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(# ZE] B8 RAAYE B0 0 M2 R R ARG H W4T (M2-TAMs) I U5 e R 25 &
RPEIRE FFEEEE R 15 (Siglecl5) R B BRRAM M (ESCC) AW 4T HEM, JFEd
20 S 0 e L HEAT BRI . B e R R S PP A SRR (TIMER) %40 2 43 #1 Siglec 15 112 9 Fl 3
IR AL FRE 2R LR, LA 96 E B PCR (RT-qPCR) 75 £ M2-TAMs Fl
ESCC EC109 J KYSE150 41 fitd /' Siglec15 mRNA ik /K. & M2-TAMs 5 ESCC 4i Jfg 4 # foh % 3
RgR Lm0 i B EC109/KYSEL50 4 . EC109/KYSE150+si-NC 41 (% 44 si-NC JF 51 ) #l
EC109/KYSE150+si-Siglec15 41 (43 %I %% ¢ si-Siglec15#1 il si-Siglec15#2 JF 51 ), % CCK-8 5 il
A5 LA M TR L A R S A T 5 4 A R S, Transweell /N3 S50 R 45 2 40 i P B AN
A, WA S A TR GR EWEEFT, SESIERHLS IR, 88
S 4 R R Sk S AR 200 R 45 R 4 41 P Siglec15 mRNA kKT (P<<0. 058 P<<0.01), H
B AL Siglec15 mRNA Rk K V-5 E W gl =g £ B IEMSCKE R (P<L0.05); 5 ECL09 4l fi
KYSE150 4 tb#2, M2-TAMs 1 Siglec15 mRNA £k K- 8 T4 (P<<0.01), EC109/KYSE1504
EC109/KYSE150+si-NC 21 1 EC109/KYSE150+ si-Siglec15 41 40 i 4 5 8 Fo 4 22 S X LG8 it 5 X
(P>>0.05). 5 EC109/KYSE1504H b 4¢, 24 F148 hif EC109/KYSE150+si-NC 20 40 il %1 9 i & % I
B (P<<0.01), EBARZMMEECEIM (P<<0.05), AMFET-REM (P<<0.01); HEC109/KYSE150+
si-NC 4 &, EC109/KYSE150+si-Siglec15#1 41 f1 EC109/KYSE150+si-Siglec15#2 21 41 i il 8 &1 &
AL (P<0.05), THAUZZZAMES L (P<<0.05), 40T R2ER IS E L (P>0.05),
259 M2-TAMs K Siglec15 nJ fig S ik ESCC 4T #8 FR 28 (1) KA K F .
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ABSTRACT Objective: To discuss the effect of sialic acid-binding immunoglobulin-like lectin-15 (Siglec15)
derived from M2 tumor-associated macrophages (M2-TAMs) on promoting the malignant biological
behavior of the esophageal squamous cell carcinoma (ESCC) through bioinformatics analysis, and to
validate the findings through cell experiment. Methods: The Tumor Immune Estimation Resource
(TIMER) online Database was used to analyze the expression differences and immune infiltration of
Siglec15 in pan-cancer and adjacent normal tissues. Real-time fluorescence quantitative PCR (RT-qPCR)
method was used to detect the expression levels of Siglec15 mRNA in M2-TAMs and ESCC EC109 and
KYSE150 cells. Based on the non-contact co-culture of M2-TAMs and ESCC cells, the following groups
were set up, such as EC109/KYSE150 group, EC109/KYSE150+si-NC group (transfected with si-NC
sequence) , and EC109/KYSE150+si-Siglec15 group (transfected with si-Siglec15#1 and si-Siglec15#2
sequences). CCK-8 method was used to detect the proliferation activities of the cells in various groups;
wound healing assay was used to detect the wound healing rates of the cells in various groups; Transwell
chamber assay was used to detect the numbers of migration and invasion cells in various groups; flow
cytometry was used to detect the apoptotic rates of the cells in various groups. Results: The bioinformatics
analysis results showed that compared with adjacent normal tissue, the expression levels of Siglec15 mRNA
in pan-cancer tissues such as esophageal cancer, colon cancer, and head and neck squamous cell carcinoma
tissues were increased (P<Z0.05 or P<C0.01), and the expression level of Siglec15 mRNA in esophageal
cancer tissue was significantly positively correlated with the infiltration of the macrophages (P<C0.05).
Compared with the EC109 cells and KYSE150 cells, the expression level of Siglec15 mRNA in M2-TAMs
was significantly increased (P<C0.01). There was no significant difference in the proliferation rate of the
cells among EC109/KYSE150 group, EC109/KYSE150+si-NC group, and EC109/KYSE150+ si-Siglec15
group (P>>0.05). Compared with EC109/KYSE150 group, after treated for 24 and 48 h, the wound
healing rate of the cells in EC109/KYSE150+si-NC group was increased (P<C0.01) , the numbers of
migration and invasion cells were increased (P<Z0.05), and the apoptotic rate was decreased (P<C0.01).
Compared with EC109/KYSE150+si-NC group, the wound healing rates of the cells in EC109/
KYSE150+si-Siglec15#1 group and EC109/KYSE150+si-Siglec15#2 group were decreased (P<<C
0.05), the numbers of migration and invasion cells were decreased (P<C0.05), and the apoptotic rates of
the cells had no significant difference (P>>0.05). Conclusion: Siglecl5 derived from M2-TAMs may be a
key factor in promoting the migration and invasion of the ESCC cells.

KEYWORDS Esophageal squamous cell carcinoma; Sialic acid-binding immunoglobulin-like lectin-15;

Tumor-associated macrophage; Cell migration; Cell invasion

B — TR WL I AL E R IR, BAE R
i NEGA 60,477, TE A e hE th 7 & 55 740, HAE
TR R 600 1, TR g IR R UL 1 L 4Lk
A K £ 8 W 41 g #%  (esophageal squamous cell
carcinoma, ESCC) ", BhAHCEWEAIM (tumor-
associated macrophages, TAMs) J& i & 1R N
B LR A s i, H2oA R P R 12 R R
i, HFR A5 M2 R E A0 3R AR R o — 80
WV TR 25 5 P S E BR B IR BEAE F 15 (sialic acid-
binding immunoglobulin-like lectin-15, Siglecl5) 5
B7 G5 W [R5 M v ik 3096, 2 B H A AH LAY f

PEVITTIIRE, O BAE SRR b AT DUEAR A HE
Siglec15 78 1E # 4 ZUR 40 02 40 g th R s AR, (2
TE 55 20 B R b A M b s Rk, R EA W B A R
REMBIAER . WF5E 7 WoR . Siglecl5 7E FLIR I
il 98 0 25 B Jim 1 20 v 3R 3K OK O B B i TR SR AL 4
It 5 g i e R R IR T A E U e, H
ESCC " Siglec15 (19 2 35 5 8 £ 4F F i ok WL i .
AW 5E B 7l ok K Siglecls 78 ESCC J M2 #Y
TAMs (M2-like TAMs, M2-TAMs) H % ik 1§
#, JFEE S M2-TAMs 5 ESCC 4 fifg 4t 1% 77 #85 #1
BT M2-TAMs % i Siglec15 % ESCC 41 ifg 2% M 4
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1.1 &% E& 5 H  FH W& &5 oF 40 5% 8
(Tumor Immune Estimation Resource, TIMER) 2.0
BHE JE (http: //timer. cistrome. org/) 43 #F Siglec15
TEZ I A 2VFNE B H AU iy 3R Ik7KF, il i TIMER
4 (https: //cistrome. shinyapps. io/timer/)
“Gene” HEH o M & 8 R 2 21 b 32 2 0 % i i
CD8+T 4 il . 5 1k 20 Jit A1 B 2 IR 48 i (dendritic
Cells, DCs) A5 B4 Ho 5 240 2 1 15 B0

1.2 @i . 2E2XMNPMNE ANESCCECIO9 4
W B [ B A B A B R BE S ST T, N ESCC
KYSEL50 40 s W A I i 52+ A= W BL A R W]
N A% A I i THP-1 40 g e 3 bRk Be i 41
ML o T -BERE R L. 1640 K5 32 5 A1 -5 5 £ 2
W F 2L Gibco A H], HEE-EDTA Il { 4L 5T Solarbio
N F, b EE (phorbol-12-myristate-13-acetate,
PMA) W HAt 5t W EM A B A R A\, G4
M %% (fetal bovine serum, FBS) I H # F BI 2
Hl, FAIEA % 4 (interleukin-4, TL-4) F1F 4 g
4 % 13 (interleukin-13, 1L-13) M A % H
Peprotech 24 A], 3 % s il 50 & W B b 5 B oy 42
EURHECA RS W), PO E 7 PCR (real-time
fluorescence quantitative PCR, RT-PCR) #& ] i
FEm HRRA R (dbst) ARAR, CCK-8
WA & B H AR A= 58 B, Matrigel & it g
% A 35 B BD Biosciences A Hl, Annexin V-FITC/
P T A6 0 42 550 &0 0 B B BB A W 1R B A A7
FRZyH], Siglecl5, Siglecl5 BPEXHRF ] (si-NC)
1 siRNA J§ 51 (si-Siglec15#1 & si-Siglec15#2)
M b O 25 BOR A R A A BT O A&
BD FACSAria [l X4 AU% A 3¢ BD Biosciences
N, BE TR TH M ESCOR R, %470
SO BN A 36 E R R R B A E] L B A
BT H A BRI A A, 2 a & PCRALIE B
FKE ABIAH, —20 CokAH I A /R EHAF
1.3 @i RJUGA10% FBSHI1Y ¥ -8
ALY 1640 Ky 57 k55 57 0 BE 2E K 59 EC109 #
KYSEL50 40 il [ & ¥ 4= K 9 THP-1 48 . 7
1640 Hi FR 3R RPN A 0.82% B-Fi K 2, FTA
M E T 37°C. 5% COMERIFFE M PR R, Bk
BN AL SR, T T is g,

2 A R A T X AR R B R AT SR AT AR AR

1.4 M2-TAMs &#3 R 2K E O EUE K
THP-1 401735 5 . 6 FL AN KE 752 4 rp A3 fL 42 Fh
1. 5<10°4, PMA 20 pL, HEfLAME 2 mL 4
MR, B TR RM PRI 24 h 5By
BRI 20 pg- L 'TL-4 M TL-13 4k 2535 F 48 h, 315
M2-TAMs. 48 h 5 U £ 48 Ml 3% 7% - 3 W&,
1000 remin ' B> 5~8 min, W FEMHEFHFAE
THMED (FEMMITTE). M EFIH
M2-TAMs & F 35 35 3

1.5 M2-TAMs % si-Siglec15 4 # & 54 43 5kt
si-NC ., si-Siglec15#1 fl si-Siglec15#2 % M GL 15
W6 3 B i 5 315 89 M2-TAMs #E17 5 e, R
RT-qPCR &R, 4 M04% i), 78 M2-TAMs
5 ESCC 4 f F 2 fiul P 3 5% 57 J 6l b 3E 17 70 41 .
EC10941 . KYSE1504] . EC109+si-NC £ (§% 4.
si-NCJF%)) . KYSE150+si-NC (%% 4¢ si-NC J£51 )
EC109-+si-Siglec15 2 Fil KYSE150+si-Siglec15 21
(43 3 G si-Siglec15#1 il si-Siglec15#2 41 o

1.6 RT-qPCR i # @] M2-TAMs # EC109 &
KYSE150 . ¥ Siglec15 mRNA % i& KF  TRIzol ¥
Iy B4R B M2-TAMs, EC109 f1 KYSE150 41 jity
RNA U E24 A 1. 8~2. 2, # B 5 557 &
i B e AR 5 % Sk 8 cDNA, flf ] SYBR green
Master Mix #f 17 RT-qPCR ¥"#4 . L GAPDH A N
Z, SRH 27779 ¥k BN W] 4 i e Siglecl5
mRNA Fik K. 51975 Siglecl5, L5
5“-TACTTCTGCCGCGTGGAGTT-3, FiFs¥
5-CAGCACCGAGATGTTGACGA-3'; GAPDH,
WS ¥ 5-TGCACCACCAACTGCTTAGC-3,
T 5 -GGCATGGACTGTGGTCATGAG-3,
1.7 CCK-8k#m B mmMmIGsaER N4
W “1.57, R H 25T B 38 b 3% ESCC 40 iy,
A G T8 1 A 528 L HPoin A3 000 4> 48 A,
B E SN E AL, 4~5 h i G EE  Fi i 5 55
B, RS 4l B si-NC. si-Siglecl15#1 il
si-Siglec I5#2 R W I A Frifs 85 95 5k . L SR B
200 pL, # T 37 CHEiFRAEH . 4 HIAE0, 48 AN
72 h U 96 FLANME RS SR, 10 SE gL i A CCK-8
A (BRI R 10%0), b e ™ A= 0 52 ) O B
(A) i, B T37TCHFEMME 2~5h, 2FRIER
WEOCERVE . W H S WO 96 FLAN M A, &
TG EALSI ., R EEAR AL T 450 nm 3K Ak
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1.8 @ REETBRAMNEAmBINRETESE 4
Mo 0050 1. 57 7E 6 FLANEE IRt b AR FLAR 1<
1040 e, & F 37 CHi 548 h 5 9% 6~8 h, fFH
i BE o S5 R A R 100 % o 40 T s B S 25 % SR
FREE, R 2R 100 pl 8% 4 WSk 4R 55 1
JE—%, mH TR EL, BT 3 &%
B2, PBSZE M2 Rk 33K, O pp )2 I
BEZRAE, 4 590 e BR 43 20 5 305 o A0 66 G I35 1) % 5%
FEHR SR A8 ho RV 25 90 )5 3 BV AE W s B T A R
WA O hBEE . 43078 6. 24 F1 48 h 1 ¥k 31 FE .
AL R 2= IR 3 A [ 2 B, R Image JHK
R ERR IR, THRERRAE SR, WIREAG %=
R 46 QR A — R J5 R D) /R s SR I
FLX100%

1.9 Transwell )% 5 B4 & 40 29 oL P £ 45 48 AL
Aoz mipe s MMM AHIIEN 157, T
12 h Lk AL 3 25T 5 2 15 72 1 ESCC 40 L, W 1k
JRit g, 1 24 fLAn LB SR AROh ALY = (8 pm
LA A 4 LR RN B 3R 5L, SRR R 200 pl.
TEMA 480 pl 1640 J5L W A1 120 pL MM i% . L 4H
ML £ K 10 000 A4S, R4 E 3 NEfL. Bl
24 FLANL KGR M B T 37 CREFRMh B3R 24 he ¥
INEN 24 FLARRR S FEAR TP, PBS 28 v Uk
3. AE 24 fLANMISE TR P INA 400 ZR PR (&
fL 600 pL), ¥/NEREFZRFES 20 min, B
1B S A . FR B /hE . FH PBS 2 i i
BEUE 3, BN T B 2N S5 T OBUZE KR B A
0.1% e fE (BBECHM), A 244L/hEd (AL
600 ul), #B T R/NE R T L Mg T, way
20 min. K/hEHCH, FHPBS SR vE, AR
S ENE N AT MM, FmET, 8T R
BN SRR R, RIE R AR (RZEL
i ¥ Martrigel JE J B8 FH 1640 % 1 - 8Hi B e 14
SIEEL R 24 FL/NE R B2, BAREUE AL 50 pl,
AL B I

1.10 AX@mpAbn SmmpAT® s
B “1.57, R EDTA BB b 38 5 0 B 40 if
AT B0, DT AR B B TR . W R A A
B I BE /R A M DR 1100 A, He IS
R biiRbRIc, ulEs s 1 (U R & 220
ML) AR (& A —Fh iR bRIC) AR 34

PL A E AR 2% 4 240 i 38 5

B (TAWICIAER) . WEAHAMM, £5
X104 40 B e A 19 FACS 4 dh i3 m 50 pl i =X 2%
w3 Buffer, AR 4 08 TR S U B A5 U m 10 plL
B9 PIAN 5 pl. Annexin V-FITC, =&k F#LFEE
15~20 min, WEH L WG, HZ M A 300~500 pL
X Buffer 240 A, >R FH Ik =X 40 A 6 00 45 41 400
ML TR A TR =1 ER R R+
TR E 5%

1.11 %3 % 5% K SPSS 26.0 fil GraphPad
prism 9. 0 L 3K AT G IT 24 0 . A S Y
Moy HEE 3R, 4 44 b Siglec15 mRNA #£ ik
KV ARG EE . ARG R TR A
22 24 I HSORN 240 I A T I A B IE A A, Blats
o, Z AR BRI BRI R 5 25081,
ZH )RR AR T R LR FH LSD-2 K 56 . DL P<<0. 05 A
ZRAGI R L,

2 %5 R

2.1 RRBEALRFmHE P Siglecl5 mRNA & ik K F
BEE p A mZEGMEE SRR AL Y
£ Siglec15 mRNA %35, H &8 . 450 k5
HP 6% R 20 B i AF U7 g 41 8P Siglec15 mRNA ik
KT BH 8 5 T8 55 1E A4 (P<<0. 053K P<<0. 01)
(BIIA) o e 40 MR i s Hr s . B8 gl 8!

Siglec15 mRNA 5K ¥ 5 E W 40 g 1= 716 5 W] W 1E
MHHKLR (P<0.05) (K1B)., EIFAKA THP-1
A2 PMA . TL-4 F11L-13 40 3 5 35 5 g I B 4
B M2-TAMs, M2-TAMs o' [ 40 g /i~ % 10
(interleukin-10, 1L-10) FIKSZ MR EE 1 (arginase-1,
Arg-1) FRiIKAKFEH B A& K RT-qPCR
M M2-TAMs, EC109 #l KYSE150 40 g
Siglecl5 mRNA # ik K F, 45 R & w: 5
M2-TAMs (0.947 64-+0.0184 67) %, EC109
Al KYSE150 4 ig #f Siglec15 mRNA # ik 7K
(0.165 70+0.063 91 1 0.051 67+0.029 96) & (%
(P<<0.05), 4275 ESCC M i 5 b Siglecl5 Al g
F R F M2-TAMs.

2.2 RAmHEEENL AN ELPA
AU, Ao R IR 240 48 RN 72 h, AS[H] B [E] A5
25 L 20 M B TR L B 2 R RS R L (P>
0.05), #i/" M2-TAMs 111 Siglec15 A5 1 ESCC
o0 3 A TG . LI 2,

2.3 BumBpNRETCLSE T BEEFREE
M 5 EC109/KYSE150 40 4, 24 1 48 h i}
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& ofe S7REE_U-0a qsalaii-%i&.iiii Ei-iiié (1 FE0
Shpnuuiinhuiin i pinn i
SRR g T R R R RS
FLHH g
A
g Puiity [ 08+ TCal CO4+ TCal Il Mscrgnags | Dendrte Col
7 cor =—®.029 * cor=—0.031 . cor =—0.146 - cor =—0.331 *cor =—0.014
qm) jand P=6.95e-01 P=6.76e-01 P=5.13e-02 P=5.48e-06 P=8.55e-01
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A': Analysis on expression of Siglec15 mRNA in adjacent tissue and cancer tissue in TIMER2.0 Database ; B : Relationship between

Expression of Siglec15 mRNA in esophageal cancer tissue and invasion of macrophages.”P<C0.05, "P<C0.01 vs adjacent normal tissue.

B1 AR4L P Siglecl5 mRNA FRiE/K VK H -5 55 41 M8 i /A % 4

Fig. 1 Expression levels of Siglec15 mRNA in different tissues and its correlation with immune cell infiltration
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Fig. 2 Proliferation activities of cells in various groups at different time points

EC109/KYSE150+si-NC £H 4 fift %) 9 ft & % 7 =
(P<C0.01), 40 b 3B 7% 40 i 550F 12 28 40 i 00 =
(P<<0.05); 5 EC109/KYSE150+si-NC 41 I % ,
EC109/KYSE150+si-Siglec15#1 4 #1 EC109/
KYSE150+si-Siglec15#2 #H 40 il %] I Ar & K B A%
(P<0.05), 4l b i 7% 40 B 50F0 12 28 40 i 250 2>
(P<<0.05), W& 3~5HMFE1,

24 BAampA =% 5 ECI09/KYSELS0 4

Fo %, EC109/KYSE150+si-NC 41 40 i ] 1 &
Bk (P<<0.01); 5 EC109/KYSE150+si-NC 41
It %, EC109/KYSE150+si-Siglec15#1 #1 #
EC109/KYSE150+si-Siglec15#2 41 41 fg 4 1~ % 2%
FLEGEITFE L (P>0.05), WE6F17,

it
ESCC E &R WA EMEMIEZ —, KREZHE
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EC109-+ EC109-+ KYSE150+ KYSE150+
EC109+si-NC si-Siglec15#1 si-Siglec15#2 KYSE150 KYSE150+si-NC si-Siglec15#1 si-Siglec15#2

Oh

6h

24 h

48 h

IEC109 EIKYSEL50

60 - EREC1094si-NC 50 - B KYSE150+si-NC
< CIEC109-+si-Siglec]5#1 S EIKYSE150+si-Siglec15#1 7
E EZAEC109+si-Siglec15#2 S 40 FERIKYSEI50+si-Siglec]5#2
o S 30
E £
k 8 20
= =
Q Q
g g 10
Q Q

6h 24 h 48 h 6h 24 h 48 h
B C

A': Scratch healing of cells in various groups( X 200); B, C: Scratch healing rates of cells in various groups. "P<<0.01 vs EC109 group;
£P<20.05 vs EC109+5i-NC group; *P<C0.01 vs KYSE150 group; “P<<0.01 vs KYSE150+si-NC group.

B3 2 ARl Y S B0 A U AR [ o ) % 4L 40 B RDR A B

Fig. 3 Scratch healing of cells in various groups at different time points detected by cell scratch assay

A: EC109 group; B: EC109-+5si-NC group; C: EC109-+si-Siglec15#1 group; D: EC109+ si-Siglec15#2 group; E: KYSE1L50 group;
F:KYSE150+si-NC group; G : KYSE150+si-Siglec15#1 group ; H: KYSE150+si-Siglec15#2 group.

B4 Transwell /N SZI R 4% 20 40 B SE RS 18 10 (45 FR 4, < 200)

Fig. 4 Migration of cells in various groups deteeted by Transwell chamber assay(Crystal violet, X 200)

HERRNCHEA TG, BURE: " il TR ChEEEBBENAITERM (2021 4E10) )
WG N2 IR i R AR, BEE REIRITH CRMEFEMOAWIE N — R KU IR TR R, H
KE, HRWIESCC BH R M ALIAIT A RY SRR BUNERI G Ml 25 B 1 B0 o i 4
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A EC109 group; B: EC109+si-NC group ; C: EC109+si-Siglec15#1 group ; D : EC109+si-Siglec15#2 group; E: KYSE150 group ;
F:KYSE150+si-NC group ; G : KYSE150+si-Siglec15#1 group ; H: KYSE150+si-Siglec15#2.
B 5 Transwell /NG SE AT 45 241 40 MU AR R B AL (45 6 48 , X 200)

Fig. 5 Invasion of cells in various groups detected by Transwell chamber assay(Crystal violet, X 200)

R FHAMEHITBHRBAREZHE

Tab. 1 Numbers of migration and invasion cells in various groups

(n=3, x=+s)

Group Number of migration cells

Number of invasion cells

EC109

EC109+si-NC
EC109+si-Siglec15#1
EC109+si-Siglec15#2
KYSE150
KYSE150+si-NC
KYSE150+si-Siglec15#1
KYSE150-+si-Siglec15#2

175.750+7.349
234.870-£9.523"
178.850+6.246"
163.56045.566"
216.410+£4.685
345.350+4.654"
194.85042.253"
187.45046.378"

123.33046.743
186.33045.163"
103.420+2.165"
112.65045.443"
212.470+4.694
325.350+8.789"
193.8704-4.767°
199.7504-8.773%

"P<<0.05 vs EC109 group; “P<<0.05 vs EC109+si-NC group;*P<0.05 vs KYSE150 group; “P<C0.05 vs KYSE150+si-NC group.

PEMA B 5 M R iRy T I R E R R —, ik
RS N Bon s OB ROA BT E AL . DCs
A CDAT Ik B 4H A 55 4 92 20 i 2% 328 7 i £k 18 o0 1k
g A B RS R R ) M2-T AMs ., it 32 ¥ DCs Fl 3 5
PE CDA+T 240, o 20 i 22 8] 5 AH B4 5 fn
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