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Abstract Skeletal muscle accounts for about 40-50% of body
weight and is an important tissue that performs various functions,
such as maintaining posture, supporting soft tissues, maintaining
body temperature, and respiration. Cancer, which occurs widely
around the world, causes cancer cachexia accompanied by
muscular atrophy, which reduces the effectiveness of anticancer
drugs and greatly reduces the quality of life and survival rate of
cancer patients. Therefore, research to improve cancer cachexia is
ongoing. However, there are few studies on the link between
cancer and muscle atrophy. Cancer cells exhibit distinct
microenvironment and metabolism from tumor cells, including
tumor-associated ~ macrophages (TAM), tumor-associated
neutrophils (TAN), and insulin resistance due to the Warburg
effect. Therefore, we summarize the microenvironment and
metabolic characteristics of cancer cells, and the molecular
mechanisms of muscle atrophy that can be affected by cytokine
and insulin resistance. In addition, this suggests the possibility of
improving cancer cachexia of substances affecting TAM, TAN,
and Warburg effect. We also summarize the mechanisms
identified so far through single agents and the signaling pathways
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mediated by them that may ameliorate cancer cachexia.
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cisplatin[3], docetaxel[4], doxorubicin[5]3} &
& A BI= VERAIT, 29159 e oddl S
log rawo] qdrk. o ofAHL FekAle] Aol
FaAl7IM, EAEe] ate] A3 AEES =
RAsIgATHe]. 53] Al &da st
St ol FHYO F8 B F slfeln FY E
3 5EA] edeth ol ofld® <lsf vehte Al
SEH] 7HAaE et B uhe(7)], Y B
[8lollM ERIstlen, 2 #A9 e TF WAE
b ZFAZAME ERISHITHI). 3 o AlEe I A
52 FEsle Al)EZIQIM ofz}, Lipid mobilizing factor 2
Proteolysis-inducing factor®} -2 x5 WE3sl] v 4l
ASE doFItH10]. o1t "M Al H52 AlA o] 9l
= Aol%= -100-200 kecal/day T F7F6k= 74 olvA] &
£ FI7M7IE Ag EFsA[11] AR dixbe] HelE x4
gt oloh 2he Skt 291 A HEAE B oF ol
AR E Eatar, oF #d AEHHR] 27 LHIE GHH e
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3 o5ty EAlolrh. mEp, B w=RoE oz la 29
Zo) Q1L AT thalet HER AR 9% Azl tia)
248 gro] el o ofold ARe] £8e = 4 Yt
Aol ojel Aeial.
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19200}, Otto Heinrich Warburge £% AX7F njEE=g]o}
THolA FEslE ASgro = HPgAGAR] WA o R o]
£ Aiite AL DA A EE Ak EX sl
i sFatES Ol EEFg FFEASRE AL v, T
EZcgoloA TCA 3= B ARG A|2HE &3 IJFE
Fel S COE 98] AtshAl7IH 38 mole] ATPE A
et} o]5 ksl 4ksl 714 (oxidative phosphorylation)©]2h
shH, o] I F, Y AE"HE T AAE H3HA
FEA 0l Athol] ALE L Fao0lLy) AFs] B8 AT
wEhA], 2keka Qlaksl Aol Akt o)) g AdA
FoA Akt A w), AEXe rEgS vFHA0 2 A}
g T2, pyruvate’} lactate® F$=|3L o]= TCA cycled| &
o7 %3 FAE ol 714 3l (anaerobic glycolysis)
2 3P HFHOZ 2mole] ATPE A3 #7143 sl
B ghte] AdEE AL SFAES AL Al ARt
ATP A2kS FHastalr] el 4kshs] 1iksle] vl 9 &&
Z o]t}

Warburgs SAHIZ7E AFAe] EA oo #AIGlo] tiFie
IS o ® HETle APl s dElen, ol
3714 sfigolzt Wl SHETE At e 24 5t
ME 717 TS AEshe olfre FAEA HEsH B
71 npt Qitk. d8HoR, HEE AE, T4, Mol 93
S AU E dojolsr] W] AYMERT o] B X
T 245 Ze® s, XM 3714 s A st
g ke 7107 olFsie] IFHEAIC R TiAE £ ATP

£ olg3l] Xxrgog MeE) o9} o] Ergy) 2tk
<3k 3|22 I3 Z(cori cycle)y 2t 3T},

hxAo e A U o SAlE AEEE X
o] Ul RS doFlozn ThxAdre] X A =
7he AEFES GEsiti12]. o] "W €F ¥xg ¥
FoAE A g9 FXE 5] u xedS 2E
o7 A7IE A& H(insulingS ATl =L, o)A 9]
£d8F (hyperinsulinemia)2 ©]oZth. WAUES B a4
T 2 AT A wEd ded AP A 9] 28|
A 8T g3 APE F Utk ole #§F 1 B=Y A
AAe} Az yEYFoR FEH e 2ol
oIk = T3], Ql&d witAo] £4Ee] <l
Aol doju ZAT A7, AW 22 9 7]Ef ZF ol o3
< vA o daAS g F i) ol IS 7K
db/db wl-Z=oX 9] 25 F7] Al 28 9 B vk
slellA] &l 4 QUri14].
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Insulin like growth factor 1 (IGF-1)2 A=A FAFS E4}
TZE 7F Za#olt} IGF-12 &% "t F23 IS
sk AR, ol IGF-1°0] F&HH3 wpe-20] 37 olA 3
HHENS W 2§ A7t Srkeke A5E) sk 25 Al
ol IGF-19] A7PF &3 HgE FX8ks ZoA 81T
ATH16]. IGF-1°] IGF-1 receptorll AgslAL}, ¢l&do] ¢l
A FEA(IR, insulin receptor)o]l AFS 3HH Insulin receptor
substrate 1 (IRS-1)°] E]Z221 QIAkshik-g-o] &dsect. Ql4tst
F IRS-12 Phosphoinositide 3-kinase (PI3K)2] p85 A1Ef+-4
9] SRC &4 2 (SH2) =HIR1S] QI F3ll PBKE €4
SAZITH17). 43k PBKE % THE AE84 plloeS
& Axere] <1x@ AESl PI 4,5-bisphosphate (PIP2)2]
PIP3E9] Q1SS FXleto] AlxE A=star ddd=tes A
g wj7kx] v FeEl2 AxZe| J53k= PDKIZF AKT
£ dyduto g w3l Phosphatase and tensin homolog
(PTEN)Z PIP3E PIP2Z ER14Hsl A7l RAAIE, ol &
SAM3E C2C1290 y-secretase inhibitor 22| 2 <13+ PTEN}
pAKT whige] 2hitel 2wk xjoj[18] = gRIT 4 qlom,
PI3K7}F Akto] 749 dAete $4% IGF % B ol
F2oA PIBKS] ATP AF 919 Ao ZH oAlA] 9%

S 3= LY2694002 A7 A] Akte] W& o] Lrolxl Ao=
18 4= UH19]. PDKIE ©]ojx EF oy T308 oA
AKE AASAIA Akt B9 S7HE F=35H, = mTORCI

oAlsk= TSC12E 2293 o= 4= mTORCI
Zg3sAZItk. mTORCIS Raptor (regulatory protein associated
with  mTOR), Deptor (DEP domain containing mTOR
interacting protein), PRAS40 (proline-rich Akt substrate of
40kDa) % GbLS *E33s}1H[20], mTORC2+= Ractor’} oFd,
Rictor (rapamycin insensitive companion of mTOR)®} A4
9291 mSinl, Protonl25 7H2Ithe HolA HHEH Akt
o] Qlitsl B BAsLE ke 7S &Th mTORS| <A
A rapamycin A BlHEE FEe 2EY 247 4
< A [21] ©]& rapamycin A A 25 $7] &3} wlA
¢l MyoD¢] whid welgfo] 7HAgk Zlog siolgh 4 3tk
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Catabolite activator protein (CAP) N-Ttto] 7k= A3t
ZHQle] AL, C-ade]l DNA-ZE =wQle] 9lem 1007 ©]
Ao T2 REA WS EA3IAIZITH23]. CAPL allosteric
effector cAMPS] &4 slol|A], Pl TE2RE ] e I 234
9] B4 DNA Foll 233, RNA polymerase holoenzyme
o] Al AALES JHAIFOEHA 71%53FTH23]. eukaryotic
initiation factor 4F (elF4F)= messenger RNAS] 5' CAPel
Agste] MY JiAE X8R EdA0H, e AEAH
elF4E, elF4G, elF4AR A5 o] 3Tt elF4E= elF4GE 40S
YuE HHHYLS mRNAR 2H8ke T2 k= scaffoldo]
™ ATP ©|=% RNA z7lolAlQl elF4As 2B 29 3
F o] =gS T 53], elF4E= W 7iACIA &= Al
gke] o4&-2 3}, Eukaryotic translation initiation factor 4E-
binding protein 1 (4EBP1)3Z} slH|ZClo|HE o]F o] B&A3}
Jel2 EA3H). IGF-1/Ake] 31 1A mTORCIS ATPE
AF-3l5 4EBP1S Thr-37 2 Thr46 7] ZclA Qlabs)sle]
4EBP1S elFAEZNH WEAIZIT) ©]2Z4] mTORCIo] 7HH%
O F eIFAEE &dstste] ©ld FAS 913 CAP-oEY |
o] JRAE )

mTORCI1S 3L p70S6KS] Ed oW 389 7)o ¢lalsls
Festar 2o 819] eIzl S6 (p70S6K-induced phosphorylation
of the small ribosomal protein 6) % elF4B (eukaryotic
translation initiation factor 4B)9] <A2F3}E F =3}l S6=
408 FEF AEAUL FEoH, §174 wAAE 3lEshe 7]
5% ST} elF4Be elF4FS] AMERUIOR U3l elF4A0] &
39S A=3 elF3A AMEAUS 53l 3 wide] /A oAl
oA 9GS e THF EIAIQL elF3el 2t mTORS
AAAQ] rapamycin®] &AL AH2dh w2 FAT ZZ
A p-Akte] LEFE FAAI7)A] RS, p4EBPI B op-
p70S6Ke] ThlF WHFS TFAAIFTR= 2 mTOR7F AktS]
ak9] QIAFolzt p-4EBP1 R p-p70S6Ke] ¢l 17telgte A&
SubRghoh24].

Eukaryotic initiation factor 2B (elF2B)= elF2ol gt o}
d-mEd Qetol= gk QIAte|w, H|ZEA elF2-GDPE 24
elF2-GTPZ WZAZITE. elF2:= 714 (RNAE 2|HFol] Ast
3 mRNA AUG FE Q128 Fxlale] g 938 s A
AR AlRR) 2E]s 9 EA FIUelAlQl GSK3be elF2B
£ ikslele] EEA3l HEE wEo e whild 3de o
Agct, SAIRE, Akts GSK3E Qlibslele] E84sHA o=
A AR elF2BE EASHAA i FHE fEdit
Ak} GSK39] 9] dAelzhe A2 # =42 244 Akt
o] ARl MK-22065 Ae]gh AFolr 2AE ol 2
AIE MK-22063] Al QitshEl GSK37F Foj=x sl
A8 4= AH25]

HEFZE=EFols 25 75 AUAE AFshs F83 Alx
A7)t} nEZEE 0} 7% FiE doT|A dUA|7t Eo
S &4 A Fol HEsH AEHe] 2958 T
It} ATP citrate lyase$! ACL2 citrate % Coenzyme A
(CoA)E acetyl-CoA B SAE opHo|ERS] HEHS Fufst
= 9L dth ACLY St 259 o A4 A9
&4 v EZEe} 75N E Uehlle vEZE=Fl 2
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9o Axoz o]ojRtH26]. Cardiolipin F|EZ=gjo} et
o FgtEle] e AR, vEZ=g ol o JH), FgA,
qF, A, B F 5o nEZE=Z} 7)FelA Fash
&S gHH27]. ACLO] cardiolipin®] S7FsHA| Ho] FlEEZ=
go} BgAe] o] Trlsle] 4k AH|el AlE ATP 37}
Z7FHl €t Akt ACLES E43A17|= o= dEA
om, ACL §42 HE2 IGF19] 98] uizisEes vid 84
2 MHC w3 3o Z7Hs fonsil A ZHTH28].
IGF/Akt/ACL/cardiolipine PIEZ=Eo} 7|5 248 53] ATP
=3

£ oA 28 B PYe 4ET 5

s

o5 99F 239 444 714
o] fulFRlel ofs BA|E & ZRHolEo| ) AlE
A oA Awdk 2ds Fal Tl o] HPE FHIFE
Zz2Ho}E AlZ2-H (ubiquitin-proteasome system; UPS)Z} &}
8 oA Bale] a3k 71 F sdolt. UPSe 712 ©
Wl 76709 ofm|ieto 2 o] FofR fH|FHHC] FHATS
B FAEIL o]F 268 ZREH|olEe] At EafE= 7%
olt}y. 71d whilldoe] fu|FRe] FXEe P A 7] =
221 El (fH1H" €43 a4), B2 (HIFE H &), E3
(fRIFE Z7telA)e] AEH Q1 whgo oA Yoyttt
AR, 7671 opigto R o] R0l fH|FHS] CUT T2
EH717F ATP &4 302 AMPE WESHH El 2|7l
o] &2 F9] AZH]Ql Z7)ol EloZHE AgS B3 F
ZHET) ololA, E2 fHIAY JY 2ae &skE RFE-
El &4 E3A A%ste] Edlzo|2H 23] vke-S 73l El
olX E20] &4 AJZHIQl FRIZe] fHFE o]5-g it
vAE E3 fHFE gtoAle fHlH RS A=) miA]
w WAE Fufetd, E2e fHFES sk fHIAES 7
A2 Adske E32 Adsith & o fvFEe 71de &
Zwe fHFIRle)] F2hE 5, weba] fE|HEe] AL Ae
53 EFRIFEAEE eV En ZEReFRiskE V1A
ATP 94 Hkgol|lX 268 ZzEolFolely Bele thid
3 EA ol ofsf HafEct.
=& @i BelE dod|= B3 ZlVleHAlE dEFoe=
Muscle RING finger 1 (MuRF-1)2} F-box only protein, atrogin-
1 (MaFbx)7} It} Forkhead box Ol, 2, 3 (FoxOl, 2, 3)=
gelitslElo] 8 Y2 ##w]o] MuRF-13 MaFbxE ARSI,
FoxOsi= Aktel] oJ3) QIabshd o =x gdo] A€
‘Eating of selfZ= 12]2=0follA] w}A8¥ “R}7FE2] (autophagy)’
= AT &Y 2 vAYUSES B EEL8sAY 7150
= AlX A 848 AAHoz sk I 7IAlelH, A
28, 9% ¥ 2 Ak 2B 2l gk vk, Al AP,
A BAE 23 bgeket Alx 7158 24s)7] fg otk
BRo| 27lEd] 45 A%E mTOR T2 29k (mTORCI
9 mTORC2) @AOIA ZdHn. 44 271494 mTORCI
ULK1/2 (unc-51 like autophagy activating kinase) A}7}3E2]
EAS] BEZAstE Bl AR &S SAg ULKI
2 Autophagy related protein 13 (Atgl3)2] mTORC1 2]&4]
IAksk= ULK12 HekAle] Badst gl Aphrsle] afaF 24
< zYs, 2E# 2 34 mTORCIS YA|E3L ULKI1/2
E3le golbElEn. ULK12E Atgl3 2 FIP200 A1 <l
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Ahsketal A A SdsA7|H, ol A 7|uolA] VPS34
2 zd WA BeclinlS ¥3Fk= PI3K complex membrane
nucleation stage®} AAME AT ) FH4S 2d3t}h PBK €4
o 23] AA== Phosphatidylinositol 3-phosphates= PI3P Z
& =HRlE et AhE2] B 94K landing pad=
Z-g-3it}, o] FolME WIPII-4 2 DFCPI2 Qu|71Eolgka
e o Fx A0 s, ol oMk ATA wE
o] AFS 99k EYES Tiee ol Az AR
7 RS AR A JE Aol oEsh, WA ATGI2
= ATG7 % ATGI0 o] 288 B3] ATGS whjde]
T A olojA ATGI2-5 o]3Alel e ATGI6LI &
o] e o & 53Ae] IS ZHshy olojd ATGI2-
5-16L1 =2 2HE Fgste] Ad £ ATGS AL
MAPILC3, GATE16, GABARAPo| HEA71E E3 @7lokA19]
A st 8IEE A7) S8, SEFIFLS U] d=F
e F4aEd st E85F AMEoA 8§82 Lysosome-
associated membrane protein 2, STX17 ¥ WAMP83} Z&
SNARE ©@®d = RAB TlZ(RAB5 % RAB7)S "oz
gty SESRTE oute] {3t F vt xFhE EdL i
= T E A g os) FaEr)

Akt mTORE 431 A ULK129] E438E Aoz
A AR AEAS AR 4 Aok ESH mTORCIS
Ap7pEslel Hosle Ak HElE AR A IAE &
QY3k= TFEBE Al 1Akslgto =4 A =m, AKT/PKB=
Al 467914 TFEBE <l4Hslslal TFEB & d3E AIES
2A A7EEAE gAg

PDGF, TGF-B, EGF

CD209
CD206
CD16: z\

> |

MMP-9, TNF-q,
; IL-1B
metastasis
IL-10, PGE2
Treg cell
induction

L g

TAM

WSk E3 5HAE 27l MuRF-13} MaFbxE AR
712 FoxO= AP7FEA ZEoA ggd 988 /A3 AUt
FoxO )28 & 32l FoxO3e Z50lA o8 272y &
A AHATG4, ATG12, BECNI, BNIP3, LC3, ULKI, ULK2
9 VSPS34)2] WAL 2-A2ZA ERIFSE FoxOl1> ZALH]
oEA WA 0 R ATIEAE . FoxOl Ala2dofA] o}
AEsl=ar Atg7d] Ao 2N QESIE AEUNY] T8
ZAA e el A Aozl Qs AFEAS KT

3 WY AE
YA E

BAAZE A, OBE, AL AA7] B EH SolHe)
wdo] gl o2 Ze MAFS AL LBk W

Aol WMo UdFoltt, o] HHE A7 AE-(phagocytosis)Zhal
st 7 FGO2RE] 35 Wolshs 98 it A+

28 olell thaAl e ARA MG EISeE Wolell F2d o
atn] gz gol 22 v W AXE mfsie] 4
A (Fold We)g Adshetl Ewe] Ak 955 dov]i
HAAAES AT 71 e hazes Fd5 75

sro
==

stal Al E7RRIS WEdeEN WY RS A7) |= §
o olHd AFe doTle MRS M1 tiaAl 2k

A7 YRRIMESE M2 A EE S
kS 9oz W Eh= Alo|EFIele] Zpolo) s M1/
M2 thAAMES Esr 4=tk M1 A EE IL-1b, IL-8,

Q

immune
suppression

IL-10, TGF-B, TNF-a
Arg-1

FIzz1

)
2

VEGF, IL-8, CSF-1

angiogenesis

EGF, CSF-1

migration and
invasion

Fig. 1 Tumor-Associated Macrophage’s roles in cancer growth. PDGF; Platelet-derived growth factor, TGF-f; Transforming growth factor-beta, EGF;
Epidermal growth factor, IL-10; Interleukin-10, TNF-a; Tumor necrosis factor-alpha, Arg-1; Arginase-1, VEGF; Vascular endothelial growth factor, I1L-
8; Interleukin-8, CSF-1; Colony stimulating factor-1, PGE2; Prostaglandin E2, MMP-9; Matrix metalloproteinase-9, IL-1p; Interleukin-1beta
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IL-12, IL-23, tumor necrosis factor-alpha (TNF-a), CXCL10
5o HAESE AllEFRL, AR 55 LI ATS &
S 7Y Hbdd, M2 tiA A Z+= IL-10, transforming
growth factor-beta (TGF-B), Arginase 122 EXAox]= 34
S AllE7RL, ARTIRL, oHE 2 55 HIsh Y
24E 7RI
AR FAoll Fofalal JaE oA EE -
O 214 2 (tumor-associated macrophages; TAM)E 57| 0]
3, ol M2 tiRAMIES} fARE FEFEE Zhe A= Tk
th. TAM £4| Ao EFI1S oF AEolA A FAPE Z2
S fEs29]. 2 A 7ke] Al WEW, TAMS A3 A
F QIZHEGF), @43 3 447 IAHPDGF), TGF-B1, 7M1
JRIZHHGF) 2 49 A% 2)7t= +8A(EGFR) #dz] ¥
o2 AJ7dRIAHBFGF) 2 IL-6, IL-10S Z3st
AE 2 2 AES AFshe st Al|E7RIS 3
T Atk TAMOIA FEidh IL-65 JAK/STAT A3AES &
BCL-2, MCL-13} Z-& A ZAPE QxS WEd 4 e
kool AlE S0 Fa3 AAES 233 30]. TAMS
gt 3 U9 ME 3% AXKVEGF) ¥ AEFIRII CCLIS
Jekzdsto = FoF A o Aol 7]edsit}29]. T
w2 2dlofl A, TAMOA f2i3t VEGF-Ax= A8
frEshe ZoR HiEol Hom[31], et nhe-2
I TAMOIlA 523 CCLIgo] AEH S
o2 BYHATH32]. TGF-pE= TAMOIA W=EeE <l
SR, ol= o MEL] o5 FHXIEPH(33], o9} 2
A2 TAMOIA FEiE 49 3% JARHEGF)[34], A=
Ab 2371 ZHIGE-1)[35] ¢ 49t =93} chitinase 3-like
protein 1 (CHI3L1)[36] ¢ f¢t Bdoxz gRix]o] it}

N ook o) ® o XN f
o

e

of\

)

o2
e e

o M2

and O).,
oot

o

)

2Lrr e oz 4o [
oX o
tilo

ol w3

337

FTFTE AL WP 40-70%E A e F2 Y B
o ThEk HH W] PoHolny, BETE X dFoR,
whelgfol 2, G ol o3 Aol A1F SAleIM dEF F
= olsskes A5 AlxEe] A WA WAt T shuelt) Ale]
E7RIS AFe] wgt S5 FEUND) Ex ATFN2)
FHYPeR 53 & F Ue AANYES d=rh37). o8 7
NI tumor-associated neutrophils (N1 TAN) % N2 tumor-
associated neutrophils (N2 TAN)°|Z} 3}, N1 TANS =&
9] IL-12, TNF-0, CCL3, ICAM-1, CCL9, CXCL10 ¥
who =29 arginase-1, MMP-9, VEGFS 2dsleE whH N2
TANS ¥& 459 CCLS5, CCL2, VEGF, MMP-9, arginase-
13} @& 39 TNF-0, CCL-3, ICAM-1 5& W&t}
TGF-pe] &) s, 5578 Agdon Axd =43 4
JAATE 9le N2 ZEvE HojFe whd, IFN-f 35 &
BN BEFTE Y S4S 2= NI EdYos A
[38].

NI TANZ AZAPES fieshs 2II=R2A 7)sske Aol
E7J019] TNF-related apoptosis induce ligand (TRAIL)S &
AAg 8 FF AEA $AH0R2 MIAPES FES o]
SF #dsle] IFN-2 A=5d S57T=5EH feigh TRAIL] 9
g AEFA AEAPES FESThs ARl HAE 1o
[39], Leudwig 5[40 W3l Bacillus Calmette-Geurin®]

=l

=
o

Hazlg gHE wpske 7S A
TRAIL "7 &5 S48 3
olA TRAIL T2 < A2l
Az5A A Bojsle Aoz
ket 73Est ROSE AAdsta
fe) X e}

sto 28 A7F TFT -2
. &3 TRAILS Al8&
3 FAskd NK AHE
Q1= tH41]. N1 TANS

3 HEsi X tiEl ¥
ke 1 54 84 9 5 Alx] AFEE oo

R

o Jﬂ;

N

R [e)
A= 280 olxads IRgti42]. N1 TANOIA
3k ROS % 319l Hypochlorous acide= M3ZERe] 213491
£ Bl T Azl Ax 548 Jehlle Zo= deAl
. 53], ROS w7l Akt Esh= Ay oF AEA MEAL
& HE3132[43], ROS "7 INK/p38 MAPK A&dg A
= AAZANE AR BaxE AJFRAsta, A ZARE A
A Bel2E shFdste] Ao AEAES fEshs A
o2 dEHTH44).

N2 TANS ZFoF o] d3aliel] Jae nE 4= e v
o] T2 PR AN AAE FH BuY 4 Juh45]. N2 TAN
S TAM3 PRIVIAZ 357 9393 frsle] 2
QIZIQl VEGFE {rofvlshAl ddsilth46]. &5l o8] =
el ZZHokA2l Matrix metalloproteinases 5= MMP-9 I
St A 2 AR Fo% TS sk AoR U
A At} Huang 54712 &5 Fd MMP-97} F& wlg-2=o|
Al QIZE Eadel ogt ik A4, 47 9 dAol Zsite
AL Y=gt TR, MMP-92 2= ] AlZd o8 2
= T HQke] whgo) 7odate AoR gRIE|oIXITHA4R).

B
Fd B

ﬁﬁﬁm
=

1%)

*’r

o

o]
o #d AGAEERE ] Ao|EFRIF 25

AAAN AlolEFRRIOZ U#Z] TGF-po] Folv ods
A5 28k o2 EAUTH49]. TGF-B High A+
AT YA B3E oAIB [50], 2048 AEE &4F
AT A MER B3E fioshe oz RIFH
TH51]. TGF-Be] kol 71od8l= E4H dlAUSS SMAD
2sAE 2 MAPK A5HES Fag stk ARdo] B3]
oH52]. IL-6+= 295 frdshe txZd AllE7RI F 3
vo|t}, Janssen S[53] IL-62] ©7|7F Folox= FHeo] Wz &
A 5] fEnty 1o, L6 &R A=
gt By whe2ox] 25 915S et ¥ IL-6
7t 2HES fEske AMS SEsiths4]. ol tigh A}
2 WAYES A 2 AEe ek A3o)A] STAT3/Atrogin
o] wrdzro 7 Folg 4= Qlr}[55]. ANt Kuniyasu S[561&
IL-6 o7} AT v 52 A3 44 59 ofdd 342
Fr=skA] ool tigetel ol e oF ool S IL-6
2 3] AT + flvke AHS B3tk IL-6= 2429
o|s}zhg- Wk olug}, Fo 5 HE TS FEY
o™, o= cyclinD1 EH3LE 53 JAK2/STAT3 Alszgol|
o8] ZHHATH57]. IL-69F TEo], TNF-a A 295L
kst AlolEFIRIoT) ZEZFAIE C2C129] TNF-
a Azl Al, 23] o] AAT] 7h4stH, o= NF-«kBe| 2
sl ek 2ehild H3)] QIAQl MuRF-132 Atrogin-19]
oz uj7fEc}58]. B3+ TNF-o= TAHNAS FLHAA|A
HZ2Z oA AABEEYAE FEEla nEZEZ L BHYE
A7Ie T REZEZCL 75 AolE doIt}59]. IL-1¢]
T he o]2d F shiel IL-1pY ZSAEo] e dAFE

=

oheordoaE i



392

J Appl Biol Chem (2022) 65(4), 387-396

Wei S[60]°l 23 ZSATAHE C2C128 Ao Y
o} E2H4 Uﬂﬂqu% & Eo]zel E3 ligase?! MuRF-13}
Atrogln-l-/] FAZHEH o]= NF-«Bel| 23] mizlEe Aoz
FAFAE. =5 Aol g hﬂoﬂ e A B3 M
ﬂ%‘*ﬂl#«l A &3t IL-1p Aol o8] wiziE]sz, M1 o
*MIE o7 WY whg-e] O*ZM =5 AolE Fxlehs tl4
HollA &5 AL FFdAZ 2»:}[61] MMP-9& A
b HE Az 9] vEg 2] Adsk= TERl dystrophin®]
AR mdx vR-2oA] wEHFo) %S}U% MMP-92] <47}
AT &, 9F, A 2 ARSE TaeAItE Aol 4%
= ATH62].

OW AAFES] 295 2 vU2A Az A AsE

5= VEGF= AA Yolld 25 A6 S B8 42
ZW; A=she AoR SRIHATH63]. sHAIT VEGF e
% 3Rl VEGF-AQ] A7I7F IS FAToNA vigidzel &
A F HAFSE FXgH64]. Esh 25 A oA ML
M ze] M2 tidAEze] 183 H3ke F4H20d], 1L-10
2 olgjgt tirAlze] BEY HES oz 25 AN
o] 7]e3gtH65].

TANOIA EvjEgy dd -8 A, dgA 2 914
TS ol Qe HltdE Fxlof] HlE] A FxlAAN
AUI A 7kl S71ske ARIETR] & shueltie6]. 1L-8
5ol Uisk e 233 C2C1200 2447 <t zmﬂ
EE*H ZaE 2 AAE B3 25 Tttt AME
elst = Juh67]. IL-82 ZHES FET3dl= STAT3/S,
Smad2/3 ¥ ERK12 ©@¥& 238 Z7FAZTH66]. PGE2
(prostaglandin E2)= myogenic PIAES F3Fxdsal, 23S
P 25 AE] HUE fEdhs 202 dEAATH68).

%"-h

Oo>‘

L

S

SREEBICLLE ]

A, AT FEAE A1) ololdlel e )
A7 AR ZAGH ethz4] @A) el AsAlz A

L5 37 ‘2}“ }FE-2 megestrol, dronabinol, ghrelins°] It}
Megestrol> 77 FJeko 2 7], dAl= 28 /A3t

o #E A8 B30 ATS STMAII=E ARSETHTS)
of gt WIAYES XA FUAT, Hamburger 5[761
megestrolo] AWM ES] 3T3-L19] £35 =3ty 93l
o} S 1L-69] W7ol 7P =2 3AIA megestrolS F
AsilE o, Fevg AF S/t vERd Zlo] ERIEAh
[77]. Dronabinok delta-9-tetraydrocannabinol .2, 2]-&2}=A|
Aol G337k 9l Ao® FDA $9lo] H9lt). Ghrelin S5
HERPA R RE ARE2R] FHE FX8, AVEHTe] 4l
ANEZ Q2L Ed 2L8 Eg AQ__ 57].;\]7]‘— 2ot}
[78]. Ghrelin 2 &ZZIA|242] 7 ofz}, AFFA At
o]E7}e1¢l IL-1, IL-6 2 TNF-o 2d = Akl So]zxo|x
Azl oA &EFE I HERATH79]. olEg &A=
Ae A8 AFS STRI7IAT, & ‘3}"—]1“‘0“ st TdH A
of MYntoz= SRl ARE ZdiskA] o, A oF of
A X8E 98 sUE k2 itk wEhA, oF g X859
frojulgt &35 713 ¢ e XBEAES] o] AlF3H, o]
of 3AHAA EHE Hole @Y EFES A
NF-xBASAEe] JAAZ L7 pyrrolidine dithiocarbamate
£ TNF-o 2 C26 £ wixle] 98] f=8 Algsd o A=z
RdlolX AMPK A& AgS oAlste] Akt AleddEs 24
sl oA FAe] Thily ol S miXle Ao &
QA EATHS0]. Lu T[58]> =& EAlst= A &4
diterpene 3}3HE21 Carnosol} 29| F-AFA dimethyl-carnosol
2 dimethyl-cardnosol-D67} TNF-a/NF-kB A3 4g HZE
ABtal 25 B AW 23 S48 AAFIoEN gotdld §
FE e Btk Eanes 2 FE=4 78 A
A AJEQ silibininoll T AYe AA o 2 YA W 2F
oM =& WHES Eaishs MuRF-1 % Atrogin- 143l o]
frefmEiAl ASIATH81]. d12=e] holal z7|dlA ofdE
71E AAsId DNAZE 31288 Ko} v dus] 72228 4= QA
Sk 3|E YolMlgstase] JARZE L#HF Valproic acid
= TY AR wgE 23] AAE ST, T BR
uhe-2ollM AT A 9 TS STMFTHE] & E

H7 Z2e] Fo ZdlE AJE9l epigallocatechin-3-gallate 5

) l-J

VAR L
o'\_r.‘

o

Table 1 TAM (Tumor-associated macrophage), TAN (Tumor-associated neutrophil) associated cytokines and effects

Cytokine Effect Ref.
Produce ROS
TGF-B Expression of Atrogin-1 & MuRF-1 [66], [67]
Decrease myogenic genes through Smad signaling
Decrease Akt signaling
IL-6 Induction of protein degradation [68]
TAM TNFa Induction NF-«B signaling [69]
(Tumor-Associated Induction NF-kB signali
) gnaling
Macrophage) IL-1p Decrease Akt signaling (571, 1701
MMP-9 Inhibition of MMP-9 improves skeletal muscle regeneration [59]
VEGF-A Promotes aberrant angiogenesis and fibrosis [61]
VEGF Stimulates skeletal muscle regeneration [60]
IL-10 Change macrophage phenotype to promote muscle growth [62]
TAN IL-8 Induce ERK1/2, STAT, Smad signaling [63]
(Tumor-Associated Muscle repairment
Neutrophil) PGE2 Muscle cell hypertrophy (6]
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Table 2 Positive effect of single compounds on cancer cachexia in cultured cells

Single compound Effect Cultured cell Ref.
S Inhibit AMPK signaling CT-26
Pyrrolidine dithiocarbamate Activate Akt signaling (colon cancer) (771

Activate Akt signaling

CT-26

Carnosol Inhibit NF-kB signaling (colon cancer) [55]
Downregulate MuRF-1 & Atrogin-1
Silibinin Inhibit STAT3 activation S2-013 (78]
Downregulate MuRF-1 & Atrogin-1 (pancreatic cancer)
Activate Akt signaling (CO]SI’T;;I?‘ICCI’)
Valproic acid Inhibit C/EBP activation LLC [79]
Downregulate Atrogin-1
(lung cancer)
. . Inhibit NF-«xB signaling LLC
Epigallocatechin-3-gallate Downregulate MuRF-1 & Atrogin-1 (lung cancer) (80]
MIA PaCa-2
Bereamottin Inhibit Conditioned media induced cell death (pancreatic cancer) 81]
g Induce MyHC expression BxPC-3
(pancreatic cancer)
Induce MyHC expression
Activate Akt signaling CT-26
Alantolactone Downregulate MuRF-1 (colon cancer) (68]
Inhibit STAT3 activation
Crypiotanshinone Inhibit STAT3 activation CT-26 (85]
P Downregulate MuRF-1 & Atrogin-1 (colon cancer)
Ginsenoside Rbl Downregulate TNF-a & IL-6 C1-26 [86]

(colon cancer)
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