6 - MREYESSHE  biomed.cnjournalscom Progress in Modern Biomedicine Vol22 NO.1 JAN.2022

doi: 10.13241/j.cnki.pmb.2022.01.002

D Toll #3214 2 mfDME Rt F e diligb ity OXPHOS HIBKAES *

2P FARM ' N AA' MFHR' Brendanl]. Jenkins® F &2 Zgkyp v
(1 _B¥g3gE R E B 2= Bt g i s — AR B8 L 201620,
2 WAL TRATIT SRS SRR LSS AIGTRRI 24 THEAFIE 7 2 540 B0 % 363 3168)

EE BHY: A& TLR K& PoAF TLR S AR 69 BO AR BUPLILE T 5| A2 B ey Rt /A2, Fik: @ £ L% % PCR
(RT-gPCR)#o % & Ji ¥ it (WB ) £ — LA GC mff P )& TLR K& & N 89 & ik , 1@ it 347 Seahorse & 48 M 2 VA Z M ¥ L- LB
Fa & A(ROS) 4G = A | 4 % %3 7 #F R ] TLR(TLR2.4.9)#% $ 69 A GC #a 64X % 4L ; i i RT-qPCR 244 #3869 GC 2a it
oM T # B BACHR B AL A A B R 0 Hh ) 6 K ik ;B it Western Fp i £ AE SOD2 #9 ik . 58 94 AT H AR RN E
o) TLR2 1254533452 7 B B e % %8 TLR2 &) 4n fobk o W Bs AR 76 b e SRR AR BB, W B iR 569 TLR4 = TLRO AL 374
T EEARFR R Lm0 EBRACE  Ra, FAE DKM RAER REBT AR, ¥l4e HIFIA ,PFKFB3 #= SOD2, /2 TLRs Fi#
BRI W BRS04 E TLRs 83EN§ T A% GC e RE XM AR, TLR2 A #— F 23t OXPHOS #=4% 5%
fil 6 AR, X T RSB B R

KA : B B ¥ AT Toll A4k ; Toll A2 4K 3h 7] ; OXPHOS

hES%ES:R-33;R735.2  XERFRIZA:A XE4HS:1673-6273(2022)01-06-10

Activation of Toll-like Receptor 2 Via Specific Agonists Promotes OXPHOS
and Glycolysis in Gastric Cancer Cells Rather than other Toll-like Receptors™
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ABSTRACT Objective: To investigate whose ligand dependent activation in the family of Toll-like receptor (TLR) is able to
reprogram metabolism of gastric cancer. Methods: The mRNA and protein expression level of TLR family members in human GC cells
were measured by RT-qPCR and Western blot respectively. Metabolic changes in human GC cells that were induced by agonists for
various TLRs (TLR2, 4, 9) were quantified by Seahorse bioenergetic assay and production of L-lactate and ROS. The expressions of
genes involved in the oxidative phosphorylation and glycolysis were also profiled in the stimulated GC cells by RT-qPCR. The protein
expression level of SOD2 was quantified by Western blot. Results: The TLR2 signaling activated by either synthetic molecules or whole
pathogen antigen significantly enhanced glycolytic activity and mitochondrial respiration in the cells with high level of TLR2, whereas
ligand-induced activation of TLR4 and TLR9Y inhibited mitochondrial respiration or extracellular acidification rate. Furthermore, the
expression of genes involved in the glucose metabolism and redox system regulation, such as HIFIA, PFKFB3 and SOD2, were
upregulated. Conclusion: Our study revealed that activation of various TLRs would lead to different metabolic phenotypes in the human
GC cells. Among them, TLR2 promotes both OXPHOS and glycolysis, which may contribute to the progression of gastric cancer.
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EEA RPN EES 5FY, LRMET TLR 550 7%
e AT e FEER T 2R, FRAeii iR B,
# GC WAHFIEZ ——TLR2 FiL My LS T H K2 My
FEIEFIMGGE, M5 RIEIHK ., TLR2 4 R4 T AYix
PR VRS TLR2 35519 5 & Pk T3 4 (5] 4 BCL2AL,
BCL3,BIRC3,CFLAR,IER3 A1 TNFAIP39-10) 3t [H b1 £
(gene signature)fH3C ., BEAN, FRATERHEAITENE I, & A BC AL
HA R TLR2 FiEMA GC EE4ifEhif S TLR2 ihfk, [FAS
9k T OXPHOS FUMEEEA# , LA K SOD2 5 K1) STAT3 {fitE
Wk VER . AR R R A MR S B T 20
BEIREAERARY, JEMG T TLR2 5 S0 AL 18 i e 7 i 16 PE 4R
(reactive oxygen species , ROS)f =401, 5 6 % ARV & A
J&, TLR2-SOD2 il 5 ' Ji F 4 = B R A AR R I 2 I IR
SR RN, R AT R A RE YR R 15T T TLR
F S s N30 GC b 2 2 & A AN R A AR 4k, 321
AN RE

TS ADLI 3 (7 45 Bl TLR 3%l 70000 N 15 96 4 g, R
FEIX LA i A QU R TR B AR | DT 5 TE O TR A RN S A R
LA RE TR 3, FEEET SR  OXPHOS L b i R
FUA SR A A TLR {55156 R .

1 AR i3
1.1 AR AL

TEEH 10% Ba 4~ 1137 (fetal calf serum, FCS), 1% HE % -
HERF R 1% L- 7S BEE A 15973 Gibeo RPMI 1640(FEEK &)
TSR T AR AGS,AZ521, MKN28,N87,SNU16, TMK1
( 26 [ S A 1% 35 Wy A% 38K o0y ,ATCC ) ,MKN1, MKN7,NUGC4
( AT E YRR )l SUNGOT (S FE AN 22 18 ), 3 3ok 4 o
B & & ¥ 5143 Bt (PowerPlex HS16 System kit, Promega ) & /iF /
YoE MR IEAEEE 6 AN A LIRS, # A4 R i
SRR G (MycoAlert PLUS 375U AN 7] £, Lonza) .

1.2 EHRIRENF & N i

fift F B w9 19 I R0 2 1 D R IR S ) 1Y RIPA 3
i 2% v (AT 8 38 ) 4R T2 L B4 ) o 340 TR AR v 1) 24 A
YITE 10-12 % SDS-PAGE ¢ i b Wi Vk, R )55 % = PVDF
JiE (Millipore ), {ii H1%F%f TLR2,TLR9,SOD2 (Cell Signaling
Technology) #1 TLR4 (Santa Cruz Biotechnology, Santa Cruz,
CA) BT S BNl . I8 T L3 AR 1 (Sigma-Aldrich)
AE R (Abcam), 4] Odyssey £ZLAMNIIR R 5L
(LI-COR)#EAT AT UL, FEA8 1] Image J {47 7E it o
1.3 RNA S BEFIEERIESH

{ii F§ RNase Mini Kit( Qiagen ) #ll DNase 4b¥#( Qiagen ) M\ A
GC ZHfu 2 4355 H B RNA(total RNA), 4R J5{di ] Transcrip-
tor High Fidelity cDNA Synthesis Kit(Roche )% 5% RNA, ffi i
QuantStudio™6 Flex &4t (ThermoFisher) #4750} %E & PCR
(qPCR) . #4 FE R IRAHXT FA5 G L 18S By Zeibbrififl o #HXF
fEEUEARIE i QuantStudio™ SR PCR AR Y Mo 45 19 {41 A+
(CT) k(2 Tk ) i . 5 19P 8 LR 10,

< 1 FiF SYBR qPCR EEFRZ&E N5 453

Table 1 Primer sequences used for SYBR qPCR gene expression assays

gene forward 5—3 reverse 5—3
GCLC ACTTCATTTCCCAGTACCTTAACA CCGGCTTAGAAGCCCTTGAA
GSS GGAGGAAAGGCGAACTAGTGTT GCAATACTCCCTCAGCCAGG
MT-ATP6 GCACAGTGATTATAGGCTTTC CCTGCAGTAATGTTAGCGGT
MT-COX1 CAGGTTGAACAGTCTACCCT AAGAGGGGCGTTTGGTATTG
MT-CYTB ATGACCCCAATACGCAAAACT GGGAGGACATAGCCTATGAA
MT-ND1 CTACTCCTCATTGTACCCAT GTGAAGAGTTTTATGGCGTC
HIFIA ATCACCCTCTTCGTCGCTTC ACTTATCTTTTTCTTGTCGTTCGC
HK2 TCCAGAGGAGAGGGGACTTT TCATCGCCTTCCACCATGTC
PFKFB3 CCCTTCAGGAAAGCCTGTGG GAACACTTTTGTGGGGACGC
PKM2 AATGCAGTCCTGGATGGAGC CAAGTGGTAGATGGCAGCCT
CREBI ACCAAGTTGTTGTTCAAGGTACT ACATGTTACCATCTTCAAACTGACG
PRARGCIA TCTGAGTCTGTATGGAGTGACAT CCAAGTCGTTCACATCTAGTTCA
TFAM CGCTCCCCCTTCAGTTTTGT CCAACGCTGGGCAATTCTTC
18S CGGCTACCACATCCAAGGAA GCTGGAATTACCGCGGCT

1.4 TLR 5#FI4& K 71
GC 4 R — =101 12 fLARR AR (1x10° A4 /
fL)o WRTCMIE IS , e 40 OB h 22 vhif (PBS X 1)

Pam3CSK4 (P3C,InvivoGen)10 wg/ mL, 3k B KT & O111.
B4 [1Jfi5 % #% (LPS,Sigma)10 ng/ mL,FSL- 1(Pam2CGDPKH-
PKSF, InvivoGen)1 g/ mL, #AJE [) EAAZ AN 8 25 25 R il
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(HKLM, InvivoGen )107-10® 4fiffd / mL , ODN2006(ODN7909, i
P CpG ODN, B % , InvivoGen )2 uM, $34% 24 h, 4% 18 H &
BB, 7E 96 fLAR it T MTT il % ¥ (Invitrogen ) X TLR
BT T AMAEYE S , L T 4na s H 4 —1k
L5 &30 F1 4

i XFe-96 4iiffd sl w41 (Seahorse ZEF}2~, Agi-
lent ) I S 48 < T #6% (oxygen consumption rate, OCAR ) Fil
YIS MNR Ak (extracellular acidification rate, ECAR) . 4 i 4351
IR B A (MKNT, 1L 1.5x10°;, NUGC4, &L 2.5x10°* ;
AGS, L 1x10%) . ARV SE , ARk 45 Fh TLR BRI
TERI 24K, IEH RPMI 1640 4 BT 9 Seahorse il 7E /15,
HA 1 mM PER .2 mM A2 B R 10 mM #25 CR: pH (B
R T.4) IHERDIET 1 /NTE 37°CTE CO, ks T & .
M & A& WA R R E TSR (ZEREE R 1
pM;FCCP,MKN1 % 0.2 uM,NUGC4 Fil AGS H 0.5 uM, Hi %
F A IR A 0.5 uM),
1.6 L- ZLERHGIFN ROS 2

SITELERAG AL | DA 8 A SR AR . L FLRR FH FLIR A
AR 5 (Abcam ) FR 5l 3 7 B9 DA BE A0 i . LR A Pl ad
WMt 450 nm PWRSCEEBEATITAL ,  IFAT A BRI 4 ) Ze i o]
P AR B AR TR . ARAGR ST, 4 A ROS il
& (Abcam) & T 2 4HHEAY ROS, & A RBRE T 37°C

A 60 73, M 96 fLAY FLUOstar Omega BFRAY -l H ROS
NP S/
1.7 Gitain

B s i SPSS 21.0 #1 GraphPad Prism 7 #4743 47,
IR AT ebrEZE . [f ] student's t Ky 30T 2 Ge it B4R
RN EMZHZ Cox BRI T/ E 10U B AT F5 45
H MR i Kaplan-Meier = 1 log-rank #5362, P<0.05 #iA
FHEA GRS
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Fig. 1 Expression of TLR2, TLR4 and TLR9 in GC tissues and cell lines. (A-C) Relative mRNA expression of TLR2(A), TLR4(B) and TLR9(C) in a
diversity of human gastric cancer cell lines. Protein expression of TLR2 (D), TLR4 (E) and TLRY (F) in GC cell lines were detected by Western blot.

2.2 GC 4Bpa % & TLR HIEE N5 OXPHOS FAHEEH
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i JEfil OCR Flfg KX OCR Z A S ) Wiss) 1
1o, S T A A B AR R R IE N A RE 35 (18] 2B, 51 3) . 1t
G ARSI fige 1% P 1) 240 g SR AL 3 (ECAR) (] 2B, 51 2) Al
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Fig. 2 Alteration of the metabolic phenotype and ROS production in human GC cells stimulated by various TLR ligands. (A, C and E) Oxygen

consumption rate was assayed using the Seahorse XF analyzer (Seahorse Bioscience) in GC cell lines, MKN1, AGS and NUGC4, stimulated with PBS,

TLR2 ligand P3C (10 pg/mL), TLR4 ligand LPS (10 ng/mL), TLRY ligand CpG (2 puM/mL) for 24 h following sequential treatment with compounds

oligomycin, FCCP and a mix of antimycin A and rotenone. (B, D and F) basal oxygen consumption rate (basal OCR), basal extracellular acidification rate

(basal ECAR) and spare respiratory capacity (SRC) were measured in GC cells. (G) L-lactate production was measured in cell supernatant treated with

PBS or different TLR ligands respectively. (H) Total cellular ROS were measured using fluorescence-based ROS detection assay kits in two GC cell lines.
*P<0.05, ¥**P<0.01, ***P<0.001, ****P<0.0001.
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Fig. 3 Seahorse cell number normalization was performed by MTT assay

2.4 RBEAEFRIER TLR2 #3hFI7E GC A HiFS T RIEH
KRB

T Pam3CSK4 7 GC 4t 1755 T B R s fb, 4
WFFEHE— 2PN T 58 He g S 1A 2L My 5B U B X 2R
] TLR2 P42 75% MKNT 20 A AR VR o AFE 2 e
(FSL1:1 pg/ mL; P3C:10 g/ mL)fi A FSL-1(—7ff#k TLR2 /
6 S IR A N IR R ) B P3C( F 2@ TLR1 /2
S T RARUUN) FREE 24 /NI 52T RSS2, FSL-1 5
P3C i3 311 TLR2 Wi A ik LR M FIBEREA# , OCR,SRC,
ECAR F L- LR A= 3 (Al 5A-B Jrm)MifE FSL-1 1§,
P3C JiifZ 5, Ak MKN1 FIE W 9565 S 1 3] ROS 1Y
3/ (& SF), Beah, 78 P3C il FSL-1 Ab35 ) NUGC4
WWLEE R TS AR AU (Fig. 6A-B) .

AT VG T A JEUAR 2L 15 5 14 TLR2 JH0 X 4
TS A SO ST OB AR T B2 AR SCRRARGE , AT
Z= 1 K5 7 (Heat Killed Listeria monocytogenes, HKLM ) J& — Fift
VUVRRE Iy i il 28 RO A B P o 22 TR B VR T, 20T T4 )
TLR2,, el il 25 7 A2 1S H.SCHR b e i A RSR 2228 107 -4
JifL / mL 01 10° /40 / mL) . HRTFFS K TLR2 #sh7H—2,
OCR ECAR SRC FNZLFR (1) 4 35 L35 s A 1) 7 5K i 35 1
Jn(E 5C-D).Fi4h, 78 HKLM Rl -~ MKNT i, 4
ROS /-2 i HREMR (B SH) . thoh, 78 NUGC4 3% 557
H#1 HKLM WA US4 R (S ILE 2C-D)  HKLM 4b3
1) NUGC4 4t Jfg () 3L 12 2E 1 (& 6E, G) Fi4i s ROS /K F- (&
6F, H) 7R il 5 MKN1 SR, SR, 5 AR M xT B 20
AAEE, TEATART Sl 70 R 20 0 2% o A s iR s (1]

3A-D). £ FJIOR A B BC VR Sl A0 R AT AE 1 Bl A B T
KA TLR2 Rk 1 GC il 7 H#0E B4 19 TLR2 (5514 %
Al AR ZUAY AR AL , A1 4% OXPHOS HUBHBEA GO , 7=k
HEHNLL & ROS /KF-F#AI%.
2.5 TLR2 B (R X EEE ARSI EYRERMESEL RS

HHRER TLR SOSETEACH EE gnf2 h T E AEAIL I, AT 98 %
BT LRI RE WEIE R R A AR LS OCHEE R  Rak .
B TA fs, $FE RECARAEFR MKNT 4119 gPCR 232,
SRR DI BRI, NP R R R) T M2 (pyruvate ki-
nase isozyme M2,PKM2) FiI 6- B -2- ki / Fopk -2 .6- S
iz fif# 3 (6-phosphofructo-2-kinase/fructose-2, 6-biphosphatase 3,
PFKFR3) . % Ftim . P3C HIBLLT- X5 OXPHOS JEPH A B K i
SN, QR BERR T AL TR, A 21 1 (cyclic AMP-responsive
element-binding protein 1, CREB 1)l & {1k 4 Fid (A 14 58 1) 8k 1%
ZAK v HiEE N F la (peroxisome proliferator-activated recep-
tor gamma coactivator 1-alpha, PPARGCIA ) (5] 7B). IAb, 4
PRy fa iR 1 SER , iR iR gnt ity ATP 4 B 6 (mitochon-
drially encoded ATP synthase 6, MT-ATP6) . “EhiiA4if(LE b
(mitochondrial cytochrome b,MT-CYTB) F1 £k % {4 %% 15 1
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1,MT-ND1 )4 g2 7 ([& 7C)

MEKN 1 4 i A 0551 12 5 5 370 =2 1) HKLM 8 S B0 Al ik
H %5 W F la (hypoxia-inducible factor 1 alpha,HIFl o).
PKM2  C B 2 (hexokinase 2, HK2)([&] 7D) iy 5 A ik
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*P<0.05, ¥**P<0.01, ***P<0.001, ****P<0.0001.
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oxygen consumption rate (basal OCR), basal extracellular acidification rate (basal ECAR) and spare respiratory capacity (SRC) were measured in NUGC4.

(C) NUGC4 was stimulated with PBS, HKLM (107 and 108 cells/mL) for 24 h then were measured by Seahorse XF96 analyzer in previous settings. (D)

basal oxygen consumption rate (basal OCR), basal extracellular acidification rate (basal ECAR) and spare respiratory capacity (SRC) were measured in

NUGCH4 cells. (E, G) L-lactate production was measured in cell supernatant treated with PBS, P3C, FSL-1 and HKLM. (F, H) Total cellular ROS were

measured using fluorescence-based ROS detection assay kits in two GC cell lines. *P<0.05, **P<0.01, ***P<0.001, ****pP<0.0001.
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