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Abstract

Objective: RNA-seq technology was employed to investigate whether the preventive use of Lycium
barbarum polysaccharides (LBPs) influences the polarization state of macrophages and to prelimi-
narily explore its potential mechanism of action. Method: THP-1 cells were induced to differentiate
into macrophage-like cells using phorbol myristate acetate (PMA) (PMA group). After 48 hours of
PMA treatment, the cells were polarized into M1-type macrophages using LPS and IFN-y (PLI group).
After 48 hours of PMA treatment, the cells were treated with LBPs for 24 hours before being induced
into M1-type macrophages with LPS and IFN-y (PLLI group). Transcriptome sequencing was per-
formed on the three groups of cells to identify differentially expressed genes (DEGs). These DEGs
were subsequently analyzed using databases such as Gene Ontology (GO) and the Kyoto Encyclope-
dia of Genes and Genomes (KEGG) to identify relevant signaling pathways. Finally, the results were
validated using Western blot analysis. Results: Comparative analysis revealed that, compared to the
PMA group, 2760 genes were upregulated and 3290 were downregulated in the PLI group. In the
comparison between the PLLI group and the PLI group, 262 genes were upregulated and 288 were
downregulated. Notably, 134 genes exhibited a dynamic expression pattern: their expression in-
creased in the PLI group compared to the PMA group but decreased in the PLLI group compared to
the PLI group. Genes with this regulatory pattern included ZBP1, HSPD1P6, and CCL19, among which
CCL19 is a key chemokine in the NF-kB signaling pathway. Further Western blot analysis confirmed
that LBPs treatment significantly downregulated the expression of the pro-inflammatory marker gene
iNOS, as well as key proteins in the NF-xB signaling pathway and CCL19, while upregulating the ex-
pression of anti-inflammatory macrophage marker genes Arg-1 and CD163. Conclusion: The preven-
tive use of Lycium barbarum polysaccharides can inhibit the NF-xB signaling pathway, thereby pre-
venting macrophages from polarizing toward an inflammatory phenotype.
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4 ) 72 A= 47 28 PR 721 TL-10 FURS 2 B2 1 (Arginase-1, Argl), 2 S5 4UEBE1E[4]. XMIhAE 2 R
R, AREIZEA B R AN BRAE SORE M T RS BUOAAEI AR A . DR, e i 4 I A R A AR A
T, P RERT S 1 5098 (1 % VA 7 A E R

MyAC Z Wi (Lycium barbarum polysaccharides, LBPs) & MMIAC FRFEHL ) —FP RARVE M Z 0, BB PLA
PUAT- MPIEL S LA ES). DA RE/R, LBPs 762 Fh 4 E MR R R AFHRIT I 1
filtn, 78R AEVERR R, LBPs BERSIEIT T STAT1 Ml STAT6 (IRERR /KT, S0 20 o (1 48 0
WA, B RIEIRITIER[6]. TR KAT RAHCHE 54, LBPs HE s o] FE 5 Kbt fb 5o 2hett,
B — 2 B RCR[7]. SR, H AT A TS B AE TR A 254605 T, LBPs & 75 Aefig il il 4% E W40 i itk
RAEFPURAEA . 1X— W B, KA LBPs RIS 4 44 2 2 (1 B8 S0 R

AWK N AR THP-1, EEILE SN M1 B SN 2 /T, FIF LBPs 3E47 T 5 PE 175,
SEATE AT HEAR AT LBPs St M1 2 E Mg 4 A AR A A R 4% 4 F S LTS TE 40 T . B TR IR
fFATT LBPs P G002 U 15 Th R B LTE 9 0 14322 993 v 10 T 977 44 I T 2 A4 ST 56 A 4

2. MN57E
2.1. —fAtRt

N &M AR A R 4 bk THP-1 (585 STCC10907, EIFEAZA4): 135 (Phorbol-12-myristate-
13-acetate, PMA, 5%5: HY-8739, MCE A¥)Aw]); THE y(IFN-y, H5: 11725-HNAS, SGHMMN A
A]); MIFfCZHE(LBPs, 25 : SP9311, b ZKEERF AR AR fEZHE(LPS, 15 : L8880, Jbiiz3k
FRHEHRAT); RPMI-1640 H525:(18'5: G4535); 10%a4-1iE(FR5: G8002, RINFE4E/RAEY R
AIRAT]): 0.25% R AR HAR(EE S : G4010, B FR4E R EVRHEA R A R HHRIR AR,
100x) (525 G4003, B FR4E/RAEDBIHEARA D).

22. /&

2.2.1. A\ THP-1 R RREFFIFS

B, K THP-1 gt T 10%564- MG 1% 5 & - #5852 0P RPMI-1640 B33k, 78
37°C 5% CO2 25 T BUHE 77 o 435 40 M BV A K & 70%~80% & FE IR, I N £49 5 100 ng/mL ) PMA,
kR A8 h JEE T RERE SR L. BE)S, 7E PLLI 2400 P i N Z9K )9 400 pg/mL () LBPs, 7 24
he. $£ T3k, [ PLI ZHA0 PLLI 2020 BIANN LPS A IFN-yp, A HAE 8 725 o (23K 23 51 250 ng/mL
110 ng/mL, 485555 24 he KCFRGER G, FRIE=ZHMBEAR, - T52410 04 .

2.2.2. HBRANF

KON PMA 4. PLIZHA PLLI 2 =2, fReHiE 3 NMEWFER . £ MR RNA IIHUF
S EATI S, P FEAIR A Nlumina W5 6 BT H AN 7, 05 TAEHTLIRE = RAEDFHL
AR 7 58
2.2.3. BIEALIBEFNE R FRIAEETFIE

{5 FH 7= 55 3R 18 FE [Rl (DEGs) #3E 47 3 [ A 4 (Gene Ontology, GO)FI 5t #ilt 3 [K 5 3 [A 2H 5 £} 4> 13 (Kyoto
Encyclopedia of Genes and Genomes, KEGG) & #7087, PARFTAHIIEES

I LR bR UL 22 e RIAFEH: logoFC> 1, H PA{E(P. Value) <0.05. #|logFCl> 1, NHAKIZIE
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2.2.4. Western Blot 3238

EAFEARG%: MRS TA PBS IH¥E 3 UG, MIARAMRRIK 2% 30 min, BE/5T 4°C. 12,000 g &
> 15 min, UHE FiEH A . SDS-PAGE Hik: il 10%4 &K, BERAMEMS FFEZMPBIRES, 100C
i 5 min 8 M. BEFLEFE 30 pg BREFEM, JFIIN 5 uL B2 Marker. HLUKSAPFRE N WRAER
BB 80 V, HENBIREIHHE N 120 V, IR I fE R ST 2 B R 2k fk . R SRR
%, 4% AR - B - PVDF I - IEAR” MY 23 5 En e B, K BEI T B 1 45 #2 % PVDF JE b 3504
=9 E: HBEMR)E, ¥ PYDF BE T S%BIREGhd A, FEIRAEIRE A 1~2 h; BJE A —1,
ACRINE IR —PiWESE R BE TBSTIEWRE, SHMN =R E 2 h, FH TBST ¥tk 3
R, BER 10 ming S5E AL EROGIRIR B, 8 FH UG R S0 R S B IF 03 b 2k iy I A .

2.2.5. SCIOBURALIE
K Graphpad prism 10 $HATEIE M, S KRBT 2 1A A LLEE, SR SR 205 2 itk AT
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Figure 1. Comparison of raw data before and after purification

1. RIGHHER AT EXTEL

3.2. GO & KEGG B&E 49

R DReE RS R TR, ERRBIEFES TG, M2 /A AE Y I FE = KA h R I
REBEE. GO TR, XEER B2 R THMBRIN . FICE ML, ARESKE . HAREEY
HF DL Z P g i R A DGR I . R MBS VR I, ERT B 22 e B R o, R85 6410 A
BE [R5 G e A O FRAFAE 835 DR I(P < 0.05), X — RILAIE W LBPs 1S 15 {F IRt 7 H B R (E
2(A)). Ht—F 1 GO SIEE TR R, {E PLLI 415 PLI A Lbied,  “HE R4 (GO: 0002376)
SR SR (GO: 0050896)55 G2 AH G I # I 3 B HE(&] 2(B)), ixX#/~ LBPs AJ fidid 440X
s A Y2 K S 38 5% SR M 5 T L PR AR LIRS

KEGG %/ breh Feidt— B EsE T LBPs MIZ @ EH . TEENLARG DT, %% RGHCE R
bR (7422 5%): TEANRE IS, A OCIEERIA 857 (81 3(A)). BAIME, 7E PLI 415 PMA
AL R, BT 20 2% BIRIEEK A 8 4 SO IR N B VARG, BAEAN MR T - 40 MR T 52 Ao TR @
% (hsa04060). TNF {5 5 i % (hsa04668). Toll #5Z 14(5 5 if % (hsa04620)F1 NF-xB 15 518 # (hsa04064) 5%
(B 3(B)). Bt4, 7 PLLI 415 PLI A1) KEGG 73t 1, FMAFNEE M1 20 58 % (hsa04610) LA & HIF-1 {55
JE % (hsa04066) 12 7w Hi 5 G 980 S B 0 S 35 R R (1] 4) 0 ax sl gh FAL[RIR I, LBPs o] GEidd 4% NF-
kB Toll 32 7RI 4H M PR 45 S HEAS 5 388 I SR 1A 4 e 4 g A AL i 72

3.3. DEGs THiEs R

X ALAMIEAT RGBT AT, AT S E T 411 7% 5 % A4 K (DEGs). Venn [ 537
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Figure 2. GO analysis of common differentially expressed genes among groups. (A) Global GO analysis
annotation bar chart; (B) Bubble chart showing DEGs between PLLI and PLI groups in THP-1 cells
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[ 4. PLLI 45 PLI tHER R AEFH KEGG BREESTTER

(B 5(A)) SRR, =4 EEIMNER] 7547 A ZRHEH, Hd 173 MZLERE ARt SN EE ER
Fik o T R K IEFRUE(logoFC) > 1, P<0.05, H. GenelD 5¢%8), FA15H s 047 T PLIvs PMA 1 PLLI
vs PLI X 20 i B A2 U ER A . i 22 OB, FRATT48 58 Y 134 AN7E PLI vs PMA 49 T 7E
PLLIvs PLI 41+ N SCEEIE N . RAE logoF C N X SeIE R HEATHE T 5, FRATTIE BN TA 2R A i 2 25 11
10 ANEER, AT rTIAL R R (] 5(B)) S VEAN AR IR 1) (EIFERIE, TETRIE H ) Sk ik
BRI, FRAT4E 58 Y NF-xB 5 5 I8 B % 0L 1 CCL19. FETIUE T 7R, AT H LU 57l
filE 15 : LBPs A AEil it 0] NF-«B {5 5 @G M, 2510 N CCL19 MFRIE, S &5 B4 i ik ik
WA X —RIUAE I LBPs 152 A THLHIRAL TH 0 FERE.

3.4. LBPs 8% E M4 patR 4k Y SLI8 18-F

T s L 7 oy A 8 SR B R LM %, AT — 38 Western blot S50 50IE | LBPs X
G40 M A A P R R T B A 0L SEBR 45 SR ok 5 PMA ZAHLEL, PLIZH(M1 ZY S W40 i) 42 58 b
EW)INOS HIFIE /KRB ZEFEP<0.001) (K 6(A). K 6(B)), AR NF-xB {55l B <8 & [ p-p65 LI
RS R CCL19 FRIE R R E P < 0.001) (K 6(A). K 6(E)s & 6(F)), XL FRMGIESL T M1
R E R R S, WH7R NF-«B 2 S8 IE0E S 5 M1 BN 2.

7E LBPs [T 1+, 5 PLI ZAAH L, PLLI 4R B PAF e84k : M1 B! B W20 i b 4 iINOS
2IA 23 FER(P < 0.001) (] 6(A)~ ] 6(B)); M2 BUbREY) Arg-1 Fil CD163 1218 B & _EF+(P<0.001)
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Figure 5. Statistical results of differentially expressed genes among groups. (A) Venn
diagram of DEGs (up and down) across three cell groups; (B) Venn diagram of genes
upregulated in PLI vs PMA groups and downregulated in PLLI vs PLI groups

Bl 5. FHBEFREEERUTER. (A) ZHAES AT IPAEERNFEE;
(B) 7£ PLI 45 PMA 4AtLE+ EiB A7 PLLI 445 PLI AL TEARNEEE
EE

Table 1. Gene that were up-regulated in the PLI vs PMA comparison and down-regulated in the PLLI vs PLI comparison
(top 10)
F* 1. T PLI4AS PMA @At EA B 7E PLLI 4A5 PLI AALLE R TAMEE HEZHT 10 41)

gene id PLI vs PMA log2FC PLLI vs PLI log2FC Alog2FC

ZBP1 14.3201673991003 —1.0255616 15.345729
RHOXF1 8.46475489336503 —5.13820089 13.60295578
HSPDI1P6 8.34643200120115 —2.54175101 10.88818301
LINCO02153 6.30978357066845 —3.023412268 9.333195839
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gk
PRRT2 7.77730093019638 —1.298864726 9.076165656
NEURL3 7.70808901415869 —1.179951554 8.888040569
PTCHD4 6.70333429013649 —1.968894618 8.672228908
CCL19 5.92366991220445 —2.2063841 8.130054012
F11-AS1 5.59783996932163 —2.460631704 8.058471673
PLAIA 5.92850826683313 —2.111288402 8.039796669

(F 6(A). [ 6(C). H 6(D)): Ak, p-p65 5 CCL19 KRR KT I E 3 TP < 0.05). XL B 7
H SRR T AT AR : LBPs 38 i 55 5 M6 NF-B 15 Sl B AL, FRAR p65 Rk /K, 31
T CCL19 KIEIE, B2 EMEp e & M1 B afi R M2 BUEEAY. 45 &SI F 5 SEi i,
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Figure 6. Western blot analysis of the effects of LBPs on macrophage polarization marker proteins and NF-xB/CCL19
signaling axis protein expression. (A) Protein expression analyzed by Western blot; (B) iNOS relative expression;
(C) Arg-1 relative expression; (D) CD163 relative expression; (E) p-p65 relative expression (p-p65/p65); (F) CCL19
relative expression

6. Western blot # LBPs %t ERELAMIR AREE H K NF-«B/CCL19 S SHERRIAKIFM. (A) Western
blot #iM-EEARIFRIL; (B)INOS BEMEXRILE; (C) Arg-1 EEMIEXRILE; (D)CD163 ZEAIIEX
RILE; (E) p-p65 EARMEXRIEE(p-p65/p65); (F) CCL19 EEMMENRILE
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ik 5%

4. i1ig

Go A5 1K) 2 0E 7995 (Immune-mediated inflammatory diseases, IMIDs )i #5 28 KWR E R TT K . BHFESE
WA GEERHLEN . ROREVE R RO . SO . B DA K 2 R MR AE IR B G e R .
INE R FLH 3%~8%M N 152 R REFIRITINEABIEGE, IMIDs /52 4Bk & LT 1) B 2 iF N 2
—[81[9]. BUA VAYT HEME 32 TR BZ o 24 [ B R 1% G 2 01 I dg B 25470, AEUH (B S5 25 WA F (8]
[10]o T Hm KR EA RIS, F R M SRENLHIIE Sk AN 055 806 T7 s OO S BT 72 1 ) % 2K

B0 MAE N e R s R % OA 5y, R&SRRIERS IR 2B, EEWRTY . HEUBH.
JirtgRg WA B 4 B AR R A T R FESCBEAE I 11]-[14]. WEREH, EWEA AL 5 2 R A5 1 SORE MR
WV, AHEE B Sy MR AL B [ 15]

AR L AN TP EAR, R 7 LBPs X EWR At FRfs2m . P45 538, LBPs
AbFE AT 5| K R R B A5 5l B I R IR AR b . B0 22 R EE R /i, FRATTAE PLI vs PMA 1 PLLI
vs PLI B2 EL A H R0 134 N RIS 38 K AR 100 % () JE DR (BRI 7E PLIvs PMA H B, Tt LBPs il ab 2
JEEER R, $ORIXEEIER AT REN T T LBPs Xt B Mg AL TR EH o 33— 2D 4% logo FCIHE 7 Ik
FIEA R B AT 10 3L, b 5 45ZBP1[16]-[18], HSPD1P6, NEURL3 (LINCR) [19], CCL19 [20]-
[22], PLALA [23]) A CHRIRIE 5 G S5E N VIAE oG, FoH CCL19 A1 PLALA ¥#kiE BA e R AE
Mo ABEFER, HERAMTES N M1 B ERARE CCL19 RA#E B, i/ LBPs Hlli ¥+ s
CCLY HIZRIEHIL T B S R P

CCL19 & —Fh 2 5 Gy T 5 JORE RN 1 Bt R 7. TFi iR, HREAKCET o il <t
BVE9RE, THIPHIT CCL19 T W 22 A ik Stk e v (1 7™ o R P 5 R 0 IRUR2 [20] 0 7E 53 F- ML ., NF-xB
TR PIESE CCL19 Mo iEi@es. B, 7EARERE AR, #0f] TLR4/NF-xB p65 il
AR CCL19, MiMmik4zH2145145[24]. Tourniaire 25 N#E—25 1 B, NF-«B %M E 8% CCL19 %%
AR T I3RS ARG S BERA AL, s e 2L Bif[25]. X WENIE 7 CCL19 /& NF-«B i i
[ —AN BRI RN 73 F[26]

NRE— DR FUMIAC 2 BE(LBPs) 1% B W 40 Bl A6 09 73 FHL), AWFFRA Western blot F7EEATHG
iE. Z8REoR, 5 PMA 40k, PLI 4 M1 B E NG fabr SV RIEEE LI, $EoRTE R AER BT THP-
1 R M1 R AL, TAE MO T8 M1 R4S FE N LBPs AT il tE T/, M1 BbrE A
ik p il 2, M2 B EREARRIENESE B, R LBPs AMUAEREMH] M1 8484k, & mT gt
i M2 B4k, ENLEZE T, BRI ML BB NF-«B {5 588 CHE (1 p-p6s LI N
B[R CCL19 ik 2 LR, 1fi LBPs T Fln] A 80WHI R & Rk, 45 F, AR LBPs Wl fg
TIPS NF-xB/CCL19 {5 5 Hh7E B W40 AR A F2 v R 35 B 4B

TEARFFEH, BATRIL LBPs [ TRB 14+ T A] LLd i 4% NF-«B/CCL19 15 5 5l E W 40 g i A Ak
a7 T LBPs 4 EWR A0 AR A B HLE], 2RI ERAG T4 LBPs S 15 Dy BE M BEAR, o 2RE M
PRI TR AL IR R S ER IR . SR LRI TOR A AR Y BORL A gk — P IS IE LBPs X NF-«B/CCL19 {5
SEIREER, FEREREFIRTT SO MW R R R AME .

=
T H S RAE AU E (NYG2024136); 72 HAARHA 54 10 H (2024AAC03198)
SE 3k
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