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P EIREREAR DCIE R . ZEAEHRIRARTT, X SuJE R
I TARFRIB BRI s MAERE X, s
BRI | Ak B Y a2 BRI, U SR
AT REE S T S iU E A BUR R I A
T 2GR A 20 B R AR PR AR T R DL D A
145 % e A K 132 /& (epidermal growth factor
receptor, EGFR) . NZE R K AKKH 72K 2
(human epidermal growth factor receptor 2, HER2) .
Kirsten K B[R 783 95 #5502 X R I 4 (Kirsten rats
arcomaviral oncogene homolog, KRAS) . V-Raf i
AR LR [RVRY) B (V-Raf murine sarcoma
viral oncogene homolog B, BRAF) . &4 M I8 s
2 90 L A 5] P2 (myelocytomatosis viral oncogene
homolog, c-Myc) %5, % F K DL KRAS. c-Myc,
EGFR = Fh s BL DA ], -4 B i T i Jgg 28
TS )52
1.1 KRASZZEE

KRAS J2 WV E I vhdie i 4t 5878 1 i i A
Z— M ZHEE g R B TR T RAS B KGR
I, HATGTPEHG M. 1EIER AT, KRASH
FEFTE ARG RS Z 0] e B B A WA B 5 4
M5 5S4 iR (guanosine diphosphate,
GDP) #5510, KRASARTRIFRA; MH 5
Wy A% —WEM2 (guanosine triphosphate, GTP) %%
AR TFRAERA, HH T LIS M2 ME S
i, 45 PI3K-AKT-mTOR {5 5 il #% . RAF-
MEK-ERK 5538 # . RAL-GEF {5 53 %45 . Bk
A KRAS 5 GDP Hil GTP Y454 52 3 FIf (55 1A
P, ARSI R AR SAREY, BN s 12 60 H R vk
PEEREUR (G12C) " 212 H &R RAR
REAT (G12D) " 55 13 faf H & 2 1 2 e 2 iR
& (G13D) "/, KRAS 2 {##55 GTP 45 5 IR A
IF R AR B BRI ISR, RS T E i,
AR M IS G AT RS, (Rl B K e A
RN B R R AR, R e R T

5 O(F1),
111 KRASZEZE A P G 2 30 ) 1 200 i 1 32 10 A
e

8 R 0 ] 240 2 (myeloid-derived suppressor
cells, MDSCs) &t HFHAT G e 3 i K e i 88 1
FHEORE R AN, XA SR S TG AR
PR R e R TR B R IE AR OC 1Y . TR 4 H
(colorectal cancer, CRC) H1, KRAS™PZRAFLT
WL Z BT F 2 (interferon regulatory factor 2,

IRF2) Wy3Rik. IRFE2VENHSEHEFl LI HES
C-X-C 4t J7 #& b Bl 7 I f& 3 (C-X-C motif
chemokine ligand 3, CXCL3) J3 3 F X 3 IRF2
SEA IS A I H CXCL3 Y1k ", 1 CXCL3
A LLE S C-X-C AP AL 732 1k 2 (C-X-C
motif chemokine receptor 2, CXCR2) ZhE& KSR
PR AN I DI RE . BT L, KRASC™ 5872 i
A] L4 £ KRAS-IRF2-CXCL3-CXCR2 #ii MDSCs
SR TME . HEAh, KRAS 28728 38 ] DL i i
KRAS-PPARS -CCL2-CCR2 %l ¥4 3£ MDSCs. 7E
KRASSP 7 IR I K ity , s S APy A
B W) 5% 2K & (peroxisome proliferators-activated
receptors 8, PPARS) My RiEH# L, Hibny
PPARG 753 I8 21 i il C-C i Fa 1k A - i 4 2
(C-C motif chemokine ligand 2, CCL2) "*, CCL2
AES 15 MDSCs Hl L 4 L3389 C-C L ¥tk
F %Z Kk 2 (C-C motif chemokine receptor 2,
CCR2) MEAEM, fedt et TME JE B
P HE R DT FEAR /N (non-small cell
lung cancer, NSCLC) Hr s W %< 2 A0 4,
KRASSC G55 T 1 Z0 T 25 40 M 94 9 PR~ A a4k
P FAIE F1 &-8 (interleukin-8, TL-8), CXCLS,
CCL2 il A 40 M - B Wi 4 Mg 4R ¥ 0l % W+
(granulocyte-macrophage colony-stimulating factor,
GM-CSF) 570 s

R4 MDSCs #h, KRAS X i AH 56 F 1 4
il (tumor-associated macrophages, TAMs) FIJE77
P T 40 (regulatory T cells, Tregs) F& 52 it #%
JZMGE . “HIZFK (Don’teat me) " CD474rF
AR Z A IR AN R T Rk, S E R
L A5 5 5 & H o (signal regulatory protein
alpha, SIRPo) A 400 4 o 40 D 64 4 Wi 2y
fig " mIE AR LRI, KRAS 5E7% 2338 i PG
PI3K-AKT-STAT3 15 *5 i i #1l ] miR-34a () 3235,
HE I bk miR-34a X CD47 1% L IHIfE N,
23 AN X i Je A A e 0 e,
KRAS®P 58 A8 2537 MEK/ERK {5 53 6, (i AR
S5 A0 43 WA T 22 (4 TL-10 Al TGF-B, 4~ CD4" T4l
it ] Treg MM AOTFEAL 21
1.1.2  KRASHEZEAE HEATC I 83 28 0y 241 Jie o4 T~ F1 2 fi
FEU

TEAR e I PR B AR I A W] ), 7EeE
/NIRRT, KRASC AR 258 i N E it
FEE M A2 (high mobility group A2, HMGA2)
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Fig.1 KRAS mutations and tumor immune microenvironment
1 KRASEREZRT5MERBHIMNE
MDSC: & P&l 41 (myeloid-derived suppressor cells) ; CXCL3: C-X-CH:JF#41b N FHE A3 (C-X-C motif chemokine ligand 3) ;
CXCR2: C-X-CH:JF#afbFF3Zk2 (C-X-C motif chemokine receptor 2); IRF1: THZJH3HF1 (interferon regulatory factor 1); CCL2:
C-CHFHALIHFEAR2 (C-C motif chemokine ligand 2); CCR2: C-CHEFHAfLF3Z{K2 (C-C motif chemokine receptor 2); PPARS: if %
Ak 4y AR B8 5 40 38005 Z AR S (peroxisome proliferators-activated receptors &) ; Macrophage: [F W4l ; SIRPo: {5 5 H Ho (signal
regulatory protein alpha, SIRPo); Treg: JATTMETANM (regulatory T cells); IL-10: F1412-10 (interleukin-10); TGF-B: % fb4: & KB
(transforming growth factor B); PD-1: F2FFIEAET 3241 (programmed death receptor 1); PD-L1: FFHESET-SZ KB AT (programmed
death ligand 1); HMGA2: il REE A2 (high mobility group A2); LDHA: FLERMAFA (lactate dehydrogenase A); Lactate: FLIR;
NK: A4 (natural killer cell) ; CAF: iy #H 3¢ iU 4T 4E 41 MY (cancer-associated fibroblasts) ; TNF-a: AR SRFE K F o (tumor

necrosis factor-a)

IE6AFS Jif 964 200 it 43 304 ) CXCL10/CXCL11 7K 37 27,
AT T 408 ) MR 2 2% . [RIET, KRAS
GRAS IS 1k R SRR A S SO R 2 A R
77y A Ty AR T LA IR B 72 25 b L 4 A 1Y
e

PP HAET %K 1 (programmed death-1, PD-1)
H5BFHIE T Z KB AR 1 (programmed death-
ligand 1, PD-L1) BYAHEAEH 0| CD8'T 4 fitg
Wi, SR T ERT, B AR A s
iR E LR 2 — 2 PRI, FE A
40 it 22 A ZH 2 rp PD-L1 YR58 5 KRASO"™P 58 5 H
Ko —JTMH, RASTAZZSAG i MEK-ERK 55
18 A AR 48 8 H 36 (tristetraprolin, TTP) A& A%

ik, T2 TTP 2k {2 #F mRNA BRI, fif
i g8 40 i R PD-L1 mRNA fFesE s =5 55—
JTTH, RAS 5878 23 U0 T Ui AKT {5 5 i, il
PD-L1 £ 1 ) BHPE3E in 2 3X7 2% 38 %t ] 5 3%
i e 40 i 7 PD-L1 %3 B3R, CD8'T 41 g & 4
IREREW . FLIR 21 ZEUR S RPN 2
—, SEE R E AN RS SV 2 A SCEk
KW, KRAS MM ZLRR i = A (lactate
dehydrogenase A, LDHA) [k, FEE
i Loy I FL IR 3 22 00, T A A 22 RO R 0
CDS8"T 4 i F1 NK 40 i35 fie 1 Mo e
1.1.3  KRAST/Z B AR CAFs AR IE I EH]

i 98 A0 G B £F 4E 4 g (cancer-associated
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fibroblasts, CAFs) &2 i & P Fl B 14 g 1
IEEAZO By, B e B S Bk Ay g
5 1 7= A A Bl T g S B 45 A RN D e A i g P 3t Jix
(extracellular matrix, ECM) f{{437b, CAFsihZ:4y
WEFER T 7 o feH -, S
AR TERANMEARER . IR S AN A ) S L) S
I BEVE S A A S S AR, R AP ARORSE 1Y)
5 2R B e VR TR a2 e A g figie

KRAS 577 w] DL il it A [RIHL ] & 4% % CAFs H
ARATETEVE ] . KRASS™P 2878 2 LRI AR 5 A
Ji  (pancreatic ductal adenocarcinoma, PDAC) #il
Jitg ffr CXCR2 it f& 411 CXCL1, CXCL5, CXCL7 %
ik, 5 CAFs A9 CXCR2HIHAEH, fii CAFs
AR N BA R AEACRAE R R A, (RRIA o Vi
WML E E  (a-smooth muscle actin, a-SMA) Fi
ECM & 11, {H /&5 3R 35 S s 400 i) 41 B 8 4 1L-4
IL-10 45 P07, KRASS™ 5 748 {1y i I8 41 Jfd 38 2% 3 2o
41 Wb b 983 IR BE K] F a (tumor necrosis factor- a,
TNF-a) . IL-6 %53#1% CAFs ' JAK1/2-STAT3 i [t ,
PEIMTYREN IL-33 (21K, S A 41217 CDS'T 4
JHL P IR 0 RN TG A, I R R A A B it
Ab, A /N TR MRTX 1133 #E ) KRASC™
RARET, WAL %) CAFs 23 & A dm FE I
PE CD8'T A A T OB IMR AT, e 20 Jpe i
FE R R
1.2 c-Myc#id

MYC (BFRHK c-Myc) J& 7 —F e UL Y Ji
FEEE, JB T Myc BRI KR, A WA R
MYCL (L-Myc) FIMYCN (N-Myc) ¥, ZFiEIL
PAE 50% LA B S AE h A A R, Gl S R
FHIARRFUGHIZE 2 e-Myc FEPR Zat5 i85 H i 2
— o EL A 0P R - A - MR e A R f 5% (basic
helix-loop-helix leucine zipper, bHLHZip) %% fiY
MR, g, c-Mye il 5 MYC A6
T X (MYC associated factor X, MAX) FH[HIE
B ZREE G, 2B G Y 5% ¢ DNA AT
41 E-box AH B AE HH BRI AT 9875 T Y 58 R A 2 s B
55 R 9 A Bl A8 T A T PR Y D e R AN ]
e-Myc ARV A 578, T H RN G AR HELL K
Bl SR S B B VO T Rk P e
AR c-Myc 1 58 15 Al TR SERRRE A A & e i) 22
AR, syt 2Ry 2R bR R B b ) 2
MOZH AN R SR 4L R Thae ,  ansnm =222 UAH
H M E A & (major histocompatibility complex,

MHC) 7+ . # ik A+ F 48 B /) & 38
& (K2).

1.2.1  c-Myc 5 G {2 S J0 i 14 40 i i) 12 i
5he

c-Mye 5 i Al 2 T B2 G2 110 i) 240 e T2 11
Ky he ¥Ese o FE R AR b E2 N M JE (pancreatic
intraepithelial neoplasia, PanIN) H', c-Myc #4764
i 1k CCLY M1 CXCLS J3 il 41 55 B AT 2 eI 28001 /Y
F4/80°CD206" E. K4 i #1 Ly-6B" Hh Mk 241 i i A i
JRZHZL T FERFANHfLSEE  (hepatocellular carcinoma,
HCC) ", c-Myc Fl4H il ZZ % bHLH % 5% [ 5 1
(twist family bHLH transcription factor 1, Twistl)
PMRVERT, 55 CCL2 RIL-13 BY40 ik, SEAEIF
L TAMs, A HCCHFRN LKL Y,

A AT IR BB, TE o-Myc i Rk 1 H
(gastric cancer, GC) FINSCLC ByiEai 4, i
Je 1= 1 1) CD8'T 41l Jifl 5 &4 b Treg (effector Treg,
eTreg) A 1 He Al 2 35 IR F o-Myc Ik 1k 19 fip
Jog 2 G RIR Y c-Myc £ B4 T R B IR L R 1Y
ik, FEELRR WG Z Y, N Tregs 40N 25
A FRRIREEHEH 1 (onocarboxylate transporter 1,
MCT1) FEZhHEBELRR, fedEisib T 4z N+ 1
(nuclear factors of activated T cells, NFAT) ;{3
MAEAZ, M IE 55 Treg 40 A A4 40 16 14 A1 PD-1 7Y
Fik
1.2.2 c-Myciil 4 il 0 40 i 47T e e D g

c-Myc 5 il b 2l o il T, B, NKZiAE
R 1 AT IR 15 MR SRR g 2B M ) 2R A7 . BIFSE
FW, c-Myci%if /5, TMEHHY T, BHINK 4
o T T 2 itk Ah, LR T oe-Mye 1y it 3R
ISR TR R, S350 “JERME" MIEREA
BRWE R, mE&FEF Rk . Bk, w5
c-Myc W $1 ki T 40 i S NK 40 i A 5 b 4
JEDIRETT LA A B8 FE R A8 0BT S piey ik
SRR TR A TR 1) ) A

HE, o-Myc BIE I HT s 5 ) 2 22
T A e 3 i I R 2 — . T 4 3z 44 H s il
223N T IF 4 MHC 43+ S 388 BT LB, 1 e 4
AR S am Ak 0 P N TR At YAk R Rk bt T
A p R A . MFSE R, c-Myc I MHC-1
g RBEMAILE S LR E W F (scaffold
attachment factor B, SAFB) 175 RALBEM A L.
7 B 41 ik 1998 (B cell lymphoma, BCL) 41l fifg
Hr, c-Myc 18 i3 15 SAFB 2K [ 294 1o #1 & 1R 19 75
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ARACAT MHC-1 3 () 323552 24|, S B
SR T 40 M ) =F BE RTEPEREAS, (IR AR A i
FNVU) AT DL 58 4 3 5 3K — 2800 Y . LR, e-Myce
T 0 B G A 701 A A5 A T AT BB 4 i T 4H i
FEuB I ) —EZE R . /N2 e Hh Ui
F|, c-Myciiid 5 CD47 1 PD-L1 4 i3 [K 19 i3 3
T XG4, BEAEMAT CDAT FIPD-L1 16 i 4 i i
ik, MANE c-Myc FRik 2 BRI 40 i CD47
FIPD-L1 EikACE, SEsRHLARST IR S B 2E
IeAh, TEZ A NN E SR i i 2 o-Mye Xf
PD-L1 HyHEAEH 7,

R 16 T A p e HIAE , c-Myc US43
S0 NK 20 A S 8 E T o 78 T 4 MLtk 9
At AR, e-Mye B 2 FEAK T NKp46'NK Fl
NKT 20 g p9 %k, X Al g2 i T c-Myc i i #% 5%
M T JAKs-STAT1/2 {5 5 i, (b CL 4h g
WIRITHEZE (type I interferon, IFN-1) 3ZfH 7,
1.2.3  c-Myciiif /5 # CAFsH 4 f2

c-Myc 1xf BE 30 0 I Jed 248 i %o ek e S oA 58 e il
P AR T 5 e dif Z A EAEH , S
CAFs Z [l 73 ¥ 38 HAWJE A e A0 LS o L 1=
L) N e bR i AL 2 — . BOREZ0)
WFSERIT,  IiRE R A & MM SR TR B
BREZE ™, o-Myc WK FRESHFIRE
A0 AN AR T miR-105 AYFRIATHE, CAFs BRIBUX
Le SN AT, HorP 9 miR-105 °] X CAFs #4754
T, il CAFs i 4R A 5E i 28 AL R B A R
WPRRE LAGE SE I A A= 4 ' 534, c-Myc il
R ZEAEA KB (insulin-like growth factor,
IGF) i3 [A] J5T B 21 4 40 Jfd 1) CAFs #4k . 7E AFL
IR E R4, o-Myc{ifb & S Bk S R
F 45 4 5 11 6 (insulin-like growth factors binding
protein-6, IGFBP-6) 43 iAJs/F11GF1. IGF2 73
Hohn, a5 ) i AT A AN A 0 R A AR K
F 151K (IGF1 receptor, IGF-1R) #5& e #t Hifz
2247 M It ] CAFs 56462, A F T Mg % 7% 1)
R
1.3 ErbB-1 (EGFR) 3%

EGFR J& — Ff H A W& 2 B2 ¥ 1§ (receptor
tyrosine kinases, RTKs) JGPERIBEZIAR, 1E 75 U
P EIRE R Z —, 5 2R G IR i i
ZIAFFE R R, CCNATHT 25 W & i THE
M P RSO, EGFR &7E 5 HA R
PERCAR 3 J2 A K+ (epidermal growth factor,

EGF) . # 1t 4 K Il ¥ o (transforming growth
factor o, TGF-a) ZFZ54 Jaoikds, dEmiya¥=4np
(RBEBE AN o046 25 5 Y EGFR R K & A= 578 5l A
IEF Y, L S IR A T 0 2 e A S
G, IR & . AR, SRR A A
W AR AE IR B T H k&, {H7E EGFR &+
R T RIG RIS A R o, $88 EGFRAG 57
SR RE A S T SR g M R O B Y B
B (E2).
1.3.1  EGFRZEAZAR G 2 10 i 1 40 M A 12 3 5
Yitig

Ji 92 4 At v EGFR B0 5878 23155 5 TAMs 1)
25 M2 k. £ NSCLC 4iffif, EGFR %7
I R R AR 59 4 (immunoglobulin-
like transcript 4, 1LT4) %33k 0 2F 83 40 i 533
CCL2 FICCLS, ¥4 Wi i 78 TME i 524 9%
) M2 UM AL, R SR T AN RERE RS 5, 1R
5 BE 40 9% (glioblastoma, GBM) ', EGFR }
HEE 548 R EGFRVII £33 i KRAS 5 CCL2 [
Pk, fEIE TAMSs (3R 575 76 NSCLC 4l fil
EGFR 7543 30% Tl JAK/STAT3 {5 S i, 13
I IL-4 (50, fE Bk TAMS 5] M2 26 R Ak At
2y Y AN, EGFR 5878 i 23 [R) B A% 5K
SEREHIF K S F 3 CDA7 43 715 i s 40 - B 5%
ik FERESEVRYEZM, EGFR WG R4 2761k
NSCLC 4l fffi Hf* AKT/NF-xB 1 ERK/c-Myc Wi 515 5
i %, NF-xB il c-Myc 1 2 % 5% R F B 3 8 4%
CD47 3Rk ) EBIBE G R 21, EGFRZAE
SR GBM 4 i Hh i £ 7 22 R B 1 o-Ste 5
CD47 E S &, T CD47 Y288 &k E w1k,
P E3 12 2 EH:mE — S5/ 7 811 21 (tripartite-motif
protein 21, TRIM21) 5 CD47 Z[RIHZ54, M
T4 B TRIM21 /549 CD47 K99/102R £ %1z %1k,
fif CD47 25 (I BEAF IR 0 783X B ARHIL] o E ]
YEFT, EGFR 775 e 4l i & 615 CD47, ¥k
e 0 2 ) W

73 4h, EGFR %3 7% 0] il 2 F ik 12 5%
MDSCs. 7E GBM 4iffirf, EGFR %78 43 i it vk
Jeb 8 240 B 4300 CXCL1/2/3 5 5 B8 vh 2 e Ba ik
%l 40 Y (polymorphonuclear myeloid derived
suppressor cells, PMN-MDSCs) i, K PMN-
MDSC #1455 2 JGUIE K vgd 5 [k 45 46 4 8L, M3
G By e IR BT I B . FLIRIE B A
#H (BE-cadherin, E-cad) Z8{A& C-Ecad 2xiliid G
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EGFR-STAT3 {5 %5 H.#% L i CXCLS8 % 5%, itk
i MDSCs Ji: Ho&: PMN-MDSCs FSE4E 1

Tregs & 811,23 5 31| EGFR 28 725 5 | 3 1 Jith 98 134

SR EYAVE AR .l I X H EGFR BHAE AT P

b5 ¥ (brain metastasis, BM) 3 g2 e
PEAN LTS 0 & B, EGFR FA%E BMs o CD8'T 4t il
B s /b | Tregs B B . e iR (lung
adenocarcinoma, LUAD) o', EGFRZS7Fn] i@ 1%
W oc-Jun 24 % B BB (c-Jun N-terminal kinase,
INK) /c-Jun {55 b i# CCL22 A4 40 Tregs
(R ZE4E 1 TR S P e 400 i 55 3 58 MIHC-TT 43
+, fif CD4*T A i 1] Tregs ZrAuAmigt !,
1.3.2  EGFRZEZEMF RN T )T D ke

FPEST RN EGFR 9878 E £ E Y7 SR A,
S T B 5 b3 1 CD8'T 41 it ) fig 1 40 skl A 6
T4, EGFR 5 5805 i PISK/AKT i #% K i+
MR F1 (IRF1) 05k iG P, S
CXCL10 1 CCL5 %5 #a fb K+ 1 73 i, fe 4 BHL A
CDS8"T 4fi i 1] I Rd SR B i . HAR, EGFR
75 T g 3 5 43 TGF-B . TL-10 25 G 3 1 [H
T, EHEMS CDST MM MBI, 7

NSCLC 1, EGFR 575 7% T i ERK1/2-p90RSK
5%, BKsh TGF- BE’\J%’%ﬁj, #ﬁ'ﬁﬁﬂﬂ%ﬁ CDS'T 4ijifd
I . SEFE A MR O IR R —
EGFR %2 7% i 968 4 95 410 1 E’Jﬁj\? it 58 % I,
EGFR R 7% 2 00% 25 F1 34 ¥ C  (protein kinase C,
PKC), fEiEppE4niar CD73 ik ', CD73 X
PRIEAS 5'-#Z% H BRREF (Ecto-5'- nucleotidase, NTSE),
oLl i fb L A BB PR R (adenosine
monophosphate, AMP) #%{b R MRTE, MRif@Ed S
CD8T 4 g . NK 40 g I i i A2A 2 1K
(adenosine A2A receptor, A2AR) %54, LN
YU A IS TE MR RE ) 1, A, TL-6 R R
R IEA N T, 78 EGFR 2875 ) NSCLC f# ¥R 5%
hRIATHE, FECDS' T AR AR IEH L, NK 4
M IS A PERR 00 Granzyme B, NKG2D ft 63k %
%, % BR IL-6 W) AT LA ¥ 58 NK R T 28 Jif 3 i 0
s

EGFRZEZE A ] LI F 3 PD-L1 3540 il
T4 LIRE. DCs 255 VI11A T 413G 58 1k i) 3
PR B AN (antigen-presenting cell, APCs),
1E /N B Lewis filif (Lewis lung carcinoma, LLC)

G54k
CXCLS5 g
TANs cCLa
CCL9 etk o PR B CCL5
oLy ————— L4
7 T s " %
~ R CD47 —
ywu CINET u i
s . 4 CXCL12/3/ p pSTATswILT4
R4 @ - ®° :
-0 o T \ A = \
° MDSC ] P
. . PD-1t A —— INK/ f
| .. ﬁf%/%cé . ﬁ—o Lactate ———» ‘ ESS CCLZZ/ .l‘hm b >
o f | o f
> — TGF-B1 ¥ . o ‘
® S \111C-1 Treg — WS .
: ‘ol \\“ CD47 FE | S \/‘ R vy
o .JA:Ks . = o @il
STAT CDS8 '1‘\ DCs N
E!Z%‘ih WL i§Ei _LeeT U
IFN-I . — IL-6 gl -7
NK -7 , )
miR-105 4R -7 Gkl
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Fig. 2 Effects of c—Myc abnormal activation and EGFR mutation on tumor immune microenvironment
E2 c-MycEREREMEFEGFRERE 32253 IhyE & IR E rY 820
TAN: A& PR 4N (tumor-associated neutrophils) ; MHC-T: EZHLIHAEME A (major histocompatibility comple-T) ; IFN-I:

IFITHE (type I interferon) ;
FAP: X 2T 2 40 it 3% 3% 75 (1 (fibroblast activation protein) ;
member 13B); BMP5: ‘HIEA

IGF: B ZEFAKHFETF (insulin-like growth factor); MMP2: &4 )@ & FHAE2 (matrix metallopeptidase 2) ;
TNFSF13B:
& MAS (bone morphogenetic protein 5) ;

TNF 8 %K ji% % 52 13B (tumor necrosis factor ligand superfamily
HGF: i K N7 (hepatocyte growth factor) ; 1LT4: #ji

BRI A RERE )4 (immunoglobulin-like transcript 4); INK: c-JunZ JE0i# i (c-Jun N-terminal kinase) .
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BRI, EGFR 19 54h i FHt2k 578 (EGFR exon
19 deletion, EGFR-19 del) {1445 20 fitd 23 530 5 45
EGFR-19 del & I RYSMA, (1 g 15 | itk L 45
(lymph node, LN) ' DCs & ¥ MHC-II/CD40/
CD8Ofii &k . PD-L1 ik Hilifb sz i i - 1Y,
e G CD8'T 4 M iy % Ak 7 o 7RI 5T B 20 B Jr
1, EGFR-ERK i #2314 F il COP9 {5 5 /MA 6
(constitutive photomorphogenesis 9  signalosome
subunit 6, CSN6) il PD-L1 & 1/ B, 2 dF
Ji R 40 b PD-L1 25 R E , SECD8'T 4 /il
R 7
1.3.3  EGFRI7%58 1 CAFs 8 ¥ I (o 455

X EGFR 575 Jifi Ji g ¥ B0 40 i 4% s 20 70 1
7, CAFs G L@, HrE 221k (leptin
receptor, LEPR) [H 4 CAFs F1 L i% £F 4 40 A2
(myofibrotic CAFs, myCAFs) b FZ A, LEPR
Zh Fe 40 (mesenchymal stem cells, MSCs)
bR, LEPR®CAFs Rl Al ¥ MSCs #: CAFs, iX
T 20 3 2o A S M R A L I B JR A I 2. (matrix
metallopeptidase 2, MMP2) ., CXCL14, CXCLI12
A T U R A B Y. MMIP2 a3 T g 2 I Y
DC-T 20 ffd &3 4J0 /- Jiig S e ik itk ™5 CXCL12 /]
DA IR A58 v 7 SEAR CXCRA A AL
I A2 R A A i 40l PR R B A OC B W 2 i
(lipid-associated macrophage, LAM) W& 7,

2 IEEESME R REREME

9 DR SRR A Mg 4 il BE PR, s A i
JA AN DNA & i 55 5 Tk G E T, JF HH D fg
PER TG IR A R R BB 7 R LAY
9 JE X 3= 22 I Jeg 25 53 (tumor protein 53,
p53) o ALY B 40 B 98 3L A (retinoblastomal ,
RBI) . WiMRWREE 5 5K 1 8 H [ J8%) (phosphatase
and tensin homolog, PTEN) . MfJE 1 & Ak 3k
(adenomatous polyposis coli, APC). FLIE5EEH
1/2 (breast cancer susceptibility genel/2, BRCA1/2)
S, T I S LN p53 LK PTEN X &g
T PEOAEE E T TS
2.1 p53%iF

P53 8 N WA Mg v B i ) B0 ] 0 410 g i
o VERFE ST, p53 KIEZFE HE2MIEN,
A4 X Hs 3 FRAG O s 7 S A B SR B 5 . A 232
WA s RO . e DNA B R . 4kipdt
PRI Al B Pk 7, DA RG4Sk K B ps3 2 5 AR

W R BRBE TR S e Y ) AR A
o AR, p53 25138 & = 7F H DNA 455 45
¥ 1%, (DNA-binding domain, DBD) % 4 4 X %
A%, RARJS N pS3 TIRE S A A 3R EUE , 43l )
AE Bt & (loss of function, LOF) . i 4 i %4 b
(dominant negative effect, DNE) Fl Ijj g 3K 15
(gain of function, GOF), iX 3 Fli 2l 48 #f 23 & 2 98
SiE 1Y R A R B, BF AR A p53 (wild type pS3,
WT p53) AR N HA RZERER, 1fips3
JVTE IR S yse bt v A A . ([813)
2,11 pS3 AR oy A0 T 200 IR )R
Pk R RSN R 2 Y — R R
SE LA, 5 TAMs AL, i A DG rh b 4
(tumor-associated neutrophils, TANs) 477 A [
IR AL RAY . FEMhRE & AR B R 48], TANs FZERI
R EAVUME ISR N AL, A MR A g, N2
) TANs 32 W18 22 9 AR IR AR 7 ZE2LIR
/RN, pS3 BRAAEFE T I 20 il 2R3k Wt
fii ik, 5% h3Z 1K 7 (frizzled receptor 7, FZD7)
M FZDY M HAE A S TAMs i1k, ERIL-18 193
ik W IL-1B 2 MR AR R AR A 1, AT DL 4 EK
P ER A SRR KT, S EUMRE AL
7 240 B R R A R MR A IR 22 0 AE
HEAHT Kras "™ Trp 530 (1 I g S o2 /)N BB IR v |
GOF p53* M98 23175 g 4 i 731 CXCL2, i
TR BE ks 4R e bR A iR, JF BR80T
CDA40 Sy PRI A A T IR TN 25 PRy 7= AR 2
TAMSs FIMDSCs i i1 S P REW 32 £ p53 IR
ISR . /N A A AR b, pS3 e S it
fib 8+ 40 MY (cancer stem cells, CSCs) 43 i
IL-34, 5 FE WEA0M R 7 A 71 24k

(colony stimulating factor 1 receptor, CSFIR) %54

J&i . 5 PPAR {5 5 18 % i ' 1 CD36 HY K ik .
CD36 42 A B Qi ik 78 rb R A i D77 18 e St TR A
R, AL B R i A B AR R AR DR A
1t (fatty acid oxidation, FAO) Ui, IXshifnikks:
TAMs [ M2 FEfl AL 220 TE4S i, #5707 GOF
P53 78 (1) I IEd 240 Bt 2 axk 43 WA 5 A miR-1246 (151
AR TAMs HEAT H 4 A, (R 7300 TL-10
TGF-B F1 CCL2 S AR, #F— 2D A i gg S 2e
F 2 AR TR R /N BRAR R h , pS3 i IR
T A bR 2 il CXCL1, CXCLS. M-CSF FlHiA%
i A 1 (monocyte chemoattractant protein 1,
MCP1) ZE4IN T 19504, 25 MDSCs 535 il
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(i . TR S IR, pS3 IS L2878 il
o P8 £T 2 AR IR SR BE I B, BHLAR CDS'T 4
LR, SR i P A D
2.1.3 p53KiHAFCAFsH it

Jirge v p 53 BE DR 2 ] 25 R B5OE AT 2 A
A% CAFsHERFIE . FESS M fiErh, p53VM 578 iE
oL 38 0 g 4 B S M AA i miR-21-3p Hl miR-769-3p
MERIA OIS LA 4k 48 Jfa v () TGF-B/Smad 38 i ,
L a-SMA ., JIEE (vimentin, VIM) F1TGF-B
Wik, JEES EMT GRS Y &4 Y, 78 p53
B RS E e, e A e — T E A R A
4 41 Y miR-1249-5p. miR-6737-5p I miR-6819-5p
A e 0 B EF AR P pS3 ik, T EOREF 4k 4N i
HFEBE ¥R 1, 5y — Ty I L miR-5703 411
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Fig.3 p53 maladjustment and tumor immune microenvironment
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FAO: JiElifa%A 1t (fatty acid oxidation); CSFIR: SEVFHIFAF13Z2{& (colony stimulating factor 1 receptor); M-CSF:

g 240 f 41 7 A

[AF (macrophage colony-stimulating factor); MCP1: PZ4HEA LI 11 (monocyte chemoattractant protein 1); TBK1: TANKZ; & Mk

fitf 1 (TANK binding protein kinase 1) ;
APJ: ApelinZZ{& (Apelin receptor) .

TRAIL: IR SRFEI FAH I 1% S ECR  (tumor necrosis factor-related apoptosis inducing ligand) ;
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AP)) MRk, R HIRI CAFsFERFME 10 It
A, 5 E A IR FE 8 90 (heat shock
proteins 90, HSP90) 7] LA E GOF 2875 p53 %K 11,
TS B AR L EVs H56 RS 2 AT e, 2 mm et
A Au b p53 B M5 57 SR SRy, R2E
WEHAERAL A CAFs ") BEmifE st R an i pd A= K
2.2 PTENE

PTEN J& A e rp 5 i 2R 16 1 g 6 I =2
—, HHL L) K B KT i VAR AL AR BT BE X iR
(R R e B ., PTENTIREZHE, LT
W RRRIE K e R R EEA AT, AR R 41
EME L ORI IR R R RS .
AR Lo 2
2.2.1  PTENZC IS0 G yse 400 1 240 RS A v 32 i)

i3 240 L v PTEN 35 PR 2k 17 23 38 2 PI3K A i
B AR AR i 42 B 0 TAMSs (9328 Je T g, & ok,
PTEN {5t 2k £ 5% ) TAMs Ak o g 40 i 0 6 1)
PTEN & 1125 5 ECWE 4 1 %) & AR 1 S5 6 2
(plexin-domain containing 2, PLXDC2) %54, #%
I TAMs 11 JAK2-STAT1 {5 %538 %, I TAMs M
PEANT F A0 e o M1 A, JETS CDS'T il
NK 20 B i 8 45 16 P 1Y #F GBM A BR SE98
PTEN 23 W2 7F T M1 Y [ 15 200 i 1) M2 RUA% 7R
FEAEHE M2 RIS WA AT RS 1, R T RE
PTEN 41 518 cGAS-STING i i 1 1% AL R 10 Rz
IL-33 3835 BRAHDC . Hk, PTENGRE 5
TAMs [ 38 58 AH G o 78 2 I8 PR 1 5T B 24 i JRg
1, PTEN H-2 2300 I e 20 e b i % S TR F- Yes
M1 1 (Yes-associated protein, YAP1), X4
0 200 i A PR 7 o T U fR B (lysyl oxidase,
LOX) Hy53ih. LOXM B Wi 1) Bl &=
(Bl integrin, ITGB1) WAk, BTG FiE H,0,- & &
il & TR 1Y % 2 R B4 ¥ 2 (proline-rich tyrosine
kinase 2, PYK2) {5 5i@#s, {8 Gl = mEam
J o PR AL SRS 1 BbAh, PTEN SRR FhY
PR R 5 IR T B ANMERUIAEDC .
5 375 I 40 8 TP BB PTEN AT 5 35 b 38 22 Fof e
Yk fb R 7 ry ik, 4G CXCL1, CXCL8 4,
It HLBAR AT 25 5 o v Mk A bR 75 11 5 4%
R BRE AR UG RIEMSE ™, KU PTEN i
2 NI g 1o FH B K R 4 R R 7 TME,
PEIEIERE T

7 PTEN ikt 2% (9 i 98 26 58 v, MIDSCs Al
Tregs AL MBS £ . 72/ FTS iRl
b B AR S PTEN il it b 8 R 4E P ¥ Csfl
FIL-1B #3220 24 Gr-1'CD11b'MDSCs 91
B, PR RO S S e R RO BT R
iR i PTEN i ik 2 (2 E TL-6 F 733, HETT {2
i MDSCs 7E T8 Bitds rh i SR 4 530%™ Ak,
T i 5 R 4 i S i 4 g G RS B A b, PTEN
I35 1 g 2H 2 H1 % Foxp3* Tregs 4= 5 1Y
TIEr, X AT AESE i TGF-B/CXCL10 4343 £ 5 ns|
iz 2,3- XU 48 1 (indoleamine 2,3-dioxygenasel ,
IDO1) [k ATy e,

2.2.2 PTENZRTEHE T MY fE

TEL R IR AR PTEN B4 A PI3K G B 1
SRR S T AR D DL S RS )
PIRIARDC M FERR AR B T, PTEN SR
T e IR AL F VEGF (318, S T4
JHLAE g v s el L, ] s e e e 4 L
ERA, RISz T R A0 " IRE
PTEN 35 1 LA Sl 91 i 20 0 & A= A e, I
if B R 5 A O 43 7 BE5X (damage associated
molecular patterns, DAMPs) fi£i/f CD8'T i i 1%
I MR 2 weAh, FESS H A R R
Hi, PTEN k238 4 PI3K/AKT/NF-«B % [ 8 i
20 L 2 i PD-L1 (9 3%3k, #0H] CD8'T 4 i /5 19
BPRE RN 2
223 PTENIG 5 RCAFsHE Zift

PTEN 2K i 1) Ji 98 41 il X CAF's & ¥4 5 4 R A
H, FEE SRR o R R v R ¥ GV E ] . AR
H g /N B R, PTEN Bl A S HIES A
H:#H (bone morphogenetic protein, BMP) 2 #17
(153 WA CAFs H Smad & A=W R 1k, JFIGE T iF
LR fiT A T 1 (stromal cell-derived factor-1,
SDF-1) A, fR#FmAs AR ™. EHAEEN
J&, CAFs 5 4 itd PTEN 3 [H 2 [a) 9 4 FH 9 A
SRR CAFs fi Az (8 M 23 8 1) 41 1 vk 983 240
Jfirp PTEN 335, 305 T ilF AKT {5 Sl %, fe
HE RS A0 M A3 B L R 2E AR 2 T
W, eI o # r, BEIBTIE 4R 5 CAFs Z
] 79 3 53 40 54 AT LUAE S 9 RE V6 97 B9 B
] (4),
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Fig. 4 PTEN inactivation and tumor immune microenvironment
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IL-33: 41 %-33 (interleukin-33); LOX: #i&BE%E LAEE (lysyl oxidase); ITGBI1: Pl#EA % (Bl integrin); PYK2:

B TR 1 2 R

#E2 (proline-rich tyrosine kinase 2) ; VEGF: IiL4 N 72K HF (vascular endothelial growth factor) ; BMP: ‘HIE& &K EE M (bone
morphogenetic protein) ; SDF-1: JEFTANMIATA 1 (stromal cell-derived factor-1)
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PL CDA7 HiA 5 EGFR [ 24 1R 154 it 10 1 550 (R Bk 5
25 i R R A BRI M, AT E ORI IR
femirse

4 BESRE

JIee 96 200 L ) e PR 2 7 N 3 R Wi I 9 928 TR B
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Abstract

In recent years, immunotherapy has become an excellent option for cancer patients, but most patients

still face problems such as low response or drug resistance. Therefore, researchers conducted extensive studies on

the reasons for the poor efficacy of immunotherapy. Eventually, it was found that the regulatory effect of

abnormal expression of oncogenes and tumor suppressor genes on the tumor immune microenvironment is one of

the important factors leading to the failure of immunotherapy to achieve the expected efficacy. It is well known

that cancer is a kind of disease caused by the interaction between environmental and genetic factors, and the

occurrence of cancer is mainly related to genetic alteration. Physiologically, the balance between oncogenes and

tumor suppressor genes is crucial for DNA replication and proliferation regulation. However, under certain
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conditions, such as viral infection, chemical carcinogens or radiation, these genes may be mutated and eventually
induce cancer. In addition, the combination of different gene mutations can also lead to significant differences
among patients. For example, certain gene mutations are associated with the metastasis of cancer cells, while
some are associated with the resistance of cancer cells to the attack of immune cells. Therefore, exploring the
effects of different genetic alterations on the tumor microenvironment can help us better solve the problems in the
process of clinical treatment and provide a theoretical basis for designing gene-targeted and personalized
therapies. This review mainly summarizes the effects of common oncogenes and tumor suppressor gene mutations
on immunosuppressive cells, anti-tumor immune effector cells and tumor-associated fibroblasts in the tumor
microenvironment. Firstly, when the oncogene KRAS, c-Myc and EGFR are abnormally activated, cancer cell will
secrete various cytokines and chemokines, thereby recruiting various immunosuppressive cells to the TME and
causing exhaustion of CD8" T and NK cells. It can also reprogram CAFs and eventually promote the development
of cancer. Furthermore, similar phenomena occur after the inactivation of tumor suppressor genes. For example,
cancer cells with inactivated PTEN genes will secrete large amounts of 1L-33 and LOX to recruit macrophages
and induce TAMs. Cancer cells can secrete a variety of microRNAs into the tumor microenvironment after p53
dysregulation. These mircoRNAs can reprogram CAFs and lead to epithelial-mesenchymal transition. Finally, we
summarize the reversing effects of therapeutic interventions targeting mutant oncogenes or tumor suppressor
genes (such as KRAS inhibitors, overexpression of p5S3 by mRNA, PI3Kf inhibitors) on the immunosuppressive
tumor microenvironment. Some of the results of their synergistic effects in combination with immunotherapy are
also listed. Compared with monotherapy, the combination of either KRAS inhibitor or p53 mRNA nanomedicine
with aPD-1 therapy resulted in more durable and potent anti-tumor effects. In summary, this review elucidates the
regulatory and remodeling effects of genetic alterations in tumor cells on the tumor immune microenvironment,
and analyzes the great potential of gene alteration intervention combined with immunotherapy. We hope it can

provide theoretical basis and development strategy for precise cancer immunotherapy.
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