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Abstract

Laryngeal carcinoma is a common kind of head and neck cancer of which pathogenesis is not

explicit, and it is one of the few cancers where the five-year survival rate has declined. More and more researches

have shown that the changes of cells and stromal components, metabolic reprogramming and immune escape in the

tumor microenvironment contribute to the development of cancer. Studying the laryngeal carcinoma microenviron-

ment can add new understanding for the pathogenesis and early diagnosis of laryngeal carcinoma, and develop bet-

ter treatment and prognosis strategies. Therefore, combined with the epidemiological status of laryngeal carcinoma,

this review briefly summarized the composition of tumor microenvironment and its role in the development of la-

ryngeal carcinoma and the specific characteristics of tumor metabolic reprogramming in tumor microenvironment.
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Table 1 Study on microenvironment involved in the progression of laryngeal carcinoma

Wt i3 R B

The progression of laryngeal carcinoma

LRI
Regulatory targets

RIEKF AR S 30k
The change of expression level Reference

Precancerous growths SOX2, CTIN, FAK
miRNA-21
CD163, Ki-67
DGCRS

Phosphorylated Hsp27

Tissue invasion and metastasis

Ladinin-1
Derived factor
IL-33

PD-L1

Immune escape

Improvement of prognosis
CTLA4
IL-12RB2
PD-L1
CD31, VEGF

CD3, CD8, CD57, S100

[12-13]

R e T e T e e S e i S
]
] e 2 22228 s 2B




A A W SO 58 S A RHE T Tt e

431

RILPD-LIKP-MITILs % — 8, H 5 Mk T 25
34 2%; SCHULTERZSPVA B, 75 5L 1]k kbR 40 Jf0 Jie
WEZH A, CD3 1A PR I 3G 22 DL K I A R AR 7
(vascular endothelial growth factor, VEGF)[1] /5 3 i&
SRR Z R R K, AR 55
R fE B

2 MR A RISHFE

TR T N #2840 L7 40 i A1 ot B o3 B AR 4K
S e BE MR K A AR R e, IR AE LI R vh 5 B K Ak
B MBI FIERAZE AN A 2 7 3R
R BN ARAACH B AR, X2 R A A A% 0P
AT 22 R A I ANE R AR WAL e R vh /N7 1A
WA — T K AL 2 7 i, I o s i AR
PR MAR (M MLV PRI I FEE) R
23 (R AE Y 2H 2R AR s ) e AR, DA 26
AWIbR N, AR AR AT BEATL A o

SOMASHEK AR5 P - iy 73 7% JBE £ Jie e 2% T
SEIRBART WS AT 087, RILFLIR . IR
JEBAL . IR “FhiR. A EH MoK T, H
T =RBEZKP R R 388 53 55 PRI UM i — AT I
[F1) J5 5 R v SR o — R AT I T J5 B e e e 2.
LG AR AR IR A AR IREAT 1 Sk,
SE T A EFIGENUY), KO b =R IR
PN FLRR KT B3 T v, VRS A E = M4 % |
RETIR P/ o ASUR R R PO € it — DU AT &
A7 N ) o5 U5 3R B0 7 9 ) W s R 5 R A R A A4 3R 4T
T IIEACHIZH A T, &I LysoPC 16:0(1-palmitoyl-
2-hydroxy-sn-glycero-3-phosphocholine). PAF(1-o-
hexadecyl-2-acetyl-sn-glycero-3-phosphocholine). EPC
16:0(1,2-dipalmitoyl-sn-glycero-3-ethylphosphocholine)
e S I ZE R A B A i R S IR AR
TR AEAT 704, RIUZ IR ARHEIR . SRR I
i, SRR A H 2R e 2 2= R, AT
DS FRIVE R AL bR A B, R W s P A5 o A i
R E R, LAT 2 LIRS BT K, et es 2 i 1
o HRTACEI AR SR, 7R M il EE g At
P b S E AR AR . IR B A A R R
B U R, X 5 R PR A 2 AR A A R o AT R
ZiE IS G
2.1 HERH

Warburg 23 8 2 Ji 240 M 1) — > i R AR, RIE

g L Z3 R, BB AR A AR MK EE 2
R A 1 A 2 AL B R A R S B A B A B, %K
JREAIR 7 0,47 W i A PN (%) 5 o Sk e TR ) e S IR
PN PEIG I . WEE R I Ae 3 4 W 22 6 0
234K -1(glucose transporter-1, Glut-1)3F A\ F 4]
forp, i SRS -1 (hexokinase-11, HK-11)5¢ fi%
HWEREARB S — PR, & RVNBRBEBR NN
WA, P LR M S A LR, R IR L is
& -4(monocarboxylate transporter-4, MCT-4)4M %
JalE], DA G B PR PR 8 R AR B PR T . Warburg R
JREAEARI A 2 THT b 3 23 I A 4 260 0 00 9 P B IS AN
FLREIGZ

Glut-1,2 Warburg RN 246 1) 8, 235 44 1)
Jif R Sk AR IC . WANGES BNl i RNA T3 A1 4%
Yk IR B HL AR 53 790 UT BN N e 8 it R
Y11l % Hep-2H Wnt15 3 ()45 5 22 H 1(Wntl induc-
ible signaling pathway protein 1, WISP1)[13ik, K
BLS I WISP 1R 1K 2 18 o6 3] 41 W 14 4% BB AN 7L
T2 &, ¥ Hep-2 40 1 5 B T MUEA Hh ks ) AL 7 5t
P, JFE 2 L TIE BRI/~ 7 WISPLEE S | Yes
A ER 1 1(Yes associated protein 1, YAP1)HI TEA%S
Fy 488 5% KT~ 1(TEA domain transcription factor 1,
TEADI)fE Hep-2 4 il o 2 AR AR, gk
BT Glut-1335 , 14 5m A HORE 8% fige I 7 A= AR TR 24
LUPH|H] CRISPR/Cas9# R B it [ RS F T T
(hypoxia inducible factor-1, HIF-1)F1Glut-1 X3 K i
PRI Hep-2 20 MR | O I G461 46 MBS DU D, 4 i
MIGTE . TR AR ZERRE VIR IR v T BTk
of R (1) 52 1], HIU S B0 R SEURT 3 S8R AS R B Mg
SCCI0AZHML 2 73wl HEAT T EE A 250 T, JFike %
72 5 235 R W IR 1 =X P TR B2 2 AL ¥ 2 (phospho-
enolpyruvate carboxylase 2, PCK2)# AT 551k, KT
Vi PCK2 1 LA 2804 il e Ji 40 PR (1) 42 28 . AT BB AT
5H, PCK2A Glut- 1#E M H R KT AR A —
B, ArRedkRIZ S 1A IR .

CLWH VR 2 /2 DRI Hh 1 G B Bl BT 9T IE 5K, In-
cRNA 10c28519458, miR-125a" 1 miR-125b-5p!*"!
BP0 HK -T2 T R BRI, o3t T A 28 o) o
IS ke R e 24 O PR ARG . A T R M S B R
AT AT A 1 ot S A2 A e e A AT R R R
1k, K i 5 =R R RAE— &, W ReEAR
W XUZEMR B, MR e 20 23 IncRNA PCAT19



432

(R KK P Tk, 7R R R i 0Bl VOB 4 (pyruvate
dehydrogenase kinase 4, PDK4) 1R IAPFAK, milR
IncRNA PCAT 192 1 40 i 34 5, 8 i 4 s A4 W
1 AP R A, 2t — 2B FER W, IncRNA PCAT 1952
I I T miR-182/PDKASl A 1187 R A 2 21
TG RN JiRd A2 o XSk B8 H (forkhead box protein,
FOX) & — N KA HE s PR 7 o T, A6 Y 2 i 390
L. BETEANR B SF 2 M AEY I R B Bk
1M E I IRE. FOXILRFOXZ M — A, LIUSE*
FI I FOXT1-siRNA R il FOXT1 )%, K BT A
1| M SRR 20 B O R IR A I A2 DL B i I B I 3 L 3T
MR ZRE g, T A i % S B A SRAIE R 1
FOXJTi ik n] UM ] Wnt/B-catenindd 2 (1) 30 o

LA FIMCT-4m] R FUIR it i ok, BORIR iz
£&-1(monocarboxylate transporter 1, MCT-1)4FLER iz A\
AAEEFERNAN T, (R A S E 4] LY
BARIHIRE & . CURRYSE MR I, g i F 4 i A
AT LA L 2 2215 MCT-4, fiK#RIEMCT-1, BA
YRR IR AR S S RN FLRR AN HE A 1, T AR BT
FMCT-4301 77 oT EARE ] Sk 350088 A AR RS & . CALLL
CAXIIAI CAIXZ R R [T ¥ (carbonic anhydrase, CA)If]
=R LR, T RME A S AR I R KAL, 250
2 0 ] L4 A PR B B R AL, B3 A A T R AR
MBI . E B IR, Glut-1. MCT-4
I CAIXIFIBH PEFe ik 50 B4 G B IR O, B4 i
MCT-4.5 CADXAM T TT LA R IR e o 5, $i ] o
ARG TE . LIUSE P 6 GEOHHE A 1247
Mg 05 L S SRR B A R 12 W 35 1 b e ) R 2R A
ABEAT 22 S RIBFE R AT, W 1 67N ZE AR,
H1 RASSF1(Ras association domain family member 1).
PGK]I (phosphoglycerate kinase 1)« CAIFICAXIIHE NN
FEMRIE PR e B A

IR, Glut-1. WISP1. HIF-1. FOXJ1.
HK-II. PCK2. PDK4. MCT-4.5 CAIX 2 1 1 sz il
B AR AR B R B DR 3R, 7T BE A MR VB 7E HO VR T HE A5
Hippo. Wnt/B-cateninfll Akt/mTORFH AT 5 1% Fi&
BZ5 T HERRRTT, et (L a2 10 ) 30
ARV 8 P2 A, Ko e e W TR AR A R IR A2 R F 7
FROHLHIC S T B,
2.2 BRI

JE 0T 3R 3 [R5 5 08 2 o M e R ) 2 TR A,
T 20 M bR R DT R OGS AR AR i A s 42, DA

P A R PR R TR P g A A e v 1 Ml o R i
A R AR B R, HIENE S TS 5MER
KR IRDTRR I & AR I TAT AR TR 3 B Ri A4
B A0 BT, FEATPHT B BR 2R B T 77 4R
LERARBEA, HH O AH B AR AR (acety]-CoA carbox-
ylase, ACC)fHE b £, Bt 4 B A BG4 R T IR FR- It 4
A, BRI A B (fatty acid synthase, FAS)f# 1418
I R AR R R IR, 5 4 S B AR AR
R AR T T R . W 9T R B, FASHIFIACCH 2 71 [
Jis g ARG e 2E 23 v v 0 A i T DT R A 1, 1T BA
YERTUG bR &Y. a7 IR 25 Y A1 B 1 (fatty acid de-
saturasel, FADS1) & & B 2 AN T A g 7 IR 1 5% Bt B
TR, ] DU A 00 75 15 7 R v R AR A A DU I TR
(arachidonic acid, AA), ZHAOZEMid i AR 15 2H 2% 43
AT < S e 56 A 2 FADS 10k 13, Thie
SIS W, FADS s A 2 400 1) e 308 8 >R e 248 i 1 384
B, TR AUR 2%, HEMIFADS B i % AKT/mTOR
5T PR M R

AAQIRAR 5 RORE S B IR G, AA T ZEA
TET R 2 &4, 18 % 5 B A2(phospholipase
A2, PLA2)7K fif Rt g Bl BT H R, MV A B (cyclo-
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Glycolysis Glucose

........................... >Glut_ l(-----WISPI YAP HIPPO
Glucose TCE/LEF)€—€— Wnt/B-catenin <+ FOXJ1
TEAD
l HKle¢—e———AKT-mTOR€—€— HIF-1
G-6-P LncRNA 1oc285194/miR-125b-5p/miR-125a
P (e Metabolite
Gluconeogenesis| BCK
Enzyme
Inhibition

Pyruvate — Acetyl-CoA—>

i PDH\

Lactate PDK —miR-182<~LncRNA PCAT19

. MCT-4

% B2 Glut-1 CH 2 Bl 32 B vk 1) e 2 4 A P s30T B AR, 3 Sk HIK - O BB - 1) A= R G-6-P (R T -6- 1R, 46 R 5138 4% R RN FLIR, |
MCT-4(F IR BRI i5 7k-4) SN Ml . HippoMTWnt/B-cateninf5 5% 5: 842 7] LAY 51 YAP1 (YesHH 26 85 1 1) M TEAD I(TEA 45 #4380 3¢ 8 1) 1 A
HAEH, M AE#EWISPL(Wnt15 515 5 & A DMGlut-111 %35, FOXTI( L £ 8 A T1) ) LI HWnt/B-catenini® 4 H 0% . HIF-1(1R A5 S
T-D)iE I AKYmTORSE 514 238402 SHEIEMAR Y . BEREAR ™ 2R IK P QB 2 2 5 08 57 28 L TCA(ZIRIRAG I ), PDK (P I 2 it UG ) e
5 5 PDH(PA R 1 o S0 52 5 ) Y P A T R R P AR A, KR 5 TCAR RAE — e, IR AR . 1 2 AR RN AT 14 15 g ¥
TN R

Glucose is transported to the cell by Glut-1 for glycolysis, and G-6-P (glucose-6-phosphate) is generated through HK-II (hexokinase-1I), which is

Unknown reaction

P—
—> Activation
e d

=>> Indirect link

degraded into lactic acid finally and exported by the MCT-4 (lactic acid transporter-4) to the cell. Hippo and Wnt/B-catenin signaling pathways can
enhance the interaction between YAPI (Yes associated protein 1) and TEAD1 (TEA domain transcription factor 1), thereby promoting the expression
of WISP1 (Wntl-induced signaling protein 1) and Glut-1, and FOXJ1 (forkhead box J1) can inhibit the activation of Wnt/p-catenin pathway. HIF-
1 (hypoxia inducible factor-1) participates in the regulation of glycolysis through the Akt/mTOR signaling pathway. The intermediate metabolites are
involved in tricarboxylic acid cycle and gluconeogenesis, PDK (pyruvate dehydrogenase kinase) can regulate the activity of PDH (pyruvate dehydroge-
nase complex) and catalyze the decarboxylation and oxidation of pyruvate, linking glycolysis with the TCA (tricarboxylic acid cycle) to regulate energy
metabolism. Many non-coding RNAs down-regulate glycolysis by regulating the activity of enzymes.
El MREFERERR A R

Fig.1 Regulation of glycolysis in laryngeal carcinoma
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The synthesis of fatty acids starts from the export of citrate from mitochondria to the cytoplasm. Acetyl-CoA is produced under the action of ACLY (ATP

D

citrate lyase). ACC (acetyl-CoA carboxylase) catalyzes the conversion of acetyl-CoA to malonyl-CoA, which is catalyzed by FAS (fatty acid synthase)
to generate palmitic acid through a series of reactions, and other fatty acids are synthesized through the extension or desaturation pathway. FADS1 (fatty
acid desaturase 1) is the key rate-limiting enzyme for the synthesis of polyunsaturated fatty acids, which can catalyze LA (linoleic acid) to AA (arachidonic
acid). The major source of AA is through its release from membrane phospholipids that PIP, (phosphatidylinositol-4,5-bisphosphate) by PLA, (phos-
pholipase A2), COX (cyclooxygenase) and LOX (lipoxygenase) can catalyze the derivatization of AA into eicosanoids, including PG (prostaglandin),
TX (thromboxane), LT (leukotriene) and others; in addition, PLC (Phospholipase C) can catalyze PIP, to generate diacylglycerol, then DAG generates
AA and other products through a series of reactions.
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Fig.2 Regulation of lipid metabolism in laryngeal carcinoma
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