllEgsle 22 Aot 59 4As AgetA

[e]
Sk 4~ QJtt. Locke L W et
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o
S
2
o
o
A
o
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al. o Ko W2 Hf uhe-A Ko TAMO] 4
% 64Cu-mammosylated B]EZS /i, PET JAo =2
T4 W TAME B3} st=tl d3staitt. +52 d2
ojggt Ule YA} AY AIAHE TAM TF 4 &4 ¥
A} Ao AREE 4 A BRt oy} X mehA
Ao g FPuAEHd W= A 8AE dEste A% &
S 71 4= Aok AeltH30l

PANZE AR FHs= 7P SeE U
2 AHE Yie JRKHSPIO / USPIO)E a8 sh= 1
o] O]E} o] ?JXP‘ Al A-8-Z Bl FEl [ tiAA
S T2 A7 5B BA0NA A=t 4l
T AAE %E‘H"} 37,38]. o]2[qt 43k Yl YRS o
&3 AF=E Fgol Aske 5 SR HellA

¢

lo

H;

—

TAM =4 —i,—z—i?_} A [39], magneto-fluorescent-
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Table 4. Target molecules for TAM-specific imaging
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Target Process / Molecule

Modality

Tracer

Phagocytosis

MRI, PET, optical, multi

Iron oxide nanoparticle
Cu-labeled polyglucose nanoparticle
Cy5.5-VEGF
Perfluorocarbon(PFC)

Endocytosis PET 8Zr-PL-HDL
87Zr-Al-HDL
F4/80 Flow cytometry, fluorescence microscopy "In-gF4/80-A3-1 mAb
CD11b PET ®F.VHHDC13
MHC- || PET BEVHH7
CD206 PET yy-Tilmanocept
BF-FB-anti-MMR 3.49 sd Ab
CD163 PET ®*Ga-aCD163-mAb
TSPO PET BF-GE-180
18F-DPA-714
"C-PBR28
FR-B SPECT, PET 3-Aza-2'[**F]fluorofolic acid

o= Agtxlo] FFIt MRE FASHE A7 ATHA40).
TAM oJu|AS I3t SPIOE o]-&3t HH Y A2 v
£ 22 =542=% MR oA tish dAHom S
PR} k= A0 2 ferumoxytol®] A A4 Aol A
MR A1 FdollA CD68 +, CD163 +, TAM9] 4157}
717k o7} US= HolF3d CBUER RS A
Hog 52lE SPIOZF A ‘Hoﬂlﬂ HXEH 02 TAM
O]U]’qg 7FsSHAl & Bt oty et FFmAIE ol A A-

578 TAMY] 55 st % 482 JAtH
= 04—?7]- B3 Fa1, o] Ao ug} ferumoxytolo]
Aol FFo=FE B4 A7I=9] Holg WAstAY
Az 24 o "9AR R’ 7S A
[42,43].

AN dA9 AT= AdtE= HxE {33 on A
ERE YA ol A TAM 24 2 84 H7I6h= d +9
sttt Cre-Lox A|ARIE AREsHo] 2/d3HH luciferase
U AN EE vReA SAE 9 kel HHlofA 524
sho] FASReE A7t AAAL44], PR~ A HEo
A S%F HTAMY] HH O 29] thA|A| I o] 52 AlZte}s}
I FFUAIEE HolA F-dFs aTE Bk A9t
Y= JTH45]. Argl TE2REZ ZAHEE Juciferased]

e 48 o}l M2 st
slqeg el ol5e

& Bgl g 2z 5
£ TAM 9] @79] 7R BR1% 4= SleHdol

Conclusion

HAA = SFNA 7 2 HIANZE pools UEM

o] A7) hepet 7152 ZHAl R 59 AR
7 glslglm, xe vt o] uhet 5% 4 EE 5

% o] RO BREL. ofe] A7 FYN 27 F
o WE L AYEA ML 73 AR B A 43
e AABAE 7] % WA, 53] Holsk ofn] 2
3 39 M2 59 AAE} o) Fa e et

B2} oju|AL &) £oF A YRIANEZE FAOF

7] 913t ol o] o|Rolx L U, FF B thAA]
g uAEHoR 24§ 4 9 TR Wo] 712
ATEL B crFskA WALk M1/M2 EAo] e
$4} LB o] Solgat ojul g 9 A4 SR,
5P QAPRHIY] e il AR Wol A TAM %ot
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