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[ ABSTRACT] Aim To investigate whether sphingosine-1-phosphate (S1P) promotes LC3-associated phagocytosis
via its receptor SIPR1, thereby enhancing the efferocytosis of THP-1-derived macrophages. Methods THP-1 mono-
cytes were induced to differentiate into macrophages using 80 wg/L phorbol ester; 254 nm ultraviolet radiation was used to

induce early apoptosis in Jurkat cells for cell phagocytosis experiments. ~Macrophages were treated with 0, 0.5, 1.0 and

1.5 pmol/L S1P for 12 h, or treated with 1.5 pwmol/L S1P alone or in combination with SIPR1 antagonist W146, S1PR2
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antagonist JTE-013, SIPR3 antagonist CAY10444 and ATGA4B inhibitor NSC185058.  Western blot was used to detect the
expression levels of MerTK, Axl, Tyro3, LC3B and LAMP1, fluorescence-labeled apoptotic cells were applied in phagocy-
tosis assays to evaluate phagocytic efficiency, ELISA was employed to measure the levels of pro-inflammatory factors
(TNF-a, IL-6 and IL-1B) and anti-inflammatory factors (TGF-f, IL-4 and IL-10) in the supernatant. Results S1P
could significantly enhance the phagocytic capacity of macrophages for apoptotic cells, and this effect was concentration-de-
pendent.  Specifically, the phagocytic efficiency of macrophages for apoptotic cells was significantly improved (P<0.01) ;
the expression of cell burial receptors MerTK, Axl and Tyro3 was markedly upregulated ( P<0.01); at the same time,
levels of anti-inflammatory factors (TGF-B, IL-4 and IL-10) increased (P<0.01), while pro-inflammatory factors ( TNF-a,
IL-6 and TL-1B) decreased ( P<0.01). The results of the SIP blockade experiment showed that blocking SIPR1 with
W146 could reverse the efferocytosis of SIP ( P<0.05) , while blocking SIPR2 or SIPR3 had no significant effect. ~ S1P
treatment significantly increased the gene and protein expression levels of LC3B and LAMP1 in macrophages ( P<0.01)
After NSC185058 treatment, the phagocytic efficiency and anti-inflammatory factor

In addition, the inhibitory effect of blocking SIPR1 and LC3-related

and promoted lysosome maturation.
secretion of macrophages decreased (P<0.05).
phagocytosis on efferocytosis was more significant (P<0.01). Conclusion SIP significantly enhances the phagocytic

clearance ability of THP-1-derived macrophages towards apoptotic cells through SIPR1-mediated LC3-related phagocytosis,

and promotes the transformation of macrophages into anti-inflammatory phenotypes.
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Figure 1. Apoptosis and necrosis rates of Jurkat cells after 254 nm ultraviolet irradiation
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Figure 2. The effect of different concentrations of S1P on macrophage phagocytic efficiency
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Figure 3. Protein expression levels of MerTK, Axl and Tyro3 in macrophages treated with different concentrations of S1P
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Figure 4. The effect of different concentrations of S1P on the levels of inflammatory factors in macrophages

2.2 SIP @it S1PRI 1R EMEMEEZEIER

2.2.1 ¥ SIPRI.SIPR2 % S1PR3 3+ E v 4m jit,
P A &R B L v 40 B A T 28 S )

FH PKH26 H1 CFSE YL (05 | B T 4 M 3% 52 4 v 2 iz
B2 hy PR AT 4G, E9O0 B UR
TWRE AR, G5 R BoR, 5XT AL, S1P 41,
SIP+JTE-013 41 F1 SIP+CAY10444 20 5 W05 40 o 75
BRI HHRETE 30% 23% F124% (P<0.01) ;5 SIP
HAHEL , SIP+W146 41 I 40 it 75 W R5CR B#AIG 27 %
(P<0.01) , i SIP+JTE-013 411 SIP+CAY10444 4
E WA W OoR o 3 22 5 (P>0.05; 81 5) . -
RZEIR N S1P v a@ i SIPRI 3455 I 40 it 75 v

2.2.2 B SIPRI . S1PR2 % SIPR3 % TAM %4k

F G KK 6 H R Syt — A B R S1P 3856 ity E
VE W) SZ AR AL, SR Western blot 4 il £5- 2H
E e TAM SZ K8 3R IAKF, 45 R R,
S5XF LA L, S1P 4 MexTK | Axl A1 Tyro3 £ H 5%
RS2 FE(P<0.01) ;5 SIP 4AH L, S1P+
W146 20 MerTK , Axl il Tyro3 % 15K FEBE T
4 (P<0.01) ,SIP+JTE-013 Z0 711 SIP+CAY10444 41
MerTK , Axl 25 [ 35 K P 182 T i (P<0. 05 B¢
P<0.01), 1 JTE-013 F1 CAY10444 X} S1P I
Tyro3 WVEHITC R ZEZ W (P>0.05; K 6), VL 145
WL, SIP B S0 TAM ZEE D FiH 2 H
S1PRI 475, BHLWr SIPR1 A 4] SIP XF 75 W2
IR F R IR AR IR



CN 43-1262/R " [E Sl ki 44 & 2026 4F55 34 555 7 627

>

Control S1P

S1P+W146 S1P+JTE-013 S1P+CAY 10444

Apoptotic cell

Phagocytic efficiency/%

Macrophage

Merge

B 5. W146 JTE-013 & CAY10444 S I2XF S1P 158 Y B 16 20 i & I8 S 2R RO 22 P
A:W146 JTE-013 K CAY10444 T T B W40 M E W 0/ T 40 ML 1 96 18], B WA ML 282 PKH26 Y (0 21 (5, T4 Z: CFSE Yefa it 4 fh
B D M E AT R, Bar=300 pm,n=3, a N P<0.01, 5%} B4 FLE ;b K P<0.01,5 S1P 4 b4,
Figure 5. The effect of W146, JTE-013 and CAY10444 treatments on S1P enhanced macrophage phagocytic efficiency
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Figure 6. Protein expression levels of TAM receptors in macrophages after treatment
with W146, JTE-013 and CAY10444
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Figure 7. Levels of inflammatory factors in macrophages treated with W146, JTE-013 and CAY10444
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Figure 8. The effect of S1P on the expressions of LC3B and LAMP1 in macrophages

2.3.2 NSCI85058 T4 #) SIP I E & 4m s B4 3%
F ey R IAE R TEWIEG S1P Al {2 LAP /EHIS,
HE— PRI % R AR AE S1P 1498 i ZEVE T v 1 Zh Bk
B X, ik, R LAP il 7] NSC185058 5 S1PRI1
PO W46 T E W 20 i, DL AS A W R0R
STUFE B 2 B4 R 5 4 %P A4 SIP 4 S1P +
NSC185058 £ . S1P+W146 #H } S1P +NSC185058 +
W146 2, 458 57, SIP 4 E W40 f A v soR i

i TR HRZH (P <0.01) ; 8 ] NSC185058 BH T LAP
YERIG , BWERCRES SIP 41 F[% 139% (P<0.05) ; ff
FH W146 FHLWF SIPR1 J&, 7 W3R 5 6 B 41 4323
(P<0.01) ;1 W146 5 NSC185058 A5 A B i 7 I
WP — LR (P<0.015 1 9) o AT UL, Joie BH K
LAP {EHIit /2 SIPRL, ¥ R] Hil 55 S1P X B W 40 il 77
WA T A0 M A PR E R, EL P A ag AR B A 10 ol s
WERCRE T RO, X SR S1P X 5 I3 4 Jfd 7%



CN 43-1262/R " [E Sl ki 44 & 2026 4F55 34 555 7 629
WERCR A E KIS T LAP 12 i 5,
A Control S1P S1P+NSC185058 S1P+W146 S1P+NSC185058+W146
E ' ’ °
'.% & 60 b
§ § bec
2 3 40
5 d
% %20 ad
5 g
g £
=

Merge

& 9. NSC185058 Xt S1P {2 i E Ik 2 i 7 Ik S50 2 9 52 M
A:NSC185058 5 W146 T Tl . W 4 i 7 s i T 20 ML 09 20 8], B W4 Ml 22 PKH26 Y fa 2164, AT 41U 4 CFSE Jufa 40
B 5K A E T 45 5 . Bar=300 wm,n=3, a J§ P<0.05,b Jg P<0.01, 5% B0 4L e 9 P<0.05,d Jg P<0.01,5 SI1P 4 1b4s,
Figure 9. The effect of NSC185058 on the efficiency of S1P-induced macrophage phagocytosis
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Figure 10. The effect of NSC185058 on S1P-induced expression of macrophage TAM receptor protein
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Figure 11. The effect of NSC185058 on S1P regulation of macrophage inflammatory factor levels
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